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THE LOSS OF HEAT FROM THE 
EXTERNAL SURFACE OF A HOT 
PIPE IN -AIR.* 

By Ezer Grirrirss, D.Sc., F.R.S, and C. JAKEMAN. 
Numericat data for the heat loss from bare steam 

pipes constitute the basis of all calculations relative 
to the thermal efficiency of pipe coverings; but 
considerable want of agreement has been found in 
the values of this heat loss published from time to 
time. The importance of the matter in engineering 
practice has become apparent, owing to the con- 
tinual rise in the cost of fuel and to the increase in 
the use of high pressure and highly superheated 
steam, in the endeavour to obtain higher thermal 
efficiency in the operation of steam plants. 
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electric effects, and also in the supply of a very large 
amount of heat in a restricted space. 

Both these methods of laboratory testing differ 
from practice, in that all circulation of air other than 
that due to the pipe itself are avoided as far as 
possible, in order to obtain constant conditions. In 
practice additional air currents increasing the loss 
of heat are as a rule present. 

The steam condensation method has _ been 
described on several occasions, and the results given 
by it in the hands of different observers are generally 
in agreement. It is proposed to describe below 
the two electrically heated pipes employed at the 
National Physical Laboratory and to show that the 
results obtained agree fairly closely with each other. 
with the results obtained at low temperatures by 
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During the last thirty years, many determinations |the steam condensation method, and also with some 
of the heat loss from covered and uncovered pipes | results previously obtained from a 9 in. pipe. 


have been made, generally by the measurement of 
the condensation from a pipe filled with saturated 
steam. This method, whilst possessing the merit 
of extreme simplicity and involving only such 
apparatus as is generally to be found in a steam 
engineering laboratory, suffers from several inherent 
defects. The use of superheated steam, however, 
has brought the practical problem beyond the range 
of teraperature available with a method of this kind. 

Determinations of the heat loss at high tempera- 
tures have. been made generally by means of elec- 
trically heated pipes, the heat loss being determined 
to a high degree of accuracy by the measurement 
of the electrical energy supplied 

This method introduces certain difficulties con- 
nected with the electrical measurements at high 
temperatures due to insulation leakages and thermo- 





* Research conducted at the National Physical 


Laboratory, Teddington. 





The purposes for which the two electrically 
heated pipes were constructed led to some difference 
in design and method. One of the test pipes, which 
will be referred to as pipe No. 1, was intended 
primarily for the determination. of the efficiency of 
steam pipe coverings, and in normal use the electrical 
energy required was but a fraction of that required 
to maintain the bare pipe at the same temperature. 
The electrical heater was therefore made in a number 
of sections so that they could be connected in series 
or in parallel, thus avoiding the use of big external 
ballast. resistances. The pipe itself was firmly 
mounted on stands so that coverings could: be fixed 
and removed without damage to the electrical 
connections. The other pipe, referred to as pipe 
No. 2, was especially designed for determination of 
the heat loss from. the bare pipe only, ‘and for this 
a single heater was more convenient, while the pipe 
could be suspended more freely in air as described 
later. 








In both cases the apparatus was designed to give 
uniform axial and circumferential heating, and in 
both the pipes were of considerable length in order to 
reduce the effect of errors in the determination of the 
heat lost from the ends. 

Description of Method with Pipe No. 1.—The 
apparatus consisted of two lengths of 4-in. steam 
barrel, 13 ft. 6 in. and 2 ft. long respectively. The 
latter was used for determining the heat loss from the 
ends, and the difference between the energy supplie d 
to the two pipes gave the heat loss from an 11 ft. 6 in. 
length of the pipe. The mean external diameter was 
4-49 in. and the external surface of the 11 ft. 6 in. 
test length, was 13-52 sq. ft.: The pipes were sup- 
ported at the endsupon light steel cradles resting upon 
wooden stands. When covered with heavy covering 
material there was some indication of bending of the 
long pipe at 1,000 deg. F’., and a wooden support was 
then placed under the middle of the cover. 

Details of the electrical heater are shown in Figs. 
land2. It consisted of anumber of axial lengths of 
nichrome wire supported in a great number of 
Uralite discs A, B, C. There were six concentric 
circles of wires, H, to Hg, each circle forming an 
independent element. The circles contained 8, 12, 
16, 20, 24 and 28 wires, respectively. Each four 
axial lengths were connected in series, and the circles 
contained 2, 3, 4, 5, 6 and 7 such groups, coupled in 
parallel. Each element could be connected directly 


| to the 110-volt. supply mains, and they carried ap- 


proximately 10, 15, 20, 25, 30 and 35 amperes, respec- 
tively. The total energy available was therefore 15 kw. 
Sinceeach individual element consisted of a concentric 
ring of wires, the heating was uniform circumferenti- 
ally. The negative ends of all the elements were at- 
tached to a nickel disc D, in the centre of which a 
nickel rod E was fixed and taken through the cover 
plate, from which it was insulated by mica packing 
and washers. The positive ends of each element were 
fixed to a nickel ring, and from each of the six rings 
F,, to F,, a similar insulated nickel electrode G, to G, 
was carried through the end cover. All the joints in 
the nichrome wire, and between the nichrome wire 
and the nickel plate and rings, were made by welding 
with an acetylene flame. The heater when complete 
was quite robust, and could be slipped into the tube 
without damage. The number of Uralite discs 
had, however, to be very large, since the expansion of 
the wires is about ? in. and,-if not well supported, 
some may buckle and make contact with the next 
ring. 

The heater in the short pipe was made up in a 
similar manner, except that a larger number of 
wires were grouped in series owing to the shorter 
length.. The whole heater of this pipe was divided 
into four elements of approximately equal capacity. 
This’ heater took about. 2} kw. The common 
negative electrodes from both large and small heaters 
were connected to the negative bus- bar. Each positive 
terminal was connected through a switch to an 
ammeter shunt, of suitable value to the positive 
bus-bar. The current in each circuit was observed 
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by means of a millivoltmeter connected to the 
appropriate shunt by a selector switch, and a similar 
switch was employed to connect each circuit in turn to 
the voltmeter. The selector switches were designed 
to prevent any appreciable change in the resistance 
of the instrument circuits. 

The general diagram of connection is shown in 
Fig. 3. Fine adjustment of the energy supplied was 
obtained by a small adjustable resistance of large 
current capacity on the supply current. This 
resistance reduced the voltage to 90 volts at full 
load, and it was placed outside the heat laboratory in 
order to avoid disturbance of the air currents. In 
addition, small sliding resistances were placed in the 
smallest heater circuit for the large pipe and in one 
of the heater circuits of the small pipes. Large 
adjustments were made by selection of a suitable 
heater circuit or circuits. 

The mean temperature of the pipe wall was obtained 
by measurement of its electrical resistance. Current 
from a 2-volt cell was taken through a circuit consist- 
ing of the pipe, a standard resistance and an adjust- 
able resistance. he voltage drop on the standard 
resistance was compared with the voltage drop on the 
test length (11 ft. 6 in.) of the pipe by means of a 
unipivot galvanometer. At high temperatures con- 
siderable thermo-electric currents arose, and it was 
necessary to take observations with the current 
flowing in both directions and to take the mean of 
the two observations. Since no constant-tempera- 
ture furnace sufficiently large to take the whole 
pipe was available, the calibration was carried out 
by exploration of the surface temperature by means 
of iron-eureka thermo-junctions. Eight thermo- 
junctions’ were used, arranged equally round a 
section of the pipe, and eight different sections were 
examined in this way, so that the mean temperature 
was obtained by integration from the observed 
temperatures at 64 points. From these observa- 
tions also the distribution of temperature along the 
pipe was obtained. ‘This temperature distribution 
is shown in Fig. 4. The greater falling off at the 
right hand of the pipe is accounted for by the 
position of the door of the laboratory. The method 
of calibrating was subject to some small errors due 
to the unstable nature of the flow of air around a 
cylindrical surface, but two independent calibrations 
by different observers at an interval of some months 
did not show a variation of + 1 deg. F. at the same 
pipe resistance. The calibrations of the thermo- 
junctions were made at two points, in steam and at 
the boiling point of napthalene (424 deg. F.), and 
it was assumed that the calibration followed the 
law E = aé + 662, in which E is the electromotive 
force, 6 the temperature, and a and b constants. 
The latter were calculated from the observations. 
There is a possibility that temperatures considerably 
higher than the highest calibration temperature were 
not very accurate. The end correction was obtained 
from the watts required to maintain the short pipe 
at the same temperature as the 1-ft. length at each 
end of the long pipe. This adjustment was obtained 
by observing the temperature at the middle of the 
plates closing the pipes ; the thermo-junction readings 
were adjusted to equality by adjusting the watts in 
the short pipes, until the reading on the galvanometer 
was the same in both cases. 

The air temperature was obtained from four 
mercury-in-glass thermometers symmetrically ar- 
ranged around the pipe. These thermometers were 
protected from direct radiation by paper cones 
surrounding the bulbs. For carrying out a test, the 
watts were adjusted until the desired temperature 
was obtained and the conditions maintained constant 
for about four hours, after which observations were 
made at hourly intervals. I'hree such observations 
usually agreed closely. 

Description of Method with Pipe No. 2.—In this 
apparatus a 20-ft. length of 4-in. steam barrel was 
employed and suspended from the roof girders of 
the laboratory. The mean external diameter was 
4-53 in. and the total external surface 23-72 sq. ft. 
The method of support is shown in Figs. 5, 6, and 7. 
There were two circular steel rings, each suspended 
from the roof by two wire ropes and fastened to the 
floor by a third guy. The steel rings carried three 
pins screwed into boxwood sockets, which served the 
purpose of insulating the pipe both thermally and 
electrically from the suspension system. The pipe 


could be centred in the ring by adjusting the pins. 
The surface of the pipe was cleaned with caustic 
soda in order to remove the paint and grease, and 
at the commencement of the experiments the surface 
was slightly oxidised. The single heater consisted of 
a }-in. diameter graphite rod supported along the 
axis of the pipe. The graphite could be obtained 
in lengths of 2 ft. only, and a number of these 
lengths were jointed by j-in. dowels of graphite. 
To prevent separation of the joints due to differential 
expansion of heater and pipe, the dowels were 
pinned in place with pieces of 16 s.w.g. nichrome 
wire. The method of supporting the heater in the 
pipe is shown in Fig. 8. Eleven equally-spaced 
holes were drilled and tapped in the upper wall of 
the pipe and eleven bushes externally screwed 
were fitted to these holes. Each bush was provided 
with a silver-steel hook, the stem of which was 
screwed through the bush. The hooks were inserted 
in the holes, and the bushes then screwed on the 


trical connection to the current supply was made 
by means of a split collar clamped to the stuffing 
box. At the other end the heater was fixed to a 
brass rod free to slide through a stuffing box, and 
electrical connection between the brass rod and the 
collar on the stuffing box was maintained by a 
flexible copper lead, as shown in Fig. 8. 

In this apparatus the heat supplied to the hemi- 
spherical ends was measured by a flow calorimeter 
shown in Figs. 8, 10 and 11. The ends consisted 
of three concentric copper shells soldered at their 
bases to a recessed steel plate. The innermost 
shell was separated from the others by an air space 
forming a radiation shield. The space between the 
outer pair of shells was supplied with water from 
a constant flow apparatus, and the temperature 
difference between the inflowing and outflowing 
water was measured by a pair of differential thermo- 
couples fitted in re-entrant tubes in the pipe line. 
(See Figs. 10 and 11.) The end caps were elec- 





hooks and into the holes until flush with the internal 
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Fig.4. AVERAGE CURVE OF DISTRIBUTION OF 
TEMPERATURE UP TO 500°F. 
(SHOWING FALL IN TEMPERATURE TOWARDS 
THE RIGHT DUE TO DOOR OF LABORATORY) 
i HoH TEMPERATURE TEST PIPE N°/. 
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surface of the pipe. The hooks were then adjusted 
to face the same direction and locked by riveting 
over the end on the bush. 

The heater was provided with eleven Steatite 
sleeves around which were thin steel loops for 
suspension from the hooks. Fig. 9 shows part of 
the arrangement made to thread the steel loops on 
the hooks. It consisted of a wooden base carrying 
attached to it by short links, a tray, which could 
be raised by the turnbuckle at the end. The heater 
was mounted on the tray, with the Steatite rings 
and steel loops in the correct position. The whole 
apparatus was then passed into the pipe and, by 
screwing the turnbuckle at the end, the heater was 
gently raised and lowered on to its hooks, after 
which the tray was lowered and the gear withdrawn 
from the pipe, leaving the heater suspended in 
position. By this method of suspension the surface 
of the heater shielded by the supports was reduced 
to a minimum. 

The ends of the pipe were closed by hemispherical 
caps shown in Fig. 8, in each of which was mounted 
a stuffing box which supported an end of the heater 
and formed an electrode. In one of these the heater 
was held rigidly, while in the other provision was 
made to allow the heater to expand relatively to 
the pipe. In the case of the fixed end, the graphite 
rod was prolonged through the stuffing box, the 
end of which was packed with asbestos, and the 
remaining space filled with fusible metal. Elec- 








trically insulated from the pipe. It was found 









HIGH TEMPERATURE PIPE COVER TESTS. 
* DIAGRAM OF CIRCUITS. 
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TABLE I.—Temperature deg. F.* Heat Loss B.Th.U. 
per Square Foot per Hour. 

Temperature Air Temperature | Observed 
of Pipe. Temperature. Excess. | Heat Loss. 
44-in. Pipe No. 1. 

106 63 43 83 
218 66 152 359 
256 69 187 484 
342 70 272 830 
347 7 277 884 
363 70 293 932 
390 73-5 316-5 1,073 
387 67 320 1,069 
509 73 436 1,823 
537 80-5 456-5 2,064 
580 70 510 2,479 
593 81 512 2,530 
608 83 525 2,625 
634 83 551 3,025 
4}-in. Pipe No. 2. 
270 59 211 544 
272 61 211 544 
343 60 283 863 
351 63 288 864 
385 77 308 986 
384-5 67-5 317 1,053 
386 320 1,030 
450 79 871 1,399 
456-5 | 82-5 374 1,388 
557-5 93°5 464 2,037 
557-5 91-5 466 2,041 
626-5 | 91-5 535 2,510 
9-in. Pipe No. 3. 
344-5 80-5 264 842 
428 82 346 1,221 
474 75 399 1,572 
78 488 2,338 
578 84 494 2,470 
574 78 496 2,341 
638 77 561 3,057 
636 74 562 2,945 
651 77 574 3,145 
4}-in Pipe Steam Condensation Method. 
120 70 50 99°5 
170 70 100 215 
220 70 150 355 
270 70 200 », 526 
320 70 250 |’ 730 
370 70 300 | 978 
The results are shown graphically in Fig. 14. 
necessary to provide a supplementary water jacket 
on the brass extension to the heater, to absorb the 
heat conducted by it. This water jacket was 
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connected in series with the water supply to the 
end cap. The rate of flow of water through the end 
caps was measured by timing the filling of a 2-litre 
flasks 

The thermocouples for measuring the tempera- 
ture rise of the water consisted of a group of six 
couples connected differentially and giving approxi- 
mately 250 microvolts for a temperature difference 
of ldeg.C. This E.M.F. was measured on a poten- 
tiometer. The working of this part of the apparatus 
was checked by altering the rate of flow of the water, 
and consequently the temperature rise. The rate 
of heat absorption was found to be independent 
of the rate of flow within wide limits. The calori- 


higher temperatures the distribution was more uni- 
form, but the peculiar irregularities still persisted. 
No change was effected by interchanging lengths 
of the heater and examination of the convection 
currents by the aid of smoke showed a tendency 
for the cooler strata to converge from the sides 
towards the centre of the room. The cause of the 
irregularity appears, therefore, to be external to 
the pipe and may be due to the shape of the room. 

The heater current, which was varied from 100 
amperes to 230 amperes, was measured by means 
of a standard shunt and potentiometer, which 
also measured the drop of potential in the heater 





by means of a ratio box. Observations were made 


Influence of Pipe Diameter on the Heat Loss 
per Unit Area.—For horizontal cylinders, the loss 
by convection depends on the diameter of the 
pipe, and the temperature excess of the surface 
above the surroundings. The effect of diameter 
has been examined by many investigators over a 
considerable range of diameters. From a study of 
the available data, it seems permissible to make 
the following working deductions—that for cylinders 
above 5 in. indiameter the heat loss by convection 
for unit area is independent of size. Hence the 
values obtained in the present investigation should 
be comparable with those obtained using pipes of 





larger diameters. 





Fig. 


Fig.7.SECTION THROUGH SUPPORTING PLATE. 
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meter measurements gave the energy supplied by the 
heater which was not dissipated from the exposed | 
surface of the pipe. | 


The temperature of the pipe was measured by | with the current flowing in both directions in order | 


means of 30 nichrome-constantan thermocouples, 
which were inserted in small holes drilled in the 
pipe wall and fixed with copper pegs. The ends 
of the thermocouple leads were led to three distri- 
bution boards which were lagged and protected 
from direct radiation. The addition of an extra 
couple on these boards with its cold junction in ice, 
enabled all the couples to be referred to 0 deg. C. 
The E.M.F. of the couples was measured by a poten- 
tlometer. 

_ The distribution of the couples over the surface 
is shown in Fig. 12. By allowing proper weight to 
each measurement the mean temperature of the 
pipe was obtained. The air temperature was 
obtained from the mean of the observations from 
eight mercury-in-glass thermometers suitably dis- 
tributed around the pipe. The distribution of 





temperature along the pipe is shown in Fig. 13. At 
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VERTICAL SECTION OF CYLINDER SHOWING END CAPS. 
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to test for leakage. 

In conducting a test, the air in the pipe was 
displaced by a steady stream of nitrogen, introduced 
through a small hole and maintained for 15 minutes. 


The hole was then closed by a grub screw. At|® 


the same time the water-circulating system was 
freed from air bubbles. The current was then 
switched on and adjusted to the required value 
by means of rheostats. After two hours, to allow 
the conditions to become stable, observations 
were made for about five hours, and the results 
were generally consistent over this period. 
Results—Table I contains a summary of the 
results obtained with the two pipes described, 
supplemented with data previously obtained in the 
laboratory on a 9-in. electrically-heated pipe, 


and a 4}-in. pipe, using the steam condensation 





method. 






Recessed 

Steel Plate 

Table II gives, in a convenient form, the loss 

in B.Th.U. per square foot per hour, per degree 

Fahrenheit excess up to 590 deg. F., obtained from 
the curve given in Fig. 14. 


TABLE II.—Loss of Heat in B.Th.U. per Square Foot 
per Hour, per deg. F. Temperature Excess, 
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Excess 


Temp. 0 10 | 20 30 40 50 60 70 80 0 

0 deg. F — |1-90 1-92 1-94 1-96 1-99'2-02 2-05 2-08 2-11 
100 me 2-15 2-19 2-23 2-27 2-312-35.2-392-44/2-49 2-54 
200 pa 2-59 2-64 2-69 2-74 2-80,.2-86 2-92 2-98'3-04.3-10 
300 = 8-17'3-23 3-30 3-36 3-43 3-51/3-58/3-65'3-73 3-80 
400 9 3-88 3-96 4-04 4-13 4-214-30 4-39 4-48 4-57 4-67 
00 pe 4°76 4-86 4-96 5-06 5-16'5-26'5-36'5-47'5-575-68 





Analysis of the Heat Loss into Radiation and 
Convection.—It is of theoretical interest to estimate 
the relative magnitudes of the radiation and the 
convection which together make up the total heat 
loss from the pipe. 

The heat loss due to radiation is dependent 
upon the temperature excess of the surface over 
the surroundings, and the nature and conditions 
of the surface. Investigations have shown that 
for a “full radiator’’ the heat loss H due to 
radiation is given by the expression 


H = 1-36 x 10-12 (T)4 — To') cals. per sq. cm. per sec. 
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Fig.12.DISTRIBUTION OF COUPLES. 
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|of the National Physical Laboratory who have 
assisted in making the observations, and who have 
aided with advice and assistance in the problems 
| which have arisen. 
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THE ENGINEERING OUTLOOK. 


2¢6.68 we HH 6B 
(see9-m) Length of Cylinder in Feet sengsine: | I. Economic RETROSPECT, AND PROSPECTS FOR 


1927. 
A YEAR ago a review of the economic position of 
| the engineering industry was published in a series 
‘ ; : icles in ENGIN naqa.* sity suc 

radiators, and it becomes necessary to introduce | of _— les in ENGINEERING.” The necessity for such 
: 2 ce .. « | areview was urged at that time, both as an antidote 
into the expression. « factor defining the emissivity | to the ill-considered optimism usually prevalent at 
in terms of the full radiator. Published data on | ‘0,6 -com peer peecmes ihe 5 
pccatts aa . . _ | this season of the year, and as being likely to facili- 
the emissivity of an oxidised iron surface gives | 4 : SRA > . 
— = : | tate intelligent anticipation of the course of trade. 

values ranging from 0-79 to 0-89, depending of . , 
abeys If, at present, somewhat more restrained than for the 

course, on the degree of oxidisation of the surface. | vaciee 
past three years, the prophets of ‘‘an early trade 


If the mean value is taken, the expression becomes | sbi gce : 
|revival ’’ are by no means silent. The course of 
H = 0-84 x 1-36 x 10-12 (T,4 — T,$) } 


cals. per.ed, can, Der se0 | events during the past twelve months has corrobor- 
<aciiiaaamaltsaastaniaaatac jated in every important particular the forecast 


where T, and T, are the absolute temperatures of 
the pipes surface and the surroundings respectively. 
Now the surfaces of steam pipes are not full 


or in British units— | made a year ago, while in several directions economic 
H = 1-44 x 10-9 (Ti* — To*) B.Th.U. per sq. ft. per hour. | research has made important additions to the 
where | material available. No apology therefore will be 


T = (6 deg. F. + 459) | necessary for a re-examination of the engineering 


Assuming the above equation to represent the | outlook, as at the beginning of 1927. 
radiation loss, the deduced convection loss is| Before proceeding to internal analysis, and the 
shown graphically in Fig. 15. detailed consideration of the various branches 

The authors, in conclusion, must express their | | ; 

4 r See ENGINEERING, vol. cxxi, pp. 1, 31, 64, 129, 157, 
indebtedness to the many members of the staff | 193, a 224. si 











SURFACES. 


PN ett OS IRN 8 EA 





g 
















-per | four 


a 
3 








Ft 


3 








per, Sq. 








B.T.U. 
s 
Ss 


Za 


oO 1300 20 300 400 S500 600 
(9828.0) Temperature Excess Degrees Faht, 


“ENGINEERING” 























of the industry, it will be desirable, as before, to 
consider the engineering group of industries as a 
whole in relation to the external economic situation. 
As anticipated in January last the slow but steady 
recovery, which had been in progress since 1922, 
continued during the first quarter of last year. 
But by April, signs were not wanting that the 
intensification of German and American competition 
would retard this progress before the end of 1926, 
unless the situation were eased by an expansion in 
the world demand for engineering products. Upon 
this situation, the general strike and coal stoppage 
intervened, with disastrous effect—-an eventuality 
apparently unlooked for by the prophets of optimism, 
but one which fully justified the designation of 
“precarious ”’ which we applied last year to the 
prospects of the industry. 

If the occurrence of the coal stoppage was con- 
sidered probable by us a year ago, its prolongation 
until late in November was certainly not expected, 
and cannot fail to exercise a dominating effect 
upon the economic life of the nation for some time 
to come. Indeed, the most important task at the 
present moment is to disentangle the purely transient 
from the more permanent results of that catastrophe. 
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By July, the immediate effect of the stoppage on the 
engineering industry had been profound, as may be 
seen from the following statistics of employment. 


Engineering, Construction of Motors, Cycles and 
Aircraft and Allied Industries. 








Numbers | Numbers Nimbers 
Insured. | Unemp!oyed.| Employed. 





July 23, 1923 ++} 1,115,940 192,738 923,: 02 
July 28, 1924 -| 1,080,000 133,236 946,764 
July 27, 1925 1,100,850 122,439 978,411 

1,100,350 176,120* 924,200 








July 26, 1926 





* Of this number 115,227 were “ wholly unemployed,’’ and 
60,923 “‘ temporarily stopped.” 

The above table, by comparing the numbers 
insured with the number unemployed at the same 
date, gives the actual number employed at these 
dates, and is free from the errors incidental to 
calculations based on unemployment percentages. 
The steadiness of the numbers insured in 1926 
confirms the impression recorded last year that the 
liquidation of the surplus labour supply taken on 
during the war is at an end. The decrease in the 
numbers wholly unemployed is testimony to the 
progress made during the past year, the reduction 
in the numbers employed being more than accounted 
for by nearly 61,000 men temporarily stood off 
as a result of the coal stoppage. It would seem fair 
to conclude that the immediate effect of the coal 
stoppage has been to increase engineering unem- 
ployment by nearly 50 per cent. There can un- 
fortunately be little doubt that some of this 
temporary unemployment will be converted into 
total unemployment. By October the total number 
unemployed had reached 180,159, of whom 121,144 
were ‘‘wholly unemployed” and 59,015 were 
“temporarily stopped.” Here, then,- is some 
measure of the ground lost’ by the engineering 
industry in its arduous uphill struggle. Dis- 
heartening as it is, some consolation may be drawn 
from the fact that the damage was not more 
extensive. The remarkable degree of resilience 
shown by an industry, so closely dependent upon 
coal as engineering, during 1926, is in marked 
contrast to the collapse which set in during the 
previous great coal stoppage. This is evidence of 
the strength of the upward trend of the trade 
cycle, which in normal times is so slow as to be 
almost imperceptible. The conclusion may safely 
be drawn that so strong an underlying tendency will 
reassert itself in the course of time, but the position 
in the interim is one of much greater complexity. 

No doubt the arrears of work which have accumu- 
lated during the stoppage will produce sufficient 
immediate activity to regain much of the ground 
lost. It is much less certain that such activity can 
be maintained, once the initial stimulus has sub- 
sided, until steady progress regains momentum 
under the influence of the trade cycle. During the 
past few years there has been ample experience of 
the vicious circle of the depression, which, due 
to temporary causes, tends to prolong itself. 
The prospects of British engineering during 1927 
may be said to depend on whether by the loyal 
co-operation, energy and enterprise of all concerned, 
an interregnum of depression can be avoided. 
What then are the circumstances in which this 
critical effort will have to be made? At home there 
are several circumstances likely to arise, the effect 
of which is not altogether incalculable. The state 
of our national trade balance in 1926 leaves little 
room for doubt that the nation is living partly on 
credit. At the end of 1925, the Board of Trade. 
by increasing their estimate of our invisible assets 
by over 50,000,000/. sterling, brought out a credit 
balance for the year of some 20,000,000/. In 1926, 
although the final returns for the year are not yet 
available, the adverse visible balance, 7.e., the excess 
of imports of merchandise and bullion, can hardly 
fall short of 450,000,000/., nor is it conceivable that 
our invisible assets have increased beyond the 
429,000,0007. in 1925. Even if there has been 
some increased return on overseas investments, the 
revenue for shipping services must be substantially 
lower. It must be borne in mind that, although 
freights are now double the pre-strike figure, they 
were exceedingly low before the strike, and at the 
present time many ships clear in ballast, for lack of 





coal cargoes, and must make all their expenses on 
the return journey. In October, 1925, clearings 
with cargoes exceeded entrances by 670,000 tons, 
in October, 1926, entrances exceeded clearances 
by 3,210,000 tons. 

It would seem, therefore, that an adverse trade 
balance of some 20,000,0001. to 30,000,000/. is 
inevitable, and will have to be liquidated sooner or 
later. Although so far the effiux of gold has been 
of moderate dimensions, the authorities would no 
doubt resort to an increase in the bank rate if the 
movement were to accelerate. They would be less 
reluctant to do so if a spate of activity in the New 
Year, arising from replacement of arrears due to the 
coal stoppage, were under way. Yet an increase in 
the bank rate coming at the psychological moment, 
when the engineering industry was struggling to get 
back into its pre-stoppage stride, might be 
disastrous. 

Last year attention was drawn to the possibility 
of a Budget deficit and of an increase of motor 
taxation. Although both of these prognostications 
were borne out, the former was, fortunately, of 
such small dimensions that it could be made good 
by drawing upon the Road Fund. This year the low 
level or disappearance of business profits and the 
unsatisfactory revenue position for this financial 
year, make an increase of taxation of the magnitude 
of 6d. on the income tax by no means improbable. 
Apart from Imperial taxation, local rates have 
already increased in many districts owing to the 
large sums spent in Poor Law relief. In April, 1926, 
690,000 people were in receipt of outdoor relief ; 
in May the number was over a million; and by 
October there were still 926,000. Submitting 
estimates for 3,250,000. to help Boards of Guardians 
on November 16, 1926, Sir Kingsley Wood stated 
that during the six months ended September, 1926, 
13,000,0007. was distributed in outdoor relief, as 
against 7,000,000/. last year. These payments 
must be found directly from the product of industry, 
and it is safe to predict a general increase in local 
rates for the coming year, at least in industrial 
areas. 

As far as engineering is concerned, the coal 
stoppage should not result in unmixed evil. The 
increased efficiency resulting from reorganisation of 
the mines and the decreased labour cost should 
presumably reduce the price of coal, and, conse- 
quently, of iron and steel, which together form a 
very substantial percentage of the cost of engi- 
neering production. On the other hand, the 
elimination of uneconomic pits and surplus unpro- 
ductive labour in the coal mines, must swell the 
numbers of unemployed by some 200,000 until 
these are gradually absorbed into other industries. 

Abroad, an important advance has been made in 
the return of Belgium to the fold of gold or gold 
exchange currencies. Of the great engineering 
countries, only France and Italy are still possessed 
of unstable currencies, and, though in 1926 these 
were still the subject of depreciation, signs are not 
wanting that determined efforts will be made to 
stabilise them in the near future. The removal of 
unfair competition from France in particular, would 
be a great benefit to British engineering export 
trade. As anticipated, both Germany and the 
United States, our most formidable rivals in engi- 
neering, have increased their export bvsiness in 
almost every line, but not entirely at our expense, 
since the reduction in British exports is not as great 
as the increase in United States and German 
exports. This is a welcome indication that the 
overseas demand for engineering products is 
reviving, an important factor in enabling the British 
industry to make a recovery. 

The respective export positions of the great 
engineering countries will be discussed in detail 
under the appropriate sections of the industry. 
It will be sufficient here to say that British engi- 
neering exports, despite the coal stoppage, have 
not decreased as much as could have been expected. 
In one case an increase in the volume exported 
was accompanied by an increased value per unit, 
which would seem to indicate that ~prices are 
once more competitive. If this competitive level 
can be maintained and extended to other branches, 
in spite of the additional burdens likely to be 
imposed during 1927, a reward in the shape of a 








share in the increasing overseas demand would 
seem fairly certain. It is obvious, however, that 
this proviso is extremely problematical and quite 
out of the question in the event of any direct in- 
crease in production costs within the industry, a con- 
tingency which cannot be left out of consideration. 
With improved trade and the consequent improve- 
ment in employment in the New Year, it is not 
unlikely that the engineering unions will renew 
their claim for an advance in wages, based on reviving 
trade and on the increased cost of living. Here 
again, the crisis is likely to develop in the spring 
as a direct result of the activity caused by the 
coal stoppage arrears. Apart from the disastrous 
effect of any further load upon production costs, 
it would seem a dangerous precedent to concede 
an advance of wages in respect of a claim based 
entirely upon the results of the coal stoppage on 
both counts. For, excluding the cost of fuel, the 
cost-of-living index in May and November, 1926, 
was 166 and 173 respectively, as compared with 
172 and 177 for the same months in 1925. Including 
fuel, the numbers for 1926 became 168 and 179. 
On the other hand, the psychological effect of an 
advance in wages will, no doubt, be advanced in 
some quarters as a means of securing the co-opera- 
tion of labour in more intense production. It is 
probable that, saddled with the bad results of 1926 
and the certainty of increasing burdens of taxation, 
engineering employers will not further add to 
their production costs by an advance of wages until 
the position of the industry clearly justifies it. 
The engineering outlook for 1927 is, then, as far 
as the immediate future is concerned, one of very 
considerable activity. By the end of the year the 
steady upward trend of normal. business expansion 
should at best be under way. But this will, in all 
probability, depend on a crucial period in the 
spring, when the disturbing factors alluded to above 
may take effect. It is likely that a psychological 
reaction will be in evidence when the impermanence 
of the post-stoppage boom becomes apparent, and 
unless this period is tided over by the exercise of 
the greatest prudence and foresight, it is to be 
feared that the prospects for the latter half of the 
year will be much prejudiced. With this general 
economic background, an attempt will be made in 
subsequent articles to define the outlook of the 
more important branches of engineering individually. 





SOME RECORD RUN-OFFS FROM 
INDIAN HILL CATCHMENTS. 
By E. S. Brtuasts, M.Inst.C.E. 


THE recently constructed Upper Jhelum canal in 
the Punjab skirts the sub-Himalayan Pabbi hills, 
and great numbers of torrents from the hills are 
syphoned under the canal. The torrents are in 
flow only after heavy rain; the duration of a flood 
is generally short, and most floods are far from 
being the maximum. To ascertain the maximum 
discharges by observation proved difficult. In the 
case of the Mianwali torrent, 234,600 ft. from the 
head of the canal, a discharge observed on Sep- 
tember 4, 1908, by Mr. A. N. W. Robertson, Assistant 
Engineer, showed 4,056 cub. ft. per second. The 
catchment area, formerly taken to be 0-77 or 0-79 
sq. mile, has lately been reported to be 0-83 sq. 
mile.* The discharge figure is a record—it is no 
less than 4,887 cub. ft. per second per square mile 
—and this makes the case of importance. The 
accuracy of the figure has been disputed. Some 
interesting questions arise in connection with it. 

The bed of the torrent was of sand and the sides 
steep and generally stable. The observations were 
made in a straight reach 500 ft. long. A surface 
float, run over this length about 30 ft. from the 
right bank at 5.25 p.m., gave a velocity of 13-2 
ft. per second. The flood had been at its highest 
at 5.23 p.m., and had just begun to subside. After 
the flood had passed, three cross-sections of the 
channel (Fig. 1, page 6) were taken. The bed 
levels were taken at every 20 ft. across the channel. 
The shallowest part of the stream was always in 
the middle. From AA to BB is 300 ft., from BB 
to CC 200 ft. The width of the torrent at the 
height of the flood averaged 250 ft., the depth of 





* Proc. Inst, C.E., vol. cexvii, page 292. (Hearn). 
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water varied from 1-1 ft. to 2-6 ft., and the surface 
gradient was 0-0145 or about 1 in 70. Half a mile 
upstream, the torrent and its tributaries came down 
the hillsides at about 1 in 10. The water at the 
et Sea site must have been highly charged with 
sand, 

Waves.—A striking feature of the case was the 
oceurrence of large waves. At 5.10 p.m. the water 
had risen to within about a foot of the flood level. 
The surface velocity along a float course towards the 
left side of the stream was 8-03 ft. per second. 
“Immediately afterwards the flood came down in 
waves 3 and 4 ft. high.” The waves were highest 
in mid-stream and less marked towards the banks. 
A wave generally had its crest running transversely 
to the stream but did not—except perhaps at first 
—extend right across it. There was little or no 
foam. The waves became less marked at the 
extreme height of the flood. They died away as 
the flood fell. 

In a wave 3 ft. high the trough would be about 
1:5 ft. below the general level of the water surface. 
But this general level was seldom more than 2 ft. 
above the bed and often not more than 1-5 ft. 
An ordinary wave 3 ft. high would break before it 
reached water only 1-5 ft. deep. It is probable— | 
and has been suggested by those who have had | 
experience of these torrents—that the bed of the 
torrent itself became formed into a series of waves | 
(Fig. 2). It was not a case of a stream having 
waves in it but of a stream flowing cover an undulat- 
ing bed. Owing to, the stream being already “ fully 
charged ” with sand it could not readily scour away 
the saliences. It would, however, still be able to 
roll sand along, and thus it doubtless kept moving 
the saliences along. The stream would be in “ vari- 
able flow,” losing velocity as it rose over a salience 
and gaining it as it flowed down. The sand of these 
torrents when wet is often like a quicksand. The 
channel might be smooth in itself but the frequent 
saliences—especially as they were no doubt frag- 
mentary, that is, did not run right across the bed— 
would cause much disturbance and make the channel 
virtually “rough.” The general velocity would 
be that due to the average depth of water and general 
gradient and to a rough channel. The velocity was 
observed nearly at the top of the flood so that there 
was no appreciable “ unsteady flow.” This last ex- 
pression is properly applied only to cases where the 
discharge keeps varying with the time though it 
has been used by some participants in the dis- 
cussion to indicate disturbed flow. At the top of 
the flood the saliences in the bed may have become 
flattened and the water waves therefore less marked. 
As the flood subsided, the charge of sand would be 
reduced and the saliences were scoured away. At 
= events they did not exist when the flood had run 
off. 

In some discussions on the case, standing waves 
have been mentioned and formule gone into. The 
usual formula assumes the beds upstream and down- 
stream of the wave to be at the same level. A 
standing wave might occur where a shallow part of 
the stream, say, in section AA, met a deeper portion 
in section BB. It would not extend across the 
whole stream. he “jump” would be small. 
Moreover no one saw it or measured it. No reliable 
discharge figure can be obtained by making assump- 
tions about it. 

The Sectional Area and Velocity of the stream.— 
To what extent did wave-wash cause over- 
estimation of the flood level? In a large rapid 
stream several feet deep, there may be large waves 
in midstream, but the oscillation of the surface near 
the banks is slight. In the present case, the Execu- 
tive Engineer, Mr.’ J. W. B. Loughran, states that 
the waves may not have caused very much error 
because they are “ usually some distance from the 
banks.” The general slope of the banks was about 
1 to 1. Any trough in the bed could not extend 
under the slopes (Fig. 3) without causing them to 
fall in, and this did not occur much. A subsidiary 
observation was made “ when the flood had fallen 





of the flood, but he had taken note of the “‘ desirable 
places,”’ probably recesses in the banks. He was 
known to be a careful observer. The marks were 
pegged out at several points on each bank, and the 
general levels deduced. 

It seems suitable, however, to reduce all the flood 
levels by 0-25 ft. This, if half the observations 
were correct, allows for an error of no less than 0-5 ft. 
in the remainder. This reduction makes the mean 
depth d—over the whole run and from bank to 
bank—1-43 ft. and the mean depth D, along the 
float course, 1-71 ft. From the sections the figures 
are 1-68 ft. and 1-96 ft. 

The advancing end of a flood wave has a steep 
surface gradient and scour is apt to occur. In a 
falling flood the reduction of discharge, of course, 
occurs first at the upstream end of the reach, the 
gradient flattens, and silting is likely to occur. As 
the flood fell, the stream “ shifted to a channel on 
the left, silting up the right-hand channel.” Pro- 
bably some scour occurred on the left—the whole 


catchment. It has been argued that the rainfali 
does not account for a discharge of 4,056 cubic ft. 
per second. It accounts, however, for one of 
3,575 cubic ft., per second. From 3.35 p.m. to 
4.5 p.m., the fall was 0-75 in., equivalent to 960 
cubic ft. per second for 25 mins. It caused flow 
in the torrent, from 4.5 to 4.30 p.m., but only of 
about 100 cub. ft. per second. Some 860-cub. ft. 
per second soaked the catchment and stream bed. 
There had also been much rain on the two previous 
days. The subsequent discharges are shown in 
the diagram (Fig. 4). The discharge of 3,575 cub. ft. 
per second is that at 5.23 p.m. when the flood was 
at its highest. It did not remain so for more than 
a minute or so. The difference in level at about 
5.25 p.m. was perceptible. It may have been an 
inch. This would reduce Q by 275 cub. ft. per second. 

The rain was measured in three falls shown by 
rectangles. The possible actual distribution is also 
sketched out. 

The torrent discharge averages 811 cub. ft. per 





channel is described as “ shifting ’"—but, on the 





second, the rainfall 1,071 cub. ft. per second. 
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whole, silting was probable, that is, the general bed 
was deeper at first than shown on the sections. This 
points to the sufficiency—as regards discharge 
calculation—of the above deduction of 0-25 ft. 

The surface float ran for no less than 500 ft. on a 
straight course. It gave U; = 13:2 ft. per second. 
The mean velocity U on the float course is 13-2 x 
0-855 = 11-29 ft. per second.* To find the mean 
velocity of the whole stream, using Kutter’s coeffi- 
cients (N = 0-025) for d and D, V = 11°29 x 
resi — 11-29 x 0-885 = 10-00 ft. per second. 

To whatever extent the general velocity was 
reduced by roughness of channel or disturbed 
conditions of flow, there is no evidence that the 
multipliers to be used—as above—differ from the 
usual tabulated values, or, if so, in which direction. 
In each and every case it is the bed resistance that 
makes U differ from Us, The ratio depends a little 
on roughness and depth. It is not known that the 
transportation of sand affects it. 

The observer and his superior officers used 
Bazin’s coefficient, in this case 0-7, which gives V at 
once from the greatest surface velocity in narrow 
streams. It is wholly unreliable for wide, shallow 
streams—the shape of the cross-section having 
everything to do with the ratios—but in this case 
happens to agree in a rough way, and gives V = 
9-24 ft. per second. ‘“‘ Engineers cling in a remark- 
able manner to obsolete formulas and much waste of 
money results.” + 

The surface gradient is steepest between AA and 
BB. The section at BB is slightly smaller than the 
others and the stream was gaining momentum. 
Taking the whole run, the value of N in Kutter’s 
formula comes out about 0-025. If d is taken as 
less than 1-43 ft. U remains nearly the same, and N 
comes out about 0-0225 which is too low for such 
a stream. 

The Discharge.—The discharge, Q, is 250 by 1-43 
by 10 = 3,575 cub. ft., per second, but the obser- 
vation was—like many flood discharge observations 





half a foot.” Its level on a post fixed on the bank | 
had been noted. The fluctuations in the fallen | 
stream were reduced but, since 0-5 ft. of difference | 
could be noted at the post, they could not have been | 


violent even at first. Mr. Robertson could not peg 


—a rough one. Considered by itself it may be in 
error by say 10 or 15 per cent. in either direction. 
Mr. Robertson had, however, a rain gauge on the 





* Hydraulics, with Working Tables, by E. S. Bellasis, 
Fourth edition (Cap. vi, Arts 4 and 9). 





out the flood levels till some 45 minutes after the top 





+ Proc. Inst. C.E., vol. cexvii, page 365. 
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The percentage of run-off from the small, soaked 
and steep catchment—it was also balloon-shaped 
and thus very favourable to rapid run-off*—was 
76 per cent. 

Owing to the previous soaking, the bulk of even 
the first small fall of 0-3 in. ran off. Its discharge 
is equivalent to 550 cub. ft. per second for 17} secs. 
From 5 p.m. to 5.17 p.m., the torrent discharged 
about 460 cub. ft. per second. The second fall 
is at the rate of 0-55 in. every 10 mins. Falls of 
1-5 in in 10 mins. have occurred on these Jhelum 
catchments. Such a fall may have caused the 
peak in the rainfall diagram. Or there may have 
been no such marked peak. 

The position of the fall of greatest intensity—it 
need not be the same at any moment all over the 
catchment—may have shifted downwards. In 
either case the streams flowing down the catchment 
would be overtaken by others, and a great rush 
occurred at the discharge site. It began at 5.17 p.m. 
This phenomenon is now well recognised. It can 
occur on large catchments though it is more likely 
to occur on small ones, and it largely accounts for the 
occurrence of floods exceeding all previous records. 

Some years after the observation, Mr. Loughran, 
the executive engineer, calculated the discharge 
as 2,600 cub. ft. per second, by the standing wave 








* See River and Canal Engineering, by E. 8. Bellasis. 
Second edition, 1924 (Cap. vii, Art. 2). 
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theory.* He also considered the rainfall. He now | 
suggests 3,000 cub. ft. per second. He admits the 
possibility of the “overtaking stream” on the 
catchment, but, perhaps, has not realised what it 
can do on a small catchment already soaked. 

The rainfall record is valuable. Having regard 
to it, the discharge is not likely to have much 
exceeded 3,575 cub. ft. per second, nor to have 
been very much below it. Probably 3,500 cub. ft. 
per second is the figure that should be accepted. 

The argument that an error “ on the safe side ”— 
in this case an exaggeration of the real discharge— 
is not objectionable has been condemned elsewhere 
by the present writer. The object should be to 
obtain correct figures. The engineer can then be 
on the safe side as much as he desires. 

General Remarks.—Waves similar to those de- 
scribed above have occurred in other torrents near 
the Upper Jhelum Canal and caused over-estimation 
of discharges in some of the older observations. The 
discharge of 3,500 cub. ft. per second from 0-83 sq. 
mile or 4,217 cub. ft. per second per sq. mile, is still a 
record for catchments of this size. For an area at 
North Braddock, U.S.A., the reported discharge 
is 4,000 cub. ft. per second per sq. mile, but the 
area was only 0-6 sq. mile. It is, of course, well 
known that the smaller the catchment the greater 
the run-off per square mile can be. One critic, 
apparently unaware of this law, has stated that 
all run-offs of over 1,000 cub. ft. per second per 
square mile should be rejected. 

It would be well if observations of discharges from 
catchments in various countries were all reported 
with anything like the same care and attention 
to detail as the one discussed above. In some cases 
the report of a run-off merely states the total | 
rainfall in cubic feet, the total flood discharge in | 
cubic feet, and the ratio of the latter to the former. | 
This may suffice where the water has merely to be 
stored, but not where a work has to be designed to 
pass the maximum discharge. 

The discharges for nearly a dozen catchments— 
including the Mianwali—with areas each less than 
5 sq. miles, were rejected by the Chief Engineer 
of the Punjab, who directed that in all these cases 
a discharge of 2,400 cub. ft. per second per square 
mile should be allowed for. He remarked that 
observations taken under great difficulties as to 
time and place are liable to error. Enormous sums 
had to be provided for the syphons, small and great. 
In the case of the small catchments, the water, if 
in excess of the capacity of the syphon, can head 
up in the torrent—the masonry having a “ free- 
board ” of 5 ft.—and can also head up against the 
canal bank. The Chief Engineer took this into 
account. Also at that time the experience of 
actual discharges was limited. 

The actual discharge of the Mianwali torrent has 
not, since Mr. Robertson’s observation, exceeded 
2,016 cub. ft. per second, but that of the Kelu 
torrent—catchment area 1-24 sq. mile—has been 





found to be 4,607 cub. ft. per second or 3,715 cub. ft. 
per second per square mile.* 

Other discharges, Q, per square mile of catchment 
in these same Pabbi Hills are as follows, the figures 
for the last two areas being, however, “ revised 
estimates ’—after experience of the catchments— 
and not actual observations. 


Area of catchment, (sq m.) 1°41 1°47 3°87 48.5 174 
Q persq. mile... ..- 3,267 3,825 3,744¢ 1,312 550 





THE LIGHTSHIP “ALBATROSS ’’ FOR 
THE COMMISSIONERS OF IRISH 
LIGHTS. 


A NEw lightship, the Albatross, constructed to the 
order of the Commissioners of Irish Lights by Messrs. 
Henry Robb, Limited, shipbuilders, of Leith, has 
recently been put into service. The vessel has been 
built to the designs of Mr. George Idle, M.I.N.A., 
Surveyor of Shipping for the Commissioners, and as 
she is equipped with the most modern arrangements 
in every respect, she may be taken as an excellent 
modern example of such a type of vessel. By the 
courtesy of Mr. Idle we illustrate this vessel in Figs. 
1 to 12, Plate I and pages 8 and 16, these figures 
relating mainly to the vessel’s construction and 
internal arrangement. Details of the equipment will 
follow in a subsequent article. 

The supervision of the vessel during construction 
was carried out by Captain W. H. Davis, R.D., R.N.R., 
Inspector of Lights, Mr. Idle, and Mr. James Taylor, 
Board of Trade Surveyor, Leith. The lighting apparatus, 
fog-signal machinery, and wireless installations, were 
designed and supervised by Mr. C. W. Scott, engineer 
to the commissioners. 

One of the most important factors to be considered 
in connection with these vessels, and to which much 
thought must be given, is that such a lightship must be 
able to remain on her station for as long a period as 
possible in the boisterous weather conditions encoun- 
tered off the southern Irish coast. In the design of 
the Albatross this factor has been continuaily borne in 
mind. Her principal dimensions are: Length b.p. on 
waterline, 102 ft.; breadth moulded, 24 ft. 3 in.; 
depth of hold, 12 ft. 6 in. A general elevation of the 
vessel is shown in Fig. 1, Plate I, while Fig. 2 
shows a sectional elevation of the hull and Figs. 3, 4 
and 5 deck plans. Figs. 6 and 7 show respectively 
sectional elevation and plan of the engine-room. A 
general view of the completed vessel will be found in 
Fig. 10 on page 16. 

The ship is designed to ride to mushroom anchor 
with 120 to 180 fathoms of cable out, in her proper 
trim, no ballast being required. The scantlings, most 
of which are shown in Fig. 8, page 8, are greatly in 
excess of Lloyd’s requirements, the extra weight 
being carefully arranged to give great strength and 
long life, and to eliminate the necessity of using ballast. 
The underwater portion of the shell plating, floor 
plates, and other members of the bottom structure 
are of iron, which is preferred to steel as giving a longer 
life. It is interesting to note that a lightship built 
of iron in 1903-04 shows at the present date no appre- 
ciable corrosion, although only dry docked at intervals 
of four years. 

As will be seen from the midship section, Fig. 8, the 








_ * Proc, Simla Engineering Conference. ‘‘ Catchments 
in Hilly Tracts in the Punjab.” 1913. 


* Proc, Inst. C.E., vol. ecvii., page 292. (Hearn). 
+ A second observation gave 3,600. 





bilge keels are a feature of the construction. The 
design and position of the keels are the outcome of 
experiments carried out on various stations. The data 
collected over a number of years led to model experi- 
ments being carried out at the National Tank at 
Teddington, and as a consequence rolling in the 
modern lightships has been reduced by 50 per cent. 
An account of these experiments is to be found in the 
Transactions of the Institute of Naval Architects, 1912, 
contributed at that time in a paper by Mr. Idle. 

The mizzen mast is a special weldless Mannesmann 
steel tube 90 ft. in length. On this mast are fitted the 
day marks, corresponding to the particular station on 
which the vessel may be employed. The standing 
rigging is of the best crucible steel wire, the rigging 
screws being of the Admiralty pattern. A derrick is 
also fitted, together with a hand winch for working 
stores. The main mast is built of steel, arranged to 
take the lantern, and is stepped at the heel and wedged 
where it passes through the deck in the manner shown 
in Fig. 8. The position of the crucible steel wire stays 
are very accurately set in view of the important part 
they play in supporting the lantern. All the screws 
are of the slip type Admiralty pattern and together 
with the rigging wires were tested before being arranged 
in place. The chain plates are of the highest quality 
of forged iron, and are directly riveted to the sheer 
strake of the vessel. 

Reference to Figs. 2 and 5, Plate I, will show that 
the living quarters for the master and crew are roomy 
and comfortable. They are plainly furnished with 
wardrobes, tables, seats, &c., and each cabin is provided 
with a stove. The galley and pantry are also fully 
equipped with the usual utensils. The master’s 
quarters are finished in polished mahogany. 

One lifeboat and one cutter are fitted on the boat 
platforms at either side of the vessel. These are con- 
structed in accordance with the special requirements 
of the Commissioners, and: also comply with the latest 
regulations of the Board of Trade. In order that the 
boats may be easily handled, the davits have been 
fitted with Colgrave winches and wire rope fall 
mechanism. 

The main hawse pipes, through which the cables 
pass, are housed inside Mannesmann steel tubes, 
making them easy to remove and also effectively water- 
tight. They are extended, at the lower end, well clear 
of the ship’s side plating by means of heavy castings, 
thus preventing the cables from chafing the stem 
and the fore-foot, and at the same time permitting the 
wearing parts to be made extra heavy. The bow view 
of the vessel given in Fig. 11, page 16, shows the 
hawse pipes and castings clearly. 

The cable windlass, the position of which is shown in 
Figs. 3 and 4, was supplied by Messrs. Harfield and Co. 
It is operated by compressed air, and has two vertical 
cylinders, 8 in. in diameter by 8-in. stroke. The 
bed-plate is a single casting. The cable-holders are 
of wrought iron and are brass-bushed. Large warping 
ends are also fitted to the windlass, as well as reversible 
hand gear. The cable windlass may be seen in the 
deck view given in Fig. 12, page 16. The mooring 
equipment of the vessel consists of 440 fms. (in 2 cables) 
of 13-in. open link chain, a mushroom anchor weighing 
34 tons, and a spare stretchless anchor weighing 37 cwt. 

The vessel is sub-divided into six separate com- 
partments by means of five watertight bulkheads and 
is virtually unsinkable. In this connection it is to be 
noted that all skylights on the weather deck are 
watertight, and that all other openings in the deck 
giving access to the ’tween decks are inside the deck 
house. About 9 tons of fresh water are carried in the 
tanks aft under the lower deck, and the capacity of 
the oil tanks is 2,000 gallons. 

Figs. 6 and 7, Plate I, to which we have already 
briefly referred, show the engine-room arrangements. 
The main plant installed here consists of a pair of 
18 brake horse-power vertical, semi-Diesel, two-stroke 
oil engines, running at 375 r.p.m. These have single 
cylinders of 9-in. bore and 11-in. stroke, and they are 
direct-coupled to vertical two-cylinder, single-acting 
air compressors of 8-in. bore and 5-in. stroke. These 
sets are by Messrs. Robey and Co., of Lincoln, and 
deliver 96 cub. ft. of air per minute, compressed to 
30 Ib. per square inch, into three 150-cub. ft. air 
receivers. 

The fuel oil is the same as that employed for the 
light, and is pumped by hand out of the oil store into a 
pair of horizontal cylindrical tanks bolted to the 
engine-room bulkhead. The latter contain sufficient 
fuel for an eight hours’ run. The cylinder-head is 
heated up for starting in less than three minutes by 
means of a “ Sievertia” burner, supplied with com- 
pressed air from the main air receivers. The cooling 
water is drawn from a seacock by an “ Albany” gear- 
type pump, driven by belt from a pulley on the flywheel 
end of the crankshaft, circulated through the compres- 
sion jackets, engine jacket and exhaust silencer jacket, 
in the order named, and delivered overboard. Two 
starting pressure cylinders are provided for each engine, 
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THE LIGHTSHIP “ALBATROSS” FOR THE COMMISSIONERS OF IRISH LIGHTS. 


CONSTRUCTED BY MESSRS. HENRY ROBB, LIMITED, LEITH, TO THE DESIGNS OF MR. G. IDLE, M.LN.A. 
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bolted to the engine-room bulkhead in an inverted 
position with a separate stop valve on each. 

The engine and compressor are mounted on a common 
cast-iron bed with four crankshaft bearings, two for 
the engine bed and two for the compressor, and both 
engine and compressor crank-pits are enclosed. Light 
stamped-steel annular suction and delivery valves of 
large area are carried in the compressor cylinder-head 
casting, the suction valves being in a common chamber 
and the delivery valves in separate chambers. On the 
suction inlet is fixed a spring-controlled automatic 
relief valve, which closes the inlet before the pressure 
reaches 31 lb. and opens it before the pressure falls to 
29 Ib., in the air receivers. A hand wheel and an 
adjustable stop are provided for further compressing 
the spring when it is desired to raise the pressure to 
60 lb. On each outlet is fixed a two-way plug cock, 
to deliver either to atmosphere or to the air receivers, 
both of which are turned to atmosphere when starting 
the engine and one of which is turned to atmosphere 
when it is desired to employ a single cylinder for raising 
the pressure to 60 lb., as is always done before the 
engines are stopped at the end of a run, in order to 
double the amount of compressed air stored, small 
amounts of which are frequently required for such 
purposes as filling the air receivers for the lighting 
plant, starting engines, turning the windlass for 
cleaning, adjusting the code timing machine, testing 
joints and valves, &c. 

On the projecting end of each compressor crank 
shaft is keyed a sprocket wheel which drives an electric 
generator to supply alternating current direct to a 
submarine oscillator and a radio beacon transmitter, 
by means of a Hans Renold roller chain. Two chains 
are provided for each generator, to be exchanged 
every time that the engine is stopped, the chain which 
is not in use being kept in a vessel full of lubricating oil. 
The tension of the chains is adjusted by the removal or 
addition of a link. 

The two electric generators, by Messrs. Crompton of 
Chelmsford, of the combined exciter and alternator 
type, generating 1-1 kv.-a. at 525 cycles per sec. are 
placed behind the air compressors. The leads are 
carried to two switch boards on the bulkhead behind 
the generators, and connected to a row of eleven ter- 
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minals at the top of each switchboard, all the wiring on 
which is on the front. Below the terminals is a row of 
eight cartridge fuses, and under them a frequency 
meter and an ammeter for the supply to the radio 
beacon ; below these again are a voltmeter and the 
ammeter for the supply to the submarine oscillator, 
and at the bottom the rheostat for controlling the field 
of the exciter and the main switches for the radio and 
oscillator circuits. Below the switch boards are mounted 
safety devices to prevent high frequency currents 
from getting back to the generators. 

These, with a rotary manual air compressor for 
charging the starting receivers in an emergency and 
the weight with its guide bars, which drives the clock- 
work machine employed for rotating the lighting 
apparatus, to be referred to later, complete the plant 
contained in the engine room. 

The diaphone house, a steel structure, 6 ft. 3in. by 
5 ft. 6 in. by 6 ft. 3 in. high, is situated on the deck 
house as shown in Figs. 2, 3, and 9. The front side is 
bevelled off at the top at an angle of 45 deg., and through 
this the diaphone trumpet protrudes, inclined upwards 
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at an angle of 45 deg. to the horizon. Two air mains 
of large diameter, to minimise pressure drop, are 
brought up into the diaphone house, one for high pres- 
sure and one for low pressure air. The low pressure side 
is used for the diaphone motor and is bolted to the 
port side of the diaphone. The H.P. side, is connected 
with the diaphone sounding chamber, and is bolted 
to the starboard side of the diaphone. Baffle dirt 
boxes having a much larger sectional area than the 
air mains and valves, are fitted in each system. These 
are very necessary to prevent small particles of grit 
entering the diaphone and scoring the cylinder. 

The inlet valves for the diaphone motor and sounding 
chamber, and the L.P. receiver are double beat valves, 
each opened, against the pressure of a spring, by a piston 
in a cylinder, into which H.P. air is admitted by the 
timing valve on the code timing machine. The motor 
and L.P. receiver valves open and close simultaneously. 
The third cylinder is supplied with throttled air so 
that the sounding valve openslater. Thisis arranged in 
order to ensure that the motor shall start the diaphone 
piston oscillating a small fraction of a second before 


| the sounding air is turned on. 


The diaphone consists of a cast-iron casing, provided 
with connections for the motor valve and the sounding 
valve, and fitted with a gunmetal flanged cylinder, 
having eight external longitudinal ribs, ground to 
an air-tight fit into the casing and held down by a 
cast-iron cover. A light gunmetal piston reciprocates 
inside the cylinder when the motor air is turned on. 
A cast-iron conical resonator is bolted on to the upper 
end of the case, to form, with the diaphone piston, a 
trumpet which can be made to speak when the speed 
of the piston is accurately tuned to the fundamental 
tone of the trumpet or to one of its upper partials. Ten 
narrow circumferential slits are cut through the walls 
of both cylinder and piston, and these coincide when 
the piston is at midstroke. They thus open twice 
during each complete forward and backward stroke of 
the piston, so that a piston speed of 64 complete 
strokes per second will sound a note of 128 vibrations 
per second, A powerful blast of air enters the throat 
of the trumpet every time that the slits in the piston 
coincide with those in the cylinder, when the sounding 
air valve is open. The note, the tenor C, has been 
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adopted as the most generally efficient during the 
average conditions prevailing when fog signals are 
required. A lower note is preferable under some 
conditions and a higher note under other, but about 
128 vibrations per second appears to be the best 
average. Tuning is effected by regulating and main- 
taining constant the pressure in the low-pressure 
receiver. 

There are actually two pistons and cylinders, the 
two cylinders forming a single-stepped casting, 64 in. 
bore for a length of 5-21 in. and 8-66 in. bore for a 
length of 1-79 in. In the former, the 10 circum- 
ferential sounding slits are cut, while the latter forms 
the motor cylinder, and has circumferential slits acting 
as inlet and exhaust ports to both sides of the motor 
piston. The two pistons are also in a single-stepped 
cylindrical casting, a ground fit for the two cylinders, 
with a solid diaphragm which forms the base of the 
sounding piston and the top of the motor piston. The 
wall of the motor piston has circumferential grooves 
and ports cut in it which act as inlet and exhaust 
ports in conjunction with those in the cylinder. There 
are eight longitudinal ribs in the interior of the sounding 
piston to hold it together, the 10 circumferention 
sounding slits being cut through its cylindrical walls. 
The diaphone was made by the Pulsometer Engineer- 
ing Company for the Diaphone Signal Company, of 
Toronto. 

(To be continued.) 


THE LATE MR. D. B. HORN. 


WE regret to note the death, on January 3 last, at 
the Oriental Club, Hanover-square, London, W.1, of 
Mr. David Bayne Horn, late Chief Engineer and 
Secretary to the Government of Bengal, Public Works 
Department. The son of the late Mr. David Horn, of 
Middle Douglie, Perthshire, Mr. D. B. Horn was born 
on October 31, 1851. He received his scientific training 
at the Royal Indian Engineering College, Coopers Hill, 
and was appointed to the India Public Works Depart- 
ment as an assistant engineer, second grade, on October 
1, 1874. In this capacity he was employed in the 
Bengal Irrigation Branch of the Department, from 1874 
to 1878. In the latter year he became assistant 
secretary to the Irrigation Branch, and was promoted 
to the rank of assistant engineer, first grade, in 1880. 
During the following year he was employed in the 
Circular and Eastern Canals Division. From 1882 to 
1883, he held the position of executive engineer, 
fourth grade, in this same division, and, during his 
tenure of office, he inspected and reported on the 
Goomtie embankment. Promotion subsequently came 
rapidly. In 1891, he was appointed executive engi- 
neer, first grade. Five years afterwards he became 
superintending engineer, third class, and was em- 
ployed on special duty with the committee appointed 
to draw-up building regulations for Darjeeling. On 
July 12, 1900, Mr. Horn was promoted to superintend- 
ing engineer, first class, and, in this capacity, officiated 
as chief engineer and secretary to the Government of 
Bengal, Building and Roads Branch; later he was 
appointed to the Irrigation Branch. From 1902 to 
1906, in which latter year he retired, he was Chief 
Engineer and Secretary to the Government of Bengal, 
Public Works Department, Irrigation Branch. Mr. 
Horn was awarded the Companionship of the Order 
of the Indian Empire in 1905. He became an associate 
member of the Institution of Civil Engineers in April, 
os and was elected to full membership on February 
27, 1906. 





Danish Mercuant Surppine.—According to the 
Danish Shipping Register, which includes all Danish 
merchant vessels of 20 tons gross and over, the number of 
ships, owned by Danish firms on January 1, 1926, was 
1875, representing an aggregate gross register tonnage of 
1,117,000, a net register tonnage of 679,200, and an 
estimated deadweight tonnage of 1,488,000. Steamers 
and motorships comprised 92 per cent. of the total gross 
tonnage, sailing vessels, with and without auxiliary 
motors, 7 per cent. and fishing boats 1 per cent. The 
tonnage of steamers and motorships increased by 
gy Sa 1925, while that of sailing ships decreased 

y 5, . 





_Royat ScHOLARSHIPs AND FREE STUDENTSHIPS, 1926.— 
The awards made as a result of the 1926 competition 
tor Royal Scholarships and Free Studentships have now 
been made public by the Board of Education. There 
were 75 competitors in the engineering group, and Royal 
Scholarships have been awarded to Mr. F. H. Russell. a 
student at Sunderland Technical College ; Messrs. E. E. 
Wilkins and G. W. Dimmick, apprentices at H.M. Dock- 
yard, Portsmouth ; Messrs. J. H. Mitchell and T. H. 
Partridge, apprentices at H.M. Dockyard, Devonport ; 
Mr. C. W. Aldous, a student at Woolwich Polytechnic ; 
an 1 Mr, J. L. Howard, an apprentice at H.M. Dockyard, 
- ymouth, Free Studentships have been gained by 
a. C. H. Crocker and W. T. Pratt, apprentices at 
1.M, Dockyard, Devonport ; and Mr. C. 8. Hudson, an 
“pprentice at H.M. Dockyard, Chatham. 


YEAR BOOKS AND ANNUALS. 

Jane’s Fighting Ships, 1926.—Founded in 1897 by 
the late Mr. F. T. Jane, the naval encyclopedia, known 
as “‘Jane’s Fighting Ships,” has now reached its 
thirtieth year of issue. In order to mark the anni- 
versary, special efforts have been directed to make 
the edition a noteworthy one. With a few minor 
exceptions, a photograph of every warship built or 
building, throughout the world, is reproduced, and a 
large number of drawings and plans are also included. 
Many particulars regarding dimensions, displacement, 
armament, propelling machinery, fuel capacity, and 
the like, are given. The recognition silhouettes, which 
enable the observer to recognise any war vessel at sea, 
constitute an attractive feature of the work. The book 
is divided into sections according to countries; Great 
Britain and the Dominions are placed first, then follow 
the other countries in alphabetical order. In all cases, 
in which they are available, details are given regarding 
personnel, navy estimates, etc. Illustrations depicting 
the insignia of rank worn on the coat sleeve by officers, 
and the various naval flags of each country, are also in- 
cluded. The book has been edited by Messrs. 0, Parkes, 
O.B.E., and F.E.McMurtrie, A.I.N.A. It contains 
nearly 450 pages, and over 3,000 photographs, and 
other illustrations. The publishers are Messrs. Sampson 
Low, Marston and Co., Limited, 100, Southwark-street, 
London, S.E.1 ; and the price is 42s. net. 





Ice and Cold Storage Trades Directory, 1927.— 
Intended for engineers and others connected with the 
refrigerating industry and allied trades, in the United 
Kingdom, the ‘‘ Ice and Cold Storage Trades Directory 
and Handbook,” for 1927, has just been published by 
Messrs. Iliffe and Sons, Limited, Dorset House, Tudor- 
street, London, E.C.4. The first 50 pages of the book 
contain data regarding the properties of various 
substances used in connection with refrigeration, con- 
version tables, lists of physical constants, and other 
information of a miscellaneous nature. The directory 
proper is divided into three sections; the first is a 
topographical index to all cold stores and ice factories 
in the United Kingdom. Particulars of each plant are 
given, as far as these have been obtainable. The 
second portion of the directory contains an alphabetical 
list of the various refrigerating firms, manufacturers 
of cold-storage machinery, etc., located in the United 
Kingdom, and the book is completed by a “ classified- 
trades” section. The work comprises 250 pages and 
the price is 10s. 6d. net. 





Who's Who, 1927.—The seventy-ninth annual volume 
of the well-known biographical dictionary, ‘‘ Who’s 
Who,” has just been issued by the publishers, Messrs. 
A. and ©. Black, Limited, 4, 5 and 6, Soho-square, 
London, W.1. The work contains over 32,000 biogra- 
phies of prominent men and women in every walk of 
life, and the high standard set by former editions is 
fully maintained. The difficulties of keeping such a 
compendium abreast with events are obvious, but, as 
usual, the editorial work has been well done. Deaths 
reported as late as October have been given in the 
obituary. The volume is strongly bound in its usual 
scarlet cover ; it contains well over 3,000 pages, and is 
priced at 42s, net, 

The Colliery Manager’s Pocket Book.—One of the 
oldest of the technical annuals published in this country 
“The Colliery Manager’s Pocket Book” has now 
attained its fifty-eighth year of publication. Like its 
predecessors, the present issue is designed to assist the 
mining engineer in his daily routine, and is also intended 
for the use of students. The book contains a number of 
valuable features, among which are articles entitled 
Coal and Its By-Products, Valuation and Depreciation, 
Surveying, Mine Ventilation, Strength of Materials, 
Machinery, and Electricity in Mines. A number of 
statistics are included, and these are all completely up 
to date. In addition, the volume contains a diary and 
memoranda, information for candidates in the mining 
examinations, lists of Government and other technical 
committees, trade associations, and _ professional 
institutions. The book contains over 520 pages; it is 
strongly bound and is of handy pocket size, measuring 
64 in. by 4 in. The editors are Dr. J. V. Elsden and 
Mr. Hubert Greenwell; the publishers are The Colliery 
Guardian Company, Limited, 30 and 31, Furnival- 
street, Holborn, London, E.C.4, and the price is 3s. net. 





Almanacs and Calendars.—We have received monthly 
tear-off calendars from Messrs. Aiton and Co., Limited, 
Derby; Messrs. Greenwood and - Batley, Limited, 
Albion Works, Leeds ; The Ironite Company, Limited, 
11, Old Queen-street, Westminster, London, S.W.1; 
The Atlantic Transport Company, Limited, 38, Leaden- 
hall-street, London, E.C.3; The Associated British 
Machine Tool Makers, Limited, 17, Grosvenor-gardens, 


Morris, Limited, Lever-street, Manchester; The 
“Sentinel”? Waggon Works, Limited, Shrewsbury ; 
Messrs. Holman Brothers, Limited, Camborne, Corn- 
wall; Messrs. Crofts (Engineers), Limited, Bradford ; 
Messrs. Hulse and Co., Limited, Ordsal Works, 
Manchester; The Liverpool Electric Cable Company, 
Limited, Linacre-lane, Bootle, Liverpool; The Inter- 
national Construction Company, Limited, 56, Kingsway, 
London, W.C.2; Messrs. Chas. Pearson and Son, 
Limited, 53 and 55, Mansell-street, Aldgate, London, 
E.1; and Messrs. John Player and Sons, Castle 
Tobacco Factory, Nottingham. Daily tear-off calendars 
have reached us from Messrs. Harrison and Sons, 
Limited, 44 to 47, St. Martin’s-lane, London, W.C.2; 
Messrs. Henry Simon, Limited, 20, Mount-street, 
Manchester; Messrs. Ashwell and Nesbit, Limited, 
Barkby-lane, Leicester; Messrs. Noakes Bros., 19, 
St. Bride-street, Ludgate Circus, London, E.C.4; and 
Messrs. Newton, Chambers and Company, Limited, 
Thorncliffe Iron Works, near Sheffield. We have 
also received a calendar and scribbling pad com- 
bined, from the Bristol Aeroplane Company, Limited, 
Filton, Bristol; a desk, weekly tear-off dairy and 
almanac from the Underground Electric Railway Com- 
pany of London, Limited, Electric Railway House, 
Broadway, Westminster, London, 8.W.1; and weekly 
calendar refills from the Welin Davit and Engineering 
Company, Limited, Hopetoun House, Lloyd’s-avenue, 
London, E.C.3. 





Diaries and Pocket Books.—Messrs. Metchim and 
Son, 8, Princes-street, Westminster, London, 8.W.1, 
have sent us a copy of their little, paper-backed 
“ Surveyors’ Tables and Diary” for 1927. The book 
contains a large number of tables and miscellaneous 
information useful to surveyors, builders and con- 
tractors. The price is 2s. 6d. net.—A handsome leather 
pocket wallet has reached us from Messrs. John I. 
Thornycroft and Co., Limited, Thornycroft House, 
Smith-square, London, S.W.1.—In connection with 
their 1927 desk-calendar refills, Messrs. The Reason 
Manufacturing Company, Limited, Lewes-road, 
Brighton, have sent us an excellent, red-rubber, 
tobacco pouch.—A neat leather-bound pocket diary 
has reached us from Messrs. Vickers, Limited, Vickers 
House, Broadway, Westminster, London, 8.W.1. It 
contains a brief illustrated survey of the principal 
manufactures of the company.—We have received a 
handsome little diary, bound in leather, from Messrs. 
A. C. Potter and Co., Grantham. [Illustrations of 
pumping machinery, boring equipment, and other 
plant made by the firm are included.—A useful pocket 
diary has reached us from Messrs. Braithwaite and Co., 
Engineers, Limited, Broadway Buildings, Broadway, 
London, 8.W.1. The booklet contains 77 pages of 
tables intended for engineering draughtsmen and 
designers, together with a large number of illustrations 
depicting structural and pressed steelwork manufactured 
by Messrs. Braithwaite.—The Association of Engineer- 
ing and Shipbuilding Draughtsmen, 96, St. George’s- 
square, London, S.W.1, have sent us a neat little diary, 
which, in addition to the usual tables and miscellaneous 
information, contains 80 pages of technical data, 
useful hints and engineering formule. 





ContrRaActs.—Subject to the sanction of the Electricity 
Commissioners, a contract has been placed, by the City 
of Birmingham Electricity Committee, with Messrs. 
International Combustion, Limited, Africa House, 
Kingsway, London, W.C.2, for the erection and equip- 
ment of the new power station at Hams Hall, at an 
approximate cost of 1,435,850/. The engineering work, 
covering the preparation of the site and the erection of all 
buildings, together with coal and ash handling plants, 
has been sub-contracted to Messrs. Mitchell Conveyor and 
Transporter Company, Limited, Atlantic House, 45-50, 
Holborn-viaduct, London, E.C.1. The turbo-alternators 
each of 30,000-kw. capacity, the condensing plant, and 
the switchgear will be supplied by Messrs. The General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, to whom the whole of this section 
has been sub-contracted. In the boiler-house, five 
large boilers, each having an evaporative capacity of 
200,000 lb. per hour, and a working pressure of 375 lb. 
per square inch, will be constructed and Lopulco pul- 
verised-fuel firing equipment will be installed by the 
main contractors. Lopuleo water-cooled furnaces will 
form a feature of the steam-generating equipment, and 
the preheating of the air for combustion will be effected 
by means of the Usco plate-type air heater.—Other 
contracts recently secured by Messrs. International Com- 
bustion, Limited, include the building and. equipping of 
a 12,000-kw. hydro-electric power station in Perak; the 
extension of the boiler-house plant at the Abadan 
refineries, Persia, of the Anglo-Persian Oil Company ; 
and the supply of Raymond pulverising and transporting 
equipment for the firmg of a continuous, billet-reheating 
furnace, of 6-tons per-hour capacity, to a steel firm in 
the North of England.—Messrs. Huntington, Heberlein 
& Co., Ltd., of 47/51, King William-street, London, E.C.4, 
have secured a contract for the supply of two sulphuric 
acid Oleum plants of the latest type, one being for the 











London, S.W.1; Messrs. Rd. Johnson, Clapham and 





Assam Oil Co., and the other for the Burmah Oil Co., Ltd, 
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LABOUR NOTES. 


Tue conference of trade union executives to consider 
the report of the General Council of the Trades Union 
Congress on the subject of the General Strike is to be 
held on January 20 in the Central Hall, Westminster. 
Mr. George Hicks, chairman of the General Council, is 
to preside, and the report will be presented by Mr. A. 
Pugh, who preceded Mr. Hicks as chairman, and was in 
office at the time of the stoppage. Copies of the report 
are to be circulated in advance to the executives of the 
affiliated organisations, but the report is to be regarded 
as confidential until after the conference. According 
to the Labour correspondent of The Times, the report 
will be, in effect, “‘ a long indictment of the leadership, 
or want of leadership, of the Miners’ Federation, and 
an exposure of the repeated occasions on which the 
miners’ officials and their executive committee rejected 
all advice, ignored or demolished every bridge for a 
settlement which other trade union leaders laboured to 
build, and right up to the end rejected the suggestions 
of the General Council even while expecting the Council 
to be always ready to take action in their interests.” 





The Ministry of Labour states that on December 24, 
1926, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,351,000, of whom 1,063,300 were men, 32,500 boys, 
224,500 women, and 30,700 girls. Of the total number, 
69,900 men, 100 boys, and 600 women were “ persons 
normally in casual employment.” On December 20, 
1926, the number of unemployed persons was 1,309,739, 
of whom 1,040,617 were men, 29,865 boys, 209,829 
women, and 29,428 girls. No figures are available, it 
is explained, for December 28, 1925. The totals given 
are exclusive of persons in the coalmining industry who 
at the dates of the returns remained unentitled to 
unemployment benefit under the trade dispute dis- 
cation. 





One of the items set down for decision at this week’s 
meeting of the National Wages Board for Railways was 
a claim by the National Union of Railwaymen and the 
Railway Clerks’ Association relating to the deferment 
of salary or wages’ increments to the salaried an 
conciliation grades on the Great Western Railway. 
Before the case came up, Mr. J. H. Thomas, M.P., a 
member of the Board, appealed to Sir Felix Pole to 
remember that, whatever justification there might be 
for his action, this case arose out of the strike of last 
year. We were now in 1927, and a number of people, 
including himself, had expressed the hope that they 
would make it a better year than 1926 and try to build 
things up. He did not quarrel with Sir Felix Pole’s 
action or challenge his right. It was an interpretation 
which Sir Felix was probably entitled to put on the 
matter, having regard to the circumstances of the 
moment. Now that they were in a new year, Mr. 
Thomas asked if it would serve any useful purpose, and 
if it would not rather destroy all the sentiment asso- 
ciated with a new year, in trying to forget the past, if 
they asked that Board to determine an incident that 
arose out of the strike ? It would be better, instead of 
going over the incidents of 1926, to forget them, and to 
say: ‘I am going to forget that I was entitled to do a 
certain thing.”’ This was, he agreed, an unusual course 
to take, but the circumstances warranted it. It 
would be better to start a new era. 





Sir Felix Pole said that he fully recognised that they 
had reached 1927. That did not affect the justice or 
otherwise of the case, because, on the merits he, 
personally, had no doubts. With regard to the desire 
to bring about a good understanding and to secure that 
traffic on the railways would be worked satisfactorily 
and without any delay, there seemed to be a feeling 
that it might have a good effect on the railway industry 
if they once again held out the olive branch. They 
had done it on many occasions, and he was a little 
dubious as to the result. If, however, in the opinion 
of the chairman, it was likely to have a good effect, and 
probably, also, in recognition of the honour conferred 
upon the chairman, was likely to bring about a kindly 
feeling, he was perfectly willing at this early stage of 
1927, but very distinctly without prejudice, to respond 
to the suggestion of Mr. Thomas and to arrange 
what he had proposed in order to adjust the dispute. 
Mr. Cramp and Mr. Walkden expressed their apprecia- 
tion of the way in which Sir Felix Pole had responded 
to the appeal. 





We mentioned in a recent issue that the Executive 
Committee of the National Union of Railwaymen had 
decided to impose a levy of 3d. per member per week, 
during 1927. A letter on the subject by Mr. Cramp, the 
organisation’s industrial secretary appears in the 
Railway Review. It is as follows :—‘tThe executive 
committee last week dealt exhaustively with the serious 
financial position of the union, and in order to restore 


the finances it was decided that a levy of 3d. per week 
be imposed on the whole of the membership for a 
period of twelve months commencing as from January 1. 
This decision is governed by the provisions of Rule 3, 
Clause 5. The amount paid in strike and donation 
benefits during the past seven months far exceeds 
that paid in any given period in the history of the N.U.R. 
Consequently I am sure your members will fully realise 
the vital necessity of rebuilding the union’s finances as 
speedily as possible. The proposed levy can be paid 
either in a lump sum of 13s. or 3d. weekly, as may suit 
the convenience of the individual member. It will, 
however, be appreciated if those members who may be 
in a position to pay the whole amount in advance will 
agree to do so.”” Nearly 1,750,000/. has been paid out 
in strike and out-of-work benefits during the past year. 
Various economies have been decided upon, including 
“certain changes relating to the payment of donation 
benefit.” 





The Berlin correspondent of The Times states that 
the total number of unemployed in receipt of relief 
in Germany increased from 1,369,000 on December 1 
to 1,464,000 on December 15, or 6-9 per cent., and the 
number of dependents in receipt of allowances increased 
from 1,465,000 to 1,592,000. There had been a steady 
decrease of the unemployed from 2,000,000 in February, 
at the height of last winter’s trade and industrial crisis, 
to 1,300,000 at the end of October. The figure began 
to rise again in November. 





The decision of Lady Warwick to withdraw her offer 
to hand over Easton Lodge, Dunmow, to the Trade 
Union movement was not altogether unexpected. The 
General Council, it will be remembered, recommended 
the Bournemouth Trades Union Congress to raise 
50,0001. by means of a penny levy on their members 
for three years, to provide a fund for the structural 
alterations necessary at Easton Lodge and the other 
expenditure that the establishment of a Labour College 
there would involve. Owing to the industrial crisis 
and the heavy drain upon the funds of the unions, the 
Congress felt itself unable to vote the levy. 





Representatives of the National Union of Railway- 
men, the Associated Society of Locomotive Engineers 
and Firemen and the Railway Clerks’ Association, 
decided unanimously at a meeting in London last week 
to renew the request to the companies for the immediate 
restoration of the guaranteed week “‘in view of the 
amount of traffic which is now available for transport.” 
The expectation at the close of the meeting was that a 
further conference between the railway managers and 
the men’s representatives would shortly be arranged. 





An agreement providing for the closer working of 
the Labour Party and the Co-operative Party has 
been drawn up by the National Executives of the 
two bodies, and is to come up for consideration at 
the annual conference of the latter body at Derby 
late this month. Later, it is understood, it will be 
submitted to the annual meetings of the Co-operative 
Union and the Labour Party. The terms of the 
proposed agreement are as follows: ‘‘(1) That a 
joint sub-committee be established representative of 
both executives, with regular meetings and defined 
powers, subject to the confirmation of the two national 
executives. (2) That there be an exchange of the 
minutes of the two national executives. (3) That 
arrangements be made from time to time for joint 
campaigns on special subjects and during elections. 
(4) That local co-operative parties or councils be 
eligible for affiliation to divisional Labour parties. 
(5) That the basis of affiliation fees payable by local 
Co-operative parties or councils be agreed upon by 
the local organisations of the two parties, subject 
to the approval of the two National parties. (6) That 
the representation and voting powers of Co-operative 
parties or councils be in proportion to affiliation fees 
payable. (7) That Co-operative political councils or 
parties shall have similar rights and accept similar 
responsibilities as other affiliated organisations. (8) That 
the rights and responsibilities of affiliated bodies under 
this agreement in Scotland be similar to those granted 
to organisations in England and Wales.” 





Some interesting figures relating to the funds of the 
Miners’ Federation of Great Britain have been published. 
For the year ended June, 1925, the total income of the 
general fund was 57,8161. 16s. 9d. and the total 
expenditure 58,7771. 2s. 8d. The salaries and emolu- 
ments of officials were—150/. each for the president 
and treasurer, 501. for the vice-president, and 650I. 
plus 145/. 15s. 2d. (rent, rates, fuel &c.) for the secretary. 
On fares and expenses for conferences, executive 
meetings, &c., 7,645]. 14s. were spent, on T.U.C. 
affiliation fees 10,000/., and on ‘‘ national accountants ” 
3,262/. The Parliamentary Labour Fund account 





shows that 43 miners’ M.P.’s have a salary of 6501. 








a year, but refund to the Federation their Parliamentary 
salaries. The last General Election appears to have 
cost nearly 30,000/., and the affiliation fees to the 
Labour Party 10,0001. The total income of this 
fund was 38,242]. 18s. 2d., and the expenditure was 
57,8251. 8s. 9d., an excess of expenditure over income 
during the year of 19,5821. 10s. 7d. 





At a conference which has been called for the 
16th inst., the Leeds Left Wing Labour Group proposes 
to discuss the following aims: ‘‘ A minimum weekl 
wage of 41. for men and women, to be proportionately 
increased with any rise in the cost of living index figure 
above 70; a legal 44-hour week and recognised holidays 
with full pay; the establishment and official recog- 
nition of factory committees in preparation for workers’ 
control of industry; nationalisation without com- 
pensation ; the organisation of a Labour Co-operative 
Commissariat, including adequate provision for a 
Workers’ Defence Corps, on a national basis, for the 
maintenance of supplies in anticipation of interference 
from O.M.S. and other organisations of a Fascist 
character; non-contributory insurance for both 
sickness and accidents; communal control of welfare 
centres; municipal control of house letting and 
rationing of existing housing accommodation ; interest- 
free loans for housing; organisation of, and assistance 
to, builders’ guilds for providing the necessary houses 
and the nationalisation of industries producing building 
material.” The Leeds Left Wing Labour Group is, 
obviously, a unit of the National Minority Movement, 
as its main aim is declared to be to make ‘‘ the Labour 
Party a virile class-conscious organisation which will 
fight the battles of the workers and refuse co-operation 
with the forces of capitalism.” 





In its report for 1925, the Federation of Christian 
Trade Unions in Germany, one of the three main 
organisations forming the Deutscher Gewerkschafts- 
bund, states that in comparison with 1924 the number 
of collective agreements concluded by amicable arrange- 
ment showed a considerable decrease. There was also 
a falling off in the number of agreements based on 
arbitration awards. The number of disputes leading to 
strikes and lock-outs rose from 43 in 1924 to 128 in 
1925. Whereas in 1924, 1,551 agreements were con- 
cluded by amicable arrangement, the corresponding 
figure for 1925 was 814. The number of agreements 
fixed by arbitration award was 456 in 1924 and 289 in 
1925. In all, at the end of the year, 565,117 members, 
of whom 108,613 were women, were covered by 1,542 
collective agreements (as against 1,397 at the beginning 
of the year). The point is emphasised that the number 
of agreements in force at the end of the year, which did 
not give rise to negotiations during the year, showed an 
increase. The significance of that is assumed to be 
that the duration of agreements is tending more and 
more to extend over longer periods than a year. 





Speaking at a group dinner, on Saturday last, of the 
London and Home Counties Committee of the Transport 
and General Workers’ Union, Mr. Ernest Bevin said 
that if the Government wanted industrial problems in 
1927 discussed outside the atmosphere of politics, let 
them take the first step and cease threatening to 
introduce Bills to interfere with trade unions. It 
depended on Mr. Baldwin whether they should be 
thrown for the next two years into a great political 
squabble or sit down and discuss the problems of their 
respective industries. There could be no organised 
truce. No trade union leader could tie his men for five 
years. What could be done was this—if there was a 
new conception of the objects of industry they could 
create, in this country and in others, conditions which 
would minimise the cause of strikes, which would 
reduce strikes, and possibly make them non-existent 
for 25 years. 





All that depended, Mr. Bevin went on to say, on the 
fundamental policies followed in dealing with the 
problems of industry. They would have to face such 
questions as: ‘‘ What is the purpose of industry ? 
Is it’ service, or is it profit, or is’ it limited profit ? 
What are the rights of capital; are they unlimited ? 
What is to be done with reserves which are really the 
unpaid wages of industry? Are they to be the ex- 
clusive privilege and property of shareholders ?” ‘The 
attitude of employers to these questions must be clearly 
defined. Then the whole question of management 
would have to be faced. Was management to be 
always a reserved holy of holies from which the workers 
were to be rigidly excluded and their rights limited to tle 
discussion of grievances ? The financier, as well as the 
industrialist, must be brought into these discussions. 
Too often the industrialists in this and other countries 
had little power in their own industry, and control was 
in the hands of the financiers. It was for the employer 
to take the initiative and show that the workers would 





get a square deal. 
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THE ECONOMICS OF POWER-PRO- 
DUCTION AND UTILISATION AT 
COLLIERIES.* 


By Proressor Dovetas Hay, M.C., B.Sc., M.Inst.C.E. 


Conpitions differ so much between individual 
collieries that difficulty is frequently experienced in 
determining the» most economical solution of the 
problem considered in this paper. The principal 
sources of the power utilised are :-—-(1) Steam engines 
or turbines using inferior or waste fuels available at 
the colliery; (2) gas-engines using coke-oven or 
producer gas; (3) electricity purchased from an 
outside source. 

This power is utilised as follows :—(1) The direct 
use of steam in winding and other engines; (2) the 
direct use of gas engines; (3) the utilisation of electri- 
city produced by steam or gas-engine-driven generators, 
or purchased outside ; (4) the utilisation of compressed 
air from steam or gas-engine-driven compressors, or 
from electrically-driven compressors. The principal 
applications of power may be described under the two 
heads of surface and underground drives, respectively. 

Applications of Power to Surface Plant.—At large, 
deep collieries, the winding engines may take up 
to two-thirds of the total power required. Both 
steam and electric winders are in common use, and 
difficulty may be experienced in determining which form 
is the economic solution in any given case. Tables are 
given showing the variation of annual charges in 
individual instances; these show that where an 
efficient steam winder is already in existence, a case can 
rarely be made out for replacing it by an electric plant, 
unless the cost of energy be very low. In the case of 
new plant, the advantage of the steam winder is not so 
marked. The steam-engine-driven fan possesses the 
advantage of easy speed-control, but where electric 
power is extensively adopted the power-factor-correct- 
ing properties of a synchronous motor may favour the 
electric drive. The screens, washery, and other small 
surface plant, are usually operated by individual motor 
drives of a normal type. 

Applications of Power to Underground Plant.—This 
field is divided between compressed air and electricity. 
The latter has the advantage of considerably higher 
efficiency, but, under certain circumstances, is not so 
safe as compressed air. Applications to haulages, 
pumps, coal-cutters, and conveyors, &c., are discussed. 

The Amount and Cost of Power used in Collieries.— 
The amount of power required at a colliery may vary 
within wide limits, depending especially upon the wind- 
ing and pumping loads. Expressed in terms of 
electrical energy, the power taken per ton of coal 
produced may range from 4 units up to as much as 
50 units in cases where compressed air is extensively 
used, Average figures range between 10 and 30 units 
per ton. A table is. given showing the amount of 
energy required for different purposes at a Midland 
colliery, supplied by a public supply company, and 
two scales of charges, namely, a flat rate and a maxi- 
mum demand scale, are discussed. It appears that, at 
the present time in this area, the average cost is 0-7d. 
per unit for energy purchased in this way, whereas 
collieries are actually producing energy at small 
independent stations at 0-3d. per unit, and, as ample 
waste fuels are available at the collieries for this 
purpose, the tendency is to preserve and encourage the 
small colliery generating station. This factor is 
influencing the question of complete or partial electrifi- 
cation of both old and new plants. 

Waste Fuels Available at the Colliery.—In the aggre- 
gate, collieries are large power producers, and, in so far 
as this power is produced from waste and unmarketable 
fuel, it represents a distinct gain in the fuel resources of 
the country. Such fuels may be classified as solid fuel, 
and coke-oven, producer and waste gases. 

Solid Fuel_—tiIn the case of collieries working non- 
coking coals, the fuels utilised for internal purposes 
are usually fine slacks containing not less than 15 per 
cent. of ash for which there is an indifferent market ; 
to clean such a fuel is rarely an economic process. At 
coking collieries, the waste solid fuels include coke- 
breeze and dust, and belt pickings, together with fine 
dust (4,-in. mesh) which in recent modern practice is 
screened out of the coking slack on account of its 
inferior coking properties; this latter fuel is naturally 
suitable for pulverised-fuel firing. In addition to these 
fucls, large reserves of high-ash coals are at present left 
in the mine. 

Coke-Oven Gas.—Carbonisation schemes on both high 
aud low-temperature processes are hindered in many 
cases by the lack of outlet for the surplus gas, the 
amount produced being usually 5,000 to 6,000 cub. ft. 
per ton in the high-temperature process. This gas 
may be used in gas engines for the production of 
electrical energy, or it may be passed through mains to 
adjacent areas where there is a demand for cheap gas 





* Abstract of a paper to be read before the Institution 


for power purposes, steel furnaces, and other uses, as 
is already done in some cases in this country, and 
more extensively on the Continent and in the United 
States of America. An example is given of a small 
gas-engine plant for producing electrical energy, and 
the possibility of operating larger stations of the type is 
discussed. Producer gas is not at present an economic 
process. Coke-oven plants of the waste-heat type are 
now obsolescent. 

Boiler Plant.—Although in this country the Lan- 
cashire boiler has long been pre-eminent for colliery 
purposes, the water-tube boiler has of late gained 
ground, and the possibilities presented by pulverised- 
fuel firing will assist this development. 

The Future of Power Production at Collieries and the 
Group Power Station—At a very early stage in the 
history of the development of electric power, advantage 
was taken by a number of collieries of the possibilities 
presented by this form of power transmission, and, since 
then, colliery engineering practice has always been 
closely associated with the steady progress of electrical 
engineering practice. In 1924, a total of nearly 1} 
million h.p. of motors had been installed in collieries, 
the bulk of these being supplied with power from 
colliery generating stations. The advantages of 
co-operative working of the small colliery plants was 
already being realised in 1900, so that now, in a large 
number of cases, the small stations owned by a group 
of collieries have been interconnected. Alternatively, 
the advantages of improved: load-factor and greater 
diversity of demand have been gained by the installation 
of a single larger power station serving the colliery 
group. In other cases a combination of both schemes 
is found. Such schemes are common even in areas 
served by public companies which, however, are unable 
to compete in price with the colliery stations. Altogether 
a total generating capacity of not much less than 
? million kw. has been installed in such stations, and the 
general experience is that energy can be produced at a 
cost not exceeding 0-3d. per unit. 

The association of colliery stations with a large 
supply scheme is found in the case of the North-East 
Coast Power Supply Company, which supplies the 
industrial area in Northumberland and Durham. In 
this area, the load-density is relatively high, and is 
concentrated within the network connecting the various 
power stations. The cost of distribution is consequently 
low, and the electrification of collieries and other 
industries is favoured. 

It may be concluded that the association of coal with 
other industries in the principal industrial districts 
will lead to the interconnecting of a number of small or 
medium-size stations within each area. The possibility 
of utilising the waste and inferior coals available at the 
collieries by pulverised-fuel firing and the need for 
reduction of the heavy cost of transport of coal, point 
to the desirability of siting as many stations as possible 
at, or close to, the collieries. 

In the case of colliery groups working coking coals, 
the trend of practice is towards the installation of large 
central coke-oven and by-product plants, in conjunction 
with which a power station would be operated in order 
to consume available waste fuels, principally inferior 
coal and surplus gas. 

It is shown that it should be possible to sell to bulk 
consumers, after simple transformation from the high- 
pressure transmission, at less than 0-4d. per unit—a 
figure which will materially affect the electrification of 
railways and the heavy industries, as well as justify 
the complete electrification of the whole of the colliery 
plants. The future of all such schemes must depend 
on the ability of the community to absorb both the 
surplus gas and the surplus electricity. The oppor- 
tunity for obtaining cheap energy in either form should 
be an incentive to the national support of such schemes, 
and it is hoped that the question will be fully investi- 
gated by the recently-appointed Fuel and Power 
Committee. 

From the colliery point of view, this mode of utilising 
waste fuels will enhance the average selling price of the 
fuel produced, and will thereby raise the wage-standard 
as well as increase the workable coal reserves. The 
lower cost of power will be a strong incentive to the 
modernisation and electrification of the older plants. 
The author considers that the present condition of 
the coal-mining industry cannot be substantially 
ameliorated by any action on the part of the industry 
itself, but rather by a comprehensive linking up of the 
needs of the community with modern methods of 
power production and the utilisation of fuel. 





ELECTRICAL DEVELOPMENTS IN NEw ZEALAND.—In 
connection with the article entitled Electrical Develop- 
ments in New Zealand which appeared in our issue of 
December 24 last, page 793, Messrs. Boving and Co., 
Limited, of 56, Kingsway, W.C.2, advise us that the five 
Pelton wheels for the Mangahao River power station 
were supplied by them. We are glad to add this infor- 
mation to the article. The five units have a total 
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capacity of 24,000 kv.-a. 


THE SUPERVISORY CONTROL OF 
SUB-STATIONS. 


TuHE part now played by salaries and wages in the 
finances of an electricity supply undertaking is causing 
increasing attention to be paid to the possibility of 
replacing the manual labour usually employed in 
rotary sub-stations by automatic equipment or by 
apparatus which enables control to be effected from 
some central position. This tendency has been illus- 
trated in this country during the past few years by 
the equipment of a number of such sub-stations with 
apparatus which obviates the necessity of the con- 
tinuous presence of attendants. It also enables the 
stations to be built underground and more compactly, 
thus reducing the capital cost. 

Sub-stations thus equipped may be divided into 
two main classes: in one, the sets are started up or 
shut down without manual intervention, in accordance 
with the changes in the load conditions, while in the 
other the operation of the plant is controlled and super- 
vised during running, either from the power station or 
from some other central position. The former arrange- 
ment carries the exclusion of the human element to the 
limit, as our description* of the Soho-square Sub- 
station of the Charing Cross Electricity Supply Company 
showed. It also embodies a number of ingenious 
devices, which ensure both that the plant is operated 
correctly and rendered immune from damage should 
any mishap, such as overheated bearings, occur. But 
it has the disadvantage that the controlling factor 
in its performance is the change in the load conditions. 
In other words, it is the drop in voltage consequent on 
the increase of the load, which causes a new machine to 
be started up. The result may be a disturbance, if only 
a temporary one, in the network conditions, and in 
any event, the extra output follows the demand instead 
of preceding it. 

On the other hand, the second system is supervisory 
rather than fully automatic. It places the control of 
the sub-station plant in the hands of the load dispatcher, 
and thus enables alterations in the load that can be 
foreseen to be dealt with before they take place. The 
human element can also assume control should any 
serious mishap occur. An interesting system of this type 
has recently been developed by the General Electric 
Company, Limited, of Magnet House, Kingsway, Lon- 
don, W.C.2, and will be used on the suburban railway 
between Cape Town and Simonstown in South Africa, 
which is now being converted to electric traction. It 
will be convenient to describe the general lay-out of 
this electrification, and then to give details of the super- 
visory control equipment by which the sub-stations 
will be controlled and operated. 

The electrical energy necessary for working the 
railway, which is 30 miles long, will be generated at 
the Salt River power station, Cape Town, and will be 
transmitted on the three-phase, 50-cycle system at 
either 33,000 volts or 12,000 volts to six sub-stations. 
These sub-stations will contain either two, four or six 
rotary converters, which will be arranged in pairs, 
and the usual static transformers for stepping down 
the high-tension supply. The normal output of each 
of the rotaries, at 750 r.p.m., is 1,000 kw. at 750 volts, 
so that the two which form a unit supply current at 
the track voltage of 1,500. A diagram of the auto- 
matic sub-station scheme employed is shown in Fig. 1, 
on page 12. Fig. 2 illustrates one of the rotaries. These 
machines are capable of carrying a 25 per cent. overload 
for three hours and a momentary peak overload of 
200 per cent. The sets are started by a pony motor of 
special design. 

It will be noticed that arc shields are fixed between 
each set of brush-holders, and that the top of the 
bed-plate and the sides of the bearing pedestals are 
provided with a wooden cover to prevent discharges 
to earth. The sets are synchronised in the way 
described more particularly below on the General 
Electric Company’s self-synchronising system, so that 
the synchronising current is limited by means of 
choking coils, which are placed between the low- 
tension side of the power transformers and the machine 
slip-rings. A high-tension oil circuit-breaker controls 
the incoming supply, and a second breaker enables 
the rotary to be disconnected from the alternating- 
current bus-bars. Each outgoing track-feeder is fitted 
with a high-speed, direct-current circuit-breaker. In 
addition, each sub-station contains a 54-cell battery 
with a capacity of 200 ampere-hours at 110 volts. 
This is used for operating the supervisory equipment 
and is charged by a 5-kw. motor-generator set. 
Charging takes place automatically when the amount 
discharged, as recorded on an integrating ampere-hour 
meter, reaches a predetermined limit. This is effected 
by the short-circuiting of a set of contacts on the 
battery meter, thus operating a two-way relay, which 
in turn closes a single-pole contactor and starts up 
the motor of the charging set. Disconnection, when 
charging is completed, occurs in the same way. The 














* See ENGINEERING, vol. cxxii, page 4865. 
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equipment also includes the control and relay devices | 


used in connection with the supervisory system. These 
are dealt with in more detail below. 


1,000-Kw. 750-Votr Rotary CONVERTER. 


| The load dispatcher’s requirements are transmitted 
|to the various sub-stations through ¢ontrol relays, 
a six-core control and supervisory cable, which is 


It will be convenient to consider the method of | common to all sub-stations, and a series of receiving 
controlling sub-station plant from the power station | and check-back relays in the sub-stations themselves. 
end of the system, where normally all the necessary | The principle employed is that common in automatic 





operations will be performed. At this place, the 
automatic apparatus comprises one control panel, 
Fig. 3, for each sub-station and a supervisory ca}inet, 
containing the necessary signalling relays. The 
apparatus, which is mounted on these control panels, 
is arranged so as to form a single line diagram of 
connections of the plant that is being controlled. 
It is thus possible for the position of any fault that 
may occur to be immediately ascertained. In the 
illustration, Fig. 3, the two incoming cables are shown 
at the top of the panel. Below them are two two-way 
switches, which represent and operate the incoming 
feeder circuit-breakers, and two sets of red and green 
lamps, which show whether the appropriate circuit- 
breaker is opened or closed. The E.H.T. ’bus-bars 
are next indicated, and then comes a switch repre- 
senting and operating the oil circuit-breaker, which 
connects the ’bus-bars to the rotary transformer 
Next comes a representation of the rotary itself, 
followed by lamps which indicate whether the air- 
break circuit-breaker between the rotary and the 
direct-current ’bus-bars is open orclosed. The presence 
of a fault on the system is indicated by a white lamp 
at the top of the panel, while a similar lamp lower down 


lights up when the direct-current air-break circuit- | importance. 


telephony. It is based on the selection of a particular 
circuit-breaker in a particular sub-station, followed 
by the opening or closing of that breaker. This is 
effected by the transmission of a series of three trains 
of impulses. In automatic telephony, seven impulses 
are normally transmitted to establish communication, 
the first three of which select the exchange and the 
remaining four the required subscriber’s line on that 
exchange. In this case, the first impulse selects the 
sub-station, the second a particular group of circuit- 
breakers in that sub-station, and the operation to be 
performed (either opening or closing), and the third 
the required circuit-breaker in the group. This 
selection is carried out entirely by one movement of 
the appropriate switch on the control board. Before 
the circuit-breaker is operated, however, a signal is 
sent back to the control station to indicate which 
circuit-breaker has actually been selected. If this 
signal agrees with the one sent out, the circuit- breaker 
| is operated, and the lamps on the control board indicate 
| that this has been successfully done. The whole of 
this sequence of signals is entirely automatic. Its 
| object is to ensure immunity from incorrect operation, 
|and the designers of the system rightly stress its 
Fig. 4 shows the supervisory cabinet 


| 








breaker opens or closes. An alarm bell sounds when in the generating station. This contains the control 
the first white lamp lights; at the same time the | relays for six sub-stations. 


red lamp associated with it being extinguished and 


opening of the circuit-breaker is indicated by the | 
| relay equipment necessary for receiving the impulses 


The relay cabinet in the sub-station houses the entire 


the green light being illuminated. This enables the | from the control position, and for selecting the route 


dispatcher readily to identify the circuit-breaker that 


to the intermediate relay or contactor, which operates 


has opened, as the position of the control switch| the required circuit-breaker. It also contains the 
disagrees with the lamp indication. Throwing over | apparatus which initiates the check-back signals. 


the switch, so that it'is once more in agreement with | 
| given in Fig. 5. It consists of enamelled-slate panels 
| carrying the relays and automatic apparatus, which | contactors completes the starting-motor circuit; the 


the lamp indication, extinguishes the pilot lamp and 
stops the alarm bell ringing. 


A view of the control board in the sub-station is 




















Fia. 3. ContTrot PANEL IN GENERATING STATION. 


are particularly associated with the machines them- 
selves. These include a low-tension relay panel 
carrying an Angold leakage indicator and the apparatus 
controlling the starting and running of the rotary con- 
verter. There is also a direct-current feeder panel 
carrying the rotary measuring instruments, and an 
E.H.T. oil circuit-breaker panel with intermediate 
relays for closing the circuit-breaker between the ’bus- 
bars and the transformer, as well as a switch which 
allows this circuit-breaker to be operated locally in 
case of need. In addition, this panel carries a con- 
tactor for operating the direct-current air-break circuit- 
breaker. Finally, the track-feeder panels are fitted 
with relays, auxiliary contactors and switches for the 
supervisory and local control of the high-speed circuit- 
breakers, The distribution board in each substation 
is made up of truck cubicles. These house the switch- 
gear which controls the incoming and outgoing circuits. 

The method of operation can most easily be followed 
by returning to the power station control panel illus- 
trated in Fig. 3. When the control switch of the rotary 
converter which it is desired to start is closed, the 
appropriate intermediate relay is selected and energised 
by the supervisory relays in the way that has already 
been described. The operation of this intermediate 
relay closes the oil circuit-breaker on the A.C. side of 
the converter, and the auxiliary contactors on this 
breaker in turn close a lamp circuit in the power station, 
thus indicating the completion of the operation. The 
main and operating transformers are now energised, 
while an interlock on the breaker closes the starting 
contactors. At the same time, the polarising fields on 
both machines which from the rotary set are energised 
from the sub-station battery. The closing of the starting 
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Fic. 5. Controt Boarp IN Sus-StaTion PerMiTrinGc ALTERNATIVE LOCAL CONTROL. 


ae machines therefore start and build up their fields. | This imposes the full transformer voltage on the con- 
Vhen the fields have reached a pre-determined value | verter armatures and synchronising choke coils in 
and the machines are running at from 90 to 95 per| series, so that the synchronising current is limited, 

ao of their synchronous speed, the voltage relay | while the armatures are being pulled into step. 

“loses, and in turn closes the synchronising contactors. 





Fig. 6. 





The synchronising relays are de-energised once the | 


1,000-AmprERE, 1,500-Vott Hiau-Srrep 
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OSCILLOGRAM OF SHORT CrRcUIT. 


Fra. 7. 


machines are in step, and, after an interval, make con- 
tact across one pole of each running contactor. The 
latter, therefore, close, and ,this operation trips out the 
starting and synchronising contactors and de-energises 
the polarising fields. At the same time, the field 
regulator is brought into action, and the field strength, 
which has up to now been suitably adjusted for starting, 
is henceforward determined by the regulator. It should 
be noted that the synchronisation of the two machines 
forming a set takes place independently. When 
both rotaries have synchronised, the operating circuit 
of the direct-current circuit-breaker is completed, and 
the machine is connected to the direct-current ’bus-bars. 
The fact that the circuit-breaker has closed is indicated 
at the control position by the lighting of a lamp. 

Shutting down is effected by turning the control 
switch to “off.” This causes the supervisory equip- 
ment to select and operate the proper intermediate 
relay, which in turn opens the converter circuit-breaker 
through the trip circuit. The direct-current circuit- 
breaker is opened simultaneously. It may be added 
that the sub-station can be controlled locally by throw- 
ing in a special switch. This takes the control of the 
operation out of the hands of the controller, though he 
still receives indications as to the position of the 
various circuit-breakers. 

An essential feature of any system of supervisory 
| control is that the plant shall be adequately protected 
| against the consequences of faults that may occur on 
| the machines themselves or on the network, and that 

the occurrence of these faults shall be indicated at the 
control position. In the present case, this is provided for 
| by a series of relays which shut down the rotaries, and 
in some cases lock them out altogether, when overloads, 
low voltages, broken or reversed phases, reverse 
current, reverse polarity, earth leakage, faulty starting, 
overheating or field failures take place. The overload 
relay on the rotary is fitted with a slight time lag, so 
that it does not open on a fault which is normally 
| cleared by the high-speed breakers in the feeder circuits. 
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The reverse-current relay allows the circuit-breaker to 
re-close after about 5 secs., but, if this operation occurs 
too frequently, the set is locked out. If a machine fails 
to synchronise within a given time, it is also shut down 
and locked out. On the other hand, an overheated 
machine is permitted to run light until it has cooled 
down sufficiently. A second contact is then made and 
the set picks up its load again. The system of earth- 
leakage protection used on the low-tension side of 
plant shuts down and locks out the set on the occur- 
rence of a 3 per cent, faulttoearth. To ensure this, all 
the main leads from the direct-current side of the 
machine pass through a static amplifier, the iron circuit 
of which chokes the alternating current flowing through 
the relay. When an earth leak occurs, the flux in the 
static amplifier is modified, and reduces the choking 
effect. e current therefore increases and the relay 
operates, 

A word may be said about the design of the relays 
employed in this system. No oil dash pots are used, 
all the time-lag devices depending on a revolving 
aluminium disc and magnetic brake. The polarity 
and reverse-current relays are arranged to operate 
across ordinary ammeter shunts and absorb only 
0-075 volt at full load. The only moving part is a 
large permanent magnet, which is built up of lamina- 
tions of cobalt-chromium steel. This magnet is 
pivoted in the centre of a soft-iron cylinder which is 
wound with two windings to give consequent poles 
at 180 deg. The relay is, in fact, an inverted d’Arsonval 
instrument, and the absence of a moving coil enables a 
large current to be carried by the relay windings. 
These relays can be connected in parallel so that the 
available operating forces are large. 

As already mentioned, the track-feeders are con- 
trolled by high-speed circuit-breakers, which are pro- 
vided with re-closing relays, so that when they have been 
tripped they re-close automatically after an interval. 
This operation takes place from two to six times before 
the breakers finally remain open. Subsequently they 
may be re-closed by the operator, who may also prevent 
any re-closing during the re-closing period. 

The high-speed circuit-breaker which will be used 
on the Cape Town electrification is illustrated in Fig. 
6. It is rated at 1,000 amperes at 1,500 volts, and 
will, it is claimed, clear the worst type of short circuit 
in about 0-01 sec. The period before the breaker 
begins to open varies inversely as the rate at which 
the current increases, so that discrimination between 
a slowly increasing overload and a sudden rush of short- 
circuit current is obtained. Moreover, the breaker 
cannot be held closed against an overload. 

Normally the breaker is’ held closed by a hold-on 
magnet H, which is energised either from the line or 
from a battery. Closing is effected in two stages 
by a closing magnet J, which first brings the armature 
of the hold-on magnet up to that magnet by means 
of a closing arm. Next the closing arm is withdrawn, 
so that the contact arm pivots on the hold-on armature 
Mand the contacts close. The mechanical shock is taken 
up by an air dash-pot. The windings forming the 
overload release are so arranged that they strengthen 
the field in the cores of the hold-on magnet, but not 
in its armature. As the load increases, therefore, the 
cores become saturated, their effective permeability 
is reduced, and the hold-on windings cannot maintain 
sufficient flux in the armature to hold it. On the 
other hand, the flux generated by a sudden rise in 
current is opposed by the reaction of the hold-on 
windings and the eddy-current effects in the solid 
magnet cores. Consequently, the armature is deprived 
of its magnetism and the circuit-breaker immediately 
operates. As the magnetic changes are restricted to 
the laminated armature iron and pole pieces, and as 
there is a large air gap in the magnetic circuit, which 
is controlled by the releasing windings, F, the armature 
is released at the moment when the current reaches 
the critical value for which the release has been ad- 
justed. 

The moving contact is carried at the top of a Dur- 
alumin arm N. This arm i3 controlled by strong springs 
and is arranged so that the hold-on armature acts 
as a fulcrum through which the pull of the springs is 
transmitted to the contacts, thus holding them tightly 
together. When the hold-on armature is released, the 
Duralumin arm turns round a second fulcrum, which 
is supported on a pivoted frame R, carried by the closing 
armature P. The springs pull the contacts fully open 
directly the hold-on armature is released. Arcing at 
the main contacts is avoided by the provision of auxi- 
liary contacts, which open later and are located in a 
strong magnetic field. The arc itself is broken in a 
large arc chute A, the external surface of which carries 
longiron pole pieces B for the blow magnet K. Intern- 
ally it is fitted with arcing horns, which engage with 
their respective contacts when the chute is in its work- 
ing position, The magnetic field causes the arc to be 
forced off the auxiliary contacts on to the arcing horns, 
along which it is kept moving until it is so extended 





that it finally breaks. The components of the breaker 
not already referred to, bear the following references 
in Fig. 6:—C, pivot for are chute; D, catch for arc 
chute; E, blow-magnet winding; G, pole pieces for 
field created by releasing winding; L, spring controll- 
ing auxiliary contact; 8S, frame carrying electrical 
interlocks; T, positive terminal; U, bar for hand 
closing, with handle removed. 

The rotary converters supplied for the Cape Town 
suburban railways electrification have been submitted 
to a number of short-circuits through a resistance. of 
0:0025 ohm. We understand that under these tést 
conditions the high-speed circuit-breakers effectively 
opened the circuit and prevented brush flash-overs. 
Fig. 7 is an oscillogram of a short-circuit test on a 
4,500 kw. direct-current generator. In this case, the 
circuit voltage was 1,100 and the short-circuit peak 
current, which was reached in 0-0066 second, was 
41,500 amperes. The time from the start of the short- 
circuit to the complete opening of the circuit was 
0-015 second. The high rate of current increase 
was due to the fact that the generators were fitted 
with compensating windings. 

The whole of the rotary converters, automatic start- 
ing equipment and high-speed breakers, which make 
up the sub-station plant for the Capetown suburban 
railway contract, were manufactured at the Witton 
Engineering Works of the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
while the supervisory equipment was manufactured 
at the company’s Peel-Conner Telephone Works, 
Coventry. It may be mentioned that this is the first 
occasion on which the whole of a railway sub-station 
equipment has been automatically operated and remote 
controlled. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—At this season of the year it 
is usual to take a look back over the trade of the pre- 
ceding twelve months, A year ago the prices for ship 
plates were 8. r ton, and for sections 7/. 10s. 
per ton. When “control ’ was re-established by the 
Scottish Stee] Makers’ Association, in March, the mini- 
mum selling prices were fixed at 7/. 10s. per ton for ship 
plates, and 7. per ton for sections, The export price 
for ship plates was fixed at 71. per ton, but sections were 
left ‘‘free.”” Some astonishment was felt at the 
fixing of an export price for ship plates, as they had been 
‘free’ for some considerable time. In the month of 
April, half-a-crown a ton was put on to the official 
minimum quotations for home delivery, and control was 
put on sections for export, the price fixed being 61, 5s. 
per ton. With the scarcity, etc., caused by the coal 
strike, prices hardened and were officially advanced in 
per ton for sections, both for home delivery. The export 
October to 81. 2s. 6d. per ton for ship plates, and 7/. 10s. 
quotations were beyond the official minimum and in the 
neighbourhood of the home prices. The year closed with 
oe | plates round 8/. 7s. 6d. per ton for home delivery, 
and 8. 2s. 6d. per ton for export, and sections round 
71. 178, 6d. per ton for wating ody and 71, 128. 6d. 


r ton for export. Mention has not been made of 
iler plates, but these remained steady all the year at 
the controlled price of 111. per ton. Throughout the 








year dealing was somewhat restricted, but the number 
of orders has increased of late, and a fair run is anti- 
cipated.for a month or two. 

Malleable-Iron Trade.—The Scottish malleable-iron 


trade has passed through rather a peculiar year, and a - 


very unsatisfactory one at that. For the first few 
months business was slow and without much life, and 
when the trouble in the coalfields came along the diffi- 
culties of production increased. Some re-rolling depart- 
ments have managed to carry on with the aid of foreign 
coal, and now that home fuel is available the outlook 
is better. For a period the production of bar-iron ceased 
altogether, but a restart has now been made, and all 
the works are once again in commission. Orders, to a 
limited extent, have accumulated, and the prospects for 
a few months at any rate are quite encouraging, and it is 
hoped that trade in bar iron will again become brisk. 

Black-Sheet Trade.—In the black-sheet trade of the 
West of Scotland, the past year has not been so bad 
for some works. In the early months, work was not 
too plentiful, and competition was keen and prices eased 
off from about 97. 10s. per ton for home or export to 
about 9/. per ton for home, and less for export in April. 
Bookings all round have recently been heavy and all works 
are likely to be fully occupied for months to come. 
The current quotation for sheets, under to } in., is 
from 127, 10s. to 13s. 10s. per ton at Glasgow stations, 
and for galvanised corrugated sheets, No, 24 gauge, the 
quotation is from 16/. 10s. to 171. 10s. per ton f.o.b. 
Glasgow. 

Scottish Pig-Tron Shipm2nts.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Friday, December 31, only amounted to 71 tons. Of that 
total 40 tons went coastwise and 31 tons went overseas, 
For the corresponding week of last year the figures were 
231 tons overseas, and only 14 tons coastwise, making 
a total shipment of 245 tons. 


Scottish Pig-Iron Trade.—When the end of the coal 
dispute came into sight, consumers commenced placing 
orders for delivery after the furnaces were again 
producing, and makers have now quite a_ large 
tonnage booked up. The result is that from now 
onwards there is a prospect of a good run of trade. 
The number of furnaces now in blast is 14, Prices 
have not yet been stabilised, but the following may 
be taken as the quotations prevailing : Scottish hematite, 
90s, to 95s. per ton, delivered at the steel works ; foundr 
iron, No. 1, 95s. to 100s. per ton; and No. 3, 92s. 6d. 
to 95s. per ton, both on trucks at makers’ yards, 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 


British possessions and in foreign countries. Further . 


particulars and information relating to these can be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case :—The Melbourne City Council are calling 
for tenders for the supply and delivery of two 2,500-kw. 
motor converters and accessories, or, alternatively, two 
2,500-kw. rotary converters with transformers and 
accessories. Specification No. 847. Tenders will be 
received up to February 28, 1927. (Ref. No. BX 3124.)— 
The municipality of the City of Port Elizabeth is 
inviting tenders, to be presented by February 24, 1927, 
for the supply and erection of a plant of the stationary 
type covering the whole cycle of operations necessary 
for the manufacture of bituminous asphaltic mixtures or 
tar macadam required for the construction of paved 
carriage-ways and footways, namely: drying, heating, 
measuring or weighing and mixing economically and 
with accuracy, and the running of same for a period of 
two weeks after completion of erection. Local repre- 
sentation is in practice essential. Contract No. 34. 
(Ref, No. AX 4045.)}—The New Zealand Railways are 
inviting tenders for the supply of cranes, traversers, 
hoists, capstans, crane trucks, and elevators for the new 
railway workshops at different points in New Zealand. 
Tenders must reach the Chairman of the Railway Board, 
Wellington, by noon on April 18, 1927. (Ref. No. AX 
4055.)—There are three separate calls for tenders from 
the South African Railways and Harbours :—(1) For 
the supply and delivery of three weighbridges. Tender 
No. 940. (Ref. No. AX 4067.) (2) For the supply 
and delivery of one locomotive boiler for 10B class engine. 
Tender No. 938. (Ref. No. AX 4068.) Specifications 
can be seen on application to Room 50 until January 15. 
(3) For the port. of seven 20,000-gallon cast-iron tanks 
without trunks. Alternative prices are also required 
for pressed-steel and_riveted-steel plates, Tender 
No. 941. (Ref. No. AX 4069.) All tenders to reach 
Johannesburg by February 17. Local representation is, 
in practice, essential for tenders 1 and 2.—The Melbourne 
City Council are calling for tenders, to be presented by 
March 14, for direct-current switchgear and accessories. 
Specification No, 849. (Ref. No. BX 3131.)—The 
Egyptian Ministry of Education invites tenders for the 
supply and delivery of machine tools, blacksmitlis 
forges, calipers, &c., for the Royal School of Engineering, 
Giza, Cairo. Tenders to reach Cairo by February °. 
Local representation is essential. (Ref. No. AX 4065.) 
The Postmaster-General’s Department, Melbourne. 
invites tenders, to be presented by March 8, for induction 
coils and registers. Schedule C 160. (Ref. No. BX 3136). 
—The State Electricity Commission of Victoria is calling 
for tenders, to be presented by March 7, for paper 
insulated, lead-covered, control cable. (Specification 
27/5). (Ref. No. BX 3137). Application should be made 
to room 52.—The Melbourne City Council are calling for 
teaders, so be presented by March 14, for totally-enclosed, 
armoured type, 6,600 volt, three-phase switchgear. (Ref. 
No. BX $138). 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MiIpDLEsBROUGH, Wednesday. 

Lhe Cleveland Iron Trade.—There is still great scarcity 
of Cleveland pig-iron, but with over thirty blast-furnaces 
now in operation, and several others ready for re-kindling, 
the situation promises to be somewhat relieved in the 
near future. ‘Deliveries against old contracts are being 
made, and until these have been largely overtaken 
supplies for the open market must be limited. Values 
have settled to figures that are expected to attract 
buyers, and a return of activity is confidently anticipated. 
No. 1 Cleveland pig is 90s.; No. 3 g.m.b., 85s.; No. 4 
foundry, 84s.; and No. 4 forge, 83s. 


Hematite.—There is more moving in the East coast 
hematite branch, In this department also there are 
considerable arrears of dcliveries to make up, but 
customers claim they are now able to place orders for 
this month’s delivery of Nos. 1, 2, and 3 at 90s. Makers, 
however, are asking up to 92s. 6d 


Foreign Ore.—With regard to foreign ore, as consumers 
have heavy stocks and large parcels to come forward 
against contracts deliveries of which have been neces- 
sarily delayed, they are holding off the market, particu- 
larly as they are not disposed to accept sellers’ stipulation 
of freight basis quotation. 


Coke.—Fairly good sales of blast-furnace coke are 
understood to have been put through at round about 
25s..for good average qualities delivered to consumers 
in this district, but sellers are now holding out for a 
little above that figure. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of finished iron and steel have good order 
books, and prospects are encouraging. Prices are firm, 
the tendency being markedly upward in some branches, 
Plate makers complain that scarcity of wagons is seriously 
interfering with delivery of their products, for which 
there is pressing demand. 


Shipments of Iron and Steel.—December shipments of 
iron and steel from the Tees totalled 25,210 tons, as 
compared with 17,459 tons for November. Last month’s 
loadings comprised 2,025 tons of pig-iron, 3,643 tons of 
manufactured iron, and 19,542 tons of steel. Of the 
pig-iron shipped, 724 tons went abroad and 1,301 tons 
coastwise ; of the manufactured iron dispatched, 2,624 
tons went overseas and 1,019 tons coastwise; and of 
the steel cleared, 14,268 tons went to foreign ports 
and 5,274 tons coastwise. Scotland was the largest 
buyer of pig-iron, taking 1,011 tons. The Cape, with 
an import of 662 tons, was the chief purchaser of manu- 
factured iron, while Natal came second with 638 tons, 
and India third with 635 tons. India was by far the 
biggest importer of steel, accepting 5,071 tons. Other 
chief customers for steel were: Natal, 2,621 tons, and 
Australia, 1,717 tons. ‘ 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

_ Iron and Steel.—It is generally accepted by leading 
industrialists and trade union leaders that, providing 
labour upheavals can be averted, the New Year should 
be one of the most prosperous of recent times. While 
industry as a whole has not yet recovered from the 
damaging effects of the coal stoppage, signs of greatly 
increased activity in the various branches of engineering 
are strongly in evidence. The output of British-made 
steel, while insufficient to meet the demand, is gradually 
assuming larger proportions. Though not all the big 
steel-producing plants in Sheffield, Stocksbridge, Rother- 
ham, Penistone and Parkgate have resumed operations, 
it is calculated that somewhere in the region of 40 
furnaces are now operating. In some instances, however, 
rolling mills and forges are suffering acutely from the 
shortage of home-made materials, and rather than shut 
down plants have been compelled to use foreign steel. 
It is felt, however, this will soon be overcome when 
furnaces commence functioning at full capacity. The 
demand for various descriptions of railway rolling-stock 
shows no signs of shrinking, and, if anything, tends to 
broaden. Orders have been received from India, South 
America and Argentine railways, while contracts are 
likely to be placed by the British railways. Automobile 
steel producers continue to experience good business, 
while makers of electrical apparatus report improvement. 
Mixed conditions operate in the lighter branches. Files 
have recovered somewhat, but the anticipated revival in 
various classes of engineers’ small tools show no signs 
of materialising. Russia has placed a big order locally 
for the supply of files, saws and tools. 


The South Yorkshire Coal Trade.—Despite the holiday 
setdown, the demand for all classes of fuel has been above 
the average of the previous weeks. The scarcity of 
wagons has only been partially rectified, with the result 
that colliery sidings tend to become choked and impede 
operations at pits. With more furnaces in operation, 
various descriptions of industrial fuel are in stronger 
request. The big call on house coal during Christmas 
week has not been maintained. Coke of all descriptions 
18 In active demand, while there is a ready market for 
slack, Quotations: Yorkshire hards, 24s. 6d. to 25a. ; 
Derbyshire hards, 25s. to 25s. 6d.; bunkering coal, 238. 
4 249,; washed doubles, 23s. to 26s.; washed singles, 
«<3. 6d. to 258.; washed smalls, 16s. 3d, to 18s. 6d. ; 
rough slacks, 16s, to 17s.—all f.o.b. Humber ports ; 
gas coke, 35s.; furnace coke, 30s.—f.o.b. Hull: best 
— coal, 308. to 328,; screened house coal, 28s. to 
308, 5 Yorkshire hards, 20s. to 21s.; Derbyshire hards, 
“08, to 21e.; smalls, 38. to 6s. 





NOTICES OF MEETINGS. 


Tue InstrtuTIoN oF FuEL EconoMy ENGINEERS.— 
To-night at 6 p.m., at the Royal Society of Arts, John- 
street, Adelphi, W.C.2.  ‘“‘ Utilisation of Low-Grade 
Fuels for Steam Generation,” by Mr. W. F. Goodrich. 


THe INstITUTION oF MECHANICAL ENGINEERS.— 
To-night at 7 p.m., at Storey’s-gate, S.W.1. Informal 
Meeting. ‘‘ Developments in the Carbonisation of Coal,” 
by Dr. C. H. Lander. 


THE JUNIOR INSTITUTION OF ENGINEERS.—To-night at 
7.30 p.m., at 39, Victoria-street, S.W.1. ‘‘ Distortion in 
Heat-Treated Case-Hardened Carbon Steels,” by Mr. P. J. 
Haler. Friday, January 14, at 7.30 p.m. “The Ther- 
mionic Valve and its Characteristics,” by Mr. R. L. 
Kirlew. 

Tue Institute oF British FouNDRYMEN: LaN- 
CASHIRE Brancu.—Saturday, January 8, at 4 p.m., at 
the College of Technology, Sackville-street, Manchester. 
“'The Heat Treatment and Growth of Cast-Iron,” by 
Mr. J. W. Donaldson. 


Tue InstrruTe or TRANSPORT: WESTERN Loca. 
Srction.—Monday, January 10, at 5.30 p.m., at the 
University, Bristol. ‘The Great Western Railway 
Goods Depot at Bristol,” by Mr. F. W. Lampitt. 


TuE InstriTuTE oF Metats: ScorrisH Looat SEcTION. 
—Monday, January 10, at 7.30 p.m., at the Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. Discussion on “The Value of 
Research,” by Prof. J. H. Andrew. 


THE Braprorp ENGINEERING Soctety.—Monday, 
January 10, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. ‘‘ Factory Smoke,” by Mr. E. 
Clegg. 

Tur INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
January 10, at 8 p.m., at the Engineers’ Club, Coventry- 
street, W.1.. ‘“‘ Ageing of Raw and Vulcanised Rubber,” 
by Mr. G. Martin. 


Tue InstiruTIoN oF Crvim ENGINEERS.—Tuesday, 
January 11, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. ‘‘ The Economics of Power-Produc- 
tion and Utilisation at Collieries,”? by Prof. Douglas 
Hay. Wednesday, January 12, at 6 p.m. Informal 
Meeting. Subject for discussion: ‘‘ Drag-line Exca- 
vators,’’ by Mr. F. H. Livens. 


THE ILLUMINATING ENGINEERING SocieTy.—Tuesday, 
January 11, at 6.30 p.m., at the Lighting Service Bureau, 
15, Savoy-street, W.C.2. ‘* Flood-lighting,” by Mr. W. J. 
Jones, Mr. H. Linyard, and Mr. T. Catten. 


THE Institute oF Marine ENGINEERS.—Tuesday, 
January 11, at 6.30 p.m., at 85-88, The Minories, Tower- 
hill, E.1. ‘* Progress in the Development and Practical 
Application of Heat-Resisting and Non-Corroding Steel,” 
by Sir Robert Hadfield. 


Tue InstirvoTe or METALS: BIRMINGHAM LocAL 
Section.—Tuesday, January 11, at 7 p.m., at the 
Engineers’ Club, Waterloo-street, Birmingham. Joint 
Meeting with the Birmingham Metallurgical Society, 
and the Staffordshire Iron and Steel Institute. ‘ Forces 
Set up in Strip Rolling,” by Mr. H. S. Caswell. 


Tue InstTITUTION oF ELECTRICAL ENGINEERS: NORTH 
MIDLAND CENTRE.—Tuesday, January 11, at 7 p.m., 
at the Hotel Metropole, Leeds. ‘“‘ The Design of City 
Distribution Systems and the Problem of Standardisa- 
tion,’’ by Mr. J. R. Beard and Mr. T. G. N. Haldane. 


THE SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, January 11, at 7.30 p.m., at 198, West-street, 
Sheffield. Annual General Meeting. 


THE InstiruTeE oF MeEtTats: Nortu-East Coast 
Locat Srction.—Tuesday, January 11, at 7.30 p.m., at 
the Armstrong College, Newcastle-upon-Tyne. ‘‘ Some 
Aspects of the Corrosion of Metals,” by Mr. U. R. Evans, 


THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTLAND.—Tuesday, January 11, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. ‘‘The Application of 
Double-Acting Diesel Engines to Ship Propulsion,” by 
Mr. R. Love. 


TuE INSTITUTION OF ELECTRICAL ENGINEERS: Scort- 
TISH CENTRE.—Tuesday, January 11, at 7.30 p.m., at 
the Scottish Royal Society of Arts, 117, George-street, 
Edinburgh. Lecture: ‘‘ The Applications of Electricity 
to Agriculture,” by Dr. A. Ekstrom, 


THE INSTITUTION OF PETROLEUM TECHNOLOGISTS.— 
Tuesday, January 11, at 8 p.m., at the Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘‘The Conditions 
Governing the Occurrence of Oil in Burma,” by Dr. L. 
Dudley Stamp. 


Tue Royat Socrety or Arts.—Wednesday, January 
12, at 3 p.m., at John-street, Adelphi, W.C.2. Juvenile 
Lecture: “‘ The Story of a Wireless Valve ” (Lecture II), 
by Professor Charles R. Darling. 


THe INSTITUTION OF ENGINEERS-IN-CHARGE.—Wed- 
nesday, January 12, at 7.30 p.m., at St. Bride Institute, 
Bride-lane, Fleet-street, E.C.4. ‘“‘The Steam Accumu- 
lator,” by Mr. Stanley Hopkins. 


THE Betrast AssociaTION OF ENGINEERS.—Wednes- 
day, January 12, at 7.30 p.m., at the Municipal College of 
Technology, Belfast. ‘‘ Static Condensers for Power 
Factor Correction,” by Mr. W. C. Handley. 


THe InstirvTion oF MECHANICAL ENGINEERS: 
GLascow AND West oF ScoTLanD Branou.—Thursday, 
January 13, at 7.30 p.m., at the Royal Technical College, 
Glasgow. “The Present Position of the Low-Tempera- 
ture Carbonisation of Coal,” by Professor Thomas 
Gray, D.Se. 





Tue INsTITUTION oF AERONAUTICAL ENGINEERS.— 
Thursday, January 13, at 6.30 p.m., at the Junior 
Institution of Engineers, 39, Victoria-street, S,W.1. 
‘“* Some Experiments on the Effects of Repeated Stresses 
on Materials,” by Professor F, C. Lea, D.Se. 

Tue InstrTuTE or Metats: Lonpon Looat SEcTION. 
—Thursday, January 13, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders, 83, Pall Mall, S.W.1. 
‘“* Hardening,” by Dr. W. Rosenhain, F.R.S. 

Tue INSTITUTE OF TRANSPORT: NoRTH-EASTERN 
Loca Section.—Friday, January 14, at 5 p.m., at the 
Town Hall, Newcastle-upon-Tyne. ‘‘ A Survey of Road 
Transport,” by Mr. C. le M. Gosselin. 

Tue Nortu-East Coast INSTITUTION oF ENGINEERS 
AND SHIPBUILDERS.—Friday, January 14, at 6 p.m., at 
the Literary and Philosophical Society, Newcastle- 
upon-Tyne, ‘ Progress in Economy of Turbine Machi- 
nery on Land and Sea,” by the Hon. Sir Charles A, 
Parsons, F.R.S., and Mr. R. J. Walker. 

Tue Instrrution or Locomotive ENGINEERS (Lon- 
DOoN).—Friday, January 14, at 7 p.m., at the Engineer’s 
Club, Coventry-street, W.1. ‘‘ The Internal Combustion 
Boiler and Its Application to the Locomotive,” by Mr. O. 
Brunler. 

Tue Inst1TuTE or Metats : SwANSEA LOCAL SECTION. 
—Friday, January 14, at 7.15 p.m., at the University 
College, Singleton Park, Swansea. Discussion on 
‘** Pyrometers.”’ 

Tue KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
January 14, at 7.30 p.m., at the Temperance Institute, 
Keighley. ‘‘ Locomotives,” by Captain Harrison. 

Tue Institute oF Merats: SHEFFIELD LOCAL 
Section.—Friday, January 14, at 7.30 p.m., at the 
University, St. George’s-square, Sheffield. ‘“* Gas Fur. 
naces and Their Heating,’’ by Mr. P. Hopkinson. 

Tue Socrety or CHEemicaL InDusTRY: CHEMICAL 
ENGINEERING Group.—Friday, January 14, at 8 p.m., at 
the Chemical Society, Burlington House, Piccadilly, W.1. 
““Thermo-Electric and Resistance Pyrometry in In- 
dustry,” by Mr. J. Ainger Hall. 

THe NortH or ENGLAND INSTITUTE OF MINING AND 
MEcHANICAL ENGINEERS.—Saturday, January 15, at 
3 p.m., at the Mining Institute, Neville Hall, Newcastle- 
upon-Tyne. Associates’ and Students’ Section. “‘ Dry 
Cleaning of Coal,” by Mr. J. S. Carson, 

Tue InstrruTe or British FoUNDRYMEN: LANCA- 
SHIRE BRANCH, JUNIOR SEcTION.—Saturday, January 15, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester. ‘‘My Impressions of American Foun- 
dries,” by Mr. W. Jolley. 








NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Coal Trade,—Unsettled and easy conditions 
have develo in the Welsh coal trade. Lack of 
business and a consequent scarcity of empty wagons, 
coupled with the utilisation of thousands of trucks for 
the transport of imported coal, has brought a number 
of collieries to a standstill despite a fall of from 2s. to 3s. 
in export prices. There is also dissatisfaction amongst 
the colliery workers regarding the re-employment of 
men, and the miners’ leaders have expressed their 
dissatisfaction at the way in which some of the colliery 
companies are restarting the workmen. At the same 
time prospective buyers are following a waiting policy, 
contending that they must secure their requirements 
at lower prices or that orders will be lost to the district. 
The coal owners’ commercial committee have had the 
question of the stabilisation of selling prices under 
consideration, and decided to invite the coal exporters, 
shipbrokers, shipowners and the dock company to 
attend a conference for the purpose of considering and 
deciding whether a committee of these organisations 
shall be set up to deal with matters which might arise 
in connection with the South Wales coal export trade. 
Generally, it is not expected that the coal owners’ 
proposals will meet with practical success, as it is 
contended that business can only be regained by the 
price of Welsh coal being brought to competitive levels. 
At present, best Admiralty large rules from 26s, 6d. 
to 27s., with Monmouthshires from 24s, 6d. to 26s. 6d. 
and smalls from 12s, to 16s., according to quality, 
and even at these figures colliery salesmen are finding 
it difficult to secure orders. Exports of coal in the 
past week totalled 362,910 tons, compared with 384,150 
tons in the corresponding period of last year. Shipments 
to Brazil amounted to 26,450 tons, France 36,690 tons, 
Italy 26,000 tons, and Spain 30,670 tons. At the same 
time, imports of foreign coal totalled 46,650 tons, of 
which 36,070 tons came from the United States, and 
10,580 tons from India, 

Orders for New Ships.—Cardiff shipowners during 
the last couple of months have placed orders for 20 new 
steamers, aggregating 165,700 tons d.w., representing 
a capital outlay of about 1,500,000. Lord Glanely, 
of the Tatem Steam Navigation Company, Limited, 
.this week completed negotiations for the construction 
of five steamers totalling 45,000 tons, which ‘are to 
be built by North country , with all British materials, 
both in respect to the hulls and the machinery. Messrs. 
Robert Thompson and Co., Limited, are to build two 
of 9,850 tons, with engines by Messrs. Richardsons, 
Westgarth and Co., Limited, Sunderland, and one of 
7,100 tons, with engines by Messrs. John Dickinson 
and Co., Limited. Messrs. William Pickersgill and Co., 
Limited, of Sunderland, is also to construct one vessel 
of 9,400 tons, with engines by Messrs, George Clark, 
Limited, and Messrs. William Gray and Co., Limited, 
West Hartlepool, is to build one of 8,800 tons, to be 
engined by the Central Marine Engine Works, Limited. 
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THE LIGHTSHIP *‘ ALBATROSS” FOR THE COMMISSIONERS OF IRISH LIGHTS. 
CONSTRUCTED BY MESSRS. HENRY ROBB, LIMITED, LEITH, TO THE DESIGNS OF MR. G. IDLE, M.IN.A. 


(For Description, see Page 7.) 
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Fie. 10. GENERAL VIEW OF COMPLETED SHIP. 
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MECHANISM IN AGRICULTURE. 


As farming is one of the oldest of industries, it is 
perhaps natural that it should also be one of the 
most conservative. On many of the smaller farms 
in this country the methods adopted do not differ 
materially from those in use in the last century, 
and progress is practically confined to the use of 
seed giving an improved yield in either quantity or 
quality. In the case of fruit cultivation, even this 
modest advance can hardly be recorded, as the 
average orchard associated with the small farm- 
stead is planted with trees that are either non- 
productive, or bear fruit of such poor quality as to 
be hardly worth the cost of gathering. The pro- 
prietors of small farms are not usually in a position 
to indulge in experiments, since, however interest- 
ing farming on a small scale may prove as a hobby, 
when it is the sole means of livelihood, there is 
probably no occupation which calls for such unre- 
mitting labour on the part of the proprietor, or in 
which it is more difficult to secure a reasonable work- 
ing profit. Under these circumstances, it is hardly 
to be expected that the introduction of mechanical 
appliances should be viewed with enthusiasm. 

High hopes of a far-reaching revolution in farming 
operations by the introduction of cheap electric 
power have been held out in some quarters, but 
there are many parts of the country where the size of 
the farms, and the distance between them, is such 
as to render any proposition to establish a network 
of transmission cables for the distribufion of cheap 
power little more than chimerical. The matter 
might be on a somewhat different footing if a scheme 
could be developed for agriculture akin to that 
now in process of realisation for electric-power 
generation, by means of which small and unprofitable 
farms could be grouped together to form a single 
economic unit. In view of the vital importance of 
agriculture in these Islands, it is by no means 
improbable that some such measure will have to be 
contemplated in the future. In the meantime, the 
progress made in the direction of increased mechani- 
calisation is already very considerable, due in no 
small measure to the activities of the Rural Industries 











Bureau. Many owners of small farms have intro- 
duced the small internal-combustion engine for 
driving barn machinery, and this is probably about 


1| as far as it is advisable to go in such cases, as the 


working conditions of the small areas involved 
almost preclude the employment of power-driven 
cultivating appliances. 

Turning to the larger farms, where the use of 
such implements is quite practicable, it will be found 
that there is a very general feeling amongst farmers 
that power-driven cultivators cannot compete 
economically with those drawn by horses, unless 
the local conditions are exceptionally favourable to 
their operation. This feeling is reflected in the 
falling-off in the use of tractors since the war, when 
they were employed by the Food Production Depart- 
ment to an extent hitherto unapproached. At that 
time, the exceptional: conditions prevailing were 
frequently overlooked, with the result that it was 
widely stated that the horse would become as rare 
on the farm as it was rapidly becoming on the road. 
The superficial nature of this verdict is shown by 
some figures quoted by Dr. B. A. Keen, in a paper 

n “ The Place of the Tractor in Soil Cultivation,” 
read before the Institution of Automobile Engineers, 
on Tuesday last. In this paper, the author mentions 
that in 1919, some 50 or 60 different kinds of tractor 
were on the market, but that in 1924 less than a 
dozen of these had survived. This might merely 
indicate that the more unsatisfactory’ designs had 
been eliminated without any diminution of the total 
number of tractors in use, but, although official 
figures do not appear to be available, there is little 
doubt but that the total has undergone a diminution 
comparable to the reduction in the number of types. 

Before going into the reasons for this falling-off, 
it will not be out of place to consider the extent to 
which tractors are employed in the newer countries. 
It is not infrequently assumed by those who have 
not had an opportunity of investigating conditions 
abroad that the tractor has practically replaced the 
horse, but actually this is very far from being true. 
The United States may be quoted as a typical case. 
The last reliable figures available appear to be those 
of the 1920 census, which shows percentages varying 
from 16°3 in the case of South Dakota, to 0-2 in 
that of Mississippi, for the number of farms provided 
with tractors. The average over the whole of the 
States is only 3°6 per cent. As regards more recent 
figures, The Guaranty Survey for November 30, 1925. 
states that in Pennsylvania the proportion of farmers 
owning tractors increased from 2-7 per cent. in 1920 
to 9 per cent. in 1925. In Illinois, the proportion 
increased from 9°3 per cent. to 29°6 per cent. in the 
corresponding period, and the Southern State of 
Arkansas, which had only about 1,400 tractor 
farmers in 1920, bought 3,000 tractors during the 
two years ending July 1, 1925. 

The reasons for the falling off in this country are 
referred to in the paper read by Dr. Keen, of which 
mention has already been made. After postulating 
that before any technical improvement can take a 
permanent place in agriculture, it must show a 
definite economic advantage over existing methods, 
he states that the rapid fall in market prices following 
the post-war years had the direct effect of making 
horse-power more economical than tractor-power. 
This statement suggests that tractors can only be 
employed profitably when prices are high, but what 
is no doubt meant is that the areas under cultivation 
fell below the limit at which mechanical traction is 
an economic proposition. A second reason given 
in the paper for the decrease is that many of the 
machines employed were really unsuitable for their 
work, and that, in addition, the workers handling 
them were not of a type likely to secure even 
the moderate performance of which the machines 
were capable. Extended experience iias further 
shown that tractors compare very unfavourably 
with horses under certain special working con- 
ditions, of which the more important are steep 
slopes, badly-drained soil, and unsuitably-shaped 
fields. Assuming that the conditions are favourable 
to tractors, the important question for the farmer is 
how they actually compare in cost with horses 
employed for the same purpose. Such comparisons 
offer great difficulty, as. they depend on such factors 
as the’ market price -of the horses’ foad, which 
fluctuates rapidly, but an instructive comparison 
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of the two means of haulage, made on a 400- 
acre Berkshire farm, is quoted by Dr. Keen. The 
tractor employed was a Trojan, made in 1919, 
and it was found that when it was used for 
plowing, cultivating, harrowing and rolling, the 
total cost of the operations per acre worked out 
at 2/. 19s. 3d., as against 3/. 3s. 1d..for shire horses. 
The difference is so slight that the scale may easily 
be tipped in one direction or the other by variations 
in such factors as the cost of fuel. In a further 
analysis of the costs, Dr. Keen mentions that a 
marked saving in wages when the tractor is employed 
is offset by its heavier depreciation, and that atten- 
tion might well be concentrated on the latter point. 

Although the tractor may not be able to show 
any appreciable economic advantage, it appears to 
possess certain potential advantages in other direc- 
tions which may well turn the scale in its favour. 
Broadly, these may be summarised by stating that 
time is possibly a more important factor in field 
operations than any other, and in this respect the 
tractor shows to decided advantage. There is no 
doubt that much remains to be discovered about the 
most favourable conditions for tractor cultivation, 
and some interesting experiments carried out at 
Rothamsted, and referred to by Dr. Keen, are of 
considerable interest in this direction. In 
experiments on the resistance offered by the soil 
to the passage of a plough, drawbar pull records 
were taken on a level field showing no obvious 
signs of irregular soil texture, and it was found that 
the highest and lowest values of the pull differed 
by over 40 per cent., the distribution of points of 
equal pull being extremely irregular. No explana- 
tion is suggested for the variable resistances, which 
were stated to be sensibly permanent from one 
season to another, and it would be interesting to 
have particulars of the soil composition and drainage 
conditions over the area ploughed. Measurements 
of drawbar pull at varying speeds were taken, an 
increase in pull from about 96 to 109 lb. taking place 
when the speed was increased from 2 to 4 feet per 
second, Dr. Keen regards the small change in pull 
for a considerable speed change as remarkable, but it 
appears that this result might reasonably have been 
anticipated, as it is merely an expression of the fact 
that the horse-power absorbed is roughly propor- 
tional to speed. It seems reasonable to suppose 
that the increase in drawbar pull recorded repre- 
sents an actual increase in the resistance of the soil 
at higher speeds, as the increase in friction loss in 
the plough bearings must be very slight. It is just 
conceivable that at still higher speeds there might 
actually be a fall in resistance, due to a flow effect 
of the soil in front of the share, and it is to be 
hoped that Dr. Keen will have an opportunity to 
further enhance the value of his work by experi- 
ments on these lines. An exceptionally powerful 
tractor would probably be necessary to attain 
plowing speeds appreciably higher than those already 
recorded, but a large cable-ploughing tractor might 
have sufficient power for the purpose. 





THE CHINESE MARKET. 


For a long time past the reports from China have 
been difficult to reconcile one with another. The 
daily news from that country has shown a kaleido- 
scopic variation, without any sign of equilibrium 
in the civil and military position. The safety of 
foreigners has called for an increase of naval strength 
in Chinese waters. Bolshevik propagandists are 
said to be active in their missionary efforts, with the 
usual tranquilising consequences. Strikers, pirates, 
and brigands maintain a constant succession of 
destructive enterprises. Viewed, in fact, in its 
economical aspect, the most prominent feature of 
the Chinese situation seems to be a witches’ cauldron 
of a peculiarly mischievous composition, and from 
any point of view the position will need to be 
changed radically before industrial progress becomes 
possible. Yet the commercial life of the country, 
though its course is profoundly interrupted, shows 
no sign of hopelessness. The’ Customs revenue 
seems to be collected as usual, and to be applied to 
the services for which itis hypothecated. In short, 
while civil and military operations in the country 
show, continued turbulence, the commercial commu- 
nity maintains a confident and determined attitude. 








Some explanation of these apparent discrepancies 
will be found in the recent report on the com- 
mercial, industrial and economic situation in China 
by Mr. A. H. George, the British Acting Com- 
mercial Secretary at Shanghai, which, with a report 
on the trade of Southern Manchuria by Mr. O. White, 
H.M. Consul at Dairen, has just been issued by the 
Department of Overseas Trade.* These reports 
carry their history through 1925 to the end of last 
June, during which period the same or similar 
factors of disorganisation have ,been at work as 
are conspicuous at the present time. To all intents 
and purposes there is no central administration 
that can exert any degree of control over the 
provinces. Large areas of China have become, at 
least for the time being, “ virtually independent 
states under military chieftains constantly at war 
with one another, and dependent on subordinate 
generals whose loyalty they can only command 
if they have sufficient lucrative posts to bestow 
amongst them.” To support these chieftains 
local taxation has been increased in several provinces 
to dimensions without precedent, sometimes exceed- 
ing the value of the goods themselves. Almost 
without exception the railways are seized by sub- 
commanders, who use them for the gratuitous 
carriage of men and materials, and sell by auction 
any rolling-stock they do not require for these 
purposes. The rights of foreign traders under 
treaty and agreement are at the mercy of the 
caprice of these leaders within the districts they 
control. And yet the foreign trade of the country, 
instead of collapsing altogether as these circum- 
stances seem to demand, has been maintained 
steadily. The Customs revenue from legitimate 
taxation of foreign trade did not, indeed, increase 
as fast in 1925 as in previous years, but, neverthe- 
less, it exceeded all previous records, what was 
lost by some of the main import and export ports 
through local disturbances having been gained 
apparently by others. A still further increase is 
shown in the figures just published for 1926, and 
though the cost in silver of providing in gold for 
the obligations secured on the Customs has increased 
by about 10 per cent., they have again been met in 
full. 

The disturbances, in fact, affected first one part 
of the country and then another, but rarely involved 
the whole at once. In particular, the so-called 
treaty ports, where there are well-organised foreign 
settlements, offered conditions that as a rule were 
relatively stable, and attracted a large contingent 
of the wealthier Chinese population, who, with the 
modern industrial organisations also concentrated 
in these areas, take a large part of the total imports. 
That the amount of the imports should have been 
maintained so obstinately in face of a situation 
which should have depressed them gravely is due, 
according to this report, to the fact that they 
stand at an irreducible minimum, which local dis- 
orders cannot affect. There is no doubt at all about 
the depressing influences. Vast quantities, for inst- 
ance, of native produce for export are piled up along 
the railways, immobilising their capital value and 
involving continuous expense, while under present 
circumstances importers have no security, either 
in transit or on arrival, for foreign goods consigned 
to the interior. For the time being, therefore, 
trade is confined to what the buyer cannot or will 
not go without, and its amount is increased pre- 
sumably as the stress of disturbances drives more 
of the wealthy population into the less disordered 
areas. As, however, with the typhoons of Chinese 
waters, the violence of these disturbances does not 
alter the fact that sooner or later they must come 
to an end, though, prudently, the report does not 
speculate how soon; but from the powerful effect 
they exert in restricting trade it is inferred 
with confidence that any considerable abatement 
would be followed by an increase in foreign trade 
that would be not merely large, but immediate. 

In regard to any other country such confidence 
would be as surprising as is the maintenance of 
trade. The circumstances of China, however, are 
essentially different from those of other countries, 
and are much less completely defined in the infor- 
mation that constitutes its current news. For prac- 
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tical purposes the bulk of that news comes from 
the least undeveloped districts, which border on 
the sea, and are affected only slowly by what goes 
on in the vast interior of the country. By its fer- 
tility, its lack of development, its size, and its huge 
population, that interior is a great potential source 
of trade. It differs, however, from the undeveloped 
territories of other countries in both having and 
being able to maintain a large population, estab- 
lished ages ago on the soil, and carrying on its own 
ancient industries in its own way. There is no 
question of a barbarous population. The civilisation 
of the country is, indeed, different from that of 
Western nations, though it is far more ancient, and 

it possesses what may well be described as a genius 

for local government, which appears sufficient to 

enable each district to maintain orderly life within 

itself, though coherence with its neighbours is not yet 

attained. Districts have, in fact, only rudimentary 
communications with each other, and at present can 

only have correspondingly vague impressions of 
the material benefits they could exchange with other 

districts and with foreign countries, if the avenues 

of exchange were opened. No internal want incites 

them to any such exchange. The soil is fertile 

enough to maintain its industrious population with- 

out requiring them to look for a living elsewhere. 

Their arts have been sufficient to satisfy the needs 

of which they were conscious, and traffic with 

foreigners has been neither sought nor desired. The 

impulse to material progress comes from the sea- 

coast population, instigated by the example of 

Western countries, and helped by their co-operation. 

No driving force of general necessity is behind it ; 

but a substantial body of the most enterprising 

and enlightened among the Chinese is aware of the 

advantages the country would gain by development, 

and some sort of start has been made in improving 

road communications. 

One or two figures will put a scale to this picture. 
Speaking in round but sufficiently accurate figures, 
China has about the same area as all Europe with 
the exception of Russia, and a considerably greater 
population. Its entire territories, nearly 2,000,000 
square miles in extent, are served by only some 
7,000 miles of railway ; and of these about a third 
are situated in Southern Manchuria, which includes 
less than a twelfth of the area and a twenty-fifth 
of the population. A relatively large amount of 
traffic is borne by coasting and river vessels, 
though river carriage is restricted by difficulties 
of draught and navigation. From all parts of the 
interior, reports are being received of the construc- 
tion of new roads. The Chinese National Roads 
Association is said to have made 30,000 miles of 
such roads, and its members have established 
some 80 motor omnibus companies. A large part 
of these roads are, however, constructed of mud, 
and are only serviceable in the dry months. In 
Shanghai, some fifty British-built petrol-electric 
motor omnibuses are in operation.; but outside 
it the bulk of the omnibuses are said to be second- 
hand touring cars, or cheap American chassis with 
locally-built wooden bodies. The total number of 
lorries and omnibuses in the country is, in fact, 
something over 1,000, and of passenger cars well 
below 100. 

On the sea-board fringe of this huge interior are 
the modern seats of industry and commerce, of 
which the reports under notice give such particulars 
as are available. Boycotts, civil wars, the propa- 
gandist influences of the Red International, and 
other destructive agencies, have interfered with its 
progress, and notably with the British share of it, 
but according to the report the prejudice against 
this country is largely artificial, and no settled con- 
clusion can at present be drawn about any country’s 
ultimate share in Chinese trade. Two facts seem, 
however, to dominate the economic future of 
China, so far at least as it concerns the engineering 
trades. On the one hand, the native merchant 
is peculiarly lacking in technical knowledge, and 
must depend on the intimate co-operation of 
foreigners in any large enterprises he may con- 
template. Chinamen have doubtless not ceased to 
deserve the great reputation for commercial honesty 
by which their merchants have long been distin- 
guished; but in dealing with new enterprises 





relating to matters of which they have had no 
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first-hand experience, the fulfilment of contracts 
requires something more than honesty. European 
firms cannot, therefore, prudently enter into such 
co-operation, unless they are prepared to do so 
with the necessary intimacy, and can obtain con- 
ditions that will permit this to be done with safety. 
On the other hand, the present trade of China 
seems to stand in an extraordinarily low ratio to 
what it might be expected to become in an early 
future, if the civil troubles of the country ceased, 
and its financial position were made proportionate 
to its resources. When or how this situation will 
be reached cannot yet be predicted; but it seems 
clear that the opportunities for enterprise that will 
follow on the change are likely to arise more rapidly, 
and on a larger scale, than the present circumstances 
of the country might suggest. 








DEFECTS IN TRADERS’ TRUCKS. 


CERTAIN recent accidents on our railways suggest 
to the legal mind a question of considerable interest 
in relation to the liability of a railway company 
for an accident which is caused by a defective truck. 
If a truck which belongs to the company is defective 
and that defect gives rise to an accident, it may be 
predicated at once that the railway company is 
liable to the full extent for all the legal consequences 
whatever they may be. If a passenger is injured 
in an accident caused, he can successfully bring 
suit against the company if he can prove negligence 
—and a charge of negligence may be established if 
it is shown that the railway company failed to 
discover the defect which caused the accident. 
In his Law of Transport by Railway (on p. 365), 
Mr. Alan Leslie writes: ‘‘ A carrier of persons owes 
a duty, which is independent of contract, but may 
be limited by contract to persons lawfully in his 
vehicles, or on his premises, to take due care (includ- 
ing in that term the use of skill and foresight) for 
their safety.” He illustrates this proposition by 
saying that a carrier of persons is under the strictest 
duty to provide and maintain fit vehicles, and the 
mere fact that a vehicle breaks down in transit is 
prima facie evidence of negligence. 

In the celebrated case of Readhead v. Midland 
Railway ( (1869) L.R. 4 Q.B. 379), where an accident 
had been caused through the breaking of an axle, 
Lord Mansfield said: ‘‘We do not attempt to 
define, nor is it necessary to do so, all the liabilities 
which the obligation to take due care imposes on 
the carriers of passengers ... ‘Due care,’ how- 
ever, undoubtedly means, having reference to the 
nature of the contract to carry, a high degree of care, 
and casts on carriers the duty of exercising all 
vigilance to see that whatever is required for the 
safe conveyance of their passengers is in fit and 
proper order. But the duty to take due care, how- 
ever widely construed or however rigorously en- 
forced, will not . . . subject the defendants to the 
plain injustice of being compelled by the law to 
make reparation for a disaster arising from a latent 
defect in the machinery which they are obliged to 
use, which no human skill could have prevented or 
detected.’ It is clear from this that the company 
must take all due measures to prevent accidents, 
e.g., by periodical inspection. Indeed, in an earlier 
case it was expressly decided that if a flaw in the 
welding of a tyre, though undiscoverable to the 
eye, would have come to light by testing while in 
use, “it is negligence in the carrier not to have 
discovered it.” (Manser v. Eastern Counties Railway 
( (1861) 3 L.T., 585). So in the old coaching days, 
a carrier was held liable for injuries caused by 
breaking of an axle-tree of a coach at a place where 
it was encased in wood and not easily examinable 
or usually examined (Sharp v. Grey (1833) 9 Bing. 
457), 

It is clear from these authorities that the duty 
to examine their rolling-stock extends not only to 
the actual vehicles in which passengers are accus- 
tomed to travel, but to other vehicles of the company, 
the breakdown of which on the line may cause dis- 
aster to a passenger train. It is not that the railway 
company is an insurer of passengers: the duty is 
merely to carry without negligence. The passenger 
must not be exposed to a risk which can be avoided. 

Now comes the question: Must a railway com- 
pany take steps to see that all rolling-stock which 


may at any time be upon their system is free from 
defect ? In addition to their own carriages and 
trucks, railway companies frequently allow rolling- 
stock of other companies to use their lines under 
“running powers.” and they haul large numbers of 
traders trucks.” What is the measure of their 
responsibility when defects in any of these vehicles 
cause disaster ? 

There is a strange absence of authority on the 
point ; but it has, at any rate, been decided that 
one railway company is not responsible for the 
negligence of the servants of another railway 
company which has running powers. So in Wright 
v. Midland Railway Company ( (1873) L.R. 8 Ex 
137) the L. & N.W. had a right to run over a small 
portion of the Midland, near Leeds. The plaintitf was 
a passenger in a Midland train which came into 
collision with a North Western train. It appeared 
that the Midland signalman had set his signals 
against the train of the North Western Company’s, 
whose servants were found to be guilty of negligence 
in disregarding it. In these circumstances, it 
was held that the Midland were not liable. 

Baron Bramwell, in the course of his judgment, 
said: “ The act that did the damage was solely the 
act of the North Western Company. Now why, in 
those circumstances, should the defendants be liable? 
If this had been the case of goods, they would have 
been liable, because they are then insurers; but 
here the duty of the defendants according to the 
deciding cases, is this; they enter into a contract 
that all persons connected with the carrying, and 
with the means and appliances of the carrying, with 
the carriages, the road, the signalling and otherwise, 
shall use due care and diligence, so that no accident 
shall happen. But they contract no further. If 
they were to contract that everybody should use 
due care and diligence, their duty would extend to 
strangers. But it is conceded that they have no 
such duty as that. They have no contract or duty 
that strangers to the railway (if one may use such 
an expression) shall do nothing wrong, either by 
wilfulness or negligence.” 

It is a nice point whether the owner of a trader’s 
truck should be placed in the same category as the 
proprietors of a railway having running powers. It 
may be said, with some show of reason, that once 
a trader’s truck has been taken over by a railway 
company, it passes out of the power and control of 
the trader, so that the periodical inspection must. of 
necessity, be carried out by the servants of the 
railway company. But it is obvious that this 
imposes a very considerable burden upon the 
company. Suppose that a composite train made up 
of trucks belonging to numerous traders passes from 
the line of one company to that of another in the 
course of a through journey, must the receiving 
company call a halt at the junction and examine 
each truck with the utmost care in order to discover 
defects which may lead to an accident ? This would 
certainly be an excessive burden to place upon the 
carrier. If it is a burden which he must bear, has 
he any redress if he suffer injury or has to pay 
damages through his failure to bear it ? 

Curiously enough, in hauling the trucks of a trader, 
the railway company is but performing the function 
for which the railway was originally designed in the 
early part of last century. In those days the idea 
was that the railway company should provide a 
track and haul the vehicles of anyone who came 
along. So the early railway acts spoke of “ tolls ” 
instead of fares—-a toll being the charge per mile for 
hauling a wagon. 

Now it is clear that when a common carrier 
accepts goods for carriage, there is an implied 
warranty on the part of the consignor that the 
carriage of the goods shall be free from danger to 
the carrier’s vehicle, or to goods which the carrier 
may be transporting for other persons. If goods 
take fire—as by spontaneous combustion—or if a 
corrosive fluid escapes from a leaky container, the 
consignor must (in the absence of special agreement) 
make good the damage. But the railway company 
may be liable to other consignors whose property is 
injured. If so, the railway company will have a 
remedy over against him who committed a breach 
of the warranty that his goods could be safely 
transported. 

It is conceived that the principle here enunciated, 








which is applicable to the transport of goods, may 
be applied with equal force to the haulage of trucks. 
If a railway company agree to haul a trader’s truck 
it must accept liability for all damage which may be 
done by that truck if that truck is in a defective 
condition, but, subject to this, that the railway 
company may recover over against the owner of the 
truck. Of course, this state of affairs may be 
modified by any agreement between the parties. 

In the case, therefore, of a railway accident being 
caused by a trader’s truck, which while being 
carefully handled breaks down owing to a defect 
which ought to have been discovered it is conceived 
that, although the railway company would be liable 
in the first instance to persons whose property was 
damaged or who sustained personal injury, the 
owner of the truck could be called upon to indemnify 
the company. 





NOTE. 
Tur STANDARD YARD. 


In a paper recently published by the American 
Bureau of Standards, entitled ‘A Fundamental 
Basis for Measurements of Length,’ Mr. H. W. 
Bearce suggests that the Imperial yard has sensibly 
changed in length as it hasaged. This standard was 
prepared in 1845, and a comparison with the 
standard metre led to the conclusion, published in 
1878, that the relation of the yard to the metre was 
as 3-600 to 3-937,079. In 1898 the ratio was 
found to be 3-600 to 3-937,011,3, whilst still more 
recent determinations give the ratio as 3-600 to 
3-937,013,1. That itis the yard which has changed 
and not the metre is supported by the fact that a 
comparison of it with certain secondary standards 
shows that the ratio of these to the yard has also 
changed, whilst the several copies of the International 
metre have remained sensibly constant as compared 
with the international prototype. The American 


standard yard is defined by law as being —— 
metre. The American inch is, therefore, 25-40005 
mm., and the English 25-39998 mm. Mr. Bearce 
suggests that in both cases the yard should be 
redefined so as to make 1 in. exactly equal to 
25-4 mm. Both America and England would 
thus have exactly the same standards of length 
which would be simply related to the metre. As 
the ultimate standard reproducible everywhere, 
Mr. Bearce supports the proposal to use the wave 
length corresponding to the red line in the Cadmium 
spectrum. This was measured by Michelson in 
1892-93, and by Messrs. Benoit, Fabry and Perot in 
1906. The values found, reduced to dry air, were 
1,553,164-03 wave lengths per metre by Michelson, 
and 1,533,164: 13 by the French observers in 1906. 
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PrrsonaL.—Messrs. Andersen, Meyer & Co., Limited, 
engineers and importers, Shanghai, China, have opened 
London offices at 30, Mincing-lane, E.C., where 
Mr. S. H. Morden, lately general manager to Messrs. J. 
Whittall and Co., Limited, will be in charge.—Mr. W. 
Vincent Waite, M.I.Mech.E., A.M.I.E.E., has resigned 
his position as London manager to Messrs. Clayton 
Waggons, Limited, and Messrs. Clayton and Shuttleworth, 
Limited. His present address is: Room 75, Empire 
House, 175, Piccadilly, W.1.—Messrs. Thos. W. Ward, 
Limited, Albion Works, Savile-street, Sheffield, have 
purchased, for dismantling pyrposes, the Kent-street 
Oil Mills, Liverpool, formerly the property of Messrs, A. 
M. Smith and Co., Limited, and latterly operated by 
Messrs. Hilditch and Young, who went into liquidation 
some time ago. The plant, which will be sold for re-use, 
includes crushing mills, presses, elevators, conveyors, 
tanks, pumps and motors. 





Tae WuirwortH Soorety.—The fourth annual 
commemoration dinner of the Whitworth Society was 
held at the Holborn Restaurant, London, on Tuesday, 
December 21, 1926, being the anniversary of the birth of 
Sir Joseph Whitworth, Bart. The chair was taken by 
the President, Dr. F. P. Purvis (Wh. Sc, 1869), and about 
70 members were present. Seven of the Scholars ap- 
pointed during the current year attended as guests, and 
some most interesting speeches were made. Mr. Thos. 
Sugden, London (Wh, Sch. 1873), was elected President 
to take office at the summer meeting, which will be held 
in Derby in July, 1927, when it is proposed to place a 
wreath on the tomb of Sir Joseph Whitworth at Rowsley. 
There are now about 500 members on the roll of the 
Society, and about 250 copies of ‘‘ The Whitworth Book ” 
have already been sold. Application should be made for 
purchase forms to the Hon. Sec., Whitworth Society, 
c/o Institution of Mechanical Engineers, Storey’s Gate, 

estminster, 8.W.1. 
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Stability and Seaworthiness of Ships. By T. B. ABELL. 
London: Hodder. and Stoughton, Limited. [Price 
18s, net.] 

Tue three most prominent subjects in theoretical 
naval architecture have always been stability, 
strength, and’ propulsion, and inspection of the 
transactions of the technical institutions will show 
how each has been revived from time to time by the 
introduction of some new book or law suggesting 
development. Analysis shows that stability papers 
predominate over the others, and in no other branch 
of shipbuilding science has each generation which 
advanced it been so much indebted to its predecessors 
for both the facts and the ideas necessary to make the 
advances. A few of the recent outstanding works 
on stability have been arranged in a very practical 
way, with the special object of encouraging ships’ 
officers to apply the principles to their ships, whereas 
in the earlier works the authors applied themselves 
only to the deduction of principles, and the results 
of such were usually stated in such abstruse mathe- 
matical terms that the seamen could not follow 
them; the general practice on service has there- 
fore been to handle ships according to “‘ feel,’’ even 
in cases where useful guiding particulars had been 
supplied by the designers. 

It must be admitted that the known losses due to 
instability have been very low in relation to the 
amount of tonnage afloat, but in many instances 
the successful operation may have been carried out 
at the expense of refusing to ship valuable cargo, 
which might have been taken if the master had had 
sufficient knowledge to calculate the amount of 
stability available. The owner could not blame the 
master for any precaution he may have taken, since 
by law the master is held responsible for any loss 
due to faulty loading, but the intense competition of 
to-day does not permit of cargoes being refused on 
account of arbitrary deductions, and this, in con- 
junction with the owners’ desire to provide the best 
facilities possible for the navigator, has induced him 
to encourage the production of means which will give 
good guidance to those whose duties permit only a 
portion of their time being devoted to stability 
problems. 

It is common knowledge that the British Board 
of Trade have recently given attention to framing 
regulations for stability, and for some time their 
questions to candidates for master’s certificates 
have included problems in stability. The Board of 
Commerce of the U.S.A. has just issued proposals 
for minimum stability, but, as is suggested by 
Professor Abell, it is doubtful whether any such 
regulations should be attempted meantime partly 
because of lack of information which would give 
guidance in defining minimum stability, but prin- 
cipally because stability usually is dependent far 
more upon the loading arrangements, and resulting 
position of vertical centre of gravity, than upon the 
physical properties of the vessel. 

Professor Abell’s view is, and it will be concurred 
in by all with experience, that if a master is given 
means to estimate a ship’s qualities, he will soon be 
able to judge minimum requirements for the trade 
in which he is employed. 

Proposals for giving the necessary guidance have 
been very numerous in recent years. Apart from 
books, the earlier appliances usually consisted of 
gauges for testing the G.M. of a vessel as actually 
loaded, and supplying data indicative of the correc- 
tions to be allowed for a change of G.M., due to 
consumption of fuel, fresh water, stores, &c. The 
effect of free surface can be measured by this 
method, by having such tanks in a slack condition 
as are likely to be in use during the voyage, and 
filling them completely after the experiment. The 
objection raised to that principle was that, should 
the resulting G.M. be less than any fixed minimum, 
it would be necessary to unload some of the cargo, 
unless the vessel had some margin of draught which 
would permit of the G.M. being increased suffi- 
ciently by admitting water ballast to the bottom 
tanks. The alternative and later method is to 
supply a scale which indicates a calculated G.M. for 
any suggested condition of loading ; the particulars 
usually supplied with such scales generally show the 


attached to their use is the estimation of the vertical 
centre of gravity of the cargo, which may be of 
greatly varying density. 

It has been stated, by those interested in such 
scales, that, by dividing the cargo spaces into a 
suitable number of layers, it is possible to assess the 
density and centre of gravity of the cargo so closely 
that the ultimate G.M. of the whole vessel can be 
estimated to within 1 in. of the figure derived 
from a detailed calculation ; while this may be so, 
there are many reasons why it is desirable to check 
such calculations, especially for purely cargo vessels, 
because they have very often only a small amount 
of metacentric height when loaded with cargoes 
approximating to homogeneity. Probably the most 
important reasons for urging the earlier method is 
because of the difficulty of deciding the position of 
the vertical centre of gravity in the light condition. 
The modern slow cargo steamer usually has as 
much as 12 ft. of G.M. in the light condition, and 
very little reflection is necessary to see that it is 
difficult to gauge the swing of even a 30-ft. pendulum, 
during an inclining experiment, with precision, and 
any error of measurement, therefore, may have a 
considerable effect upon any calculations made for 
an assumed condition of loading. For that reason, 
everything should be done to encourage inclining 
experiments in a loaded state; Professor Abell 
has given an instance of how a well-known firm 
carry out such experiments in practice, by arranging 
specially designed tanks in the double bottom 
which can be filled to give a vessel a suitable 
inclination. 

Apart from all such contrivances, however, every 
ship’s officer should have a thorough knowledge of 
the principles of stability, and a careful study of the 
work under review will give all the information 
obtainable in the present state of our knowledge. 
The fundamentals are very clearly stated, and, 
after treating in a very thorough manner the laws 
of the two principal forces acting on a ship, viz., 
gravity and buoyancy, the author illustrates, for a 
particular ship, the method of calculating centres of 
gravity for the most outstanding conditions of 
loading. Equilibrium is then dealt with, and the 
models suggested are novel, but very practical, 
and good examples to illustrate that part of the 
subject. They clearly show the only possible 
condition of equilibrium of those two forces in their 
unbalanced state. 

In a chapter dealing with the ship in motion, 
both longitudinally and transversely, the author 
deals exhaustively with the factors which accelerate | 
and control such motion, and indicates that the | 
period and amplitude of movement in practice will 
usually be less than by calculation, also that the 
best G.M. for comfortable movement for any 
particular displacement and any particular route 
can only be found by experience ; it may also be 
inferred from the text that, while righting levers 
influence the problems of rolling, the prime factor 
is G.M. for rolling and all other stability problems. 
The same chapter deals with devices such as anti- 
rolling tanks, gyroscopes, bilge keels, bulges, &c.. 
for reducing the amplitude of rolling, and it is of 
interest to note the conclusion that bulges and 
corrugations reduce rolling without any sensible | 
increase of resistance. The author concludes this | 
chapter by stating that the most favourable condi- 


and steel. 
always will be, one of the most important materials 


are placed in shirts, and fixed in such a way as to 
make free movement ‘impossible. It may be 
added also that a condition of free swinging would 
be undesirable, as the knocking of one carcase 
against the other would blacken the meat. The 
author’s remarks regarding the loading and free 
surface effects in oil ‘tankers are also misleading 
when he states that ** the tween deck spaces outside 
the expansion trunk are not used as a rule for the 
carriage of oil.’ Most contracts for oil tankers 
to-day stipulate a capacity of 50 cub. ft. per ton of 
cargo, and in vessels with the machinery aft, it is 
often found’ difficult to meet that requirement, 
even with all the “Summer tanks” full, having 
in view the question of proper trim. The views 
stated in connection with the carriage of freshly 
threshed grain are also worthy of notice, and in view 
of the large ‘‘ feeders ” now required by the authori- 
ties, it is thought unlikely that the holds may “‘ cease 
to be full at the end of a voyage.” 

In the chapters dealing with the addition of water 
ballast to counteract instability, some novel sugges- 
tions are made for cases where it might be suspected 
that a list has developed due to instability. The 
author recommend that ballast should not be added 
to a tank on the high side of the ship, as it may 
cause a dangerous lurch to that side, and he thinks 
that a better method is to fill a tank on the low side, 
which would inerease the G.Z. value, although the 
list would be increased, and, after sufficient stiffness 
had been obtained, the tanks on the other side 
could be filled without danger. While these 
recommendations are quite sound it might be 
contended that the tendency towards instability 
can always be foreseen by the sluggishness of a 
vessel’s movement, and sufficient warning is usually 
given so that ballast may be added in the normal 
way. 

There are one or two minor statements which 
appear erroneous and would be better corrected, 
such as those on page 182, where the author states 
that all ships using the double bottom for water 
ballast will have a large metacentric height in the 
sea-going ballast condition, also, where it is 
suggested that ships of 425 ft. in length would be 
in an unseaworthy trim with no cargo and with only 
the double bottom and the two peak tanks full. 
Again, when discussing freeboard and sheer on 
page 243, it is incorrect to state without qualification 
that no credit is given in the official freeboard rules 
for sheers of more than 50 per cent. over the rule 
standard, as that limitation applies only to vessels 
having erections covering less than 40 per cent. of 
the vessels length. 

These are only minor points, however, and the 
volume will be of considerable use to everyone 
interested in the subject, and, especially, to ships’ 
officers. The tables and calculations of actual 
conditions given by the author are a very good guide, 
and by following the methods shown, officers could 
quickly make the necessary estimates after some 
practice. 


Der Holzbau. By Dr. Inc. THEoporR GesTEscal, Consult - 
ing Engineer, Berlin: Julius Springer. [Price 45 R.M.] 
In modern methods of engineering construction 
wood has been largely superseded by iron, concrete 
Nevertheless, wood is, and probably 





tions for minimum pitching are directly opposed to 
those for minimum rolling, and it will be seen from 
the text that this does not mean that if a vessel is 
loaded to give the best disposition for stability 
she must necessarily be unsuitable for minimum 
pitching ; it means, as stated earlier by him, that 
if a vessel is loaded with a cargo of great density, 
the cargo should be disposed vertically in such a 
way as to obtain an easy rolling, but it should be 
concentrated as near to midships as possible in a 
longitudinal direction, in order to reduce the radius 
of gyration, and so reduce pitching. 

In a chapter dealing with special cargoes, Professor 
Abell deals with cargoes of two kinds, viz. :—-those 
which will move with the slightest movement of the 
ship, and those which will not move until the angle 
of roll is large, and it is rather surprising to find that 
he places chilled meat in the former category. A 
careful study of the loading of such cargo will show 





influence of free surface, and the only problem 





that this assumption is erroneous, for the carcases 





timber from the engineer's point of view, when 


at the disposal of mankind for constructional pur- 
poses. Progress has not been confined to substitutes 
for wood such as these mentioned, but scientific 
methods and the results of research have led also 
to important improvements in the employment of 
timber for structural purposes. 
other branches of engineering, progress is directly 
‘dependent on greater knowledge of fundamental 
principles. 
supreme, the calculation of stresses was not prac- 
tised and dimensions were a matter of rule of 
thumb, or a combination of instinct and experience. 
This tended naturally to considerable extravagance 
when it was desired to be on the safe side. 
perhaps, the most remarkable feature of modern 
design, when compared with older practice, is 
the reduction in the amount of material employed 
to accomplish a given purpose. 


In common with 


In former days, when wood reigned 


Hence, 


Probably the greatest drawback in the use of 
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compared, say, with steel (irrespective of the ques- 
tion of strength) is the lack of uniformity of the 
material. Not only are there a large variety of 
species, but the quality of each one is also depen- 
dent on such factors as the season of felling and 
method and duration of seasoning, quite apart from 
the question of natural and individual defects. 

Dr. Gesteschi deals not only with these questions, 
but also of the cellular construction and the physical 
characteristics of trees of various kinds, his 
descriptions being made clear by means of diagrams 
and micro-photographs. It is, as he points out, 
equally as necessary if wood is to be employed 
to its best advantage, for its nature to be thoroughly 
understood, as it is for the designer of iron or steel 
structures to -understand the composition and 
characteristics of the materials with which he has 
to deal. 

The aim of modern design, as against the older 
haphazard methods which tended to excessive 
safety at certain points, is rather to obtain a uniform 
margin of safety throughout the structure with a 
minimum of unnecessary dead load. This is con- 
ducive not only to much greater economy, but also 
to stability and durability. ; 

For certain purposes the employment of timber 
is clearly indicated, owing to its inherent advant- 
ages over any other material. Amongst these may 
be mentioned roofs, floors, &c., of chemical works, 
where iron or steel would rapidly deteriorate under 
the corrosive action of acid gases or steam. Simi- 
larly, there is much to be said in favour of timber 
construction for railway stations and sheds, for 
wood instead of being attacked by the smoke from 
the locomotives ‘is actually ,preserved .by it. Two 
examples may ‘be quoted from modern practice— 
the main railway station at Copenhagen, built in 
1912, and that at Stuttgart, which is now nearing 
completion, in which it has been.conclusively shown 
that not only.can all architectural requirements | be 
fulfilled by -wood construction, but that a large 
saving in expense can ‘be effected when compared 
with iron. In some .cases ferro-concrete cannot 
compete with wood on the question of .cost, ‘for 
owing to the much greater dead-load involved, larger 
dimensions throughout are necessary, and conse- 
quently, increased outlay. As an example of the 
durability of wood for this purpose, the railway 
station constructed at Munich in 1848, and which 
is still in use as a part of the present station, may be 
cited. 

An outstanding advantage of timber construction 
is that it can be altered without difficulty. In re- 
building the Stuttgart railway station all the timber 
used in the original structure erected in 1868, and 
considerably added to in 1890, was re-employed, 
being, in fact, in perfect condition. The economy 
which thus resulted was considerable. In the case 
of an actual contract for constructing locomotive 
sheds, the tender for wood construction only repre- 
sented 60 per cent. of that for iron and 55 per cent. 
of the lowest tender for ferro-concrete. 

The subject of timber construction is one of con- 
siderable scope, but the author.of the above work 
deals with commendable thoroughness with all its 
more important aspects, including mathematical 
calculations and formule. Having, however, already 
published a separate volume on roof construction, 
he refrains from amplifying that subject in a manner 
which would overlap the treatment in the previous 
work. Among the outstanding subjects dealt with 
may be mentioned bridges, towers, grand stands 
and scaffolding. Modern designs for lattice and 
other types of built-up girders suitable for large 
spans, such as Zeppelin airships hangars, are des- 
cribed in detail with mathematical data. Forty 
pages are devoted to scaffolding, with special 
reference to that used in erecting iron and ferro- 
concrete bridges. The value of the book is greatly 
enhanced by the large number of reproductions from 
working drawings of existing constructions of all 
kinds supplied by leading Continental firms. 





TrENTSIN-PEKING WATERWAY.—Merchants in Peking 
and Tientsin are discussing a proposal to reopen the 
Grand Canal between Tientsin and Tungchow. a town 
in the vicinity of Peking. The canal is over 50 miles 
in length, and it is proposed to engage war and famine 
refugees for the work of dredging. The scheme is 
induced by high railway tariffs coupled with the shortage 
of rolling-stock. 





THE PHYSICAL AND OPTICAL 
SOCIETIES EXHIBITION. 

THE seventeenth annual exhibition of electrical, 
optical and other physical apparatus, arranged 
jointly by the Physical Society and the Optical 
Society, was held this week on the afternoons of 
Tuesday, Wednesday and Thursday, in the Imperial 
College of Science and Technology. The arrange- 
ments were again in the hands of the senior secre- 
tary of the Physical Society, Professor A. O. Rankine 
D.Se.,. and, like last year, the exhibition was 
combined with a research and experimental section, 
illustrating in three groups some typical results of 
recent physical research, lecture experiments in 
physics, and famous historical experiments. The 
number of exhibitors was 73, one more than last 
year, a few firms being represented for the first 
time. Discourses were delivered on Tuesday by 
Professor E. N. da C. Andrade, on “ Light and 
Electricity, as it Might have been Given in 1709, 
with the Apparatus of the Time,” Professor 
Andrade assuming the personality and diction of 
Professor F. Hanksbee, F.R.S. ; on Wednesday, by 
Dr. C. V. D. Drysdale on “ Progress in Electrical 
Design and Construction,” and on Thursday by 
Mr. J. L. Baird, on “ Television.” 

The Guild trichromatic colorimeter for accurate 
colour measurements, industrial colour comparison 
and reproduction, as well as scientific determinations, 
was the chief novelty exhibited by Messrs. Adam 
Hilger, Limited. The instrument is the outcome of 
Mr. J. Guild’s work in connection with colour 
standardisation at the National Physical Laboratory, 
and, in various modifications, has been in use there 
since 1922. The principle underlying additive 
trichromatic colorimetry is that colours of any 
possible hue and, within certain limits, of any 
possible saturation, may be produced by mixing 
three primary colours, as will be understood from 
Fig. 1, illustrating the locus of the pure spectral 
colours on.a trichromatic.chart. The fully-saturated 
primaries chosen and :their wave-lengths in p are 
P, 0-64, P, 0-51, and P; 0-47, in the extreme red, 
green and blue. The green need not be the par- 
ticular shade which, according to the late Sir W. 
Abney, would appear grey to a green-blind eye. On 
this chart, any colour sensation can be represented 
by a point. The colours which can be produced 
by mixing two constituent colours in various propor- 
tions are represented by points on the straight line 
joining the points for these constituent colours, and 
consequently all the colours that can be produced 
by mixing three constituents lie within the triangle 
formed by the lines joining the constituents. All 
colour sensations are due to admixture of spec- 
trum colours and must lie within the area of the 
colour field, bounded by the curved locus, Fig. 1, 
and the straight line joining its two extremities. The 
shape of this field will depend upon the primaries 
selected, and it will not be possible to find three 
primaries such that all other colours can be matched 
by suitable combinations of these three, since no 
triangle having its .corners within the field can 
contain the whole field. Thus all colours within the 
triangle P,P,P;.can be matched ; in an instrument 
based on those primaries, ¢, on the line P,P,, would 
represent the most saturated mixture of that 
particular hue obtainable by mixing P, and P,, 
but C, outside the triangle, could not be matched, 
and for this reason spectrum colours .cannot, in 
general, be matched satisfactorily by a three-colour 
mixture ; in the region between the primaries the 
best match obtainable is less saturated, 7.e., paler, 
than the spectrum colours. If, however, the green 
primary chosen were P,’, instead of P,, C would lie 
in the triangle ; but the conditions would be worse 
for the blue-green. The line from W (white) to any 
point C is the line of constant hue, and the saturation 
increases from zero value at W to maximum on the 
curve. In practical colorimetry, a colour of too high 
saturation is matched by adding white to it (de- 
saturation) so as to bring it within the colorimeter ; 
or by adding, for example, to C in Fig. 1, sufficient 
of the primary P; until the resulting colour falls 
within the triangle. Both methods are used in tlie 
Guild instrument. 

The colorimeter shown in the diagrams, Figs. 2 
and 3, and the view Fig. 4, consists of a lamp tube, 
open at one end, and a lens throwing a parallel beam 





of light upon the front, Fig. 3, of the box, shown in 


Fig. 2, which contains the matching mechanism. The 


lamp is a Fullolite lamp, of the Edison-Swan Electric 
Company ; the spherical bulb, 8 cm. in diameter, 
gives a uniform light. This light enters the box 
through three apertures of are shape, the length of 
are exposed being regulated by shutters (not shown 
in the diagram), moved separately with the aid 
of racks and pinions by the knobs seen in front 
and on the right-hand side of the box in Fig. 4. The 
arcs are closed by windows of red, green and blue 
(Wratten filters); adjustable amounts of coloured 
light are thus admitted into the box. The vital part 
of the instrument is the prism CD which is rotated 
about an axis by a small electric motor at 
2,400 r.p.m. During the rotation, the end C 
passes each of the openings in turn; when C is 
opposite an opening, light enters the prism and 
emerges, after internal reflection, along DE. The lens 
Eis placed in front of the photometric cube F. The 
observer at H sees F illuminated by light from the 
respective apertures, and by the rapid rotation of CD, 
a mixed colour is produced. The specimen is held at 
S; if a transparent sheet is to be examined it is 
held between the window I and §, which is replaced 
by a screen of white magnesia. White light, also 
from the lamp, is admitted through the prisms L 
and M, the hole behind M and the plain glass plate 
J which reflects the light into F. When coloured 
light is to be added, a colour filter is placed between 
M and the hole, and the neutral annulus wedge N is 
also used. There being no accepted standard of 
white light, a gas-filled tungsten lamp, burning at 
2,360 deg. K., is used, and the light is filtered, if 
necessary, through the blue solution of copper-ammo- 
nium sulphate and cobalt sulphate. The observer 
in the colorimeter sees a square field, the upper 
half of which has the tint of the sample. When 
that is of a brown tint, the lower half is varied 
by manipulating the coloured shutters until it has 
the same brown tint ; the proportions of the prim- 
aries are then read off. The white standard forms 
part of the apparatus, the Fullolite lamp serving for 
the comparison. A test can be made in a few 
minutes. The instrument is mounted on a heavy 
base, about 3 ft. long; the small electric motor is 
supported on the bottom of the box inside the base. 


In the apparatus for testing colour vision, due 
to Professor A. E. Houstoun, of Glasgow, another 
exhibit of Messrs. Hilger, the subject is not made to 
match colours, but asked to compare two inde- 
pendently variable colour patches. The operator 
varies the hue of these patches in a definite manner, 
step by step, and the subject has to say when he 
notices any change in hue. Most of the other 
exhibits of the firm were perfections of spectroscopic 
apparatus, such as Nutting spectro-photometers, an 
all-metal spectrograph, an interchangeable spectro- 
graph, (in which gratings or prisms of glass or quartz 
can be used in varying combinations) and new 
constant-deviation spectrometers. Quantitative 
spectroscopy of metals has been so much developed 
by the firm that 0-001 per cent. of, say, bismuth 
can easily be estimated in the presence of other 
metals.. The firm’s new measuring micrometer, 
with 6-in. travel, reading to 1 micron, was 
described in our issue of April 30 last in connec- 
tion with the Optical Convention. 

In addition to the operation recorder, which we 
illustrated on page 718 of our issue of December 10, 
last, Messrs. Evershed and Vignoles, Limited, of 
Acton-lane Works, Chiswick, W.4, showed two novel 
instruments in operation. In their distant re- 
peater, the invention of Mr. C. Midworth, of 
the firm, any change in the position of a control 
device, lever, switch, valve, float, &c., is trans- 
mitted by a line of two wires to any number of 
repeating instruments, all joined in series. The 
repeated indication does not impose any load on the 
control device ; the movement is not step by step, 
and a change in the resistance of the lines does not 
affect the repeaters, although they are milli-ammeters. 
The diagram, Fig. 5, shows the instrument as demon- 
strated for indicating the position of the float of a 
tank. The position of the pointer P, moving over a 
graduated scale, changes with the variations of the 
water level. Through the intermediation of the 
tongue T, the movement of the pointer adjusts 
the current which the control motor M sends 
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through the line Z to the repeaters installed, 
to the value corresponding to the new position 
of the pointer. The spindle to which P is 
attached also carries a horizontal fork having 
two contacts C, between which the tongue T 
floats. The movement of the pointer makes the 
tongue touch either of these contacts. The 
tongue is attached to the spindle of a moving coil, 
mounted on hair springs, and each contact is 
connected to one of two field coils of the control 








motor M. The field coil energised by the contact 
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closes a switch in the armature circuit of M, and | 


releases the motor brake. The motor then starts 
running, in one direction or the other, according to 
the coil energised, and moves, by means of the worm 
gearing W, a contactor arm over the control rheo- 
stat, R. The rheostat is a flat coil, enamelled on 
both faces, but bare on the inside rim over which the 
contactor roller moves. The rotation of the con- 
tactor arm continues until T floats freely between the 
contacts C; the field circuit is then broken, the 
motor is switched off, and the brake stops the 
armature instantaneously. The current through 
the control instrument, therefore, has a definite 
value for a given position of P, which consequently 
governs the current through the control and repeater 
circuits, and as the respective control and repeater 
instruments are in series, the indications will 
be in agreement. 
When equilibrium 


is attained, there is no 





load on the pointer, and the control mechanism 


always tends to restore the disturbed equilibrium 
automatically. When the voltage of the supply 
falls, the tongue touches one of the contacts and the 
motor starts, decreasing the: resistance until the 
current value has been restored. Any change in 
the line resistance due to atmospheric temperature 
variations would be compensated for in the same 
way, and this would also apply to the effect of the 
addition or removal of a repeater instrument. In 
the event of a break in the line, the control motor 
would operate until one of the safety stops S was 





To test the instrument, it has been used in 
the Acton works for transmitting the indications of 
wattmeters. Such an instrument would be u:eful, 
for instance, in the manager’s office of a mill to 
show that the rolls or crushers were functioning 
normally. When it is desired to know the posi- 
tion of one of many instruments, a receiving 
and a transmitting selector are combined with 
the single repeater. The transmitting selector is 
essentially a motor-driven switch controlled by 
the receiving selector, the pointer of which is 
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reached. The field coil for increasing resistance 
is then switched off and the system is closed down. 
The circuit through the other field coil for diminish- 
ing the resistance is, however, left open, and when 
the line is restored, the motor starts up again imme- 
diately to restore equilibrium. Another safety stop 
is required to prevent damage to the mechanism 
in case P should have been accidentally moved below 
its zero position. The rheostat is self-cleaning. 
The contacts C only carry the small currents ener- 
gising the field coils ; they are not subject to spark- 
ing from the armature circuit. The system is, at 
present, designed for working on direct currrent. 





6. 


set to the respective instrument. In this way, 
as many as forty electric circuits may be con- 
trolled. Signals may also be sent by moving the 
pointer P over a dial which is suitably marked ; 
ships can be steered, and the water delivery into a 
tank can be recorded with the aid of an integrating 
ampere-hour meter in addition. Diagrams exhibited 
explained these varied applications of the Midworth 
repeater, which is simple and requires little attention. 

The other instrument shown in operation by 
Messrs. Evershed and Vignoles was a new form 
of the course recorder of Mr. G. E. Brewerton, 
which, although used by the Admiralty, is intended 
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primarily for mercantile use. Operating in conjunc- 
tion with a gyro compass and an electric log, the 
recorder traces the ship’s course on a paper chart 
lying on an iron plate. Our illustration, Fig. 6, 
shows the repeater compass with the gyro motor to 
the left of it, and the controller motor in the same 
instrument; the other main part of the recorder, 
the plotter, rests on the chart, on which it is 
moved by mechanical and magnetic forces. 

By means of an electric contactor in the log, 
current is made and broken, through a relay coil in 
the controller, 100 times in every mile travelled by 
the ship. The-relay closes one of two circuits of 
the armature of the controller motor, which runs 
through a certain number of revolutions, at the 
end of which the motor circuit is broken, and the 
current cut off by the rotation of a two-part com- 
mutator geared to the motor. The device acts as 
an electric escapement which makes the motor 
revolutions proportional to those of the log. These 
revolutions are further conveyed, through a change- 
speed gearing and a splined shaft to the spindle 
of the plotter. Of the two splined shafts seen in 
Fig. 6, the lower is the actuating shaft, while the 
upper serves as a guide. The plotter has two pairs 
of electromagnets mounted at right angles to one 
another; the poles point downwards and attract 
the iron sheet, without, of course, raising it. The 
main vertical spindle of the plotter passes freely 
and concentrically through the frame of the fixed 
magnets ; the other pair is pivoted on an eccentric 
carried by the spindle. One pair of the magnets is 
energised during one quarter of a spindle revolution ; 
the other pair during the remaining three-quarters. 
During this latter period, the plotter frame and the 
Murday pen (attached to one of the feet of the 
plotter frame) are stationary, the record being 
made during the quarter period. The general 
direction taken by the plotter in its movement 
across the chart depends upon the point in each 
revolution at which one pair of magnets releases its 
hold upon the iron of the board and the other begins 
to grip. This point is controlled by a contactor 
brush on the pointer of the repeater compass, itself 
controlled by the gyro compass. The explanation 
of the mechanism would require several diagrams. 
Its effect, however, is to cause the pen to describe 
a series of short arcs, about } in. in length; when 
the course is in the north-south direction, for ex- 
ample, the arcs join up to a straight vertical line; 
when the ship is turning, part of a circle or curve 
is drawn consisting of the same short arcs all facing 
the centre. The controller motor is operated from 
the ship’s supply, while the plotter and repeater 
circuits are connected in the 20-volt supply com- 
monly used with electric logs and gyro compasses. 

Several of the novelties of the Cambridge Instru- 
ment Company, Limited, have recently been de- 
scribed in our columns, the illuminated dial CO, 
indicator on page 786 of our issue of December 24, 
and the dissolved-oxygen recorder for boiler-feed 
water on page 610 of our issue of November 12, last. 
The Lindemann-Dobson spectro-photometer made 
for Woolwich, also exhibited, is a perfected form of 
the instrument which was shown last summer at the 
Royal Society, and illustrated on page 403 of our 
issue of September 24, 1926. Many other novelties 
were exhibited. The magnetic bridge permeameter 
(yoke type) of Dr. Edward Hughes, of Brighton, an 
instrument for making commercial tests with the 
accuracy of the ring method, is simple in manipu- 
lation. It does not require the winding of more than 
one search coil, having 100 turns, round the speci- 
men in the form of a bar or rod up to 44in. by ? in. 
We hope to deal with this instrument later. The 
portable capacitance bridge of Mr. Albert Campbell, 
formerly of the National Physical Laboratory, seems 
likely to replace others in the field ; it was described 
by Mr. Campbell to the Physical Society last month. 
The multi-range thermionic voltmeter of Mr. Moullin, 
of Cambridge, is a development of former patterns, 
and is distinguished by a greatly extended range, 
being calculated for three ranges, of 0 to 4, 0 to 

.0-4 and 0 to 0-12 volt, respectively ; the effective 
resistance generally exceeds 2 megohms. The instru- 
ment takes ‘no power from the circuit to be measured, 


and is unaffected by frequency. The Gorczynski| pec 


solarimeter is a pyrheliometer consisting of a thermo- 
pile, of about one square centimetre in surface, and 





a unipivot direct-reading galvanometer. These ther- 
mopiles, due to Professor Moll, of Utrecht, noticed 
on other occasions in our columns, and his galvano- 
meters, which are distinguished by very high sensi- 
tivity, formed other exhibits of the firm. 

The glass-electrode potentiometer of the Cam- 
bridge Company is a glass apparatus for the 
determination of Py, the hydrogen-ion concen- 
tration, in liquids available only in small quantities. 
This concentration is becoming of increasing practical 
interest, though the apparatus exhibited was designed 
mainly for physiological tests in combination with a 
Lindemann electrometer. A very thin glass mem- 
brane separates the solution to be tested from the 
standard solution, the whole resembling a glass 
sphere into which a bubble has been blown ; common 
glass is preferable to expensive borosilicates for this 
purpose. In the surface-tension apparatus of Dr. 
P. L. du Noiiy, a: steel wire is stretched in such a 
way that a measurable torque can be applied to one 
end. The wire carries a light pointer, from the 
end of which a wire loop is suspended. This loop is 
lowered into the liquid to be tested contained in a 
tray. The wire is then twisted, and the loop raised 
until the torque balances the downward pull of the 
surface tension. The parts are mounted in a con- 
venient form on a tripod. We finally mention a 


portable form of the Rivers-MacDougall fatigue 


machine. In this machine, a tape, on which small 
circles are marked, is drawn across the table at a 
variable speed, and the subject is asked to make a 
dot in the centre of each circle. 


(Zo be continued.) 





LETTER TO THE EDITOR. 


MICHELL CRANKLESS ENGINES. 


To tHE Eprtor or ENGINEERING. 


Srm,—We notice in ENGINEERING of December 17 
that you publish in full a report of the proceedings of 
the Institution of Mechanical Engineers of December 10. 
On pages 762 and 763, certain figures and curves are 
given referring to tests of a Michell crankless engine. 

May we be allowed to point out that there are, at the 
moment, two totally separate and distinct Michell 
crankless engines: one is the invention of Mr. A. G. M. 
Michell of thrust-bearing fame, while the other is the 
invention of a German who, unfortunately, bears 
exactly the same name, Mr. A. G. M. Michell’s engine, 
which is being developed by this company, is of the 
swash-plate type, with the cylinders arranged around 
the circumference of a circle. The German machine 
is of the internal-cam crank type, having the cylinders 
arranged radially, with their combustion heads grouped 
together at the centre of the circle. 

We are not aware from what source Mr. Tookey 
obtained the figures quoted on page 762, but this we do 
know definitely, that they do not refer to tests made on 
any engine designed by Mr. A. G. M. Michell. We 
conclude, therefore, that they must apply to the 
German machine. 

We shall be obliged, therefore, if you will kindly 
publish these facts, and.so remove any misunder- 
standings which may possibly have arisen. 

Yours faithfully, 
CRANKLESS EnGIngEs, LIMITED, 
G. L. Sartoris, Director. 
20, Grosvenor-gardens, S.W.1. 
January 3, 1927. 





SHIPPING AND SHIPBUILDING.—In a brief review of the 
shipping industry contained in the Steamship Circular, 
issued recently by Messrs. H. E. Moss and Co., 26, 
Chapel-street, Liverpool, the statement is made that, 
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The Institution of Electrical Engineers.—The next 
associate-membership examination of the Institution 
of Electrical Engineers will be held on March 30 and 31, 
and April 1, next. Candidates must be either students 
or graduates of the Institution, or have lodged with 
the secretary a duly-completed form “‘ E”’ for election 
as associate member. Entry forms for the examina- 
tion, which must be completed and returned by 
February 1 next, and particulars regarding election 
to membership of the Institution may be obtained 
on application to the Secretary, The Institution of 
Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2. 





LAUNCH OF THE S.S. ‘* ARANDORA.”’ 


In our issue of July 2 last, on page 12, we gave a 
brief description of the S.S. Almeda, the first of three 
geared-turbine passenger and cargo steamers ordered 
from Messrs. Cammell Laird and Co., Limited, by the 
Blue Star Line (1920), Limited. The Almeda was 
launched at Birkenhead on June 29. The second vessel 
of the series, the S.S. Andalusia took the water at the 
same yard on September 21 last. The 8.8. Arandora, 
the last of the three steamers, was successfully launched 
at Birkenhead on Tuesday last. Like her sister ships, 
she has a length, between perpendiculars, of 510 ft., a 
breadth moulded of 68 ft., and a depth moulded of 
37 ft. 3in. Her gross tonnage is about 14,000, and her 
displacement is approximately 23,000 tons. She has 
@ cruiser stern and a straight stem, is rigged with two 
pole masts, and has two funnels. Constructed of 
open-hearth mild steel to the highest class of Lloyd’s 
Register, the vessel has seven decks, four of which are 
continuous. The passenger accommodation extends 
over the four upper decks. All the ‘tween decks, 
below the upper deck, and the holds, are insulated 
for the carriage of meat cargoes. Only first-class 
passengers, to the number of about 180, will be 
carried, and the state-rooms, dining saloon, garden 
lounge, and other rooms are luxuriously decorated 
and furnished. 

A large number of derricks and steam winches are 
provided for handling the meat cargoes quickly. The 
steam steering gear is of the Wilson-Pirrie type, 
controlled from the navigation bridge by telemotor 
gear, and also by a hand wheel on the docking bridge 
aft. The holds and ’tween decks are divided up into 
49 compartments, each separately insulated for the 
carriage of chilled beef from South America. Power 
refrigerating machinery, on the COg compression 
system, has been installed by the Liverpool Refrigera- 
tion Company, Limited. The ship is well lighted 
throughout in accordance with the most modern 
practice, and electrically-operated auxiliaries are 
fitted in the engine and boiler-rooms, refrigerated 
spaces and elsewhere. The electrical installation con- 
sists of two 200-kw., 220-volt., steam-driven generators, 
and a 24-kw. generator, driven by a paraffin engine. 
for emergency purposes. The turbine propelling 
machinery has been constructed by the builders of the 
vessel. It is of the Parsons’ combined impulse and 
reaction type, driving twin screws through single- 
reduction gearing. Each of the two engines consists 
of one high-pressure and one low-pressure turbine, the 
astern turbine being incorporated in the low-pressure 
turbine casing. Michell thrust blocks are fitted. 
Steam at 200 lb. pressure is supplied by three double- 
ended and two single-ended boilers, working under the 
Howden system of forced draught, and so arranged 
as to be suitable for burning either coal or oil fuel. 





CanaDIan Biruminovus Sanps.—Sands which have 
become saturated with a heavy asphaltic oil or semi- 
liquid bitumen are known to underlie an area, over 
2,000 square miles in extent, in northern Alberta, in the 
vicinity of Fort McMurray on the Athabaska river. The 
actual area which is readily accessible for commercial 
operation, however, is probably not more than three 
square miles in extent. The remainder of the deposits 
lie b th a heavy overburden and would be relatively 





as a result of the increased employment of tonnag 
for the transport of foreign coal to United Kingdom 
ports, the value of shipping undoubtedly improved 
during the last three months, In the early part of 
1926, ’tween-deck steamers of 8,000 tons deadweight 

ing capacity, about eight years old, were reported 


carryin; 
to be sold for as low as 32,0007. To-day, however, such | pe: 


steamers could not be obtained for less than from 
40,0007. to 42,000/., and many owners are asking even 
higher figures. A marked impetus has been given to the 
shipbuilding trade by the large number of orders for 
tank steamers placed during the last three months. 
Orders for over 50 vessels of this type, mostly with 
Diesel propelling machinery, have been placed with 
British builders alone, chiefly by the big oil corporations. 
This clearly indicates that a considerable increase is ex- 

ted to take place, in the near future, in the —_ 
of both fuel oil and motorspirit. A boom in shipbuilding 
is not anticipated, but a steady expansion of trade is 
expected to take place during the new year. 





expensive to operate commercially. Mr. 8. C. Ells, of 
the Canadian Department of Mines, has made a detailed 
survey of the whole area, and, according to his report, 
the bitumen content of the more valuable portions of 
the beds varies from 12 to 15 per cent., with higher 
reentages in limited areas. This report, which is 
entitled ‘‘ Bituminous Sands of Northern Alberta ”’ (No. 
632), is a comprehensive volume of 244 pages, fully 
illustrated with plates, diagrams, maps and geological 
cross sections. In addition to a description of the 
deposits and of the scientific investigations, a review 
of the industrial and commercial importance of the 
bituminous sands is given, together with accounts of 
the various processes which have been put forward, 
either to utilise the bituminous sands in their natural 
condition, or to recover the oils and asphalt from the 
crude material. Copies of the report may be obtained 
on mgr to the Director, Mines Branch, Department 
of Mines, Ottawa, Canada, 
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BOILER EXPLOSION INQUIRIES. 


In accordance with the provisions of the Boiler 
Explosions Acts, 1882 and 1890, preliminary inquiries 
have recently been conducted by Board of Trade 
officials into a number of explosions. Of some of 
these we give brief summaries below. 

Explosion from a Hot Press and Carving Table.— 
The rupture of a hot press, or cupboard, and carving 
table in the canteen of a chocolate works at Somer- 
dale, Somerset, formed the subject of a recent inquiry. 
The apparatus consisted of an upper and a lower 
steam-heated chest, rectangular in shape, and each 
measuring 6 ft. in length, 2 ft. 3 in. in breadth, and 
1} in. deep. The upper chest formed the hot carving 
table and the lower, placed 2 ft. below, heated the 
enclosed space between the two chests. When the 
apparatus was purchased in October, 1925, a working 
pressure of 50 lb. per square inch was specified ; owing 
to a misunderstanding, however, the installation 
supplied was such that its test pressure was 50 lb. 
per square inch. The apparatus was therefore being 
consistently worked at a pressure greater than that 
which the design justified, and the inevitable explosion 
occurred on May 19, 1926. This, happily, was not of a 
violent nature; the damage was entirely confined 
to the lower steam chest. The plates were pulled away 
from their binding rivets and stays, and steam escaped 
through the holes left. 

Rupture of a Cast-Iron Blow-Down Pipe.—An inquiry 
held recently dealt with the explosion of a cast-iron 


blow-down pipe, connected to a small Cornish boiler | 


used for supplying steam to a sand-blasting plant at 
a works in Warrington. On March 10, 1926, it was 
decided to blow some of the water out of the boiler. 
Before the blow-down cock could be fully opened, how- 
ever, the pipe suddenly broke off close to the throat 
piece on the boiler, and the contents of the boiler 
escaped. The pipe which failed was a unit of a pipe 
line some 38 ft. in length. Digging operations re- 
vealed the fact that the pipe line was earth-bound 
over a considerable portion of its length. There was 
therefore no provision for expansion and contraction, 
and stresses were set up which, in time, so fatigued 
the material that fracture ensued. 

Explosion of a Tube in a Baker’s Oven.—A mishap 
which took place on August 21, 1926, at a bakery in 
North Shields, formed the subject of a recent inquiry. 
The oven, from which the explosion occurred, is of the 
two-deck type, and contains three rows of tubes ; the 
ends of the lowest row form the fire bars. On the 
above-mentioned date, one of the tubes in the centre 
row burst and damaged the brickwork of the furnace. 
The explosion was apparently due to overheating ; 
the tube, an iron one and butt welded, had either 
been exposed to too intense a fire, or defective brick- 
work had caused the heat of the furnace to travel 
farther up the tube than had been intended by the 
designers. 

Explosion of a Flexible Steam Pipe.—The bursting 
of a 20-foot bronze flexible steam pipe, which acci- 
dent took place at Dingle oil jetty, Liverpool, on 
June 18, 1926, formed the subject of a recent inquiry. 
The pipe was one of a battery of four used for convey- 
ing steam from the shore to the pumps of an oil tanker, 
which was in the act of discharging a cargo of spirit. 
The internal diameter of the pipe was 3} in., and it was 
made from bronze strip, 0-047 in. thick, coiled in the 
form of a helix and having the edges*turned over so 
as to interlock; an asbestos-cord packing preserved 
its steam tightness. The pipe was not lagged and 
was, therefore, exposed to rapid heating and cooling 
when steam was turned on or off. The explosion 
occurred without warning; the metal gave way right 
round the full circumference of the pipe at the knuckle 
of the strip and then broke across the strip. 
fracture took place inside a brass sleeve piece forming 
part of the shore-end attachment of the pipe. The 
explosion was due to the fact that the material from 


which the pipe was made had become brittle, and was | 


unable to withstand the stresses induced by the bend- 
ing of the pipe, in addition to those due to steam 
pressure. 

Explosion from a Marine-Boiler Water-Gauge Cock.— 
A mishap which occurred on August 28, 1926, on board 


the steam drifter La Parisienne, when the vessel was | 


at sea off Scarborough, was vecently investigated. 


Without warning, the screwed gland and plug of the | 
|to the report of the council, presented at the annual 


bottom blow-through cock on the boiler water-gauge 


-olumn blew o rains e bunker side, and the | 
—_ on age | December 8, last, the total number of governors and 


contents of the boiler, at a pressure of 180 lb. per | 


square inch, escaped into the engine room, until such 
time as a wooden plug could be driven into the opening. 
The explosion appears to have been due to the fact that 
the threads on the gland, where they fitted into the stuff- 
ing box, had insufficient hold, the cock having probably 
been packed too full. As far as could be ascertained, 


the water-gauge cock was 38 years old, and the threads 
on the gland may, therefore, have been strained or 
worn in service over that period. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


the 


| lead are for English metal, whilst those for spelter are for virgin metal. 
| for steel plates and rails, and also for hematite and Cleveland pig-iron. 
| plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 
The | prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 


London Metal Exchange for “fine foreign’’ and ‘‘standard”’ metal, respectively. The prices shown for 


Middlesbrough prices are plotted 
The prices given, in the case of steel 
The pig-iron 


| bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








Royat AGRICULTURAL Society or Enotanp.—The 
eighty-sixth Royal Show, the annual exhibition of the 
Royal Agricultural Society of England, will be held in 
Tredegar Park, Newport, Mon., from July 5 to 9, next. 
Application for space in the implement and machinery 
department must be made not later than March 21, next. 
Entry forms will shortly be ready and will be forwarded 


|on application to the secretary at the offices of the 





Society, 16, Bedford-square, London, W.C.1. According 
general meeting of the society held in London on 


members on the register was 13,084; the figure for the 
previous year was 13,620. The Reading show, held from 
July 6 to 10, 1926, was, in spite of industrial troubles, 
stated to be one of the best ever organised ; the financial 
result, however, was not encouraging. The display of 
implements and machinery, which was dealt with on pages 
52 and 81 of our last volume, was well up to the standard 
of recent years. Among other information, the report 
states that fifty-nine candidates were successful in gaining 
the National loma in Agriculture at the 27th annual 








City AnD Guitps or Lonpon InstitutE.—The object 
of the Department of Technology of the City and Guilds 
of London Institute is the holding of annual examinations 
in over 80 technical subjects at centres throughout Great 
Britain, Ireland, the Overseas Dominions, India, and the 
Crown Colonies. The report on the work of the depart- 
ment for the session 1925-1926 states that the number of 
candidates examined in 1926 in Great Britain and Ireland 
shows an appreciable increase, the total being 11,241 as 
compared with 9,973 in 1925. The increase in candidates 
for the final examination in electrical engineering from 
240 to 288 is noteworthy, as indicating that it meets the 
needs of many students engaged in one or other branch 
of electrical work. The candidates for the final examina- 
tion in division I of mechanical engineering increased 
from 117 to 153. Entries for division II, however, 
remained practically unaltered. The percentage of 
candidates who were successful in passing the various 
technical examinations was 61-8 as compared with 
65-8 in 1925. The total number of candidates entering 
for the Institute’s ordinary technological examinations 


— | at centres outside Great Britain and Ireland shows an 
examination held at the University of Leeds in April last. | increase of 195, from 1,593 to 1,788, 
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EFFICIENCY.* 


In 1796, was born Sadi Nicholas Leonhardi Carnot ; 
he entered ]’Ecole Polytechnique at the age of 16, and 
when 18 years old left with a commission in the 
Engineers. Carnot’s biographer describes him as one 
of the most original and profound thinkers who have 
ever devoted themselves to science. In 1824 he 
published his only book, containing but a fragment of 
his scientific discoveries, and in it the formula, only 
recognised by Kelvin in 1848, which proclaimed him 
the foremost physicist in the theory and practice of 
heat. He died in 1832. The names of Joule, Volta, 
Ampere, Faraday and Ohm have been immortalised in 
the standard nomenclature ; it is to be regretted that 
the same honour is not paid to Sadi Carnot, inferior to 
none of these five and greater than some. 

The formula of Carnot’s cycle is written thus: 


= 6 E, or, in another way, heat taken in by an 





engine equals the work done plus the heat rejected. 

To apply the cycle to a steam engine, it has become 
usual to refer to the efficiency of such in terms of pounds 
of steam per horse-power hour, or, in the case of elec- 
trical generators, steam per kw. hour. As the engine- 
builder, in the case of land engines, is not usually the 
builder of the boiler, this is a convenience, and as until 
the introduction of units of considerable size, tests were 
taken at engine-builders’ works, such terms of measure- 
ment are the more reliable, eliminating the effect of 
leakages in steam pipes, the uneconomical forcing of 
fires, &c. The real criterion to the user is the amount— 
or, more important still, the cost—of coal or other fuel. 
Let Tre present the amount of heat contained in 100 Ib. 
of coal of poor quality, at 10,000 thermal] units per pound, 
or 1,000,000 heat units: Let ¢ be the amount of heat 
wasted, represented by the difference between the heat 
equivalent of the horse-power shown on the brake and 
the 1,000,000 heat units, or 820,000; the efficiency now 
1,000,000 — 820,000 _ 180,000 18 |. 4. 

1,000,000 1,000,000 —-:100 
per cent.—quite a good performance for normal working. 

The prodigality of Nature is well known. As the law 
of the conservation of energy is, and must be, true, 
perchance the various so-called losses may be utilised 
in a manner as yet undiscovered by mortals. It may 
be, however, instructive to devote a short time to the 
contemplation of the energy given off by the sun. 
The diameter of the sun is 865,000 miles. It has a bulk 
of over one million times that of the earth (although its 
specific gravity is but three-tenths) and is 92,000,000 
miles away. The temperature of the sun in calculated 
to be as high as 10,000 deg. C., against the highest 
known terrestrial temperature of perhaps one-third, 
and from each square foot of sun-surface proceeds an 
amount of heat equivalent to the combustion of 20 
tons of coal every 24 hours. 

The diameter of tiie earth 1s 7,800 miles, its surface is 
196,550,000 square miles, and as the diameter of the sun 
is 865,000 (roughly, 110 times as great), the surface is 
12,100 times that of the earth, or *2,378,255,000 
square miles. Reduce to square feet for the purpose of 
estimating the coal bill, 66,618,764,282,000,000— 
multiply this by 20, and the weight of equivalent coal] is 
1,330,000,000,000,000,000,000 tons. As the earth 
receives but one two-thousandth-millionth part, the 
sun’s daily coal delivery to this planet is 65,000,000,000 
tons, or 50 times the vearly world-output. If we apply 
the formula to realise the efficiency of the sun as the 
heating apparatus for the world, the result is 
0-000,000,05 per cent., but it would require the prac- 
tice of a German bank clerk in the days before the 
stabilisation of the mark to understand and assimilate 
such figures as the above. 

Evaporation, rainfall, animal growth and the many 
thousand benefits of the sun must be left to others than 
the engineer, save in one respect—water power derived 
from the first-named deserves recognition. Pythias of 
Massilia (or Marseilles), a Greek navigator and geo- 
grapher, has left the first reference to tides. He was a 
contemporary of Alexander the Great, and lived in the 
fourth century B.c. He observed the length of the 
longest day in four places, and if his records of 16, 17, 
18 and 19 hours are to be credited, he had fixed the 
latitude of Marseilles at 43 deg., Ushant at 48 deg., 
Flambro’ Head at 54 deg. and Ross, in northernmost 
Scotland, at 61 deg. He indicated the connection of 
the tides with the moon, and pointed out their periodical 
variation in accord with lunar changes. Knowledge of 
the tides has increased from the time of Pythias to 
that of Lord Kelvin, who invented a machine which, 
by setting certain stops and turning a handle, could 
tell the time of high water at, say, Aden on the 16th 
day of December Anno Domini 2926. 

Notwithstanding the growth of knowledge from the 
fourth century B.c. to the twentieth a.p., the use of the 


becomes 
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tides has been chiefly to lift ships over sandy harbour- 
bars, to re-float vessels stranded on a lee shore, and to 
retard the revolution of the earth, lengthening the solar 
and sidereal day. To harness the tides has ever been 
the dream of the engineer. Towards the close of the 
Great War, a committee was appointed by the then 
President of the Board of Trade to inquire into and 
report on the available water power in the (then) 
United Kingdom, and included in its scope the famous 
Severn scheme, which, according to the published 
report, was to furnish 260,000 kw. for 10 hours every 
day, equal to a saving of 1,270,000 tons of coal per 
annum reckoned by the standard of modern power 
stations, or if the saving were compared with the 
generation of electricity by small stations or manufac- 
turers, 2,500,000 tons. 

It is of interest to contemplate somewhat the avail- 
able energy of the ocean’s semi-diurnal wave. The 
combined area of the seas of the earth is 141,000,000 
square miles. The tidé rises 62 ft. in the Bay of Fundi ; 
at Chepstow, 50 ft.; on the Yorkshire coast about 
15 ft., but on the Island of St. Helena only 5 ft. A not 
unfair average rise of tide over the whole world would 
be, say, 10 ft., or a mean fall to low-water mark of 5 ft. 
This would give a total number of foot-pounds for the 
morning and evening tides of some 237,000,000,000 
million foot-pounds, or 120,000 million horse-power 
hours per diem, or 60 million tons of coal, at 1 Ib. of 
coal per horse-power hour. 

A third source of energy, the winds of heaven, was 
perchance the second source of power enlisted by man, 
long after the employment of the beast. The Egyp- 
tians possessed wind-driven ships at least 3,000 years 
B.c., and few, if any, savage races with a sea-board 
were without canoes with sails. Until 1802, when 
Symington introduced the first steamship, sails were 
the only means of traversing the ocean, save by the 
manual power of the oarsman. One hundred years ago 
there were no less than 21,000 vessels of 2,411,461 tons 
net in Lloyd’s Register for the United Kingdom alone ; 
the figures for the world are not available—probably 
twice the British numbers and tonnage might be a 
rough estimate. No steamship appears in 1826. In 
1924 the number of sailing ships registered in Great 
Britain had been reduced to 405, and the tonnage 
gross to 136,012—one-fiftieth of the number and one- 
eighteenth of the tonnage ; whilst the sailing ships of 
the world had decreased from the assumed 42,000 in 
number in 1826 to 3,523 in number and to 2,211,433 
tons gross—one-thirteenth in number but only one- 
half in tonnage, Great Britain owning only one-eighth 
of the whole in number and one-sixteenth’the tonnage. 

For the purpose of the general estimate of the amount 

of wind power utilised in the whole world for marine 
propulsion at the period of its greatest use, the year 
1860 might reasonably be selected ; the sailing vessels 
on the British Register were 25,663 in number and 
4,204,360 tons net, or for the world, say, 8,500,000 tons 
net. It is assumed that the average sailing ship would 
have a speed of 6 knots per hour; the tonnage of the 
average ship was 165 tons net, or 250 tons gross; that 
by the formula for horse-power for propulsion of the 
average ship at 6 knots was 35 h.p. Multiplying these 
figures together, the total horse-power is 1,800,000. 
Assuming that the working time of a shipis 18 hours a 
day (to allow for loading and unloading, turning round, 
and repairs) and that the consumption of coal per 
horse-power is 3 lb., the equivalent coal per annum is 
no less than 13,000,000 tons. Based on expenditure 
for propulsion alone, the world is sacrificing the above 
amount of coal to the vanishing sails. 
This decline of the use of wind power is a matter of 
some concern to shipping interests in this country, and 
that foreign nations can make use of nature’s forces 
supplied free of cost and rendering more cargo space 
available, may well cause the situation to be reviewed, 
especially in face of the increasing price of fuel. The 
world decrease of sailing ships from 9,166,279 tons in 
1890 to 2,112,433 in 1924 indicates the tendency of all 
nations to employ a more regular means of propulsion 
than the winds of heaven. 

Once again the free supply of energy is vanishing 
before the onslaught of steam; the picturesque wind- 
mills existing in nearly every village, preparing the 
daily bread of the nation, are gone. In the present 
century the windmill has been confined chiefly to 
raising water. The value is high for water-supply 
where the quantities are not great and the storage 
capacity comparatively large. Smeaton made the 
first systematic attempt to reduce the action of wind 
on a vane surface to experimental law; the results 
were published in the Transactions of the Royal Society, 
1755-63, and are still the most reliable data extant. 
Efficiency up to 25 per cent. has been observed even 
with a wind velocity of seven miles per hour, but an 
ordinary efficiency is nearer 10 per cent. 

To calculate the world wind-energy even so roughly 
as has been done in the case of that of the sun and tide, 
is no easy task. An engineer expert in his subject 


100 square ft. area moving at a velocity of 10 m.p.h. 
is equivalent to 1,323,267 ft. lbs. or 0-668 h.p., rising 
to 18 h.p. at 30 miles, and no less than 144 h.p. at 
60 miles, and if only wind and tide could be harnessed 
efficiently, a coal strike would possess few terrors. 

Let us make one last review of existing natural energy 
before considering cases of man’s conversion of nature’s 
stores. This fourth source—water power—represented 
by rivers and streams, is more readily controlled, more 
constant in quantity, concentrated in form, and easily 
transmitted or applied at its source. An attempt will 
be made to give some idea of the amount of power 
existing as well as in use. 

The records of rainfall the world over may per- 
haps average 36 in. per annum, but the variations 
even in Britain alone are as considerable as the weather 
itself, for whilst in the year 1921 the rainfall for the 
whole year at Broadstairs was only 9-25 in., in another 
year the fall in one day in Bruton in Somerset was 
9-29 in., and in Stye in Cumberland the amount of 
247 in. per annum has been recorded; even such a 
record cannot compare with Chena Poonjee in Assam, 
where in four days 114 in. fell and 551 in. in the whole 

ear. 

, The weight of 1 in. of rain is 100 tons per acre; of 
40 in., 4,000 tons, or, to the square mile, 2,560,000 tons. 
The brain wearies with the reiteration of figures of these 
magnitudes. Be content to believe; Britain has an 
area of 88,600 square miles, and has a total rainfall of 
228,000,000,000 tons of water. Were the island a table- 
land 200 ft. above sea level, with a waterproof surface, 
the horse-power developed by the fall to the sea would 
be equal to the power produced by burning 25,000,000 
tons of coal—at 1 lb. of coal per horse-power. The 
Census of Production of 1907 gave the amount of water 
power actually available for use as 178,000 h.p., 
and the estimated engine power in that year 10,600,000 
h.p., and the ratio between them 1-7 to 98-3. These 
are the latest official figures available, but it may be 
assumed that for the year 1925 the power available 
from water is nearer 300,000 h.p., yet all of the 90 
potential schemes put forward by the commission 
gave but an additional output of another 250,000 kw. 
—say another 300,000 h.p. 

Of all the four sources of free energy, water power 
gives the most efficient results. The water-wheel 
had an efficiency of no more than some 30 per cent., 
yet to-day a turbine can be made which will give from 
80 to 85 per cent. of the theoretical power available in 
the water—a result unachieved by any other prime 
mover. Together with the increased efficiency of the 
turbine are improved methods of governing; manu- 
facturers will guarantee normally a variation of only 
3 per cent. between no-load and full-load, and, if 
required, a greater speed at full load than at no load. 

In this rapid survey of four great sources of energy, 

an endeavour has been made to draw attention to man’s 
inefficient use of.them, and to point out to the young 
engineer the almost untouched fields there are for 
himself and his descendants for untold generations. 
The formula which has been in the forefront of this 
address was laid down by that eminent man, Carnot, 
for steam-engines. It will repay the time to consider 
it first-in its original intent. The pioneers, Savory, 
Newcomen, Watt, Stephenson and their contem- 
poraries knew not of it, though obedient to its law, 
but to Joule, Rankine, Kelvin, Willans, Parsons 
and Sankey it was their gospel, and the fruit of 
their labour is to have increased the efficiency of 
the steam-engine by 100 per cent. within a generation. 
Let not the honour due to Otto, Clerk, Diesel and 
Crossley fail to be duly paid and their names be ranked 
with those mentioned above. To Watt is due the 
arithmetical conception of a horse power, and although 
it is not comparable with modern ideas as expressed 
in the C.G.S. units, it still survives. To Joule is due 
the discovery of the indestructibility of energy and 
the mechanical equivalent of heat; he gave the true 
explanation of Carnot’s Cycle, and both sides of the 
equation can be expressed in identical terms. 
The early steam engines, employed chiefly for lifting 
water, were as amenable to efficiency measurements 
as a modern turbo-electric generator—so many pounds 
of coal and so many gallons of water. In 1812, the 
consumption of coal per horse-power in Newcomen’s 
engine was 24 lb.; by 1776 the Newcomen engine had 
improved its efficiency, the coal being reduced to 
18 lb. In that year Watt introduced the expansive 
use of steam, and coal dropped forthwith to 12 Ib. ; 
in the next seventy-five years the fall in coal con- 
sumption was to 3 lb., and by the end of the nineteenth 
century to under 2 lb, The efficiency by the formula 
is :— 


24 Ib. at 13,000B.Th.U. per Ib, of coal 0-82 percent. 
18 1-23 


9 ” ” ” ” 


12 ” ” ” ” 1-64 ” 
3 ” ” ” ” 6-56 ” 
2 ” ” ” ” 9-84 ” 


To have reduced the amount of coal from 24 lb. per 








calculates that the kinetic energy in every stream of 





horse-power to one-twelfth is a performance of which 
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to be proud, and the margin of inefficiency to be 
overcome is equally reduced. Sir Charles Parsons, 
in his Address in the Second Joule Lecture, delivered 
in Manchester in February, 1923, announced that 
the latest efficiency of very large steam turbines had 
reached the then phenomenal figure of 27 per cent., 
or about 0-75 lb. of coal, at 13,000 B.Th.U. per Ib., 
based on electrical output, or 28-75 per cent. on 
brake horse-power. What wil! be the result of the 
trials of the turbine steamer King George V, with 
steam at 550 lb. per sq. in. superheated to 735 deg. F., 
remains to be seen. It is likely that the highest 
present efficiency of the Diesel will be exceeded. 

With such figures available as the above, it is 
interesting to turn to a paper written nearly forty 
years ago, when the record efficiency was about 
8 per cent., or, say, 2-25 lb. per horse-power. It was 


written by Mr. R. J. Worth, of Stockton-on-Tees, | 


and delivered at the Cleveland Institution of Engineers. 
Its title was, ‘The Waste of Fuel and Possibilities 
of Economising the Same.’’ He, too, based his 
discourse on Carnot’s formula, but confined it to its 
original utility. He refers to the investigations of 
Sir F. Bramwell and Mr. Piercy, of Birmingham, 
on behalf of the Birmingham Corporation. The 
consumption of coal in engines of from 4 h.p. to 36 h.p. 
ranged to as much as 36 lb. of coal, an efficiency of 
0-54 
burned 99} tons were dispersed in vain; to-day 1 h.p. 
per hour can be purchased for one penny piece, with 





per cent., so that for every 100 tons of coal | 
|outlay. This amount of current had previously been 


a motor of 75 per cent. efficiency, though still the | 
|is available at all hours for domestic and laundry 


sacrifice of fuel is tenfold that utilised. The above 
figures do not tell all. 


Mr. Worth was called in to | 


advise on a } h.p. engine working at the rate of 120 Ib. | 
of coal per hour per brake horse-power, or an efficiency | 


of 0-015 per cent. 

The power companies are realising, with the increased 
cost of coal, that there is another factor to be considered 
in addition to the load factor—the power factor, 


|ance to that of food production. 


the diversity factor as well as the factor of safety—_| 
and that is, the heat factor. 1’or every unit of electricity | 


delivered to the consumer, b» it a factory or dwelling, 
the equivalent of some six units is being thrown away, 
and not only thrown away, but costing enormous 
sums of money in the provision of circulating water 
to enable this waste to be disposed of. Public insti- 
tutions and factories are fast awakening to the value 
of the heat factor. The installation of steam power 
generation and heating at individual factories is a 
probable serious competitor of the power companies 
until the day of more perfect utilisation of coal. 
A typical example of economy effected in this way 
is a large institution in Yorkshire. The average 


consumption of coal for heating alone was about | 


1,500 tons per annum. The installation of a back- 
pressure steam turbine exhausting into the heating 








a /) 


DY 
DY, 
Ltd 





N 
N 
N 
NS 














N 

N 

N 

N WY 
Sso7 





RAR AAA 






















SAS Z 
> 


SC 











Motor 

















(974.D.) NS 


“ENGINEERING; 








od 


Fig. 7. Non-TurRBULENT FiLow. 

mains, with the same boiler and the same quantity 
of coal, resulted in the generation of 100,000 units 
of electricity during the last twelve months, at no 
extra cost, except the interest on the small capital 


purchased from a public supply at a cost of 24d. to 3d. 
per unit. In addition, a plentiful supply of hot water 


purposes. 

Perhaps the question of transport holds a place in 
the mind of the public and the engineer next in import- 
The position of the 
railways in Britain has become one of growing anxiety 
to the shareholders and the public, and most of all 
to the officers of the companies. The founder of this 
institution was a railway officer, and virtually all the 


engineers are, or have been, members of this or the j in theory anothe 
From being prosperous under- | passenger, be it one mile or a hundred. 


sister institution. 


Fia. 8. TURBULENT FLow. 


sleeping car it amounts to some 3 tons per passenger, 
he paying one pound extra from London to Glasgow 
for the transport of the extra 48 cwt. for 400 miles, 
or one farthing per ton per mile! The restaurant 
cars are better at one ton per passenger, but does the 
price of a meal, leaving out the cost of attention and 
|weight of kitchen, pay for the hauling of 8 cwt. 
from Glasgow to London ? 

In 1889, the number of passengers on the English 
railways is given as 63,000,000, and the number of 
seats 177,000; every seat would be occupied less than 
four hundred times a year, or, on a three-hundred week- 
day year, four passengers for three seats one journey 
a day. In 1921, the seats are 285,000, and the pas- 
sengers 114,000,000, or one passenger per seat per 
diem, and as a return-passenger is counted as two, 





r reserved seat is kept for the same 
Such con- 


takings giving reasonable service, employing hundreds | sideration for the public should crush motor omnibus 
of thousands of the population, through political inter- | traffic ! 


vention, the sheltering of the industry, the reduction | 


The total goods engine mileage of one of the big 


of hours, and the limitation of output, they appear | five for the year 1923, loaded trains and including 


to be drifting to insolvency or subsidy. 


| minerals, 


was 54,500,000; the tonnage conveyed 


The incidence of the war, the subsequent control, and | 163,000,000 ; the number of trucks or wagons owned 


later, the merging of the great lines render a continuous | 297,000, excluding brake vans. 
However, afew com- | from the Coal Commission’s Report : 


record of railway figures difficult. 


To read once more 
In Yorkshire, 


parisons can be arrived at over a period of thirty years. | Lancashire, Derbyshire and Nottinghamshire, the bulk 
Of passengers, all that can be said is that efficiency is | of the coal is carried in private wagons ; to compensate 


entirely overshadowed by the luxury afforded. In 
1889, a 10-ton coach carried 50 passengers, or at the rate 


of 4 cwt. per passenger. To-day it is 30 tons for the | and minerals, 54,500,000 ; 
same number, or 12 cwt. per passenger, whilst in a | 





for this, one-third of the number of wagons has been 
added, and the figures now are :—Engine-miles for goods 
wagons, including private 


wagons, 400,000; tons carried, 163,000,000 ; load 
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carried per wagon per annum, 400 tons ; journeys at 10 
tons per wagon, 40 per annum. Be it noted that the 
goods shunting engine shunting miles are as much as 
42,000,000; equal to no less than 75 per cent. of 
the loaded miles. The circulation of wagons has ever 
been a source of trouble to traders, and the railways 
themselves are not free from the same uneconomical 
conditions. So long ago as 1888, Sir George Findlay 
stated that the coal consumption of the locomotives 
was 3,000 tons per diem, and the company had 3,000 
trucks employed for locomotive coal, so that each 
truck carried, on the average, 1 ton per truck per work- 
ing day, and as the trucks average, say, 9 tons, it 
oe nine days for a journey to the colliery and 
ack, 

A road transport company claims that the average 
journey of motor wagons is 100 miles, and that each 
wagon travels four journeys per week—against two 
per month of a railway truck. The average cost per 
mile is 1s. 3d. for a 5-ton wagon, and 1s, 2d. for a 12-ton 
six-wheeler. In addition to rapid transport, costly 
machinery can be transported without packing—a not 
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they have incurred enormous expenditure, have serious 
obligations to discharge to the public, and, above 
all, are large ratepayers, whilst their contributions to 
the public authorities are being used to destroy their 
own trade. 

On a'purely theoretical basis, railways are inefficient ; 
T—+t equals a very small figure on a coal, capital or 
time basis, or even as a dividend earner. The same 
was said of the road at the advent of steam, yet the 
road seems to be coming into its old own once more, 
but such is the ability and determination of the rail- 
way engineer that the ebbing tide will become the 
flood, and little ‘‘¢” assume a lesser proportion of its 
big brother ‘‘T.’’ The value of a truck to-day is 
about 150/., so that the capital embarked is nearly 
half a million on locomotive-coal wagons alone ; if the 


| percentage of trucks to locomotive coal is the same 


inconsiderable item, especially when taking into account | to-day, the additional cost for interest at 5 per cent. is 
the cost of returned empties. That the railway com- | 6d. per ton. In the Report of the recent Coal Com- 
panies are hardly and unfairly used, cannot be denied ; mission, evidence was given that, on the particular 
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railway referred to above, the coal truck journeys per 
month were barely two—say, 14 working days, for one 
full and one empty journey. At the same rate of 
interest, the addition to the cost of coal is 94d. per ton. 
If, however, traders will utilise their trucks for ware- 
houses, they cannot complain of all the delay. 

A consignment of machinery destined for export, 
manufactured in a Yorkshire town, weighing 56 tons, 
was loaded on motor lorries at the makers’ works at 
1.30 p.m., and delivered alongside ship in a Western 
seaport at 9 o’clock the following morning ; it could have 
been delivered at 10 p.m. the same day. 





THE LAWS OF SIMILITUDE APPLIED 
TO THE FLOW OF A VISCOUS FLUID.* 


Some 40 years ago, Helmholtz made the remark, “‘ as 
far as I can see, there does not exist at present any 
reason why the general equations of hydrodynamics 
should not be regarded as exact expressions of the laws, 
which in actual fact, do govern fluid motion.” 

This remark seems still true to-day, and the experi- 
ments to be described have furnished results in entire 
agreement with the equations of Navier, viz. : 


1 OP ox w+ Hye 
p O@ Pp 
i OP wY—v + yey 
pay p 
1 OP zw + Hyetw 
p 02 p 


Applying to these equations the principles of homo- 
geniety, we get the relations which constitute the 
general laws of hydraulic similitude. These may be 
defined thus : 

The motions M; and M, of two fluids are similar if 
the trajectories followed by the liquid particles are 
geometrically similar, and if there be a certain constant 
ratio between the speeds V; and V, attained at corres- 
ponding points of the two fluids, another constant ratio 
between the pressures there, or in general if there be a 
determinate ratio between the hydraulic characteristics 





* Translation of a paper read, entitled ‘+ Applications 
des lois de similitude « V étude des phénoménes qui se produisent 
a Vaval d'un corps immergé dans un fluide visqueux en moure- 
ment,” on July-1, 1925, before a conference of the Société 
Francaise de Navigation Aérienne, by M. Camichel, 
Correspondent de l'Institut, Directeur de 1’Institut 
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STREAM LINES ROUND A STATIONARY 
CYLINDER. 


Fie. 16. 


at! homologous points of the two motions. If L be 


the ratio of geometric similarity, we have 


tra=La; m=Ly; 2eaLzy 


where 23; Yo; 223 %1; Yi; and z; are the co-ordinates | 


of two homologous points. Let P denote the ratio 
between the pressures at these points, and M the ratio 
of the specific masses of the two fluids, 1 and 2. 

Then, if the terms” 


Potu; *y2v; and” y2w 

p p 

are negligible in the general equations, the fluid behaves 
like a perfect fluid, and in this case we have the relation- 


> 
ship = = L, that is to say, if we take the ratio of 


geometric similitude equal to the ratio of the pressure 
expressed in terms of head, we get 
V2 
Vi 

This is the Reech-Froude law of corresponding 
speeds. It seems only fair to call it the Reech- 
Froude law, because as M. Jouguet has pointed out in 
his excellent papers on similitude, the law commonly 
attributed to Froude had already been published by 
Reech in 1852, whereas it was not till 1872 that it was 
announced by Froude. 

Coming next to the case of a viscous fluid, the law 
of similitude takes another form, as first pointed out 
by Osborne Reynolds, who showed that in this case 
we must have 


Si 


Ve Le _ Vila 
& at 
pa pA 


Before passing on to a description of the author’s | 


experiments, it will be convenient to describe in a few 
words how tne photographs to be exhibited were ob- 
tained. 

The author’s aim was to determine the lines of flow 
as accurately as possible, by suspending in the fluid, 
particles of exactly the same specific gravity as the 
medium. This end was secured by casting into the fluid 
metal dust, consisting of grains from ,'; mm. to ;'; mm. 
in diameter. These particles entrained with them 
bubbles of air. The lighter ot the combinations thus 
formed, rose to the surface, whilst those which were 
denser than the fluid sank to the bottom. The residue, 
which had exactly the right density, remained in sus- 
pension for hours. They were illuminated by a very 
intense source'of light,in which they appeared as brilliant 
specks on a dark background. By making the light 
intermittent, a time scale was secured, which made it 
possible to deduce the speeds of flow along the stream 
lines. The arrangement used is represented diagram- 
matically in Fig. 1. The trails obtained on the photo- 
graphs, were measured by a micrometer similar to that 
used in observatories for the measurement of star photo- 
graphs. This method of analysing the flow corresponds 
to Lagrange’s form of the equations of fluid motion, in 
which the history of each particle is followed out, 
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Fic. 19. Vortices at SPEEDS NEAR WHICH 


DISCONTINUITIES ARISE. 


the photographs to get the velocity along a stream line, 
the distance was determined between corresponding 


| instead of the conditions at a fixed point. In measuring | 
capillarity. 


IN A VISCOUS FLUID. 





Fiag 18, Centrat SEcTION OF VorTEX RING 
BEHIND A Disc 





Fic. 20. Stream LINES AS SHOWN BY THE 
REVOLVING-TOOTHED SECTOR. 


moreover, be large in order to avoid errors due to 
The level in these is measured by points 


| mounted on micrometer screws, and brought into con- 


points of successive traces such as are indicated in | 


Fig. 2. The method in question can be used for 


observing either transient effects, or for studying | 


a permanent regime, and it also makes possible 
measurement not merely the velocities of the particles, 
but also of their accelerations. 

In certain cases, it was desirable to have a definite 


origin from which total times could be measured, so as | 


to detect 
lines. To this end, the sector used to interrupt the 
light was formed as indicated in Fig. 3, where successive 
vanes are pierced with different numbers of slots. 
record thus obtained was similar to that shown in Fig. 
4, where the number of dots renders it possible to 


The | 


determine the relative moments at which movements | 


of the particles occur. See also Fig, 21, page 29. 

By the methods described, speeds along the stream 
lines are determined chrono-photographically. In 
certain cases it is also convenient to use the Pitot tube 
rather than photographic methods. 
form, however, the Pitot tube is not suitable for measur- 
ing speeds of less than some 50 cms. per second. With 


In its standard | 
| the following distinct states may be defined. 


“simultaneous” points on adjacent stream | 


tact with the surface of the liquid. In this way, 
differences of level can be read to 7}, mm. 

For velocities of less than 50 cm. per second, the 
author has employed the arrangement shown in Figs. 5 
and 6. Here a and 6 represent the orifices of the Pitot 
tube. These are coupled up to form a closed circuit, 
in which is intercalcated the pump P and a glass tube of 
very small bore T. By varying the speed of the pump 
a counter head is produced exactly balancing the 
pressure difference at the two orifices a and b. 

The condition of equilibrium is determined by 
observing dust suspended in the water in the fine-bore 
tube T, and noting the moment at which the particles 
appear stationary. In this way speeds of as little as 
5 cm. per second can be measured. 

A description will now be given of some of the 
phenomena observed down stream of an obstacle 
immersed in a fluid when the speed of the latter is 
gradually diminished. To simplify matters the per- 
manent regime only will be considered. In this _- 
In the 


| first place we get non-turbulent flow, which is character- 


such a speed the pressure difference is only about 12 mm. | 


Where precise measurements are required, the tubes in 
which the difference of level is to be measured must, 


ised by the fact that the motion of the fluid in the 
neighbourhood of any fixed point is constant both in 
magnitude and direction. The stream lines then remain 
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THE PHENOMENA DOWN-STREAM OF A _ BODY 








Fia. 21. PHoTO@RAPH SHOWING VARIA- 
TION OF SPEED ALONG STREAM-LINES. 


distinct and do not intermingle (see Fig. 7). In| 
turbulent flow, on the other hand, there are continual | 
variations both in the magnitude and direction of the | 
flow at a fixed point, and we get, accordingly, on the | 
photographs sets of intercrossing lines which are 
perfectly characteristic (see Fig. 8). 

Let us take the case of an obstacle in the shape of 
circular disc 1 cm. in diameter, and place this in the 
jet discharged horizontally from a square nozzle of 
4m. side. When the mean speed of the water on the 
upstream side is more than 30 cm. per second, a surface 
of discontinuity is formed behind the disc, as indicated 
diagrammatically in Fig. 10, in which the disc is repre- | 
sented as normal to the original direction of the flow. | 
When it is inclined to this direction we get the results 
indicated in Fig. 9: The surface of discontinuity, in 
the conditions cited, remains independent of the 
speed, as the author has been able to verify for 
velocities ranging from 64 metres down to 30 cm. | 
per sec. Suppose, next, that the speed of efflux is| 
diminished, till it falls below 30 cm. per second. | 
We then get, behind the obstacle, the alternating | 
vortices which have been described by Messrs. | 
Brillouin, Benard, Karman, and Joukowsky, and | 
which, therefore, will not be dealt with further here. 

If the speed be still further diminished till it becomes | 
less than 2 cm. per second, the surface of discontinuity | 
disappears, and we get a condition of affairs such as is | 
represented diagrammatically in Fig. 11. Behind the | 
disc the particles for the most part follow the general | 
flow, but in the interior of a certain zone A, bounded by | 
the stream lines coming from the edge of the plate, | 
a turbulent ring is formed, of which the central | 
section, reproduced from the photographs, is that shown | 
in the diagram. The arrows show the direction of flow | 
in the vortex. There is very little interchange of fluid 
between the different zones, which are sharply delimited, 
but their common boundaries are not surfaces of dis- 
continuity of velocity. This velocity, in fact, varies 
continuously from point to point across the whole | 
section of the jet as is easily proved by direct measure- 
ment. The regime is thus everywhere non-turbulent 
(see Fig. 17). 

It may be added that M. Villat has shown that 
mathematical analysis leads to results in general 
agreement with the phenomena, just described, and 
indicates the: existence of the points P Q and R 
(Fig. 11). 

If the speed of flow be still further diminished down 
to a few millimetres per second, the point P (Fig. 11), 
which is the down-stream limit of the zone A, comes up 
closer and closer to the obstacle. The distribution of 
velocity on the up-stream and down-stream sides of an 
obstacle (such as a cylinder placed with its axis normal 
to the flow) tends to become symmetrical with respect 
to a plane passing through the centre of the cylinder and 
perpendicular to the undisturbed direction of the flow 
(see Fig. 12). 

The character of the flow, then, tends to realise the 
conditions characteristic of Euler’s famous paradox, 











Fie. 22. MEASUREMENT OF VELOCITY OF 
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DISTRIBUTION AROUND KNIFE BLADE. 


TABLE I.—Observations made at a Section 8; Distant 
1 Cm. Up-Stream of the Disc. (See Fig. 13.) 














Water. Oil No. 1. Oil No. 2. 
Distance | Velocity | Distance | Velocity | Distance | Velocity 
from wall| mm. per | from wall] mm. per |‘from wall} mm. per 

mm. sec. sec. mm. sec 
2-00 0-82 1-27 0-416 1-81 0-643 
5-33 1-55 2°82 0-866 2°72 0-903 
5:6 1-76 3-69 1-07 3-05 0-97 
6°15 1-69 4-56 1-35 7°75 2-07 
7-2 2-05 5:8 1-62 9°3 2-38 
8-22 2-02 6:7 1-95 10-9 2-58 
9-75 2-24 9-2 2-11 14-0 2¢71 

11-75 2-4 10-2 2-41 16-5 _ 

13-1 2:53 11°5 2-65 17-9 2-64 

13-85 2-46 12-8 2-65 _— — 

15-1 2-56 13-4 2-46 — pa 

19-5 2°59 14-2 2-73 -- — 

— a 15-0 2-46 a — 
— — 15:3 2-69 — —- 
a= — 17°5 2-63 _— _- 




















TABLE IT.—Observations made at a Section So Distant 











1,33 Cm. Down-Stream of Disc. See Fig. 13. 
Water. Oil No. 1. Oil No. 2. 
Distance | Velocity | Distance | Velocity | Distance | Velocity 
from wall| mm. per | from wall} mm. per | from wall| mm. per 
mm. sec. mm. sec. mm. sec. 
1-12 0-733 0-6 0-375 9-2 2-58 
2-26 0-98 2-28 0-91 12-45 2-32 
5-4 2-114 5-23 1-88 15-25 1-41 
5-9 1-98 5:7 2-15 “= — 
7°8 2-25 7-0 2-43 -—- aes 
8-0 2-365 7-7 2°35 = —_ 
9-0 2-37 8-5 2-61 —- _ 
10-8 2°26 9-77 2-48 — _- 
14-2 1-7 10-4 2°55 — — 
16-9 1-03 10-6 2-32 — _ 
17-7 0-95 12-25 2-22 — — 
18-3 0-804 12-8 1-91 — a 
19-2 0-82 15-4 1-52 == — 
20-0 0-733 17-9 1-01 — 
— -- 18-2 1-025 
a — 19-3 0-806 —_ 




















according to which the resultant of all the forces acting 
on a body moving with uniform velocity through a 
perfect fluid, free from vortices, is zero. 

From the foregoing it appears that, with different 
velocities of flow, the phenomena occurring down 
stream of an obstacle may change completely. With 
speeds of more than 30 cm. per second we, in the con- 
ditions studied, get behind the obstacle a surface of dis- 
continuity, which is independent of the speed in the 
conditions of the author’s experiments and which 
separates a zone where the flow is non-turbulent from 
another in which turbulence occurs. At low speeds, on 
the other hand, the flow is everywhere non-turbulent, 
and the shape of the stream lines varies with the 


| speed. 


| 
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Fia. 23. CHANGE FROM ViIscoUS TO TURBULENT 


FLOw THROUGH GRATING. 


| The distinction between the three phenomena of: flow 
| above described is thus very sharp. 
| Another point studied by the author is the supposed 
| paradox of Buat, with regard to which the greatest; 
confusion appears to reign. Thus Joukowsky, in his 
“Treatise on Aerodynamics,” published in 1916, 
asserted that direct observation had shown that the 
stream lines were not the same when the flow took place 
past a fixed obstacle as they were when the obstacle 
was moved, at a corresponding speed, through a 
stationary fluid. The author has subjected this hypo- 
thesis to direct test, and proved that at the same relative 
speeds the stream lines are identical in the two cases. 
The three different classes of phenomena already 
described were found to occur exactly in the same way 
as when the flow occurred round a fixed obstacle, and 
the statement of Joukowsky is, accordingly, unfoundea 
in fact. 
| The question of similitude is interesting because very 
|few direct verifications have been made of the laws 
|involved as applied to the case of incompressible 
| fluids. Such experiments as have been directed to this 
}end have, in general, been concerned with somewhat 
ill-defined phenomena, such, for example, as the change 
from viscous to turbulent flow in pipes. 
| The author-has adopted the following plan. The same 
| nozzle has been employed for a number of different 
| fluids. In this case, the ratio of geometric similarity L 
| is equal to unity if the stream lines are identical with the 
different fluids. This identity is secured by adjusting 
| matters so that the point P which is the down stream 
| limit of the zone of circulation in Fig. 11 was, with each 
| of the fluids tested, at the same distance from the 
| obstacle. In this case the stream lines were found to 
| be identical throughout. 
| In this way the author has studied the flow, using 





throughout, as the obstruction, a disc having a diameter 


| of 1 em. which was placed at the axis of the jet issuing 


from a square nozzle of 4 cm. side as already described. 
Three fluids were used, viz., an oil (No. 1) having a 


fl — 1-51 C.G.8. units: an 


kinematic viscosity v, = 


M3 


oil (No. 2) for which »3 = ia 4-10 and water for 


which » = = 0-0135. 


The ratio “i was therefore 120, whilst ” — 305. 
v 
According to Reynolds law, for similitude we must 


have fe = constant, which, since - is unity, becomes 


simply y = constant. 


When this condition is satisfied the phenomena 
observed with water at a speed V ought to be reproduced 
with oil No. 1 at a speed Vj, and with oil No. 3 at a 
speed V, where 

Vou. 
120 305° 
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The author has studied, by the chrono-photographic 
methods described above, the horizontal median plane 
of the jet, for each fluid at different speeds and sought 
amongst the prints obtained three photographs, in 
which the position the point P was identically the 
same. The distribution of velocities was then 
determined for each of the three plates. 

From what has been said above, it will be evident that 
if we construct curves having as abscisse the distance 
of the wall from different selected points and as 
Vi V3 
120 305 
The results are shown in Tables I and II. 

An examination of the tables and of the corresponding 
curves Figs. 14 and 15 shows the absence of any 
systematic divergence between the observations made 
with the different fluids. This is particularly note- 
worthy in view of the very high ratio of the respective 
kinematic viscosities which, as already noted, was in the 
one ease as high as 305. It appears therefore that we 
could, in the conditions of the experiment, deduce 
from a study of the flow of one liquid of known 
viscosity the behaviour of other fluids. Reynold’s 
law, thus, makes it possible, without the least theoretical 
or experimental study, to predict by comparison with 
the results furnished by a typical liquid how any 
viscous fluid will behave as the conditions of efflux 
are varied. 

It is in this way that experiments made with speeds 
of a few millimetres per second with a liquid 200 times 
more viscous than water, make it possible to state how 
water will behave at a corresponding speed of a few 
thousands of a millimetre per second which it would 
be very difficult to observe directly. 

From the industrial standpoint a direct application 
of the above considerations provides a solution of the 
problem of the flow of heavy oils in pipe lines. It 
is merely necessary to make use of the results observed 
with water at the corresponding speeds. 

The conclusions established may be summed up as 
follows :— 

1. The classification of the phenomena existing 
downstream of a submerged body, makes it possible 
to avoid confusion between such different phenomena 
as the surface of discontinuity and the phenomena of 
circulation. 

2. There is no difference between the motion of a 
body through a fluid, and the motion of a fluid past 
a body. 

3. The laws of similitude make it possible to reduce 
the motion of any fluid to that of a typical fluid of the 
liquid type, and to deduce from observations made with 
water the properties of all other fluids. 

4, That the laws of similitude as deduced from the 
general equations of fluid motion hold good for viscous 
tluids under conditions which had not previously been 
studied.* 

The reading of the paper was followed by the 
exhibition of a number of photographs which we 
reproduce on pages 27 to 29. 

Of these, Fig. 12 shows the stream line flow past a 
cylinder where the speed of the fluid is very low. At 
high speeds a dead water space is formed as indicated 
in Fig. 16. Figs. 18 and 19 show central sections of 
the turbulent ring which forms behind a circular 
dise. It will be seen that the point P (Fig. 11, page 
27) moves down stream as the speed rises. Fig. 20 
shows the kind of trail obtained with intermittent 
lighting, and Fig. 21 variations in the speed along a 
stream line. In Fig. 23 the effect of a grating in 
converting stream line into turbulent flow is 
demonstrated. 


ordinates V3:, and the curves should coincide. 





PROGRESS IN OPTICAL INSTRUMENTS AND APPARATUS.— 
A pamphlet recently issued by Messrs. Cooke, Troughton 
and Simms, Limited, 3 and 5, Broadway, Westminster, 
London, 8.W.1, reprinted from the Official Catalogue of 
the British Optical Convention of 1926, deals with the 
progress made in the design and manufacture of scientific 
optical instruments and apparatus during the last decade. 
Referring first to surveying instruments, the pamphlet 
explains an improved method of reading theodolite 
circles, making use of a diagonal scale, and with other 
points in connection with these instruments, such, for 
mstance, as the use of internal focussing. Improve- 
ments in mining dials and in astronomical telescopes and 
accessories are also illustrated and described. inally, 
a brief description is given of the Heape-Grylls kine- 
matograph camera, with which pictures can be taken on 
ordinary film at speeds ranging from 500 to 5,000 ex- 
posures per second. The duration of each exposure, at 
the latter speed, is about ou, second. With such 


a camera, photographic records of rapidly moving 
objects, such as projectiles, can be obtained, and by 
projecting these records on to a screen at the normal 
rate of 16 per second, the object can be made to appear 
to move quite slowly so that its motion can be studied. 








* M. L. Escande, making use of an analogous method 
has shown that the laws of similitude deduced from 
Navier’s equations seem to apply in the case of water up 
to speeds as high as 109 m. per sec. 
Tome 181, page 295. 


Comptes Rendus. 


THE SIMPLON BELT FASTENER. 


A BELT fastener which appears to combine the advan- 
tages of a number of earlier types has recently been 
put on the market by Messrs. Dargue Bros., Limited, 
Simplon Works, South-street, Halifax, under the name 
of the Simplon. We illustrate the fastener in the figure 
on this page, from which it will be seen that it consists 
of three parts. The central portion, which is partly 
hidden by the belt in the figure, is of herring-bone form, 
the prongs being bent at right-angles near their ends 
and terminating in a T head. After squaring the ends 
of the belt, they are placed together, and the central 
portion of the fastener put over them and gently 


tapped to mark the position of the holes. After the 
latter are punched, the fastener is inserted from the 
underside. Before the plates can be slipped over the 
ends of the prongs, it is necessary to place the two belt 
ends with their inner surfaces together. On bringing 
the ends into line again, the T-heads register in the 
shallow groove cut in the face of the plates, as shown 
on the left in the figure. No part of the fastener is 
distorted in the process of fitting, and it can therefore 
be used over and over again. The two ends of the belt 
form a close butt joint, and an operator cannot injure 
his hand in the process of belt changing, as the fastener 
presents a smooth surface. The joint is flexible so that 
the belt readily accommodates itself to pulleys of 
different diameters. The fastener has been proved to 
be of ample strength, as no case of failure has occurred 
in reliability tests, made by the makers, extending over 
two years. 














Meta Sorip Fuet.—Although primarily intended as a 
substitute for methylated spirit in cases where a liquid 
would be inconvenient or dangerous, Meta Solid Fuel has 
several useful applications in the workshop. It is made 
up in the form of small bars, two of which are sufficient 
to boil a small kettle. The bars are used in a special 
burner, different forms of which are made to accommo- 
date a kettle, soldering iron, and soon. We have received 
samples of the fuel for the sole distributing agents for 
the British Isles, Messrs. Elmesan (London), Limited, 
66, Victoria-street, S.W. 1, and have found that a single 
block held in a pair of tongs or coil of wire is entirely 
satisfactory for executing small soldering jobs. In many 
classes of work, such as small pipe joints, a sound joint 
may be made by heating the parts to be soldered without 
the use of an iron. In such cases the surfaces can be 
held directly in the flame from a Meta bar, as no carbon 
is deposited. The fuel is sold at 2s. 9d. per 100 bars. 





Screntiric JnstruMENTS.—Messrs. Adam Hilger, 
Limited, 24, Rochester-place, Camden-road, London, N.1, 
have recently issued three pamphlets which actually form 
part of a catalogue, but which give a large amount of 
interesting information regarding certain scientific instru- 
ments. They relate, respectively, to measuring micro- | 
meters, wave-length spectrometers and spectrographs. | 
The micrometers dealt with are of the type described | 
by Mr. J. H. Dowell in a paper entitled “A New 
Measuring Micrometer,” read at the Optical Convention, 
held in London last summer. Two types in particular 
are illustrated, both having a 6-in.travel, and one reading 
to 1-0 micron and the other to 0-1 micron. In the 
wave-length spectrometer section, the latest designs of 
instruments for wave-length measurements in the visible, 
ultra-violet and infra-red regions are illustrated and 
described, together with spectroscopes specially designed 
for the rapid detection of nickel, chromium, cobalt and 
other elements in steel. A simple ultra-violet spectroscope 
is also described. Several new instruments are dealt with 
in the section relating to spectrographs, among them 
being an all-metal quartz spectrograph with an improved 
lens system giving a larger aperture, thus enabling the 
time of exposure to be reduced materially. The new 
vacuum-grating spectrograph described is a more power- 
ful instrument than the firm’s earlier model, and is 





capable of resolving and measuring more accurately the 
separation of some of the complex spectral lines, such as 
those of carbon. Other new instruments are spectro- 
graphs for the infra-red spectrum and large-aperture 
glass spectrographs. 











IMPORT AND EXPORT 
TRADE. 


ALTHOUGH, during the six months’ period of April 
to September, 1926, there was an increase of 6 per 
cent. in the total imports into India, the British share, 
according to the report of H.M. Trade Commissioner 
at Calcutta, has again been disappointing, a further 
decline from 51 per cent. to 49 per cent. being recorded. 
This drop is attributed to diminished shipments of 
textile machinery, railway plant, and rolling-stock. 
The share of the British Empire as a whole, however, 
is more encouraging, having risen slightly to 56 per 
cent. of the total; America, Italy and Germany have 
all recorded increases, while the shares of Belgium 
and Japan have slightly decreased. Taking the total 
value of the imports into India during that period, as 
compared with the same six months of 1925, a rise 
is indicated of 6 per cent.; while the total exports, 
including the re-exports, fell by 19 per cent., the 
exports of Indian merchandise showing a similar 
decrease. The grand total of imports, exports and re- 
exports shows a decrease of Rs. 29 crores, or 10 per 
cent. 

The report contains an interesting table which 
compares the conditions of Indian trade over the same 
six months of 1924, 1925 and 1926, and for those three 
years respectively, the excess of the net exports in the 
total visible balance of trade, is shown to be Rs. 17,27, 
53,80, and 16,29 in lakhs, respectively. The items of 
most interest to the engineer come under the heading 
of Machinery and Millwork. In this class total imports 
have again declined from Rs. 702} lakhs to Rs. 
664} lakhs, the British share decreasing by Rs. 
41? lakhs, as compared with 1925. The imports 
of all other countries show a decline, except Belgium, 
whose share has remained stationary, and America and 
Germany who both record a rise. Some interesting 
figures are quoted showing the details of the imports 
under their various classifications, from which the 
following figures have been selected, the unit of the 
figures, which are for 1925 and 1926 respectively, 
being lakhs (100,000) of rupees:—Prime movers (other 
than electrical), 933 and 96; electrical machinery of all 
kinds, 953 and 1114; boilers, 47 and 354; metal- 
working machinery, 214 and 17}; mining machinery, 
35 and 35}; tea machinery, 19} and 8}; textile 
machinery, 176} and 128, &c. From a list of the ship- 
ments of metals and ores, it is seen that imports of 
copper, both wrought and unwrought, show a con- 
siderable rise, for which Germany is almost entirely 
responsible, Great Britain’s share showing a decline. 

Structural work, such as beams, girders, &c., show an 
appreciable rise in total imports, the shipments from 
the United Kingdom and France having increased. 
Such materials as galvanised sheets, nails and rivets, 
wire rope, wrought tubes and pipes, &c., all record an 
increase, Great Britain showing an improvement ; 
but on the other side of the balance there are several 
sections, the figures of which make very gloomy read- 
ing, such as hoops and plates, the British share declin- 
ing by 3,000 tons; sheets and plates (other than 
galvanised or tinned) of which the British share fell to 
11,000 tons. Railway plant and rolling-stock may also 
be included on the negative side, but this is said to 
have been mainly due to economy and activity in the 
workshops in India. Perhaps the most encouraging 
item of the whole report is that dealing with motor 
vehicles, for although Canada and America head 
the list for private cars, lorries and vans, England is 
a very good third, and 90 per cent. of the motor cycles 
| come from these Islands. In view of the coal stoppage 
at Home, a heavy decline in the imports of coal into 
[india might be expected. The trade, in fact, during 
the six months considered fell off by 144,000 tons, the 
British share dropping from 63,500 tons to 6,200 tons. 


INDIAN 








Tue Tria Trip or THE §.S. SourHeaTe.—On Satur- 
day, November 6, the steel-screw steamer Southgate, 
built by Messrs. John Readhead and Sons, Limited, 
West Docks, South Shields, to the order of Messrs. 
Turnbull Scott Shipping Company, Limited, of London, 
went through her trials successfully off the mouth of the 
Tyne. The vessel, which is of the shelter deck type 
designed to carry about 8,810 tons on a light draft, has 
the following dimensions :—Length 400 ft., breadth 
55 ft., and depth 28 ft. 3in. The propelling engines, also 
constructed by the builders, are of the triple expansion 
type, having cylinders of 27-in., 44-in. and 73-in. diameter 
with a stroke of 48 in.; steam being — by three 
large boilers working at a pressure of 180 lb. per square 
inch. Water ballast is carried in the double bottom 
throughout the ship, also in after peak tank for light 
passages. ‘Ten steam winches, with derricks to each, are 
fitted for the loading and discharging of the vessel, and in 
addition there is a special derrick for heavy lifts. The 
hatchways are large and suitably placed, and there is a 
steel centre line bulkhead in holds and ’tween decks. 
Accommodation for the officers and engineers is provided 
for in steel houses on deck amidships, whilst the crew are 
berthed in ‘tween decks aft. 
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THE ENGINEERING OUTLOOK. 
II. ELEctricaL ENGINEERING. 


In reviewing the prospects of electrical engineer- 
ing at the beginning of 1926, it was pointed out that 
there were signs of a definite check to the almost 
uninterrupted progress of the preceding three years. 
At the same time, the opinion was expressed that 
this set-back was temporary, and could be traced 
chiefly to depression in the Home market resulting 
from uncertainty regarding Government policy on the 
question of standardisation and interconnection 
of electricity supply in this country. The export 
position was sound, and, although German and 
American competition was expected to become 
more severe in the course of 1926, there seemed no 
reason why the strong and progressive position of 
the British industry should not quickly get the 
better of these difficulties, and make yet greater | 
strides forward before the end of the year. Although 
the coal stoppage was able to prolong the set-back 
for the greater part of 1926, and made the year 
less satisfactory than 1925, electrical engineering 
resisted the general paralysis in surprising fashion, 
and at the end of 1926 had a sound prospect 
before it. 

The results of the Census of Production for the 
year 1924, which it was hoped would become avail- 
able during 1926, have not yet been made public. 
It is therefore necessary to rely upon indirect 
methods for the measurement of the general activity | 



































shown in Table II, although of much less extent 
than in recent years, shows that the industry is still 
expanding on balance. The greater part of the 
increase in unemployment is of a temporary 
character attributable to the coal stoppage, and 
much of it had already been re-absorbed by October. 
It is to be expected that the 1927 employment will 
be well in excess of the 1925 level. 


TABLE II.—Electrical Engineering. Actual Numbers 
Employed. 





| Number of Workpeople. 











ie | | | 1928 100 
| Tnsured. | ok. |Bmployed. | oe 
| | 
a ] 
At July, 1923.. —- os | 57,807 100-0 
At July, 1924..) 71,530 3,466 68,064 117°7 
At July, 1925..| 76,720 4,288 72,432 125-3 
At July, 1926..| 77,000 6,514* 70,486 121-9 








* Of this number, 4,845 were “‘ wholly unemployed ” and 1,669 
“temporarily stopped.” 

The export statistics of electrical machinery 
continue to be extremely satisfactory. In the 
following table the volume and value per ton of 
electrical machinery exported and the B.E.A.M.A. 
export index are shown :—- 


TaBLE III.—United Kingdom Exports of Electrical 
Machinery. 





























of electrical engineering. In addition to imports Cilia: Value per Ton. < S 
of copper and the sample of employment in 11) yonthly |__ 237 
principal districts of the United Kingdom which | — | | | S8e 
were given last year, the British Electrical and | | Tons. | Index. £ | Index. 3 & 
Allied Manufacturers’ Association Index of electrical | 4 
sae Niiage : : 
activity is included in the following Table I :— 1918 2038 | 100-0. 84-5 100-0 = 
| 1929— 
TABLE I,—Indices of Activity in Electrical Engineering. | 1st Qr... 1,757 - = 5 =. -~ 
= Te a sc 3228 4- 24+ oo 
Nl a 3rd, 1,204 53-8 | 214-9 | 254-3 = 
| Sa Employment. | 5 s | 4th 5 ::] 1380 | 62-6 | 221-3 | 261-9 | — 
: : 1923— | 
Monthly =S, | ist Qr...| 1,687 | 73-1 | 206-8 | 244-7 _ 
Average Tada |) Noleme./| intes, | . ~| Saies ~.) ene | 74-1 | 186-6 | 220-8 ae 
for— | Volume | 1913 = | ployed in11|1913=—| 2S | 3rd ,, ..) 1,467 | 65-5 | 180-2 | 228-9 on 
in Tons./ 100. | Districts. | 100. | & = | itt» +] 2234 | 90-8 | 175-5 | 207-7 _ 
Ist Qr...| 2,574 | _—? - 3 13 B 
2nd ,, ..| 2,496 | 111- 9 . 3 
+s, S| ee eyo 7) rd, -.| 2439 | 109-0 | 174-5 | 206-5 84-0 
$0) cos ay , ; = 4th ;, 2844 | 127-0 | 175-5 7-7 9+3 
a te ae sla Tg "ae 2,942 | 181-4 | 174-5 | 206-5 | 103-0 
ss | st Qr.. 2,942 . 206°5 . 
Ist Qr...; 4,953 | 55-6 = =p os 2nd ,, 2'315 | 125-8 | 177-0 | 209-5 89-3 
2nd , 3,493 | 39-2 = = ) = 3rd ,, 2'537 | 113-4 | 171-3 | 202-7 | 119-6 
a) Soe | ae = st 4th ;, :.| 2,775 | 124-0 | 171-8 | 203-3 | 122-0 
” 4s . = = j aries 192: i 
1923 — | ...| 3,175 | 141- 162-6 | 192-4 | 105-6 
Ist Qr...| 8,016 | 89-91] 12, 839 (1st x | | or fa 2438 108.7 163-2 | 193-1 | 104-6 
ol rp 117-7 | s 
Grd | 942 | 1015 1 35,007 7 (and {| Std ss) 2745 | tee? | a7e-5 | 208-7 | 77-8, 
2 2 _— 2 ‘ . bi 2 . . 
ath 7” 1!) 13°742 143-0 f eo hg 146-2 | | | 4th ,, | % 00° | 148 7 | 5 94-5 
1924— | a 
| ‘ | 
1 . , 3 : 
and ° | 13 383 187-8 } sea 142-7 {105-0 * Estimate based on incomplete returns. 
ard ;, ..| 12,8 43-8 )| 16, ni ahi geet f : 
voit ” ""| 32'950 | 145-3f| 6 mths.) 149-9 14 95.6 Phase teapn ean ene —— ~~ level in 
a f an 1 air to surpass 
Ist Qr...| 14,556 163-3 1 16,643 (Ist | 459.5 | { 81-0 the — bere ae Son ae _ 
ard.” °.| 14384. | 16L-4 {| 15,028 ad t See | vchee gut Son oltaindiameed tote ee Manan Gh 
moe = ? - ig n rs a, 
1926” -+| 12,606 146°8 J — MOOT B26 beac nd pra no ana ( the return of this 
> on > A, 
Ist Qr...| 12,405 | 189-4) | 14,958 (1st 1 |S 88°83 : the la 
ond. || 10°528 | 118-3 rigor 186-1 | { 88-0 country to the gold standard. In e latter half 
3rd _,, ..| 11,544 | 129-61 | 15,000 (2nd | 499.5 | f 82-3 of the year it. has reacted to the 1925 level, and 
4th ,, -.| 12, ,150t | 136-4 S| .6 mths.)f ” |. 91:5t| remains round about the level which has been 














* Figures not comparable owing to War stocks. 
t Estimate based on incomplete returns. 

From Table I it will be seen that the decline, 
which set in in the last quarter of 1925, continued 
in the first quarter of 1926. The general and coal 
stoppages only aggravated and prolonged its effect. 
Even so, some recovery was apparent in the third 
quarter, while in the last three months all indices 
point to the conclusion that progress was again 
resumed. With regard to the B.E.A.M.A. Index, 
which does not in some respects correspond with 
employment and copper consumption, it should be 
observed that it relates to the H.P. capacity of 


maintained now for some three years—of, roughly, 
twice the pre-war figure. 

From the foregoing tables it may be inferred that, 
as in the previous year, 1926 has been a much more 
successful year in the export markets than at home. 
But, whereas much of the damage resulting from the 
coal stoppage has been purely temporary, very solid 
and enduring advantages are likely to accrue, both 
at home and abroad, to the electrical industry as a 
result of that stoppage. At home, procrastination 
in electrification policy has been much weakened by 
the failure of goal supplies, and new interests have 
been awakened. The Electricity Act, whatever 
views may be entertained regarding its merits, by its 


machinery produced, and not to volume or value. 

A further source of discrepancy lies in the fact 
that the British Electrical and Allied Manu- 
facturers’ Association Index gives equal weight to 
production for home and export, which, taking the 
industry as a whole, tends to overweight the 
export element, as may be seen from the move- 
ment of unemployment insurance statistics which 
are given in Table II in the next column. 

The continued increase in the numbers insured 





passage into law removes uncertainty and paves the 
way for extensive developments. Abroad, the 
increasing world requirements for electrical machi- 
nery, give the British industry an opportunity to 
maintain the present high level of exports, provided 
that it holds its own with foreign competition. 

In spite of troubles at home, foreign competition 
in the British market has continued to be ineffective. 
This is well brought out in the figures for imports 
given in Table IV in the next column. 


The volume of imports has remained at 30 per 
cent. to 40 per cent. of the 1913 level, which in the 
circumstances is very satisfactory. The value per 
ton shows, if anything, an upward tendency, and 
affords a striking contrast with the value per ton 
of British exports. Attention was called last year 
to this feature, and the continuation of these 
imports of high-grade electrical machinery with a 
considerable labour value in their cost is certainly 
remarkable. 


TaBLe IV.—United Kingdom Imports of Electrical 














Machinery. 
| Volume. Value. 
Monthly | 
Average l 
for— Tons. | Index. | £ | Index 

1913 .. oa 902 | 100-0 | 115-1 100-0 
1922— 

Ist Qr... 346 38-4 358-8 312-0 

2nd ,, “a 354 39-2 254-0 220-9 

8rd _ ,, oe 505 56-0 201-7 175-4 

4th ,, oe 272 30+2 190-6 165-7 
1923— | 

1st Qr. 338 37°5 246-4 214-2 

2nd ,, 375 41-6 218-5 190-0 

3rd _,, 296 32-8 230-3 200-6 

4th ,, 286 31-7 239-9 208-6 
924— 

1st Qr. 276 30-6 253-1 220-1 

2nd ,, 394 43-7 233-1 202-7 

3rd_,, 303 33-6 259-1 225-3 

4th ,, 383 42°5 207-7 180-6 
1925— 

1st Qr. 397 44-0 208-7 181-5 

2nd ,, 307 34-0 +2 247-1 

3rd _ ,, 355 39°4 266-0 231-3 

4th ,, 297 32-9 251-6 218-6 
1926— 

1st. Qr. 282 31-2 273-2 237-2 

2nd ,, 389 43-1 260 226-3 

3rd _,, 264 29-3 287-0 249-3 

4th* , 342 | 37°9 266-6 231-9 














* Estimate based on incomplete returns. 


Outside the British market, the competitive 
position can be best gauged from international 
export statistics. The declared values of the 
exports of electrical machinery from six principal 
countries are given in the following Table V in 
sterling, converted at the average rate of exchange 
in each year :— 


TaBLE V.—Declared Value of International Electrical 
Machinery Exports (000’s omitted). 





Exported from 101s. | 1923. | 1924. 1925. | 1926. 











£ £ £ £ £ 
Germ: | 3,148 2,867 2,374 2,558 2,747 
United Kingdom | 2;269 3,951 5,353 5,762 5,805 
U.S.A. 1,694 4,632 5,665 4,575 5,455 
Switzerland .. "904 891 1,248 1,211 1,123 
Sweden .. «| 247 741 1,063 1,169 1,433 
France .. --| 838 435 3,368 2,850 3,112 














Total —..| 9,000 | 13,317 | 15,909 18,125 | 19,675 
! 





It is highly satisfactory that the British industry 
should have retained in 1926 the premier position 
gained for the first time in 1925. The United States 
has also greatly increased its exports, though not 
yet up to the 1924 level. Germany continues to 
make steady strides forward, though still far from 
regaining her pre-war ascendancy. France’s expe- 
rience has been similar to that of the United States, 
while Switzerland has continued on the down 
grade. The steadily increasing importance of 
Sweden is also revealed in Table V. 

It cannot be said that the past year has introduced 
any striking features in the competitive situation. 
The United States are, perhaps, making more 
determined efforts in their commercial activities 
than before. Germany has continued to receive 
financial assistance from the United States, the full 
fruits of which are likely to become more apparent 
during the next year. On the other hand, in view 
of the financial situation in France, competition 
from that quarter may be expected to slacken. It 
may be concluded that the British electrical engi- 
neering industry has now weathered the abnor- 
mal tempests of the post-war situation, and has 
shown itself capable of taking the leading place 
in the new normal competitive conditions of 
to-day. Viewing the situation as a whole, it 
is possible to look forward with a considerable 
degree of assurance to a period of substantial pro- 





gress during the twelve months now opening. 
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120,000-VOLT OUTDOOR SUB- 
STATION. 


AN interesting example of French design and 
manufacture in extra high-tension transforming 
and distributing gear is furnished by the Jeanne- 
Rose sub-station of the Compagnie Bourguignonne 
de Transport d’Energie. The station is situated | 
in the Department of the Sadne et Loire some 
7 km. from Le Creusot. It is connected, by two 
incoming 120,000-volt transmission lines, to the 
Chancy-Pougny hydro-electric station situated on 
the River Rhone at the Franco-Swiss frontier. | 
Two outlying lines, at the same voltage, connect | 
the station with the towns of Nevers and Dijon, 
while six further 45,000-volt outgoing lines are em- | 
ployed for supplying the works of Messrs. Schneider | 
et Cie. at Le Creusot, the mines at Blanzy, and for | 
connecting to the distributing system of the | 
Compagnie de la Grosne. The installation was | 
put into service in May, 1925, and was the second | 
sub-station in France operating at a voltage 
greater than 100,000. The station was designed | 
and equipped by Messrs. Schneider’s electrical | 
department, and the whole of the equipment is | 
of French manufacture. 

The Jeanne-Rose station is situated on a hill | 
in order to escape the fog which is of somewhat 
frequent occurrence in the region in which it is 
situated. Its general lay-out is clearly shown in| 
the view given in Fig. 1 above. The main plant, | 
consisting of transformers and _ switchgear, is | 
situated in the open, while the measuring instru- 
ments and auxiliary apparatus are placed in the 
building which can be seen on the left of Fig. 1. 
This building also contains a repair and main- | 
tenance shop. The main electrical connections 
are shown in the diagram forming Fig. 2, the two 
120,000-volt incoming feeders from Chancy-Pougny 
being shown in the centre of the upper part of 
the diagram, with the 120,000-volt outgoing | 
feeders to Dijon and Nevers on either side. | 
Sombernon and Decize, the names of which are | 
given in Fig. 2, are towns at which sub-stations | 
are situated respectively on the lines to Dijon | 
and Nevers. As will be seen, the incoming and | 
outgoing feeders are similarly equipped, except | 
that the incoming feeders are fitted with overload | 
and reverse power relays, RMT. The outgoing | 
feeders have overload relays only, RM. In the} 
diagram, D represents oil circuit breakers, B current | 
transformers, and S isolating switches. The | 
apparatus marked Jh at the right-hand side, is | 
an oil switch for inter-connecting the two sets | 
of bus-bars. T represents an earth plate. One | 
of the incoming 120,000-volt lines is illustrated | 
in Fig. 3 on the opposite page. 

The main transformer 120,000-volt connections | 
are, as will be seen, equipped in the same way as | 
the outgoing feeders, with the omission of the | 
ammeters. The equipment of the 45,000-volt gear 
on the other side of the transformers will be | 








Fic. 1. GENERAL VIEW OF STATION. 
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followed from Fig. 2, and the items need not be| 
referred to in detail. The letters 77% on the outgoing 
feeders from this gear represent current trans- 
formers, while Bs indicate lightning arrester 
reactance coils. The general appearance of the 
gear is well shown in the view given in Fig. 6 
on page 46, the 120,000-volt gear being shown 
on the right and the 45,000-volt gear on the left. 
The incoming line insulators are carried on ,the 
upper part of the framework, while the bus-bars 
are carried below the upper cross members by 
strings of eight suspension insulators. It was 
considered desirable to carry the bars inside the 
framework of the structure in this way in order 
to eliminate the possibility of direct lightning 
shocks, the structure acting as a Faraday cage. 
To secure adequate rigidity and resistance to wind 
action, the main bus-bars are made from steel 
tube 70 mm. in external diameter and 5 mm. 
thick. The large diameter also reduces the corona 
loss. All connections between the bars and the 








switches are made with steel tube 34 mm. in 
external diameter and 4 mm. thick. 

The isolating and sectionalising switches are not 
designed to be operated under load. They are 
mechanically controlled from ground level, their 
position, either open or closed, being indicated by 
signal lamps on the instrument board in the station 
building. The three poles are coupled together. 
and the switches hang in a vertical position when 
open. The columns of insulators on which they are 
carried are each built up from eight elements, the 
arrangement being such that the porcelain is sub- 
jected only to compressive or tensile stresses. The 
type of insulator used can be seen in the genera! 
view of the 120,000-volt switchgear, given in Fig. 7. 
on page 46. The insulators are made by the 
Soci.té Luceat, of Paris. No difficulty has been 
experienced in operating the isolating switches 
even in periods of extreme cold. The 120,000-volt 
oil circuit breakers, which are shown in Fig. 7. 
were constructed by the Ateliers de Delle, and have a 
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Fia. 3. 120,000-Vorr TRANSMISSION LINE. 


current-carrying capacity of 500 amperes. The 
breaking capacity on the three poles is 500,000 kw. 
A unit forming one pole weighs 2,500 kg. and 
contains 3,500 kg. of oil. The switches may be 
closed either mechanically, electrically, or from the 
instrument board, and are tripped by automatic 
reverse power relays on the incoming feeders, and 
overload relays on the outgoing feeders, as already 
explained. Differential relays on the Beard system 
control the transformer switches. The relays are 
energised from transformers carried in the oil 
switch terminals. An inspection of the oil in the 
switch tanks is carried out every three months, and it 
is filtered when its resistance has fallen below a 
definite figure. Last winter the terminals of the 
circuit breakers and isolating switches were com- 
pletely covered with ice, but no flash-over to earth 
occurred. No trench or evacuating piping has been 
arranged in connection with the oil tanks, as it was 
considered that a thick layer of ballast in conjunction 
with the natural fall of the ground would be sufficient 
to evacuate and extinguish the oil in the event of an 
explosion. To prevent accidents due to the opening 
of anisolating switch on load, signal lamps are fixed 
near each isolating switch, to indicate whether the oil 
switch to which it is connected is open or closed. 
The main transformers consist of two groups, 
each of three 3,000 kv.-a. single-phase transformers, 
making 9,000 kv.-a. units. There are also three 
similar single-phase transformers forming a spare 
set. In addition to the main secondary winding 
giving a pressure of 45,000 volts, a third winding, 
connected in delta, gives a pressure of 5,500, which 
is used for supplying auxiliary services and also two 
synchronous condensers of 6,500 kv.-a. each. These 
synchronous condensers, which are indicated in 
the diagram of connections given in Fig. 2, are 
utilised for maintaining the voltage at a constant 





| value at the incoming end. This third winding, by 
allowing the passage of the third harmonic of the 
magnetising current (thus avoiding the third har- 
monic of pressure) has allowed of a more economical 
construction of the star connected 120,000 and 
45,000 volt windings. The neutral of the high- 
tension winding is directly connected to earth 
through an oil-switeh and current transformers 
serving a recording ammeter, as shown in fig. 2. 
This arrangement allows the neutral to be insulated 
if necessary while the plant is in operation, and 
furnishes a record of any flow to earth which may 
take place on the 120,000-volt lines. 

Drawings of one of the single-phase units of the 
| transformers are reproduced in Figs. 4 and 5 
above, while a general view of the three banks is 
given in Fig. 8, on page 46. These transformers, 
which were built by Messrs. Schneider et Compagnie, 
have been operated at 60 per cent. above their 
normal capacity for five or six hours a day, without 
giving any trouble. The oil tanks are arranged 
with ribs for air cooling. The height to the top of 
the 120,000-volt terminals of the transformers is 
20 ft. 6 in., and the floor space taken up 10 ft. 9 in. 
|by 13 ft. 4 in. Each transformer weighs about 
31 tons and contains 15 tons of oil. The voltage 
ratios at no-load agree closely with the numbers of 
turns in the various windings viz., 1,350, 572 and 118. 
The no-load loss is about 29-4 kw. and the no-load 
ctrrent 7-5 per cent. of the full-load current. The 
efficiency at unity power factor is 98-07 per cent. 
The earthing of the neutral has not given rise to any 
trouble on neighbouring telephone and telegraph 
circuits, even when short-circuit tests have been 
carried out. 

The 45,000-volt gear is built generally on the same 
lines as that for 120,000 volts, and requires no inde- 
pendent description. It is illustrated in Fig. 9, on 
page 46, while its connections, as shown in Fig. 2, 
have already been referred to. The station has 
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worked very satisfactorily, the only troubles being 
the breakdown of one insulator on the 45,000-volt 
side and the burning out of an overloaded current 
transformer. These transformers have no protection 
against overload and are not earthed on the low- 
tension side. 





AMERICAN NAVAL POLICY. 


Tue latest American naval Bill, in which provision 
is made for 10 new cruisers of the heaviest type, 
follows close upon a naval budget which authorised 
the building of five other cruisers of the same class. 
It may therefore be assumed that the Congress- 
men and Senators, who have brought forward 
this last Bill and its predecessors’ desire that the 
United States Navy shall be increased by 15 cruisers 
of the latest type. Brassey’s Naval Annual (1927 
edition, page 299) makes the total increase rather 
larger. If the editors are correct, six additional 
cruisers will be laid down during 1927; so that, 
according to them, the projected expansion of 
cruiser strength is 16 cruisers,. or 160,000 tons. 
It must be added, however, that when these 15 
(or 16) additional cruisers are delivered, at least four 
old cruisers—the New Orleans, the Olympia, the 
Albany, and the Rochester—will probably be put 
out of commission. The numerical expansion will 
therefore be 11 or 12, but the increase in fighting 
efficiency to the American fleet will be very great. 
When effect has been given to the existing pro- 
gramme, the United States will possess 17 or 18 
cruisers of the largest and newest type, 9 more 
scout cruisers of the 7,500 type, and 10 older 
cruisers of the Charlestown, Huron, and Missoula 
types. This latter class, though somewhat out of 
date, is admirably suited for trade defence and 
convoy duties. Nobody can doubt that the 
total force of available cruisers will be a most 
formidable instrument of naval power in the hands 
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of a country, which is not obliged to protect or 
control any vital artery of sea-borne commerce. 

A project of naval expansion, which is at once so 
large and unexpected, deserves to be examined with 
the greatest care, and a word should be added 
about our method of examining the subject. It is 
worse than useless to draw up comparative tables of 
numerical strength, and to attempt to draw conclu- 
sions from them. The naval strength of two 
contiguous countries may be compared in that way ; 
but America is separated by many thousands of 
miles from her nearest naval neighbours—Japan 
and England; and the relative strengths of the 
three fleets cannot possibly be estimated except by 
carefully comparing the strategic tasks which each 
fleet has been created to perform. Also, we cannot 
possibly form an accurate judgment upon the 
present Bill without glancing at its origins and 
antecedents. We therefore intend to review, as 
briefly as possible, the chain of events which has 
led up to the present project, and to examine from 
the starting-point of admitted facts what strategical 
purposes the existing project of American naval 
expansion is intended to serve. 

The Origins of the Bill.—The agitation for expand- 
ing the naval forces of the United States is at least 
ten years old. It began in 1916, when irritation 
against our blockade measures was hottest; but 
the War turned the agitation into other channels, 
and the Washington Conference allayed it for a 
time. None the less, the desire for naval expansion, 
embodied in the well-known phrase “‘ a navy second 
to none,” was very general, even after the Washing- 
ton Conference, and, in the summer of the year 
1924, it expressed itself with surprising vigour. 
During the first months of that year the American 
fleet carried out manceuvres in the Panama zone, 
and, whilst the manceuvres were in progress, the 
Press started a sudden violent campaign upon the 
subject of American naval weakness. A Mr. 
Shearer led the agitation; he attempted to prove, 
by statistics of tonnage and gun power, that the 
American battle fleet was far below the ratio allowed 
by the Washington Treaty. His campaign grew to 
such strength that the Navy Department was 
compelled to take official cognisance of it; and 
Mr. Roosevelt, the Assistant Naval Secretary, issued 
long explanations and replies to Congress. Whilst 
this agitation was in full blast, the official umpire 
to the manceuvres issued a report, which so substan- 
tiated the clamour previously raised by Mr. Shearer, 
that no impartial onlooker could possibly doubt 
that the naval service was deeply interested in the 
Press campaign. 

This general offensive upon the Government and 
Congress of the day produced some of the effects 
desired of it. When Congress assembled, they 
passed a Bill providing for the building of new 
cruisers, and for an extensive programme of altera- 
tions and improvements to the older battleships of 
the fleet. It was not, however, until the following 
year, that the real aims of the naval service and its 
supporters in Congress were really made manifest 
to the whole world. During the autumn of the 
year 1924, a new controversy, very similar to the 
capital ship and submarine controversy which had 
raged in England when the War was over, blazed up 
in the American Press; and President Coolidge, 
harassed upon one side by advocates of naval 
expansion, and, upon the other, by aeronautical 
experts who argued that a surface fleet was useless, 
assembled a special naval board to inquire into 
America’s naval policy. This body was composed 
of the most prominent naval officers of the day, 
and was thoroughly representative of the American 
naval service. In Februsry, 1925, the board 
presented a report which will certainly be the 
starting-point of American naval policy for many 
years tocome. First, the board recommended that 
alterations and improvements should be carried 
out on 13 battleships of the American fleet, and 
that the eight new cruisers voted by Congress at its 
last session should be taken in hand without delay. 
Secondly, the board made a number of recommenda- 
tions upon aeroplane building and personnel. 
These findings were, however, on points of adminis- 
tration: with regard to policy, the board recom- 
mended that a “ tonnage strength based upon the 





5:5:3 ratio” should be maintained in all types, 





cruisers, destroyers and submarines, and that the 
same should be done with regard to naval air 
strength. This recommendation expressed in con- 
densed form the real purpose of the agitation for 
naval building which had been going on for so long, 
and must be regarded as the origin of the present 
naval Bill. If the board’s findings become 
thoroughly incorporated into American naval policy, 
the existing Bill will be followed by others, and the 
American cruiser and submarine fleets will be 
progressively expanded until they reach a total 
corresponding to the 5: 5:3 ratio. The provision 
for 10 additional cruisers is a mere advanced guard 
to a formidable main body of naval expansion. 
Before proceeding further with this enquiry, it will 
be worth while to examine the recommendations of 
the board in the light of the Washington Conference. 
What were the real reasons for limiting only capital 
ship strength, and leaving cruiser, submarine 
and destroyer tonnage free? The answer is not to 
be found in the articles of the treaty, but in its under- 
lying purposes. The real intention of the treaty was, 
as President Coolidge stated to the American Press, 
to make it impossible for any one of the three great 
naval powers to operate in the other’s waters. 
Limitation of battleship strength did effectually 
make this impossible, for no power could ever 
take the responsibility of sending away its entire 
battleship forces to operate in distant waters, and 
the battlefleets were so limited by treaty that they 
could no longer be divided up into detachments. 
Limitation of minor types, such as cruisers, destroyers 
and submarines, was found, upon examination, to be 
a much more complicated question ; and one which 


affected the national security of each country in a | 


different way. The cruiser and destroyer strength 
necessary to a country’s security was directly 
proportionate to the length and vulnerability of her 
vital oceanic communications. Great Britain’s 
maritime frontiers were the north Atlantic route 
to Canada, the Argentine route, and the routes to 
Australia, New Zealand and the East. They were 
spread over the oceans of the world, their security 
was not to be assured by battleship, but by cruiser, 
strength. Japan’s vital communications, though 
not so long, were growing with the progressive 
industrialisation of the country. It was therefore 
grasped by all delegates at the Conference that 
cruiser and destroyer strength did not affect the 
vital purpose of the treaty—to make offensive 
operations in distant waters impossible—and that it 
was a form of naval power so bound up with the 
larger question of national security, that nothing 
but apprehension and mistrust would follow if limi- 
tation of minor types were attempted. Great 
Britain would always be compelled to scatter and 
disperse her cruiser strength, and could not, without 
manifest injustice be asked to agree to a total tonnage 
equal to that allowed to a power which could keep 
her’s concentrated in a particular theatre. The same 
was true for Japan. 

American Foreign Trade and its Strategical Impli- 
cations.—Having thus explained that the present 
naval Bill cannot be regarded as anything but an 
item in a naval policy, which has a definite and 
far-reaching object, and having also shown that 
comparative cruiser strength cannot be calculated 
by total tonnage, it remains to be seen what position 
the fleet of the United States will occupy in the world, 
if effect is given to the present policy. This, as has 
already been said can only be estimated by exami- 
ning the direction and importance of American trade, 
for cruiser and destroyer strength are only calculable 
in terms of oceanic communications. 

The direction and volume of American export trade 
are clearly shown in the annexed Table. The strate- 
gical conclusions to be drawn from this table are 
self-evident. About three-tenths of American trade 
is carried over routes which no adversary can possibly 
interfere with. The figure of 1,480 millions, or 
the total of the north and south American import 
trade, represents traffic which either goes direct 
overland to Canada, or along coastal routes to 
eastern Canada and Newfoundland, or through the 
Caribbean and along the coast of South America to 
Brazil and the Argentine. Before these routes could 
be seriously interrupted an adversary would have 
to establish half a dozen cruiser bases in South 
American territory, and as many more along the 








coasts of Canada. This is absolutely impossible, 
and we are thus compelled to conclude that about 
three-tenths of American export and import trade 
defends itself. It could only be cut off if Canada 
and the South American republics formed themselves 
into a military confederation, and declared war upon 
the United States ; a supposition of the kind is the 
merest extravagance. 









































Exports in Imports in 
_—_ millions of millions of 
dollars. dollars. 
] 
North America— | 
Crude materials ..  .. 119 | 239 
» foodstuffs es a 110 128 
Manufactured foodstuffs .. 117 246 
Semi-manufactures .. “a 142 177 
Finished manufactures as 587 184 
Total .. <e Pr 1,079 981 
South America— 
Crude materials as os 6 | 146 
» foodstuffs a a 5 | 275 
Manufactured foodstuffs .. 33 | 6 
Semi-manufactures .. --| @ 65 90 
Finished manufactures 3 291 2 
Totals 8. we 400 | 519 
Europe— 
Crude materials a - 1,114 320 
» foodstuffs a os 195 36 
Manufactured foodstuffs .. 383 92 
Semi-manufactures .. A. 357 321 
Finished manufactures ee 525 451 
Total .. ave re 2,576 1,238 
Asia and Oceania— ; 
Crude materials me ate 170 320 
a oodstuffs int ae 9 36 
Manufactured foodstuffs .. 35 92 
Semi-manufactures .. ne 90 321 
Finished manufactures ee 371 451 
Total .. < ate 674 1,397 
Africa— 
Crude materials 6 55 
ce oodstuffs 6 = 0:5 14 
Manufactured foodstuffs .. 7 p 
Semi-manufactures .. =e vd 20 
Finished manufactures ay. 69 1 
Total .. ee a: 89°5 92 








America’s European and Asiatic trade is more 
exposed to attack. A European power at war 
with America might cut American trade at its 
terminals, and Japan might stop a large proportion 
of American trade with the Far East ; but it is an open 
question whether additional cruiser strength would 
save these communications. Let us, therefore, 
examine the movement of trade between America 
and Europe, and America and Asia rather more 
closely. 

The tonnage statistics for the trade between the 
United States and Europe are as follows :— 














Carried in — 
Imports from : 
(in tons) U.S. | British 
| Ships. Ships. Others. 
United Kingdom _ . ./1,923,449 | 249,089 {1,307,032 367,378 
Baltic Europe .-|1,108,060 | 144,966 16,420 946,674 
Germany, Holland, 
Belgium and N. . 
France... . -|8,365,751 | 853,036 | 490,289 | 2,022,426 
Western France, Por- 
tugal, Spain,Azores 
and Canaries, Med- 
iterranean. . - -{2,041,606 | 260,840 | 506,495 | 1,274,271 
Totals .. . -|8,438,766 |1,507,781 |2,820,236 | 4,610,749: 




















An analysis of the export totals gives, roughly, 
the same results and need not be made in detail. 
It will be seen at a glance, that American trade with 
Europe is mainly carried in foreign bottoms; that 
British shipping transports well over a quarter of the 
total; that the merchant navies of the rest of 
Europe carry about half, and the American merchant 
fleet the remaining quarter. This very peculiar 
distribution of foreign trade involves a peculiar 
defence problem. In the event of a war between 
America and a European state, the bulk of American 
trade could be continued if the United States could 
insist on the widest and most liberal interpretation 
of those rules of international law which deal with 
neutral immunities. It will at once be said that if 
America were +t war with a European power she 
would be a bell.gerent, and would have no voice in 
the matter. That to a certain extent is true; but 
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it does not go to the root of the matter. The non- 
belligerent interests behind the 4,610,749 tons of 
carrying power would automatically press for the 
widest possible freedom of neutral commerce. 
America’s power to support those interests would 
depend, in large measure, upon her ability to show 
the American flag in distant waters. A large 
American fleet of cruisers would not, in itself suffice 
to give direct cover and protection to any particular 


trade route; but it would, by its mere existence, | 


give immense support to any confederation of 
neutral states which had combined for the well- 
known purpose of thwarting the belligerent rights 
of a naval power. The American Navy, confined 
to American waters, is purely an instrument of 
national defence ; spread over the three oceans it 
may be a rallying point for every State which desires 





to keep its commerce free in war time. American 


expansion. It is not, of course, possible within the 
limits of this article to compare the value of Ameri- 
can foreign trade with the total yearly income of 
the United States; none the less, it is possible to 
make a rough estimate of the strategical value of 
some of the leading export commodities. A 
country’s needs in war are admittedly most compli- 
cated; but Mr. Fayle, the official historian of 
sea-borne trade, has shown (vol. iii, page 478) that 
the leading export commodities are what maintain 
a country’s exchange at a fair level in foreign 
countries, and that supplies of iron, copper, coal, 
meat, flour, and petroleum are the “‘ key ” supplies 
upon which a nation’s war industries depend. It 
will be enough, therefore, if we examine America’s 
position with regard to these vital commodities. 
The facts are best shown in tabular form :— 




















naval expansion is thus a sort of corollary to the 
secular American policy, expressed in the time-worn | PR rn aye on. eae » 
usans 0! ousan 0 jousan 

formula ‘i The freedom of the seas.” ; | Commodity. | dollars unless | dollars unless | dollars unless 

This analysis has, however, only dealt with the | oa otherwise omewne 
defence of American trade with Europe. The — — — 
defence of the Asiatic routes is more easily discussed. 
Japan absorbs three-fifths of American trade with | 1ea4 -- 98,624(tons) 7,021(tons)| 766,969 

' aes FB ce a Iron .. - 4,2 16,207 x 

the Orient ; China and the Philippines the remainder. | Copper {ores 

edie ? 7 scrap & pro- 
It is in Japan _— to stop all American trade aan | ase 94,270 297,735 
with porn ” China, unless and until an — Coal and coke , 107,085 $18,562, 1,878,665 

i i i k i otton -+| 1,059,752 Smal ,354,7 
fleet —< _— itself in oy ae — - aa Whent.. one oes ma etase 
occurs, the Japanese will be wholly and finally (thousands of (thousands of 
defeated, and the restoration of trade will auto- bushels). bushels). 
° ne jee k Petroleum and 

matically follow the signing of the peace treaty. An products 472,643 107,694 1,270,000 
addition to America’s cruiser strength does not, | Meat .. cammee Small ) a 
therefore, greatly affect the naval position in the of Ibs.). | of Ibs.). 


Far East except possibly in one particular, which is 
worth examining. 

We are familiar with the recent clamour raised 
in the United States about the British control of 
rubber production. At first sight this would seem to 
be a purely commercial question ; but, like other 
American agitations, it can be seen, on close inspec- 
tion, to have a strategical and military priming. 
Supplies of crude rubber are of great importance in 
war, and there can be no doubt whatever, that, in 
modern war, rubber can be declared absolute con- 
traband. This means that, unlike a great part of 
America’s trade with Europe, her rubber supplies 
are not protected by the mere fact that they can be 
transported in neutral carriers. Direct naval pro- 
tection is always needed for contraband cargoes. 
America’s position with regard to rubber is this. 
She imports annually about 888,500,000 lb. of the 
commodity, and of this total 84,750,000 lb. come 
from Great Britain, 520,000,000 lb. from the Straits 
Settlements, and 160,000,000 lb. from the Dutch 
East Indies. Obviously, therefore, the loss of the 
Straits Settlements supplies would be a very serious 
matter; the alternative markets of Brazil and 
Ceylon would never make up the enormous deficit 
which would be created if the Straits Settlemenis 
route were closed. 

Owing to the great distance between Japan and 
the Straits Settlements, it would not be easy for the 
Japanese to sever communications between Singa- 
pore and America, and even if they did so, the 
rubber trade could be diverted round the Cape, 
with loss of carrying power, perhaps, but none the 
less with comparative safety. There is, therefore, a 
chance that American rubber supplies could be 
maintained without direct naval protection for the 
Straits route. Still, the fact remains that an 
absolutely vital supply of American war material 
is carried over a route that passes through a zone 
of the Pacific which might possibly pass into Japa- 
nese control; a force of cruisers in the south- 
western Pacific would at least give additional 
security to a trade which might otherwise have to 
be protected by a costly diversion of commercial 
traffic. 

Hitherto we have related American naval strength 
to the actual existing arteries of American trade ; 
but this is only one side of the question. Naval 
expansion, or a naval armament, is justifiable and 
necessary in proportion to a country’s dependence 
upon sea-borne transport ; we have as yet made no 
estimate of the actual value to the United States of 
the export and import trade, which the Congressmen 
and Senators who supported the present Bill will 





plead as an excuse for their projects of naval 








These figures show quite conclusively that, with 
the exception of the rubber supplies route, America 
has ao vital strategic interest in any artery of foreign 
commerce. Her production of every vital commo- 
dity so far exceeds her imports and exports of the 
same commodity that the mere closing down of a 
foreign source of supply would never produce a 
shortage, or seriously affect the exchange value of 
her currency. Indeed, if American export markets 
were ever closed, it would be in America’s power to 
adjust an unfavourable balance of trade by a drastic 
reduction of imports which the country would 
hardly feel. 

This somewhat lengthy statistical analysis has 
been necessary in order to prove a point which we 
consider of primary importance. The United 
States is not driven to the naval expansion fore- 
shadowed in the present cruiser Bill by any depend- 
ence upon foreign trade. Her import and export 
commerce are doubtless sources of wealth and 
influence to very powerful industrial interests ; but 
they make up so small a proportion of the total 
wealth of the United States, they are strategically 
so unimportant, that America cannot be said to 
be driven towards naval expansion by any military 
necessity. The policy embodied in the phrase 
““A navy second to none,” and its numerous 
derivatives expressed in Press campaigns, inspired 
articles, and fleet exercises designed to prove naval 
weakness, are all political products. Their sources 
and origins are not to be found in any military or 
naval requirements. 

The Political Consequences of the Bill.—Having 
proved this point, we have still to examine the 
political consequences of American naval expansion. 
If effect is given to the general policy of building up 
a cruiser tonnage equal to Great Britain, the 
United States will, about ten years from now, 
possess a cruiser fleet of some sixty units. Of these, 
about 15 will be required for service with the 
fleet; the remaining 45 will be available for dis- 
persion over the oceans of the world. It is, of 
course, far too early to make any forecast of the 
manner in which this powerful surplus will be 
distributed ; but the point to remember is that, 
owing to her strategical independence of foreign 
trade, America will always be able to keep this 
surplus concentrated at any place which for the 
moment appears to be politically important. 
Great Britain will always be compelled to divide 
her cruiser forces along her vital lines of communica- 
tion, and will not, without doubling her cruiser 
forces, ever be able to equal America’s cruiser 





concentration at any particular point. Japan will 
be at an even greater disadvantage. Her total 
cruiser force consists at present of 16 fairly modern 
and two old vessels: her home defence problems 
are so urgent, the need of maintaining naval control 
of the Sea of Japan is so vital to her, that she will 
never have more than ten or fifteen cruisers to spare 
for the defence of any particular trade route. None 
the less, Japanese policy is not likely to be affected 
by American cruiser building for the present. The 
animating principle of Japanese foreign policy is the 
idea that a powerful Western State might establish 
itself at her doors: an accession of American 
cruiser strength will not, for the time being, greatly 
assist the American navy to “ bridge the Pacific ” ; 
and that, for the moment, is the principal Japanese 
concern. If, however, the present Bill is followed 
by others, until America possesses a sufficient surplus 
of cruiser strength to station a powerful squadron 
of 10,000-ton cruisers in the south-western Pacific, 
from where they can threaten Japan’s oil supplies 
from North Borneo, then Japan will meet the threat 
with a resolute programme of cruiser expansion. 
Commander Ichiro Sato has recently shown that the 
Borneo-Japan route is one of vital strategical 
importance to Japan; and we may take it for 
granted that the Japanese Government will never 
allow the freedom of that route to be jeopardised by 
the naval expansion of the United States. They will 
build ship for ship with the resolution they have 
always shown when they have felt that their national 
security was in danger. 

Conclusions.—In the light of the facts, necessarily 
rather numerous, which we have reviewed in the 
course of this article, we think we are justified in 
drawing the following conclusions. The present 
naval Bill is only an item in a considered policy of 
navalexpansion. That policy is not forced upon the 
United States by any military or strategical necessity. 
With or without a large cruiser fleet she cannot be 
invaded, and her commerce either defends itself, 
by reason of its value to other States, or can be left 
unprotected owing to its unimportance. The 
origins and purposes of the present Bill are, therefore, 
purely political, and the origins and purposes of 
its successors will be politicalalso. Theinternational 
consequences of a great addition to American naval 
strength are not, for the moment, of any particular 
gravity. It will not be palatable to Great Britain 
to find that the ‘‘ freedom of the seas ”’ is supported 
in every ocean of the world by powerful squadrons 
of American cruisers; for that time-worn formula 
expresses a body of doctrine which Great Britain 
has always resisted with the utmost vigour. On 
the other hand, it cannot be said that an unpalatable 
interpretation of neutral rights in war time absolutely 
threatens Great Britain’s national security. Japan’s 
naval security is not for the moment threatened by 
the American naval Bill, and the Japanese Admiralty 
will not be likely to alter its policy when the Bill 
becomes law. It cannot, therefore, be said that the 
Bill in itself creates a state of naval rivalry. None 
the less it is fair and justifiable to say that the present 
American policy of building cruiser tonnage up to 
the 5:5:3 ratio will give the United States the 
power of asserting a complete naval domination 
over any distant tradé route that she may decide 
to bring under her control. This is a state of 
things which the Washington treaty was intended 
to prevent; so that the naval policy of which the 
present Bill is the outcome, attacks the spirit of the 
treaty by a plausible—though quite unjustifiable— 
insistence upon the literal meaning of certain 
clauses. 
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CENTRELESS GRINDING MACHINES: 
By Josera Horner. 


A DEVELOPMENT of machining practice which has 
come rapidly to the front is the grinding of work 
not supported on centres, or rotated with a belt 
pulley, or fed with the regular mechanisms. A sav- 
ing in time is the chief advantage, since there is 
no need for the preparation of centres in the work, 
nor for setting up in the machine. In fact, 
when repetition work is in question the pieces are 
fed through a chute automatically. The actual 
grinding process occupies less time than it does on a 
centre driving machine, because the work is sup- 
ported in a manner directly opposed to the grinding 
pressure, and heavier cuts can therefore be taken 
than when steadies have to be set up, which, of 
course, also occupies some time. A smaller allow- 
ance suffices on the rough piece, and the work can 
be finished within fine limits. 

Essentially, a centreless grinder consists of 
three main elements, the grinding wheel, a control 
wheel effecting and regulating the longitudinal feed, 
and a support for the work. The grinding wheel is 
selected to suit the material and its dimensions, the 
control wheel rotates the work at predetermined 
speeds which correspond with those imparted to the 
wheel. It regulates the rate of feed within very wide 
limits, by mounting it angularly in relation to the 
grinding wheel; the effect of this being to thrust 
the work along by the diagonal pressure which it 
exerts. 

In all machines, with one exception, the control and 
grinding wheels are mounted with their peripheries 
facing each other, in a horizontal plane, or in one 
case in vertical relation, the work running between 
them. The grinding wheel runs at the ordinary 
speed for such wheels—from 5,000 ft. to 6,000 ft. 
per minute at the periphery. The other or control 
wheel rotates at the work speed, which does not 
exceed about 60 ft. per minute, its sole function 
being to rotate the work at its own speed and to feed 
it along, the rate of feed being regulated by altering 
the ang!e between the axes of the two wheels. The 
wheels revolve in opposite directions, the grinding 
wheel moving downwards, so that its pressure is 
resisted by the support on which the work is laid. 
Two classes of work are done on these machines. 
One, termed through grinding, deals with cylindrical 
parallel pieces, the other, spot or face grinding 
includes shouldered articles. The methods of setting 
up differ in the two cases. The chief limitations to 
centreless grinding arise from excessive length of the 
pieces. The process is not so reliable when these 
measure several feet in length as when they are 
limited to a few inches, but may be accomplished 
with the aid of additional supports along the work. 








It might be assumed that since the elements are 
simple the construction of the machines is probably 
not very elaborate. In fact, however, they embody 
considerable complications of mechanism to enable 
them to accommodate a wide range of the two classes 
of grinding to fine dimensions, dealt with under 
varying conditions. Some automatic movements 
are also included, as well as excellent details of 
construction now common to the best machine tools. 

The Detroit Centreless Grinding Machines.—The | 
first centreless grinder was built by the Detroit 
Machine Tool Company. It differs from all subse- 
quent designs, the elements of which have just been | 
stated, in the arrangement of the wheels, which are | 
disposed in vertical relation, as in Fig. 1. The | 
driving wheel for the work is located below the | 
grinding wheel. This arrangement has the advan- | 
tage that the work is held on the rotating surface | 
by its own weight, and is also pressed downwards by | 
the grinding wheel. Another distinctive feature is, 
that the feeding wheel is wider than the grinding | 
wheel, and it, therefore, begins to feed before the | 
grinding wheel comes into action, and continues | 
after the grinding is done. This avoids the risk of a | 
flat being ground on the work at the start. Another 


The Detroit design differs from this. The wheel [for the automatic feed. The grinding wheel is 
is inclined, but different rates of feed are provided by | moved down to the work by means of the wheel cam. 
means of a variable speed motor running on direct or | which oscillates endwise at the completion of the 


alternating current. 


The supply for this is derived | stroke, and returns to the loading position. 


While 


from a generator on the machine, the rates being | it is in this position the piece just ground falls from 


changed almost instantly by rheostatic control. This | 
gives 25 different speeds, and therefore as many 
rates of feed are obtained without altering the 
inclination of the wheel. Feeds of from 1 ft. to 90 
ft. per minute are thus obtainable. 

Adjustments for diameters of work are effected 
by feeding the control wheel upwards. Along with | 
the wheel, its entire support is lifted, the latter 
consisting of a column sliding in a tubular base, the 
movement being effected by a hand wheel, worm 
gear, and a screw. The weight of the whole 
mechanism, as well as the pressure of the grinding 
wheel when cutting, are therefore acting in a/| 
direction which eliminates backlash in the elevating | 
mechanism. The hand-wheel is seen in Fig. 2, | 
which shows the upper part of : 
a later machine of this type, 
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and in Fig. 3, which shows the 
support wheel and table. The 
wheel is graduated in 100 divi- 
sions, about 3in. apart. One 
revolution of the wheel reduces 
the work by 0-01 in., so that 
each division represents 0-0001 
in. Clamping screws in lugs 
on the tubular body prevent 
movement after adjustment. 
The work is controlled sideways 
with guide blades, on opposite 
sides, set horizontally and 
capable of adjustment. They 
maintain their position inde- 
pendently of any wear of the 
grinding wheel. 

In the later machine, Fig. 2, 
the main feature is the cam- 
shaft, which provides the 
various movements required in 
grinding. This controls the 
grinding wheel and provides for 
timing and feeding the work. 
It is set in motion by means of 
a hand lever which engages a 
clutch, after which the machine 
performs a cycle of operations. 
If the lever is left in the full 
automatic position the machine 
continues its cycles, repeating 
them over and over, at rates of 
output from five and eighteen 
pieces per minute, depending 
on the character of the work 











Fie. 2. Detroir CENTRELESS GRINDING MACHINE. 
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important feature is that the axes of the wheels are 
not in the same vertical plane, and therefore inaccu- 
racy is not reproduced on opposite sides of the work, 
as might happen if the two axes were in the same 
plane. In centreless grinding the work feed is in 
general imparted, and its amount determined by the 
inclination given to the axis of the control wheel. 


beneath the wheel and another piece comes automati- 
cally into its place to be ground. All the operator 
has to do is to keep the magazine supplied. If the 
production is not large enough to justify the fully 
automatic provision, a -semi-automatic fixture can 
be attached to the machine, to be operated by a 


and the quality of the finish desired. To pro- 
vide for roughing and finishing and for differences 
in sizes of stock, the cam can be adjusted for any 
depth of cut between 0-005 in. and 0-20 in. The 
grinding-wheel spindle is carried on an eccentric 
quill 7} in. in diameter, which provides the means 
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hand lever, which engages the clutch which operates 
the camshaft. 

Both wheel spindles are massive, mounted in ball 
bearings, and are constantly lubricated. The 
mounting is different in the two cases. The control 
wheel, i.e., the smaller of the two—10 in. in diameter 
with 8-in. face—which rotates slowly, is built up 
on a cast-iron core, Fig. 3. The grinding wheel is 
18 in. in diameter with a 4-in. face. It is clamped 
with a cone fitting on its spindle. Diamonds for 
truing each wheel are mounted permanently on the 
machine, so that the wheels are not removed from 
their mountings for that purpose. The relative 
positions of the wheels are shown clearly in Fig. 2. 

The grinding-wheel spindle has a front journal 
bearing of bronze, 34 in. in diameter by 10 in. long, 
with ring-nut provision for adjustment. Oil is 
flowing through it constantly in spiral channels. 
It is driven from the rear by means of a pulley 
10 in. in diameter, having a 5}-in. face, belted from 
a motor enclosed in the rear of the machine. The 
pulley, making 1,500 r.p.m., is dished to bring it 
over its bearing, the pull being taken on a roller race 
anda ballrace. The pulley is secured on the spindle 
with a tapered fit. The wheel mounting is a self- 
contained fitting, easily removable. Felt washers 
and threads prevent emery or water working into 


the bearings. A gauge glass on a large oil reservoir | | 


contained within the spindle casing shows the oil 
level at all times. 

The feed-wheel spindle, to be seen in Fig. 3, is 
supported on ball bearings. End play is taken up 
with spring tension at. the front. The wheel is of a 
hard texture to furnish the friction for driving 
without exercising any abrasive action. It is driven 
by a variable-speed, direct-current, vertical-spindle 
motor, through a worm and worm wheel which runs 
constantly in oil, and has provision for making 
adjustments for wear. The mechanism gives, as 
previously stated, 25 speeds and corresponding rates 
of feed for a single angular setting of the wheel. 
When alternating current is used for a plant, the 
directcurrent for the variable-speed motor is supplied 
by a small generator, belt driven off the main motor, 
conveniently enclosed as a compact unit at the rear 
of the machine, with hinged covers, to permit of 
inspection. The electrical equipment therefore 
consists of a 15-h.p. main motor for the grinding 
wheel, a 1-h.p. variable-speed motor for the feed 
wheel, and a 1}-kw. generator, with rheostat, 
starter, switch, &c. A tank holding 80 gallons of 
cooling liquid is cast with the base, with means for 
separating the sediment from the liquid. A centri- 
fugal pump is included. 

The Detroit machine, the agents for which in this 
country are Messrs. Alfred Herbert, Limited, 
Coventry, is made in two styles, one for the con- 
tinuous grinding of straight work only, the other, 
as in Fig. 2, to include shouldered pieces. The 
difference in the two is that for the latter work the 
grinding wheel has a slight reciprocating motion 
in the vertical direction, actuated by means of cams, 
while in the higher position the work is fed into 
the machine, preferably from a semi-automatic 


magazine. Then the wheel descends, grinds the 
work, and rises again. The work is then 


automatically ejected, another piece falls into place, 
and the cycle is repeated. These machines are 
capable of handling a range of work from {; in. to 
43 in. in diameter, and in lengths up to 16 ft. 
Diameters over 4% in. require a special raising 
block, and lengths over 4 ft. or 5 ft. additional 
work-supporting arrangements. The rate of produc- 
tion is very high. The machine will remove 
anything from, say, 0-00025 in. to 0-005 in. in 
from five to twelve seconds apiece from shouldered 
work, and with cylindrical pieces the work passes 
through the wheels at a feed rate of approximately 
20 ft. to 30 ft. per minute. 


(To be concluded.) 








British MAaLaya Imports oF VEHICLES.—According 
to figures supplied by the Malay States Information 
Ageney, 88, Cannon-street, London, E.C.4, the total 
value of the vehicles (including locomotives, aircraft 
and ships) imported into British Malaya during the first 
three quarters of 1926 amounted to 2,479,150/. as 
compared with 1,513,809/. during the corresponding 
period of 1925. 











THE LUC-DENIS EXPANSION JOINT. 


INCREASING steam pressures, and superheat tempera- 
tures have, from the early days of steam engineering, 
been accompanied by an increase in the complexity 
of the problems connected with the installation of 
steam mains. The necessary thickening of a pipe 
to meet the higher pressure means a stiffer structure, 
and this positive loss of flexibility is aggravated by 
the larger movements following the greater amount 
of expansion due to higher temperatures. The sliding 
expansion joint with its stuffing-box and gland has 
obvious disadvantages, and the loops which have 
largely superseded it have limitations in the larger 
S1Zes. 

The Luc-Denis expansion joint, which we illustrate 
in Figs. 1 and 2, provides for expansion in an entirely 
new manner. It is manufactured in this country by 
Messrs. J. Blakeborough and Sons, Limited, Wood- 
house Works, Brighouse, and has come into extensive 
use in France, examples of its employment there 
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being found in railway works, power stations, steam- 
ships and collieries. In the first-mentioned are joints 
up to 14 in. bore, with a working pressure of 300 lb. 
per square inch and a temperature of 700 deg. F.; 
in the last-mentioned, 16-in. pipes, fitted with these 
joints, are in use, with a working pressure of 230 Ib. 
per square inch and a temperature of 660 deg. F. 

With this joint the expansion of adjacent pipes is 
provided for by a rotary movement of a pair of flanges, 
which are coupled together, the pipes joining the 
limbs of a lazy-tongs arrangement. The pipe lay-out 
required to provide for this rotary motion is quite 
simple ; it is only a matter of arranging the expansion 
joints in both vertical and horizontal planes to get 
unrestricted movement. 

Fig. 1 shows an expansion joint for a pipe of 14-in. 
bore. It will be seen that it consists of two bends, 
to one flange of each of which is rigidly bolted a thick 
facing ring, the joint between the ring and the flange 
being a metal-to-metal one. The bolts only indirectly 
play a part in holding the two flanges and their facing 
rings together. This coupling is directly effected by 
an outer ring, which covers the joint between the two 
facing rings, and is screwed to one of them, while the 
connection is made with the other by means of a ring 
of steel balls in the position shown in the figure. It 
will thus be clear that the pressure tending to force 
the bends apart is opposed by the shearing strength 
of the ring of balls on the edge of one facing ring, 
and the resistance to the stripping of the thread on 


the edge of the other. The employment of the balls 
permits the bends to rotate relatively to one another. 
As this rotation might tend to screw the outer ring, 
risk of this is overcome by fitting its lower face with a 
number of set screws. When the outer ring is correctly 
placed to give the proper alignment of the halves 
of the ball race, these set screws are adjusted against 
an extension of the flange of the lower of the two bends. 
The ring is thus locked in position. 

The balls are loaded into the race through a single 
hole drilled on the vertical joint between the facing 
rings and the outer ring. When all are in position the 
halves of the hole are widely separated by the partial 
rotation of the two facing rings. As any movement 
due to expansion takes place through a very small 
angle the two semicircular openings do not come into 
line again, and the balls in consequence cannot escape. 
The means adopted for keeping the joint steamtight 
is shown in Fig. 2. Each of the facing rings at their 
point of junction on the inside is bevelled with a rela- 
tively large spherical radius. In the groove thus 
formed lies a thin V-shaped ring turned with two 
spherical surfaces. This is kept tight against the sides 
of the groove by the pressure in the pipe in a manner 
analogous to that of a hydraulic leather, the differing 
section of the parts providing self-adjustment and effec- 
tive contact, the latter being aided by expansion due 
to the section of the ring. The working surfaces of the 
two facing rings, the balls, and the ball race, and the 
screw of the outer ring are never exposed to the action 
of the steam in the pipe. 





NOTES ON NEW BOOKS. 


THE large number of materials required in an 
engineering works places the questions of their pur- 
chase, receipt, storage and issue amongst those of con- 
siderable importance. Much expenditure is involved, 
and,while economy in this connection is to be desired, the 
need for supplies being always sufficient for require- 
ments must not be overlooked. In spite of its import- 
ance, however, buying and, to a less degree, the storage 
of material have, from the standpoint of real efficiency, 
been given less attention than almost any other 
matter. All costs which can be affected by labour— 
wage rates and rate of output—have been reviewed 
again and again, but the purchase and care of material, 
apart from the attempts sometimes made to set one 
supplier against another, remain largely as they were. 
Actually this is a field for economy in which often 
a firm can obtain relief without the supplier ‘being 
affected at all. Mr. W. J. Hiscox, in a work entitled 
“ Engineering Factory Supplies” (Sir Isaac Pitman 
& Sons, Ltd., Parker Street, Kingsway, London, 
W.C.2. Price 5s. net) deals with this question in a 
fairly comprehensive manner. The treatment is 
commenced with the requisitioning of materials before 
purchase and is taken right through to their issue 
from the store. There are also references to stores 
for work-in-progress, finished parts, spares, tools, 
blue prints, patterns, stationery, &c. Various 
methods of storage are considered, and diagrams of 
bins suggested for the reception of various kinds of 
materials are given. For a firm in whose works the 
purchase or storage of general supplies is held to be 
unsatisfactory, some help is to be obtained from the 
perusal of the book, the treatment appearing to reflect 
actual works experience. At the same time, the 
method of handling the subject is, perhaps, somewhat 
elementary, the obvious being often recommended and 
described. This, however, is frequently the case when 
writing is of a descriptive character. A number of 
forms are reproduced, and the book which contains 
171 pages, is printed in an easily-read type, and at its 
modest price is practically within the reach of all. 


Any effective method of protecting aluminium would 
so greatly enhance the value of that metal from an 
engineering point of view that any such process 
might be expected to arouse a considerable amount of 
interest. A method of some promise was, it may be 
remembered, put forward by Dr. G. D. Bengough and 
Mr. J. M. Stuart, in a paper read before Section G of the 
British Association for the Advancement of Science, 
at its Oxford meeting in August last. This paper 
was reproduced in full in ENnGrveeErtne in the issue 
for August 27 (page 274 Vol. cxxii) under the title of 
“The Protection of Aluminium and Its Alloys against 
Corrosion by Anodic Oxidation.” Quite recently there 
has appeared under the auspices of the Department of 
Scientific and Industrial Research, a pamphlet entitled 
“The Anodic Oxidation of Aluminium and Its Alloys 
as a Protection against Corrosion.” In spite of the 
change rung on the title, as far as we can gather the 
substance of this pamphlet (published at Is. 3d. net) 
is the same as that of the British Association paper, 
though set out by the same two authors in rather more 
elaborate form. A somewhat similar practice is found 





in the Reports and Memoranda of the Aeronautical 
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Research Committee. These are frequently verbatim 
reproductions of papers previously published by one 
or another of the technical institutions. While we 
are thoroughly in accord with the practice of sub- 
mitting the results of such research work to such 
bodies for discussion, we are not altogether in favour of 
the re-publication, at the cost of public funds, of matter 
already on record and available to a wider circle in 
scientific proceedings. 





Mr. H. Glauert was one of the first in this country to 
appreciate the importance of the work of Prandtl.and 
his collaborators in developing and “ practicalising ” 
Lanchester’s suggestion that the secret of the support 
of an aeroplane was to be found in the existence 
of circulation in the air surrounding the ‘plane. | 
Mr. Glauert rendered into English not only the results | 
established by the Géttingen school in connection 
with the aeroplane proper, but also introduced to us | 
Prandtl’s theory of the screw propeller. In the | 
“Elements of  Aerofoil and Airscrew Theory” | 
Mr. Glauert has now collected in one volume the | 
more immediately applicable results of the German | 
school, with the addition of some minor developments | 
due to himself. To have all this valuable matter | 
compressed into one volume of only some 230 pages 
will be a very great convenience even to those who | 
read German with facility, whilst to those whose | 
lack of familiarity with the Teutonic tongue bars access 
to the original papers, Mr. Glauert’s book will be even | 
more valuable. The author states that he has tried | 
to make his text intelligible to those not previously | 
acquainted with hydromechanics, but we are inclined 
to believe that he has overestimated the intelligence of | 
the average student, and that few not already con- | 
versant with the subject will be able without further 
assistance to master his text. In this matter, however, 
the book is no worse than some other textbooks pre- 
pared by the present generation of Cambridge authors. 
This is the more regrettable and inexcusable in that 
Cambridge possesses in the present Master of Trinity 
one who stands second to none in the art of exposition. 
The work is published by the Cambridge University 
Press at 14/- net. 








The sixth volume of the ‘‘ Jahrbuch der Brennkraft 
Technischen Gesellschaft, H.V.,” is a report of the 
proceedings of the annual meeting of this association 
forfuel technology, held in March last in the Technical 
High School of Charlottenburg, where Carl Wegener 
some 33 years ago, first demonstrated the use of 
pulverised fuel. Dust Fuel in its Technical Develop- 
ment, Applications and Economy, was the subject of 
the first paper, read by director Helbig, of Berlin, 
during the discussion of which Mr. Schmidt, of the 
Navy, and Director Goos, of the Hamburg-Amerika 
Linie, expressed the opinion that pulverised fuel could 
not, at present, be recommended for use on board 
ship. The second paper, by Director E. Baurichter, of 
Berlin, was on Mechanical Stokers for Steam Boilers. 
Mr. Walter Haselau made some interesting additions to 
the devices described during the discussion, in which 
practice In the Naval and merchant services were 
reviewed by Messrs. Laudahn and Goos, while Messrs. 
Steger and Schifer referred particularly to the pro- 
tection of the furnace walls. The well-illustrated 
pamphlet of 73 pages is published by Messrs. W. 
Knapp, of Halle, at the price of 4 marks. 





Dorsetshire is fortunate in possessing a plentiful 
natural water supply, which not only suffices for its 
own population, but also supplies the town of Bourne- 
mouth in the neighbouring county of Hampshire 
There are no very large towns or industrial centres 
consequently the water supplied by wells, springs and 
borings, and in isolated cases, rivers, is ample for local 
needs. The Chalk, which outcrops over a large area 
and the Upper Greensand, which lies immediately 
below it, both afford quantities of excellent water. 
These two formations may be regarded as one from the 
point of view of water supply, since the water can 
percolate freely from the chalk into the Upper Green- 
sand. Clays yield no water except a limited amount | 
when they enclose sandy bec's, but when clay underlies 
permeable beds it plays an important part by retaining 


| 
| 


formations. Natural springs are described, and a 
selection of analyses of characteristic waters of the 
county is also included. 





“The Memorandum on the Rating and Valuation 
Act, 1925,” by A. M. Trustram Eve, published by The 
Surveyors’ Institution (price 2s. 6d.), is a handy little 
book, modestly entitled a memorandum. It has evi- 
dently been written for the members of the Surveyors’ 
Institution, but pending the publication of a larger 
treatise on the subject, it should be useful to lawyers, 
property agents and others, concerned with the new 
methods of rating and valuation introduced by this 
comprehensive Act. Mr. Eve gives a précis of the 
principal provisions of the Act, followed by a series 
of short articles on gross net annual and rateable 
values, assessments of typical hereditaments, prepara- 
tion of valuation lists, &c. The third part of the 
book consists of a reprint of practically the whole of 
the Act, copiously annotated, with the schedules and 
the Statutory Rules and Orders made under the Act 
inserted at convenient points. The notes are printed 
in somewhat small type, but considerations of space 
probably made that unavoidable. It is also a little 
difficult to follow the author’s articles in the second 
part of the book without continued reference to the 
various sections of the Act printed in the third part. 
But the book should serve its purpose as a convenient 
handbook on the subject. 





MOVING STAIRWAYS ON THE LONDON 
UNDERGROUND RAILWAYS. 


THE mechanism which is shown in Figs. 1 to 16 on our 
two-page Plate II, and in Figs. 17 and 18 on page 39, oc- 
cupies a somewhat singular position in the engineering 
world, in that it has hitherto had so limited a field of 
application as to be little known in its technical aspect. 
The use of the escalator, or moving stairway is, in this 
country, so far, mainly confined to Metropolitanrailways, 
and, in consequence relatively few engineers have had the 
opportunity of inspecting its mechanism. This limited 
application merely means that the rapid handling of the 
great crowds in modern cities has become a very special 
problem demanding unique methods of solution. 

From the point of view of personal convenience there 
is little to be said for the lifts for handling traffic 
between the street and platform levels. They are 
generally loaded to their full capacity, while their 
necessarily intermittent operation does not permit of 
that steady flow of passengers to and from the plat- 
forms, which is desirable with a frequent train service. 
The escalator, on the other hand, does not involve 
confinement in a small compartment and is continuous 
in its working. The length naturally varies with the 
depth of the particular station below the street, but a 
representative escalator may be taken as one forming 
70 steps per minute. Each of these steps will hold 
two persons, so that the maximum capacity of the 
escalator is 8,400 passengers transported per hour, 
when they stand still on the steps. Very many 
persons, however, walk up or down the stairway as it 
moves, and the capacity is thus considerably increased. 

All new stations on the London Underground system 
are being provided with escalators, and wherever 
alterations or extensions to old ones permit, the pre- 
existing lifts are replaced by them. A drawback to 
their extended use on the older stations, however, 
exists in the horizontal distance of the top from the 
bottom of the stairway: this does not, of course, 
compare favourably with the vertical shaft of the lift 
as regards ground space occupied, The operation of 
constructing this vertical shaft is, further, less costly 
than that of driving the inclined tunnel carrying the 
escalator. No reliable figures are at present procurable 
with regard to the costs of running the two systems, 
but there is reason to believe that they are not appreci- 
ably different. The commercial justification for the 
use of the escalator thus depends upon its success in 
improving the general working of the railway service 
which its introduction has in many instances 
undoubtedly greatly facilitated. 

The general appearance of the moving stairway at 
street level in one of the new stations is shown in Fig. 4, 
Plate II. To the left. is the booking booth. This is 
equipped with automatic ticket machines which, hand- 





the water. Four of the largest towns in Dorset are 
supplied with water from the Chalk, Dorchester and 
Poole by wells, Weymouth and Swanage by springs. 
Yeovil is also supplied in part by springs from the 
Upper Greensand which rise in Dorset. The Geological 
Survey have published a memoir entitled ‘‘ Wells and 
Springs of Dorset,” by W. Whitaker and Wilfrid 
Edwards (London, H.M. Stationery Office, Adastral 
House, Kingsway, W.C.2; price 3s. 6d. net), which 
includes a chapter on the geology of the county, with 
reference to water-bearing strata, and proceeds to 
supply particulars of all wells and borings of any 
importance, together with depth and thickness of 


ling narrow rolls of paper, print, cut off, and eject tickets 
at the rate of nearly four per second. This is well in 
excess of the demand, as from physical reasons the 
flow past one booking window is limited to about 1,000 
passengers per hour, excluding ticket holders. These 
machines are designed for rapid adjustment, the date 
can be changed in 15 seconds, and a new roll of paper 
fixed in 30 seconds, while a defective unit can be 
replaced in 15 minutes without interfering with the 
working of its neighbours. 

On the right of Fig. 4 are seen the tops of the up and 
down escalators, with the stationary emergency stair- 





case between them. The latter is better seen in Fig. 5, 
which shows the bottom of the excalators at the station 
platform level. The staircase is of concrete, and is 
broken up by landings at short intervals. The effectiv: 
lighting of the escalator tunnel is well shown in thi 

figure, which also illustrates clearly the latest form o/ 
moving landing, known as the comb type. The treads 
of the escalator steps have wooden battens arranged at 
right angles to their long edges. A fixed bronze or steel! 
comb with its teeth extending into the grooves between 
the battens makes the junction of the moving landing, 
composed of the levelled treads of three or four steps, 
with the stationary floor. There is practically no change 
of level at this junction, and the absence of change of 
direction is rather more convenient for passengers than 
the earlier pattern, in which boarding and stepping 
off had to be done at the side. The comb system has, 
moreover, the advantage of permitting rapid reversal 
of direction of motion, as both the top and bottom are 
alike. A plan of the bottom landing and comb is 
given in Fig. 2, while sectional elevations of both 
landings appear in Fig. 1. Drawings showing the 
whole as arranged in the inclined shaft, are given in 
Figs. 17 and 18, page 39. 

Figure 1 is, as will be seen, a longitudinal section 
of the complete escalator, while Fig. 3 is an enlarged 
cross end elevation at the top landing showing the 
treads as they pass round the two sprocket wheels 
which form the drive. Fig. 6, which reproduces a 
photograph of the underside of a single step, will 
assist in making the general construction clear. Each 
step is carried on four rollers, two of which are of fibre, 
and are attached directly to a bar at the bottom of the 
riser of the step. The other two rollers, which are of 
cast iron, are also attached to the step close under 
the back edge of the tread, but are carried between 
the links of double flat-link chains. Each step is thus 
coupled to the chains at the extremities of one edge, 
while the other edge is free to swing round the axis 
of attachment to the chains. The two rollers in the 
chains are wider apart than the two idlers at the bottom 
of the riser, for, as will be evident from an examination 
of the inclined portion of the upper half of the chain 
in Fig. 1, the rollers on adjacent steps would foul one 
another unless one pair could run inside the other, as 
shown in Fig. 17. 

The necessity for transverse clearance between the 
two pairs of rollers involves the provision of separate 
tracks for each pair. The tracks for the chain rollers 
stop short at the top and bottom sprocket wheels, 
which are in line with them, the rollers passing into 
recesses in the wheels, which are clearly shown in the 
bottom part of Fig. 1. The smaller notches in the 
wheels receive the ferrules at intermediate joints of 
the chains. The track for the free rollers is, on the 
other hand, in one sense, continuous, and it is the 
manner in which it is arranged in relation to the 
chain roller track that causes the steps to flatten out 
into a moving platform at the top and bottom of their 
path. Commencing’ at the bottom of the steps it will 
be seen that all up the stairway the tracks for both the 
chain rollers and the free rollers are side by side, and 
line with one another. When nearing the top, how- 
ever, in order to preserve the horizontal position of 
the treads, it is necessary to depress the free roller 
track. At this point this track is accordingly carried 
below the chain roller track by a steel casting. 

In order to prevent the lower half of the chain loop 
and the attached steps sagging, the free-roller track is 
carried round to the underside of the rollers, a double 
track being provided round the sprocket wheel shaft to 
effect the transfer of the weight with smoothness. 
This double track is repeated by means of a special 
shaped casting at the bottom sprocket wheels, and the 
manner in which the free rollers are transferred from 
one to the other track without a break is easily followed 
from the lower part of Fig. 1. 

The escalators are driven at the top pair of 
sprocket wheels. The shaft on which these are fitted 
is extended, on one side, to carry a chain wheel, the 
drive being imparted to this by a chain from a gear 
box pinion. The lower pair of sprocket wheels are 
idlers, and their shaft is supported on bearings which 
are free to slide horizontally, so that the necessary 
tension may be put on the chain. This is done by a 
weight attached by a wire rope to the bearing and 
arranged as shown in Fig. 1. Before leaving this 
figure, the handrail driving device should be noted. 
As is well known, the motion of the handrail is synchro- 
nised with that of the steps, so that a person who prefers 
to remain on one step during transit has not to change 
his grasp of the rail. The handrail is practically 4 flat 
tubular rubber belt with a slot on its underside, where 
it passes round the guide and driving pullies. The level! 
portion at the top landing is carried over two pullies. 
These are both driven by a chain from the main 
sprocket wheel driving shaft. The course of this chain 
is readily followed in Fig. 1, and its position transversely 
is shown in Fig. 3, this figure 2lso indicating the point 
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Fig.17 


of support of the main shaft. On leaving the end 
pulley, the handrail passes direct to a tightener 
pulley and then round a driven puliey at the head of 
the stairway. From here it descends to the bottom of 
the escalator incline, is there taken into the horizontal 
by a guide pulley, and passes round the return pulley 
at the end of the bottom landing. Its appearance at 
this point is well shown in Fig. 5. Following the course 
of the handrail upwards, it may be noted that the 
curve between the horizontal and inclined portions is 
maintained by a fixed brass rail, over which the moving 
rubber handrail is sprung, and which extends the 
whole length of the part on which the hand rests. 

The driving mechanism is situated at the top of the 
escalators in a room immediately under the floor of the 
booking hall. The interior of this room is shown in 
Fig. 7. The ends of the two escalators, with three of 
the treads of each, are readily distinguishable in this 
view. Between them is the entrance to a staircase 
which runs under the passenger emergency staircase, 
and gives access to the roller tracks and other parts. 
This is shown in Fig. 18. At the left of Fig. 7 is seen 
one of the gear boxes for the drive, behind which may 
be traced, in the wire guard the course of the driving 
chain to the sprocket wheel shaft. Figs. 8 and 9 are 
drawings of a gear box, and Figs. 10 and 11 show the 
gear itself. This consists of a steel shaft on which are 
cut a right-hand and a left-hand worm with triple 
threads. One end of the worm shaft is coupled to the 
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shaft of a motor running on 600 volt direct current, a 
brake drum being mounted on the shaft between the 
motor and the gear-box. The other end of the worm 
shaft is coupled to an extension carrying a second brake 
drum. The worms are 4 in. in diameter on the pitch 
line, with a normal lead of 3-344 in. on the pitch line 
measured parallel with the axis. The development of 
one thread is shown in Fig. 12, and profiies are given in 
Figs. 13 and 14. Each worm drives a worm-wheel of 
26-26 in. diam. of pitch circie, the pair of wheels 
meshing with one another. This arrangement of the 
double worms and wheels avoids the use of any arrange- 
ments for taking upend thrust. The teeth of the worm 
wheels are somewhat unusual. They are cut in rims 
of special bronze bolted to steel centres and are 5 in. 
wide on the face. A comparison of Fig. 15 and 16 will 
show that the shape of the tooth at the two outside 
edges, where the wheels mesh, is different from the 
shape at the centre where the worms engage. 

The worms run in an oil bath and the surplus oil 
from the worm wheel bearings is led into this chamber. 
The drive is only taken from one of the worm wheels, 
and the bearings are, in consequence, slightly different 
for the two wheels. They are of the usual type, 
white-metal lined, and there are two, cast on the 
gearbox, for the idle worm-wheel, the half section of 
Fig. 9 being symmetrical. For the driving wheel shaft 
there is only one, forming an integral part of the gear 
box. 











The other bearing is carried on an independent | 














pedestal between gear case and the pinion for the chain 
drive which is keyed on to the worm wheel shaft. As 
shown in Fig. 9, the bearing on the gear-box is some- 
what wider than those of the other worm-wheel, and 
is strongly ribbed underneath. A light splash cover 
is fitted round the shaft at the other side of the box. 
The bearings for the worm shaft are not bushed, but 
are withdrawable and are provided with a stuffing box 
and gland as shown in Fig. 8. They are immersed 
in the oil bath at the bottom of the gear box. 
The safety arrangements are very complete. Each 
worm shaft is provided with two spring-loaded, magnet- 
actuated band brakes, one at each end. These are 
automatic and come into operation on current being 
switched off or the operation of any emergency or 
safety device, one being held in reserve. Between 
them is a hand-lever for lifting the reserve brake. This 
may be seen to the left of Fig. 7, while one magnetic 
brake with its drum appears at each side of the figure. 
In addition there are devices for stopping the esca- 
lators if a chain should break, or, in the remote possi- 
bility of excessive weight on the steps, causing the 
escalator to reverse when ascending, or to attain exces- 
sive speed. These devices are actuated directly by 
the machine itself, the sprocket wheel for the first-named 
function being seen about the middle of Fig. 1. They 
operate through electrical connections with the starting 
and control gear. Push-button stopping gear is 
provided at intervals on the service staircase between 
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the escalators. These devices are all either automatic 
or under the control of the machinery attendants, 
but passengers may stop the machines at will in 
emergencies by a modified push-button arrangement. 
This is seen in the drums near the handrails in Fig. 4, 
and at the left-hand side of Fig 5. Normally the device 
is protected by a paper disc which it is necessary to 
destroy. For public service a high degree of protection 
by safety devices is imperative, though the adoption of 
the comb arrangement has made the liability of accident 
while stepping off or boarding the platforms much less 
than was formerly the case. The speed of the escalators 
has recently been increased from 90 ft. to 100 ft. per 
minute, without discomfort to the passengers. 

The starting and control gear is provided with normal 
switches etc., in addition to the automatic stopping 
apparatus for breakdowns. Provision is also made 
for rapid reversal of either escalators, so that, if need be, 
both can be made to work in one direction. This start- 
ing panel is supplied by Messrs. Electrical Apparatus 
Company, Vauxhall Works, 8.W.8. The whole of the 
escalators, of the typical Underground installation 
described, and their driving mechanism were constructed 
and installed by the firm of Messrs. Waygood-Otis, 
Limited, 54, Fetter-lane, E.C.4, whose experience in 
this type of conveying machinery is unique. The 
modern escalator is a much lighter machine than its 
predecessor, and our description does not, except in 
principle, apply precisely to the earlier types. 





BOILER FIRING WITH PULVERISED 
FUEL. 


A MERTING of the North Western Branch of the Insti- 
tution of Mechanica! Engineers was held at the Engi- 
neers’ Club, Albert-square, Manchester, on Thursday, 
January 6, 1927, when Mr. R. B. Potter delivered a 
paper on “ Pulverised Fuel and its Application to 
Boilers,” Mr. Cecil Bentham occupying the chair. 

The system of burning fuel in pulverised form was, 
Mr. Potter said, by no means a new idea though it 
was only during the last few years that it had come into 
prominence. So far as boilers were concerned the 
earliest attempts made in England with such fuel were 
probably those carried out by Crampton and reported 
in his paper published in ‘ Proceedings of the Iron 
and Steel Institute” in 1873, while Bryan Donkin 
published in ENGINEERING during 1895,* the results 
of some exhaustive experiments carried out on a 
Lancashire boiler. 

It was his intention, Mr. Potter said, to confine his 
paper to the application to steam raising plant (for all 
practical purposes a post-war development) though 
it should be mentioned that in this country at least one 
installation had shown satisfactory results in connection 
with a re-heating furnace, while in America and France 
this method of firing had been used extensively in 
annealing furnaces, puddling furnaces, copper rever- 
beratory furnaces, soaking pits, forge furnaces, sheet 
and bar furnaces, &c. Up till the middle of last year 
(1926) two systems alone had between them equipped 
over 5} million square feet of boiler heating surface, 
corresponding to an evaporation of about 34 million 
Ibs. steam per hour of which about 10 per cent. was in 
this country. 

After discussing the high efficiencies obtainable with 
this fuel, the author passed on to the question of 
flexibility. Pulverised fuel fired boilers enjoyed a great 
superiority in this respect over stoker fired boilers 
In one case known to the author at Peterborough 
a 25,000 Ib, per hour boiler was put on the range at 
265 lb. per square inch within less than } hour from 
lighting up from cold, and this process seldom occupied 
more than 30 to 40 minutes at this plant. Such very 
severe treatment of boilers was not to be recommended 
as standard practice, but it showed what could be done 
in cases of emergency. There was no class of solid 
combustible which could not be burnt efficiently in pul- 
verised form. So far as the employment of fuel was 
concerned it was merely a question of price per British 
thermal unit in the pulverised condition and the cost of 
ash removal, 

‘Tests on a small boiler at the Mines d’Anzin using 
coal with 42 per cent. ash gave efficiencies of 77 per 
cent. while a plant recently set to work at the Houil- 
leres de Ronchamp in France used washery refuse 
alone of which the ash content varied from 50 per cent. 
to 75 per cent. with an average of 15 per cent. moisture. 
With this fuel the average rate of evaporation was 7°15 
lb. per square foot of heating surface, while on overload 
a figure of 11-25 lbs. per square foot was obtained. 
Five boilers each of 6,150 square feet heating surface 
were being supplied and the usual CO, content was 
14 per cent. Anthracite duff had been in use for over 

three years in South Wales and this was a peculiarly 
suitable fuel since its uses except for pulverising were 
negligible, thus making its price low while its calorific | 


* See ENGINEERING, vol. lxi, page 80. | 


value was very high—between 13,000 and 14,000 
B.Th.U’s. per lb. At one such plant a CO, content 
as high as 18 per cent. was maintained for considerable 
periods. 

Of the many types of pulveriser only two were 
much used for large capacities, i.e., the roller type and 
the multiple ball mill. An interesting comparison of 
the two was made in a recent paper, read before the 
‘‘ Syndicat Professionnel des Producteurs et Distribu- 
teurs d’ Energie Electrique ”’ in July, 1925, by M. Michel 
Sohm, Chief Engineer to the Mines de Bruay. M. Schm 
tried ball mills against the roller mills which he had 
originally installed, and as a result of the test changed 
entirely to ball mills; the test extended over nearly 
two years, and, though more expensive in power 
consumption, the ball mill was far the cheaper in 
lubrication and maintenance costs. Taking both power 
and upkeep into consideration, there was no appre- 
ciable difference in cost, but the preference for the 
ball mill was formed because of its freedom from 
breakdowns and better pulverisation. The latter was 
given as 90 per cent. through 100-mesh and 70 per cent. 
through 200 mesh for the ball mill, and 82 per cent. 
through 100 mesh and 60 per cent. through 200 mesh 
for the roller mill. 

An interesting development was taking place at the 
new power station at Peterborough, at present under 
construction. There was a large pulverised-fuel bunker 
in the pulverising house (which was separate from the 
boiler-house) and no pulverised-fuel bins at the boilers ; 
all the feeders, controllers, and primary air fans were 
also situated in the pulveriser house and controlled by 
electrical apparatus from the boiler-house, so that 
the only machinery in the boiler-house was the secon- 
dary air supply. Overhead bunkers had been entirely 
eliminated so as to give more light, and there was no 
dividing wall between the boiler and turbine rooms. 

There were many types of burner on the market 
with various devices for thoroughly mixing the coal 
and air; in some the secondary air was mixed at the 
burner, and in others efforts were made to provide 
for a flat-shaped or, alternatively, a spiral-shaped 
flame. It was claimed that some special burners, 
by giving a spiral or turbulent motion to the stream of 
coal and air, reduced the necessity for such deep 
combustion chambers by reducing the flame length. 
The only advantage of such turbulence, in the author’s 
opinion, was to promote a better mixture of coal and 
air. The depth of combustion chamber depended on a 
time factor which itself varied with the fineness of 
pulverisation, quantity of fuel, and amount of excess 
air. If this mixing could be achieved by simple 
design, as was claimed by some systems, there was no 
object in complicating matters to obtain spiral or 
other turbulence. 

The burning of pulverised fuel was a more compli- 
cated question than that of pulverising, and, though the 
actual combustion offered few difficulties, it was safe 
to say that had the attendant problems been satis- 
factorily solved earlier in the century, pulverised coal 
firing would have been almost universal to-day for all 
large stations. The high temperatures obtainable when 
only the minimum of excess air was used had a very 
deleterious effect on the refractory material of the 
combustion chambers, and these had therefore been 
gradually built larger and larger to decrease furnace 
maintenance costs, although the capital cost was 
accordingly increased. In some cases air cooling of 
the walls was adopted, the preheated air being used 
for combustion, but the amount of air required to 
cool the brickwork sufticiently was far in excess of that 
needed for efficient combustion, and air cooling had 
been almost entirely discarded except for cooling a 
portion only of the chamber. Water cooling could be 
either of a portion or of all of the combustion chamber, 
and the water-cooling tubes might be either exposed 
to the flame or shielded by brickwork. 

One interesting form was the so-called fin tube, 
which had the obvious objection that with such a 
construction there was an absence of red-hot radiating 
surface to aid the combustion of the coal particles, 
so that finer pulverisation was needed to avoid an 
excessively high carbon loss in the ash. Refractories were 
now specially shaped to key round vertical tubes and 
lock each other in position, the thickness between the 
tubes and the inner surface of the chamber being such 
that the cooling effect was sufficient to prevent any 
damage to the brickwork while keeping the inner 
surface of the chamber at a bright red heat so as to 
expedite and complete the combustion. 

A feature of some boilers was the water-cooled roof, 
in which a series of tubes slightly inclined to the 
horizontal were expanded at one end into a header 
and the other into the main steam drum. The bricks 
forming the roof were laid on and supported by these 
tubes, so that the bricks were protected from excessive 





heat. 

Early attempts in pulverised-fuel firing were made 
with existing types of boilers. The need for some 
sort of water cooling was first met by adding some 


system of tubes, headers, &c., to the boilers. The 
tendency would now seem to be in favour of new 
designs of boilers to meet the new conditions. There 
were two recent designs of peculiar interest: the 
radiation boiler, one of which was working in Trafford 
Park, while two more are under construction at 
Brighton; and the new boilers which were nearing 
completion at Birmingham. 

The former boiler was the more radical departure from 
old practice, as all the steam-generating elements 
were grouped round the combustion space; the four 
walls were formed of fin tubes expanded top and bottom 
into drums, and the floor was formed of a water-screen. 
The gases left the furnace at the bottom and passed 
through a separate superheater and air heater. 

The pressure was 260 Ib. per square inch, and the 
steam temperature 825deg. F. The air was preheated to 
about 815 deg. F. The chief difficulty would appear 
to be to obtain a sufficiently low exit gas temperature. 

The new boilers at Birmingham were more remarkable 
for their size than for revolutionary design, since each 
was rated to evaporate a maximum of 180,000 Ib. of 
water per hour at a pressure of 320 lb. per square inch. 
Each boiler was composed of two tri-drum boilers set 
face to face with a large combustion chamber formed 
between and underneath. Each wall (as well as the 
roof and bottom slopes) was cooled by water tubes 
expanded into headers or drums, but all the tubes 
except the roof tubes were covered by refractory 
material. Two additional large mud drums fed from 
the main drums were situated at the bottom of the 
combustion chamber, and supplied water to the various 
water cooling elements. The approximate dimensions 
of the boiler and combustion chamber were 40 ft. by 
20 ft. by 60 ft. high, and economisers and grit catchers 
were superimposed. It would seem from consideration 
of design that the radiation boiler would be more 
suited to conditions where the load factor and volatiles 
in the coal were high, while the Birmingham boilers 
should show good results at all loads and with the very 
poor quality of coal that would be used there. 

Pulverised fuel firing would no doubt become more 
and more widely adopted in the future, both for power 
stations and large works. The ability to use any class 
of fuel efficiently should be of peculiar interest to 
collieries, especially in view of the present state of the 
industry. Collieries should burn their belt pickings 
or screen out and dry their finest coal for use under 
their boilers, which course of action, besides releasing 
the good coal for sale, would materially decrease the 
ever present slurry troubles at their washeries and give 
better washing, i.e., a cleaner and dryer product. 

The great efforts being made by the steam turbine 
to defeat the Diesel engine might well be aided by the 
adoption of pulverising on board ship. Some experi- 
ments in this direction had been made, and there would 
appear to be no valid reason why at least the unit 
system should not be adopted. 

As to the firing of firetube boilers an interesting 
attempt was being made by using a small brickwork 
lined chamber where the pulverised fuel met the 
primary air which was insufficient for complete com- 
bustion ; the resultant gases passed on to a burner 
where with the secondary air they were completely 
burnt. The only published figures showed good results 
on this system, but the difficulty would appear to be 
in ensuring that particles of fine ash were not carried 
forward to the boiler. Should this difficulty be sur- 
mounted there seemed every chance of successfully 
applying the system to boilers of any type; it was 
claimed that the small primary chambers were much 
smaller than the large combustion chambers needed 
where pulverised fuel was completely burnt at once. 
The discussion of the paper was opened by Mr. Rhodes 
who said he was mainly interested in the metallurgica! 
application of pulverised coal. He had had to consider 
the question of adopting the unit system or the central 
system. The estimate for the central system amounted 
to 35,000/., and that for the unit system to 20,0001. 
This last had been put in and interesting results had 
been obtained from it. The operation was that of 
roasting gold. The gold ore was ground into a very 
fine state and the aim was to burn off the graphite. 
In their firm they used the burner known as the 
Buell type. So far they had had no satisfactory 
results in the pulverising of anthracite which had not 
been obtained of the necessary fineness. There was a 
wide variation in the screens used, and he would suggest 
that the Institution of Mechanical Engineers should 
consider the matter of screen standardisation. In their 
plant they were using pre-heated air for the dryers. 
They had not used any extra fuel for that purpose. 

Mr. G. E. Allin stated that he was concerned with a 
plant installed at Ley’s Malleable Casting Co.. Ltd. In 
their works they had pulverised coal firing on two 
Lancashire boilers out of three, and they were now 
installing it on the third. Extremely good results had 
been obtained up to the present. He could testify 
to the possibility of a clean pulverising plant. He 





knew two plants in the United States where great 
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-leanliness existed. In one station, where 12,000 1b. of | 
coal were pulverised per hour, air compressors were 
drawing air from inside the station. One of the 
stations was enamelled white. 

As to the different types of pulverisers, the pulveriser 
they had at their works was of the roller type. They had 
run the roller type of mill practically continuously for 
seven months, and had only changed one set of rollers 
up to the present time. That mill was pulverising an 
average of 4,000 Ib. of coal per hour. The electric 
control of air and fuel in big power units was of great 
promise. In the big power station at Henry Ford’s 
works, a man sat at the switchboard and controlled 
everything. 

Mr. C, E. Stromeyer said he remembered when quite 
a boy, going to Woolwich Arsenal] to see what they had 
been doing there with powdered fuel. Since then 
wonderful improvements had been made, and he 
thought one of the chief had been in grinding. He 
remembered testing a boiler with test fuel which had 
had to be passed through sieves. The sieves had not 
been quite effective enough, and comparatively large 
particles had got through which had interfered with the 
efficiency. There had not been complete combustion. 
That test fuel had then been tried on Lancashire boilers, 
and the trouble had been increased, due to settlement of 
dust in the flues. The original idea had been to infuse 
the air with the dust in .a sufficiently well mixed 
condition, so that each particle should be surrounded 
by the proper quantity of air for combustion, but if 
that particle of air was not disturbed it was soon 
surrounded by a layer of CO, and inert gases, and unless 
the coal particles were shaken out combustion could 
not be completed. In most of the successful furnaces, 
secondary air was introduced to shake the particles 
away from the envelope which surrounded them. On 
the Continent, small combustion chambers for Lan- 
cashire boilers had given very satisfactory results, but 
certain conditions were found necessary. The com- 
bustion chambers had to be smoothed to avoid pockets 
where unconsumed gases could heat themselves and 
then get carried away. The furnaces were made 
perfectly cylindrical and dome-shaped. Air jets were 
fitted which produced a whirling motion in the gases, 
spreading the gas particles and allowing them to burn 
before reaching the cool portion of the boiler. 

Mr. K. C. Barrel said that the unit pulveriser was a 
great deal simpler than the storage plant, but the 
author had stated that the unit pulveriser took more 
power. A unit system at a Continental power station 
took less than 11 kw.-hours per ton. There were four 
pulverisers on the boiler driven in pairs by two steam 
turbines, There were no dryers, because the coal was 
not very wet. The figure given for the maintenance 
cost of the pulveriser was rather remarkable, and he 
thought was in favour of the unit. He had seen one 
pulveriser plant running with as high as 25 per cent. 
moisture. 

With regard to the question of cleanliness, some 

central stations he had seen had been filthy. The 
noise of the pulverisers was objectionable. With the 
unit pulveriser, however, there was no noise and no 
vibration. He thought there would be trouble from 
slagging in some of the combustion chambers which 
had been tried, and wondered how refractories stood 
up to the work. If a high temperature existed the 
brick work ran, but with water cooling, that did not 
occur. Semi-gasification of pulverised coal had been 
mentioned. A firm, he believed, had been building 
boilers with well furnaces for about ten years, and had 
given them up because they had not been able to get 
them to stand. With regard to another point, they 
had got a Lancashire boiler running with a big chamber 
in front which had proved extremely satisfactory. 
There, they were working in the ordinary combustion 
space with very little trouble to the brick work, or 
anything else. He thought units were much easier to 
control and far cleaner than a central system. 
_ Mr. W. H. Hopkins said the point he was interested 
in was the use of the unit systems for Lancashire 
boilers, He would like to know if anyone had had 
experience of the unit Atritor for small Lancashire 
boilers, Speaking of cleanliness, his experience was 
that pulverised fuel was favourable to this. The coal 
strike was a blessing in disguise, because it had brought 
the pulverised coal question further to the front. 

Dr. T. Petrie said that higher pressures were being 
striven for with the object of improving the relative 
efliciency of a steam turbine, but there was. still 
room for improvement at the boiler end of the plant, 
possibly more than at the turbine end. Certain 

thermal efficiencies had been mentioned ; 85 to 87 per 
cent. was claimed for a good modern plant. He 
thought that was rather an unfair figure when it was 
looked at practically. The efficiency did not generally 
reach $5 per cent. ;_it was more like 70 per cent. That 
was due to a number of causes, It would be interesting 
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Another point, which had impressed him very much, | 


was the figure of 825 deg. given as the temperature of 
the steam in the radiation boiler. If that were a 
possible figure, it was going to be an asset to the turbine 
designer; at present they did not like to go to more 
than about 700 deg. in the turbine. If it were possible 
to go even to 50 deg. higher, there would be a consider- 
able gain in the steam cycle. It was possible that they 
were going to see at last an improvement in boiler 
design. If people would go back to Dr. Nicolson’s work, 
and study the principles laid down by him, he was 
certain they would find not only a good deal on what 
was now being attempted, but other data that had not 
yet been thought of. The idea of such things as a 
radiation lining was all thrashed out very thoroughly 
by Dr. Nicolson, and found to be sound. 

Mr. Potter, in reply, said that with regard to anthra- 
cite, at least one plant he knew of had been running on 
anthracite dust for well over two years. The results 
obtained had been extremely good. They had not 
been able to run at maximum efficiency. Under 
conditions giving maximum CO, the brick work gave 
trouble. With a moderately low CO,, not a single 
brick in the combustion chamber needed to be changed. 

He quite agreed that standardisation of screens 
would be very advantageous. All manufacturers 
seemed to have different standards, and it was rather 
difficult to make comparisons in consequence. 

He was very interested to hear from Mr. Allin about 
Ley’s Foundry at Derby. He was not aware that the 
plant was running there, and giving good results on 
Lancashire boilers. The difficulties with Lancashire 
boilers had always been due to the flues getting blocked 
with dust, and the building of the big combustion 
chamber in front. The cost of distributing, &c., was 
very difficult to give. It varied with the coal used 
and other conditions. With a dry bituminous coal, 
which could be pulverised with about 11 kw. hours 
per ton, that was the only cost in connection with it. 
Anthracite dust took more power, and if it were wet 
this rose still more. He thought the pulverising cost 
varied from about 11 to 24 kw. hour per ton. He 
agreed that there were a large number of central plant 
pulverising stations which were very dirty. On the 
other hand, there were some very clean ones. He knew 
of a plant in France which was working at an artificial 
silk works, where cleanliness was of the utmost import- 
ance. With regard to slagging the ash, he thought if 
the combustion chamber were properly designed, 
slagging the ash could be done without any trouble. 
He had heard of trouble from slagging with a coal 
containing not only 40 per cent. of ash, but having a 
large proportion with a high moisture content. There 
had been some trouble with the slag sticking, but in 
ordinary coal the slagging method presented no 
difficulties. 

Dr. Petrie had mentioned the question of the overall 
efficiencies of a pulverised plant on the year’s run, It 
was very difficult to get such figures, because the only 
published figures of actual performances were for 
complete stations, and he did not know of any station 
in the country which was running entirely on pulversied 
fuel. He could not see how a properly designed 
pulverised fuel plant would fail to show a saving, since 
on test it could do as well as, if not better than, the 
mechanical stoker. There was no question of banking 
the boiler. There was also the fact that one could 
meet the load very much more quickly as it increased. 
The figures for the superheat of the radiation boiler 
he could not guarantee. If it could be maintained 


great advantage to turbine people. The boiler had not 
been running yet for any considerable time. 





THe ELecTROMOBILE AssocIaTION.—The Rt. Hon. 
Lord Montagu of Beaulieu has agreed to act as the 
first President of the Association, the address of which 
is, 3-7, Southampton-street, Strand, London, W.C.2. 





Spor Wetpine IN TuBE MANUFACTURE.—Certain 
processes of making steel tubes involve the welding 
of a tag of round steel rod to the strip to facilitate the 
handling of the latter. This operation has hitherto 
been performed mainly by hand, and the tagger has to 
be a highly-skilled man to avoid burning the material 
while the slowness of the process and the high percentage 
of breakages often diminish the output of the furnace. 
A machine for tagging by spot welding has been recently 
developed by Messrs. Holden and Hunt, Cox’s-lane Works, 
Old Hill, and has proved very successful. With two 
youths in attendance, one of these machines welds an 
average of 120 tags to strips per hour, with 3 welds per 
tag, for 18 hours a day, the maximum diameter of tag 
being half an inch and the strips being of various thick- 
nesses. In carrying out the operation, the tag is rested 
on the bottom electrode, the strip is placed above it, 
and the top electrode is depressed by a pedal. This 
holds the two parts in place and starts the current, 
welding heat being reached in a second orso. The pedal 
is then further depressed with the result that the plastic 





io know whether the pulverised fuel plant had essen- 
tially a higher average efficiency which would be of 
considerable value to the turbine end of the plant. 





metals are forced together, and the current automatic- 
ally cut off. The finished work is removed from the 
machine by releasing the pedal. 


without trouble to the superheat tubes, it would be a | 
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LETTER TO THE EDITOR. 


THE RATING OF MACHINERY. 
To THE EpiTor oF ENGINEERING. 

Str,—The Committee appointed by the Minister of 
Health to advise him what machinery and plant should 
be held to fall within the classes specified in the Rating 
and Valuation Act, 1925, to be included in assessments 
for local rating purposes, has now issued its report, 
which is not unanimous. If this Committee are not 
able to agree as to what machinery is to be rated, how 
can it be expected that the 2,113 new authorities will 
be able to do so in order to promote the uniformity of 
valuation that was intended by the Act ? . 

It was generally understood when this Act was before 
Parliament, that relief was to be given to manufacturers 
by not taking into account for rating purposes most of 
the machinery used in the various processes of manu- 
facture, and the Third Schedule of the Act gives fairly 
clear effect to this understanding. The report of the 
Committee referred to above, however, leaves the way 
open to many classes of machinery being included in 
future rating valuations which it was generally assumed 
would be omitted, in the same manner that they have 
been in many unions in the past. The Third Schedule 
of the Act specifically states that lifts and elevators 
mainly or usually used for passengers will be rated, from 
which it may be inferred that goods lifts and elevators 
would not be rated. 

The report of the Committee, however, includes in 
Class 6 as plant which may be rated, conveyors and 
transporters, elevators and hoists, under which descrip- 
tion practically all forms of lifts and elevators might be 
held to come. The chairman of the Committee, 
Mr. Edward Shortt, K.C., having heard the views put 
forward by the technical experts on the Committee, 
does not agree with the details of Class 6, and he signs 
the report with this reservation. 

The machinery and plant included in Class 6 in the 
report is particularly worthy of attention. This class 
of machinery is in the principal Act described in words : 
“Such part of any plant or any combination of plant 
and machinery including gas holders, blast furnaces, 
coke ovens, &c., &c., as is, or is in the nature of, a 
building or structure.”” The words of this part of the 
Act leave it fairly clear what class of machinery or plant 
is referred to. The Committee’s report, on the other 
hand, proposes that machinery and plant should be 
rated according to the list given in Class 6 of the report, 
which is headed : “‘ Any of the following Machinery or 
Plant which is in the nature of a building or structure,” 
thus including the whole instead of a part. 

The many articles mentioned might be held to cover 
most of the various classes of ovens, stoves and racks 
used in engineering shops, unless the word “ structure ” 
is to be limited in its application. The Concise Oxford 
Dictionary, 1921, gives amongst other meanings, the 
following for ‘‘ structure ” : ‘‘ Supporting framework, or 
whole of the essential parts of something, a thing con- 
structed, a complex whole, a building.” 

As surveyors constantly dealing with the assessments 
of factory premises, we can see no limit to the classes 
of machinery and plant which may be brought into 
rating on the ground that they are of the “ nature of a 
structure,” and feel that if the report is adopted in its 
present form, manufacturers will have lost much of the 
relief which it was intended they should have had under 
the Act. It isimportant, therefore, that manufacturers 
of all classes should study the report and make strong 
| objection through the proper channels to the indefinite 
| and ambiguous wording of the Schedules attached to the 
|report. It should be noted that the Minister of Health 
| has stated that he will receive such objections up to 

the 30th inst. Yours faithfully, 
H. H. Futuer, Petser anp Co, 
| 15, Serjeant’s Inn, Fleet-street, 


London, E.C.4, January 6, 1927. 








TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
particulars and information relating to these can be 
| obtained on application to the Department at the above 
| address, the reference number given below being quoted 
| in each case :—The Ministry of Marine at Buenos Aires 
are calling for tenders, to be presented by March 15, 
for the supply and erection of electrical and other 
machinery and for the execution of civil engineering 
work in connection with the extension of the electrical 
generating facilities at the naval base of Puerto Belgrano. 
(Ref. No. BX 3140.)—The Argentine Department of 
Navigation and Ports is calling for tenders for the supply 
of electric cranes and high-pressure electric pumping 
sets, together with complete sets of lines for the portal 
cranes. Tenders to reach Buenos Aires by March 24. 
Local representation is essential. (Ref. No. AX 4087.)— 
The Royal School of Engineering at Giza, Cairo, are 
calling for tenders, to be presented by February 5. for 
scientific and electrical apparatus and machines for 
| material testing. (Ref. No. BX 3156.) 
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HEAT-RESISTING AND NON-CORROD- 
ING STEELS. 


A PAPER entitled ‘‘ Progress in the Development and 
Practical Application of Heat-Resisting and Non- 
Corroding Steels,’ prepared by Sir Robert Hadfield, 
F.R.S., was read by Mr. 8. A. Main at a meeting of the 
Institute of Marine Engineers, held at The Minories, 
Tower Hill, London, E.1, on Tuesday last. Sir 
Robert opened with the statement that, as was well 
known, the general effects of heat upon ordinary steel 
or iron were of two different kinds—scaling 
occurred, and softening of the material took place. 
Ordinary steels, and even what were known as high- 
tenacity alloy steels, lost practically all their rigidity 
at any temperature above a red heat, and, in fact, in 
many cases, they could not be relied upon to support 
their own weight, and certainly not additional stresses. 
In order to meet the need for a material free from these 
disabilities, Era heat-resisting steel had been developed. 
This material combined excellent non-scaling qualities 
with remarkable mechanical strength at high tempera- 
tures. For practical purposes, it might be considered 
as non-scaling up to about 1,000 deg. C. In a test at 
this latter temperature extending over three hours, 
the loss sustained by a specimen of ordinary steel 
amounted to 9-3 oz. per square foot of its surface. 
Under similar conditions, a specimen of Era steel lost 
only 0-023 oz, per square foot, a ratio of 400 to 1. 

Although under the more drastic effect of still 
higher temperatures Era steel suffered a certain 
amount of oxidation, it remained markedly superior to 
ordinary steel. At normal temperatures, the maximum 
stress of Era heat-resisting steel was 58-5 tons per 
square inch, and at temperatures of 700, 800, and 
900 deg. C. the maximam-stress figures were, respec- 
tively, 31, 24-6, and 19 tons per square inch. The 
creep-stress limit of the material, however, at and 
below which no continuous stretching was produced 
no matter how long the load was maintained, had 
been determined for various temperatures. At 
600 deg. C. the value was 8 tons per square inch ; 
at 700 deg. C., 5 tons; and at 800 deg. C., 24 tons 
per square inch. These figures might appear some- 
what low, but when it was realised that at 800 deg. C. 
ordinary steel] failed to support a load of even } ton 


per square inch without continuous stretching, finally | 
breaking in 107 hours, and that cast-iron would break | 


under even } ton, it would be appreciated that Era 
steel represented a very considerable advance. 

Era steels were being successfully used for a large 
number of purposes, which included: recuperator 
tube castings; hearth-bricks and rabble teeth for 
zinc-ore roasting furnaces, in which a sulphurous 
atmosphere was present ; continuous conveyor appar- 
atus used in conjunction with a furnace in which a 
constant minimum temperature of 950 deg. C. 


pre- 
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vailed ; soot-blower tubes and fittings ; and the slicing 
links attached to mechanical stokers. It was the 
function of these slicing links to work in the fuel bed 
of the boiler furnace. In one particular case in which 
trials were made, the furnaces were operated with 
pre-heated air, and temperatures above 1,600 deg. C. 
had been observed, with an optical pyrometer, on 
the wall of the- boiler furnace. The slicing links did 
not quite attain this high temperature because they 
were protected, to some extent, by their conduction of 
heat from the hot clinker bed to the mechanical grate. 
Nevertheless, the tips of the links worked at tempera- 
tures of up to about 1,400 deg. C.; not far short of the 
melting-point of the material. Under these onerous 
conditions, Era steel links were giving an average life 
of 1,000 hours, actual steaming time. Links of 
ordinary steel, even when protected -by a special 
metallic coating, only lasted 180 working hours. The 
abrasive action of the clinker on the links was very 
pronounced, and the superior hardness of Era steel at 
high temperatures was therefore of importance in this 
application. 

A distinct type of Era steel, known as Era/A.T.V. was 
used for the valves of high-duty internal-combustion 
engines, and was doing good service. An excellent 
example of what could be achieved in the field of heat- 
resisting steels was furnished by a forged turbine rotor 
which had been subjected to exhaustive tests. This 
rotor was driven by the gases from an internal -combus- 
tion engine and had worked continuously at a speed of 
30,000 r.p.m., when at a temperature of from 800 to 
900 deg. C. It had, in fact, been run at a speed of 
53,000 r.p.m., for testing purposes, and the peripheral 
speed was then about 2,200 ft. per second. The metal 
had, however, withstood these exacting conditions in a 
highly satisfactory manner. 

Since the introduction of the steam turbine, one 
of the problems met with in its use had been the effects 
of high temperature, and of corrosion and erosion, upon 
the blading. Even where actual failure did not occur, 
there were many cases, especially in marine turbines, 
where either serious loss of efficiency or too frequent 
replacements of the blading were caused through 
deterioration. The materials used for the turbine 
blading included ordinary steel, 3 to 5 per cent. nickel 
steel, stainless steel, stainless iron and various non- 
ferrous alloys containing copper. None of these 
materials was, however, entirely satisfactory, and, 
according to the operating conditions, each displayed 
weakness in one direction or another. Low nickel 
steels were insufficiently resistant to corrosion. Stain- 
less steel and iron offered improved mechanical strength 
and resistance to erosion and corrosion at the high- 
pressure end of the turbine. Their mechanical qualities, 
however, deteriorated at the high temperatures, in the 
neighbourhood of 750 deg. F., used in modern practice, 
while certain other disabilities attached to their use. 
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Non-ferrous materials showed excellent resistance to 
corrosion, but although they were tough, lack of 
mechanical strength, especially in the higher ranges of 
temperature, caused them to be comparatively easily 
eroded and rendered them unsuitable where centrifugal 
and fatiguing stresses were pronounced. Consequently 
the cases were still many where the problem of obtain- 
ing suitable material was not adequately solved. After 
several years of research on the part of Messrs. Com- 
mentry Fourchambault et Decazeville, Imphy, France, 
and Messrs. Hadfields, Limited, Sheffield, an entirely 
new type of material, known as Hecla/A.T.V steel had 
been developed. This material, it was claimed, met, 
in every way, the requirements for steam-turbine 
blades. It resisted corrosion by steam, even under the 
conditions of condensation at the low-pressure end of 
the turbine, or during periods of disuse. Furthermore, 
it was not affected, even when the steam was contami- 
nated. 

The heat-resisting character of the material enabled 
it to retain considerable hardness and strength at any 
temperature in steam practice yet attained or even 
visualised. It was thus specially resistant to erosive 
effects, and, in addition, was able to withstand the 
stresses due to the highest pressures and peripheral 
speeds. Upwards of 30 turbines in this country and 
on the Continent, having individual capacities up to 
50,000 kv.-a., had been fitted with blading of Hecla/ 
A.T.V. steel. One of the largest Continental manu- 
facturers of steam turbines had adopted this special 
steel on an extensive scale, and, as a result of its 
use over a period of several years, held a high opinion 
as to its value. Some of the blading turned out had 
been running over a period of four years, but no trace 
of corrosion had as yet appeared. In speaking of the 
use of A.T.V. steel for turbine blading, it should be 
pointed out that the materia] also had uses for steam 
fittings of various kinds. One large manufacturer 
used this material for the spindles of practically all 
the sluice valves and cocks made by him, from 10 in. 
down to 1} in. opening. Although working under an 
effective pressure of 350 Ib. per square inch and at a 
temperature of from 350 deg. C. to 400 deg. C., uninter- 
tuptedly since January, 1922, no fracture or deforma- 
tion of any kind had been experienced. 

The author had, at different times, poirited out the 
great economic loss to the world from wastage due to 
corrosion. It was not claimed that present advances 
in the production of non-corrodible steels would do away 
with this loss. For general application for structural 
purposes, which absorbed the main quantities of the 
world’s steel production, the cost of the new special 
steels was undoubtedly prohibitive, and likely to 
remain so for some time to come. Still there was no 
doubt that for a great many purposes their advantages 
had only to become more generally known to lead to 


| their solving many of the problems of industry where 











& 
F 


ENGINEERING. 


43 





JAN. 14, 1927.] 





BOLT-HEAD TRIMMING 


CONSTRUCTED BY MESSRS. HILGELAND, BROS., 








Fie. 3. 


corrosion was the chief factor. The final goal of a 
universally resistant steel at an economic price was not 
yet reached. The production of non-corrodible steel 
must, in fact, be regarded as a process of evolution, 
which could be traced in stages and in which rapid 
advances had been made within recent years. The 
firstimportant step in this direction was the introduction 
of chromium steel, containing about 12 or 13 per cent. 
of this element, and a comparatively low carbon content 
of up to about 0-30 per cent. This material had become 
familiarly known under the name of stainless steel. 
For some engineering purposes, chromium steel could 
be recommended ; it resisted the corrosive action of 
sea water in a very satisfactory manner, and, further, 
possessed excellent acoustic properties. 

The most recent types of non-corrodible steels might 
be regarded as a development from chromium steel, but 
constituted a distinct advance in important parti- 
culars. In the main, this advance consisted in the 
association of a comparatively high percentage of nickel 
with the chromium. In this progress, Messrs. Hadfields 
had taken an active part, and the new t of non- 
corrodible steel, known as Era/C.R. steel, reptesented 
the result of several years of experiment and research. 
This material could be worked up into various forms, 
including bars, rods, plates, sheets, drop stampings, 
strip and wire, while the production of tubes had also 
been successfully accomplished. In its ordinary forged 
or rolled condition, it had a Brinell hardness of 230, a 
maximum stress of 52 tons per square inch, an elonga- 
tion of 45 per cent. on 2 in., and a reduction of area of 
59 percent. The material machined well, and riveting, 
brazing, soldering, and welding presented no special 
difficulties, 

The higher cost of all these new alloy steels, over and 
above that of those which they were intended to replace, 
was fully recognised, and was a factor which had to be 
taken into account. In many cases, however, this 
higher cost was amply justified. At the same time it 
was realised that to produce these alloys in the forms 
required at as low a cost as possible would facilitate 
their introduction and more extended use. Every 
therefore, was being made in order to attain this 
object. 








HILGELAND BOLT-HEAD TRIMMING 
MACHINES. 


In some types of heading machines for bolts or rivets, 
the mechanism for aligning the blanks with the dies is 
rather complicated. After a certain amount of wear 
has taken place, lost motion in these machines results 
in misalignment, detrimental both to the accuracy of 
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the work and the life of the dies. Inthe machine illus- 
trated on this and on the opposite page, manufactured 
by Messrs. Hilgeland, Brothers, Ronsdorf, the simpli- 
fication of the aligning mechanism has received particu- 
lar attention, with the result that from 170,000 to 
220,000 bolts can be trimmed with one set of tools. 
The machine is made as either a semi- or full- 
automatic, the two types being shown in Figs. 1 
and 2, respectively. The difference between the two 
machines is confined to the feeding arrangements for 


| the blanks, and the remaining illustrations are applic- 


able to either machine. The machines can be employed 
for trimming cylindrical heads of cold-made blanks 
into square or hexagonal outlines, or for trimming the 
flash from the heads of rivets, carriage bolts, or coach 
screws. The trimming punch is carried in a slide 
which is reciprocated by a crank-connecting rod 
mechanism, a heavy flywheel being mounted on the 
crankshaft, as shown in Figs. 1 and 2. The blanks are 
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loaded into an inclined chute either automatically as 
shown in Fig. 2, or by hand from the tray shown in 
Fig. 1, and in either case leave the chute with their axes 
parallel with the bed of the machine, and with the heads 
pointing outwards. They are released from the chute 
one at a time by a separator, which consists of two 
horizontal blades moving in guides across the path of 
the blanks. The distance between the, blades can be 
adjusted to suit the diameter of the blanks, one blade 
being above and one below the lowest blank. A 
pinion between the blades engages with a rack on the 
back of each. The pinion is given a semi-rotary 
movement by a rocking lever and cam mechanism, the 
cam being keyed to a horizontal shaft, mounted on the 
side of the machine as shown in Fig. 1. The movement 
of the pinion causes the separator blades to advance and 
recede alternately, thus allowing one blank to drop at 
each stroke. The blanks drop into a holder on the 
end of a slide. The holder takes various forms to 
suit the shape of the blanks, two examples, for long 
and short blanks, being shown in Fig. 4. After a 
blank has fallen into the holder, the slide carrying 
the latter is traversed across the bed of the machine 
until the blank is under the finger, shown in position 
in Fig. 3 and separately in Fig. 5, this movement being 
also effected by a rocking lever and cam mechanism. 
The cam is mounted on the end of the horizontal shaft 
already referred to, and can be seen, together with the 
rocking lever and connecting link, in Fig. 2. 

The blank is next withdrawn from the holder 
and placed in line with the die. For this purpose, the 
finger, shown in Fig. 3, is mounted on a rocking arm 
actuated by a third cam on the horizontal shaft. The 
rocking arm can be clearly seen in Figs. 1 and 2, and 
from the former it will be observed that it is mounted on 
a second horizontal shaft parallel with the first. The 
two springs shown below the shaft in this view are 
secured at the bottom to a bracket attached to the 
machine bed, and at the top to the end of an arm 
secured to the shaft on which the rocking arm is 
mounted. Their purpose is to hold the roller, which is 
mounted on the end of a third arm pinned to the rocker 
shaft, against the cam. The latter can be seen near 
the centre of the motion shaft in Fig. 1. As the cam 
rotates, the finger holding’ the blank first rises 
sufficiently to clear the holder. The latter is then 
withdrawn and the finger swings. downwards until the 
blank is opposite to the die. Means are provided for 
adjusting the angle between the finger and rocking arm, 
but while the machine is in action these two parts are 
clamped firmly together. It is evident that no slack 
can develop in the mechanism, as the springs always 
hold the roller firmly against the cam. The arrange- 
ment further constitutes a safety device, as, if an 
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obstruction occurs, the springs will elongate and 
prevent fracture of one of the arms. 

The three stages of the trimming operation are 
shown in Figs. 8 to 10, the equipment illustrated being 
employed in the case of a short bolt. The die consists 
of a piece of plain cylindrical too! steel, with a hole in 
the centre terminating in a square or hexagonal cavity 
for the bolt head. It is shown separately to the right 
in Fig. 6, but can also be seen in position immediately 
behind the head of the blank in Figs. 8 to 10. Behind 
the die is a steel washer, as shown in the same figures, 
which takes the thrust and serves as a guide for an 
auxiliary knock-out pin, visible in the three illustrations, 
passing through the die. The auxiliary pin and washer 
are shown separately, to the left, in Fig. 6. The main 
knock-out pin, which is operated by an adjustable rod 
mounted on an extension of the machine slide, can be 
seen on the extreme left in the three figures. The 
punch, of which a separate view is given in Fig. 7, 
is shown on the right in these figures. It is a plain 
cylindrical piece of hollow tool steel, having a tapered 
nose to suit the head of the bolt, and is carried in a 
sleeve of sufficient length to ensure correct alignment 
of the blank. There is a floating knock-out rod passing 
through the punch. This is only employed for short 
bolts, its purpose being to hold the blank against the 
die, as shown in Fig. 9, after the finger is withdrawn. 
For longer bolts, sufficient support is given by the punch, 
and, in this case. a fixed knock-out rod is employed. 
The floating knock-out rod is held in position by a 
spring-loaded stop, having a ball-headed pin registering 
with a groove in the body of the rod, as shown in Fig. 8. 
This figure shows the blank brought into line with the 
die. In Fig. 9, the slide has moved forward to a 
position in which the blank is held in place by the 
floating rod. The finger is then lifted, and a further 
movement of the slide pushes the blank through the 
die, as shown in Fig. 10. On the return stroke of the 
slide, the bolt head will be pushed out of the die by the 
auxiliary knock-out pin, and the bolt will then travel 
with the slide until the floating knock-out rod comes 
into contact with the stop shown on the extreme right 
in the figures, after which a further movement of the 
slide ejects the bolt from the punch. 

The machine is fitted with an oil pump, mounted on 
one of the feet and driven from the horizontal shaft, 
as shown in Fig. 1. The pump supplies a constant 
stream of oil to the die, thus carrying away all chips, 
which pass with the oil into a separator tank. There is 
thus no need to stop the machine to remove chips or 
flash rings from the die. The operation of trimming the 
flash from carriage bolts or coach screws requires about 
one-tenth of the power required for bolt trimming, and 
the flash can be removed at the rate of 30 screws per 
minute. The tools are quite inexpensive, and, as stated 
above, as many as 220,000 bolt blanks have been trim- 
med with one set of tools made from carbon steel. 





THE LATE MR. E. F. ETCHELLS. 


THE news of the death of Mr. Ernest Fiander Etchells 
at his home in Balham, London, 8.W.17, on January 5 
last, will be received with regret by a wide circle of friends 
in the profession. Mr. Etchells was a structural engineer 
in the department of the Superintending Architect of 
Metropolitan Buildings, London County Hall, West- 
minster Bridge, London, S.E.1. The only son of Mr. 
E. F. Etchells, of Romiley, Cheshire, he was born in 
1876, and received his early education at the College 
of Technology, Manchester, and at the Old Ander- 
sonian College, Glasgow; later he entered the Royal 
Technical College, Glasgow. Mr. Etchells afterwards 
came to London, and completed his education at King’s 
College and University College, of the University of 
London. He then became a pupil of Mr. F. L. Lane, 
civil engineer, of Leeds, and afterwards entered the 
office of Mr. John Strain, Glasgow, in which he rose to 
the position of chief assistant. Among other work, he 
assisted in the designing of rolling-stock for the Pre- 
toria and Pietermaritzburg Railway, of aerial ropeways 
for Bolivia, and of nitrate plants for Taltal, Chile. 
Later he was in charge of the structural steelwork for 
the reconstruction of the Lanarkshire Steelworks at 
Motherwell. He was also subsequently engaged on 
the Clyde Valley electric power scheme and the City 
of Mexico electric supply scheme. Mr. Etchells 
eventually became a specialist in structural work in all 
materials, including structural steelwork and _ rein- 
forced concrete, and, from 1902 until his death, he was 
engaged principally on the duties of an engineer and 
surveyor under the London Buildings Acts. Mr. 
Etchells became a member of the Concrete Institute 
upon its formation in 1908. He was elected president 
of that body in 1920, and again in 1921. During his 
second year of office, the Concrete Institute was recon- 
stituted and was renamed the Institution of Structural 
Engineers. He was elected president of the new institu- 
tion, and retired from that position in 1923, after 
having held office for three consecutive years, Mr. 








Etchells was elected an associate member of the 
Institution of Civil Engineers in 1915 and an associate 
member of the Institution of Mechanical Engineers 
in 1902. He became a member of the Société des 
Ingénieurs Civils de France in 1920 and, at the time of 
his death, was president of the British section of that 
association. He was also a fellow of the Institute of 
Physics, an honorary associate of the Royal Institute 
of British Architects, and an honorary member of 
the British Engineering Standards Association, and of 
the Junior Institution of Engineers, as well as a 
member of several other societies. 





THE LATE MR. F. R. PHIPPS. 


We regret to note the sudden and unexpected death, 
from heart failure, on January 9 last, of Mr. Frederick 
Reginald Phipps, the senior engineering inspector of 
the Roads Department, Ministry of Transport, White- 
hall Gardens, London, 8.W.1. Mr. Phipps was born on 
March 7, 1875, and was therefore only 51 years of age 
at the time of his death. He received his early educa- 
tion at the Bedford Modern School, and afterwards 
attended King Edward VI’s School, Birmingham. In 
1893, at the age of 18, he became pupil and assistant 
to the borough surveyor at Tewkesbury, and four 
years later was appointed engineering assistant to the 
city engineer of Worcester. In 1903, he went to 
Basingstoke to take up the oftice of borough engineer, 
and remained in that position until 1917. Mr. Phipps 
then proceeded on active service, and served under 
Sir Henry Maybury as officer commanding the 311th 
Road-Construction Company of the Royal Engineers. 
He was subsequently promoted to the position of 
Deputy Assistant Director of Roads in the X Vth corps, 
in which capacity he held the rank of major, R.E. 
In recognition of his services during the European 
War, he was made an Officer of the Order of the 
British Empire. Upon the establishment of the 
Ministry of Transport in 1920, Mr. Phipps was selected 
as one of the engineering inspectors, and in December, 
1924, was advanced to the post of senior engineering 
inspector, which appointment he held at the time of 
his sudden and premature death. He was elected an 
associate member of the Institution of Civil Engineers 
on April 7, 1903, and a member of the Institution of 
Municipal and County Engineers in May, 1904. Mr. 
Phipps also became a fellow of the Surveyors’ 
Institution in October, 1912. 





BOOKS RECEIVED. 


Electric Circuit Theory and the Operational Calculus. 
By Joun R. Carson. London: McGraw-Hill Pub- 
lishing Company, Limited, [Price 15s. net.] 

Miiller-Pouillet’s Lehrbuch der Physik. Vol. Til. First 
Half. Physikalische, Chemische und Technische 
Thermodynamik (einschl. Wdarmeleitung). Edited by 
ARNOLD Evcken. Eleventh edition. Braunschweig : 
Friedr. Vieweg und Sohn, Akt.-Ges. [Price 63 marks.] 

Aeronautical Research Committee. Reports and Memo- 
randa No. 1023. Some Further Experiments on the 
Behaviour of Single Crystals of Aluminium under 
Reversed Torsional Stresses. By H. J. Goueu and 
others. [Price ls. 3d. net.] No. 1033. On_ the 
Advantages of an Open Jet Type Wind Tunnel for 
Airscrew Tests. By H. Guavert and C. N. H. Lock. 
[Price 9d. net.] London: His Majesty’s Stationery 
Office. 

United States Bureau of Standards. ‘Technologic Papers 
No. 325. Recent Developments in Lamp Life-Testing 
Equipment and Methods. By J. G. SKAGLAND and 
R. P. Teste, Jr. [Price 15 cents.] Washington : 
Government Printing Office, 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1014. An Extension of the Vortex Theory 
of Airscrews with Applications to Airscrews of Small 
Pitch. Including Experimental Results, By C. N. H. 
Lock, H. Bateman, and H. C. H. Townenpb. [Price 
ls. 6d, net.] No. 1018. Experiments on the Air Forces 
on Rotating Cylinders. By A.THom. [Price 6d. net.] 
No. 1036. The Constitution and Age-Hardening of 
Some Ternary and Quaternary Alloys of Aluminium 

Containing Nickel. By K. E. Brncuam, M.S. [Price 
ls. net.] No. 1039. Stresses in a Stiff-Jointed Poly- 
gonal Frame Under a System of Loads Perpendicular 
to the Plane of the Frame. By J. F. Baxer. [Price 
9d. net.] London: His Majesty’s Stationery Office. 

Gas Regulation Act, 1920. ,General Notification of the 
Gas Referees. Re-issued December 15, 1923. London: 
His Majesty’s Stationery Office. [Price ls. 3d. net.] 

Industrial Combination in England. By Patrick Firz- 
GERALD. London: Sir Isaac Pitman and _ Sons, 
Limited. [Price 10s. 6d. net.] 

Brennstoff und Verbrennung. Part I. Brennstoff. By 
Dr. D. AurHavseR. Berlin: Julius Springer. [Price 
4-20 marks. } 








THe Wortp’s Propuction oF GoLtp.—According to 
figures issued recently by the United States Bureau of 
Mines, the estimated value of the gold produced in the 
world from 1860 to 1924 inclusive, was 15,081,683,600 
dols, (approximately 3,017,000,000/.). The output for 
1924 was valued at 389,169,700 dols. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLesBRouGH, Wednesday. 

The Cleveland Iron Trade.—There is still extrem: 
scarcity of Cleveland pig iron. The increased output 
is barely sufficient to meet requirements fully, and 
next to no iron is available for prompt sale in the open 
market. Much of the make is absorbed at ironmaster’s 
own steelworks, and most of the surplus is devoted 
to overtaking the heavy arrears of deliveries. Inquiries 
from abroad are trifling, and sales for overseas are al! 
but unheard of. Home demand is good, and son 
fairly large forward sales are understood to have been 
made. For this month’s delivery, No. 1 Cleveland pig 
is 90s.; No. 3 g.m.b., 85s.; No. 4 foundry, 84s.; and 
No. 4 forge, 83s. Forward business has been put through 
at half a crown below these figures. 

Hematite.—Values of East Coast hematite iron are 
somewhat unsteady. January sales of Nos. 1, 2 and 3 
are stated to have occurred at 90s., but most sellers 
are inclined to hold out for 91s., and some firms ask 
above the latter figure. 

Blast-Furnacemen’s Wages.—Under the sliding scale 
regulated by the price of Cleveland pig iron, wages of 
blast-furnacemen on the North East Coast would have 
been substantially advanced this quarter, but by 
arrangement between the ironmasters and the men’s 
representatives they remain at 14-75 per cent. above 
the standard. The average net selling price of No. 3 
Cleveland pig iron for the last quarter of .1926, has been 
certified at 104s. 4d. per ton, as compared with 83s. 5- 92d. 
per ton for the previous three months. 

Blast-Furnace Coke.—Considerable parcels of Durham 
blast-furnace coke are being taken up. Good average 
qualities vary from 25s. to 27s. 6d. a ton, delivered to 
consumers in this district. 

Foreign Ore.—New business of moment in foreign 
ore is unheard of. Nominally best rubio is. 22s. 6d. 
c.i.f. Tees. 

Manufactured Iron and Steel.—Finished iron and steel 
producers are busy and substantial inquiries are 
circulating. Common iron bars are 12/. 5s. ; iron rivets, 
121. 15s.; steel billets (soft), 7/. 12s. 6d.; steel billets 
(medium), 81. 2s. 6d.; steel billets (hard), 8/. 12s. 6d. ; 
steel ship plates, 8/. 17s. 6d.; steel angles, 8/7. 128. 6d. ; 
steel rivets, 137. 10s.; steel joists, 8/. 12s. 6d.; and 
galvanised corrugated sheets, 161. 10s. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—The manufacturing position is largely 
dominated by conditions in the fuel market. The absence 
of cheap coke is translated into higher prices for pig-iron 
and hematites than were ruling before the coal stoppage. 
Expansion in the manufacturing sections is, therefore, 
less rapid than was anticipated. Users are having to 
pay as much as 6s. per ton more for blast-furnace coke 
than before May last, with the result that Lincolnshire 
and Derbyshire foundry iron is 17s. 6d. to 11. per ton 
dearer, and while the quantity available for open market 
disposal is small, steelmakers are disinclined to buy, 
except to cover immediate needs. When more blast- 
furnace coke is available and pig-iron supplies are 
cheaper and more abundant, manufacturing operations 
will receive a considerable impetus. Despite these draw- 
backs, however, there is increased activity to be found 
in steel manufacture, and, to a lesser degree, in the engi- 
neering sections. The number of open-hearth furnaces 
operating in this district represents half the existing 
capacity. Plants are now running at Templeboro, 
Rotherham, Stocksbridge, Parkgate and Penistone. 
Wire-rod rolling mills, cogging mills, and bar mills have 
also been put into commission, and, as some of these 
have substantial orders awaiting execution, active 
conditions are predicted as soon as raw materials come 
forward more freely. The steel rolling mills are working 
at only about half capacity, as before Christmas, but 
engineering requirements tend to increase, and, in some 
of the related departments, numerous contracts for 
delivery over the next three months have been arranged. 
Progress in fine steel manufacture is delayed by the cost 
of special kinds of coke. These have fallen from the 
maximum of 75s. per ton to 45s. per ton, but the latter 
figure represents a substantial increase on the quotation 
ruling formerly. Optimism continues to be the keynote 
of the engineering sections. Business in railway steel, 
electrical equipment, automobile requirements, tramway 
furnishings and building trade essentials, shows a steady 
expansion, with prospect of larger outputs in the early 
future. The tool trades have benefited by orders re- 
cently placed by Russia for files, saws, and agricultural 
implements. 

South Yorkshire Coal Trade.—Business is steadily 
opening out, both in industrial fuel and housecoal, and 
while there are widespread complaints that ruling 
prices are less favourable than might be expected, evi- 
dence is not lacking that both colliery companies and 
merchants have moved a long way towards meeting the 
altered position of the last few weeks. In this they 
have been assisted by the efforts of railway companies 
to relieve the congestion in wagon supply. The average 
price for best housecoal at the pits is about 30s. to 32s. 
per ton, though sales are reported at considerably below 
the former figure. Both Yorkshire hards and Derby- 
shire hards are quoted at 19s. to 21s. per ton at the pits 
for local industrial use, and for shipment at an average 
of about 23s. 9d. Slacks vary between 8s. 6d. to 12s. 6d.. 
according to quality, for district delivery. Smalls are 
accumulating at collieries, and can be bought at as low 
as 3s. per ton. 
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NOTES FROM THE SOUTH-WEST. 


CarpiIFF, Wednesday. 

The Coal Trade.—Conditions in the Welsh coal trade 
show little alteration. New business is curtailed by the 
hold-off policy generally followed by buyers, who contend 
that prices, which have fallen three to four shillings during 
he past month, must come still, lower before foreign 
orders can: be.attracted. Already a number of pits are 
compelled to cease winding temporarily, because of a 
shortage of empty trucks. and the inability to secure 
business to. keep the collieries going. Best Admiralty 
large rules round 26s. 6d., with dry large from 23s. to 
24s. 6d., and Monmouthshires from 22s. 6d. to 24s. 6d.. 
while smalls range from lls. 6d. to 15s. In isolated 
cases, colliery salesmen indicate 6d. above these prices, 
but, generally, buyers in a firm position can secure their 
requirements at 3d. to 6d. below the quotations. At the 
same. time, shipping operations at the docks are fairly 
active, and vessels are waiting for berths to load coal, 
this being explained by the fact that the bulk of the coal 
being exported is supplies brought before and during 
the seven months’ strike. In the past week, shipments 
of coal amounted to 396,410 tons, of which 276,600 tons 
were despatched from Cardiff, 70,650 tons from Newport, 
45,150 tons from Swansea, and 15,020 tons from Port 
Talbot. Of this total, Algeria took 15,290 tons, Argen- 
tina 47,600 tons, Brazil 18,000 tons, Egypt 19,150 tons, 
France 45,060 tons, Italy 45,300 tons, and Spain 26,950 
tons, Coal continues to reach South Wales from foreign 
countries, though a number of floating cargoes, which 
were coming in for the railways, have been resold. 
In the past week, imports amounted to 62,210 tons, 
of which 49,180 tons came from the United States, 
6,630 tons from India, and 6,400 tons from South Africa. 
The expectation of an increase of 6% per cent. in the 
railway rate on coal is causing some concern amongst 
colliery owners and exporters, for although it will mean 
an increase of only 14d. per ton, it is recognised that 
the extra charge may mean the difference between 
securing and losing contracts, especially as foreign com- 
petition is so keen. The extra rate would mean an 
additional revenue to the railway companies of about 
300,0007. per annum. 


Iron and Steel__—Exports of iron and steel goods in the 
past week from South Wales, totalled 6,422 tons, against 
2,195 tons in the preceding week. Shipments of tin- 
plates and terneplates amounted to 2,013 tons, against 
1,727 tons, blackplates and sheets to 445 against nothing, 
galvanised sheets to 2,372 tons against 402 tons, and other 
iron and steel goods to 1,593 tons against 66 tons. 





Tue INstTivuTION OF AERONAUTICAL ENGINEERS.— 
We are informed that Mr. W. Villa Gilbert has resigned 
the honorary secretaryship of this institution, and that 
Mr. Norman J. Hulbert will now act in that capacity. 





ContTracts.—The sub-contract for the whole of the 
power house equipment for the new Birmingham Hams 
Hall Power Station, which has been secured by the 
General Electric Company, Limited, in conjunction with 
the International Combustion Company, Limited, 
includes : Two 30,000-kw. turbo alternators with con- 
densers ; two 1,875-kw. house-service turbo-generators 
with condensers ; two house motor-generator sets: the 
complete extra high-tension, high-tension and low- 
tension switchgear equipment and transformers; and the 
whole of the power-house cabling. The value of the 
contract is some 500,000/., and practically the whole of 
the machinery required will be manufactured at the 
works of the. General Electric Company, Limited, at 
Witton, Birmingham, and Erith. The two.large turbo- 
generators of 30,000 kw. will be the sixth and seventh 
large sets manufactured by this company forthe Birming- 
ham Corporation, the previous five sets having been 
installed at the Corporation’s station: at Neéchells. We 
referred to the present contract in our issue ‘of the 7th 
instant.—The General Electric Company, Limited, 
Magnet House, Kingsway, W.C.2, has also received a con- 
tract from the.Croydon Corporation for 10:sets of tram- 
car electrical equipments. Each set includes two motors 
rated at 65 brake horse-power each, and two special 
cam-type controllers.—An order has been placed by the 
London and North Eastern Railway Company with the 
Pulsometer Engineering Company, Limited, Nine Elms 
lron Works, Reading, for the supply, delivery and erection 
of electrically-driven hydraulic-pressure pumps, return 
water pumps, meters, pipes, valves, &c., for their No. 1 
Pumping Station at Alfred-street, Kingston-upon-Hull. 
Che hydraulic-pressure pumps will consist of four Pulso- 
meter double-unit, turbine centrifugal pumps, two of 
which will each be capable of delivering 800 gallons of 
water per minute, against a total head of 1,960 ft., equi- 
valent to a,pressure of 850 Ib. per square inch; the other 
two will-each, be capable of delivering 600 gallons per 
minute against the same head.—Messrs. Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
‘ianchester, have. received an order for the. second 
25,000-kw. turbo-alternator set. for the Lister. Drive 
No. 3 Power Station of the Liverpool Corporation. The 
set is for operation at 1/500 r.p.m. The.turbine will be 
of the two-cylinder type, the high-pressure. and low- 
pressure cylinders being arranged. in. tandem. It is 
designed for a steam pressure of .275 lb. persquare.inch, 
vauge. The alternator will give.its: rated output at 
6,300 volts, 50 periods, and 0-8. power factor, and will be 
ventilated on the patent closed-circuit: system. of; the 
vonstructors.—Messrs._ Electric. Furnace Company, 
Limited, 17, Victoria-street, London, 8.W.1, are installing 
an Ajax-Northrup high-frequency furnace, for the manu- 
‘acture of special steels, at the works in Sheffield of 
Messrs, Edgar Allen and Co., Limited. The furnace will 
‘lave a capacity of about 3 cwt., and will be operated by a 
150-kw. high-frequency motor-generator. 





NOTICES OF MEETINGS. 





THe Institution oF LocomMoTivE ENGINEERS 
(Lonpon).—To-night at 7 p.m., at the Engineers’ Club, 
Coventry-street, W.1. ‘‘ The Internal-Combustion Boiler 
and its Application to the Locomotive,” by Mr. O. 
Brunler. 

Tue Junior Institution oF En@IneEers.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘The 
Thermionic Valve and its Characteristics," by Mr. R. M. 
Kirlew. Saturday, January 15, at 2.15 p.m. Visit to 
the Operating Machinery and Plant at the Tower Bridge. 
Friday, January 21, at 6 p.m., Exhibition of Scientific 
Instruments and Apparatus. 

THE Soctety or CHEemIcAL INDUSTRY: CHEMICAL 
ENGINEERING Group.—To-night, at 8 p.m., at the 
Chemical Society, Burlington House, Piccadilly, W.1. 
“Thermo-Electric and Resistance Pyrometry in Indus- 
try,’’ by Mr. J. Ainger Hall. 

THE NortH OF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, January 15, at 
3 p.m., at the Mining Institute, Neville Hall, Newcastle- 
upon-Tyne. Associates’ and Students’ Section. ‘‘ Dry 
Cleaning of Coal,’’ by Mr. J. S. Carson. 

THe INstTITUTE OF BRITISH FOUNDRYMEN: LANCA- 
SHIRE Branco: Junior SEctTion.—Saturday, January 
15, at 7 p.m., at the College of Technology, Sackville- 
street, Manchester. ‘“‘My Impressions of American 
Foundries, ’’ by Mr. W. Jolley. 

THe Institute or TRANSPORT: MIDLAND LocaL 
Sectton.—Monday, January 17, at 6 p.m., at the Queen’s 
Hotel, Birmingham. ‘‘ Safety of Travel on the Railways 

—Some Details of How it is Achieved,” by Mr. J. F. 
Bradford. 

THE Roya Society or Arts.—Monday, January 17, 
at 8 p.m., at John-street, Adelphi, W.C.2 Cantor 
Lecture. ‘‘ Recent Progress in Optics ” (Lecture I) by 
Prof. L. C. Martin, D.Sc. Wednesday, January 19, 
at 8 p.m. Ordinary Meeting. ‘“‘ Development of the 
Petroleum Industry in Persia,” by Sir John Cadman, 
K.C.M.G., D.Sc. ; 

THE Society or Grass TECHNOLOGY.—Tuesday, 
January 18, and Wednesday, January 19, at the College 
of Technology, Sackville-street, Manchester. Tuesday, 
January 18, at 2.30 p.m., “ The Effect of Cullet on the 
Melting of Glass,’ by Prof. W. E. S. Turner, D.Sc. 
“Investigation of the Glassy State by the Method of 
Forced Crystallisation, by Prof. J. F. Ponomareff. ‘‘ The 
Durability of Some Soda-Lime-Magnesia Glasses,” by 
Miss Violet Dimbleby, M.Sc., and Prof. W. E. 8S. Turner. 
“The Thermal Expansions of Some Boric-Oxide Con- 
taining Glasses,” by Prof. W. E. 8S. Turner and Mr. F. 
Winks, M.Sc. Wednesday, January 19, at 1 p.m. 
Luncheon at the Grand Hotel, Aytoun-street, Manchester, 
Addresses on ‘‘ The Present Position of the Glass Industry 
in Germany,” by Prof. W. E.8.'Turner. ‘‘ Developments 
in the Glass Industry in Russia,” by Prof. J. F. Ponomareft. 

Tue Royat Instrrution.—Tuesday, January 18, at 
5.15 p.m., at Albemarle-street, W.1. ‘‘ Smokes as Aerial 
Disperse Systems ’’ (Lecture I), by Prof. R. Whytlaw- 
Gray. Friday, January 21, at 9 p.m. “ Tyndall’s 
Experiments on Magne-Crystallie Action,” by Sir William 
Bragg. 

THE INSTITUTE OF TRANSPORT.—Tuesday, January 18, 
at 5.30. p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Graduates 
and Students Lecture. ‘‘ Parcels Traffic on Railways,” 
by Mr. W. Crozier. : 

THE SHEFFIELD METALLURGICAL ASSOCIATION, 
Tuesday, January 18, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘‘ Hair Line Cracks in Nickel Chrome Steel,” 
by Mr. 'T. M. Service. 

THE INstITUTION oF CiviL ENGINEERS.~—Wednesday, 
January 19, at 6.30 p.m., at Great George-street, S.W. 1. 
Students’ Meeting. Lecture: ‘“‘The Testing of Heat 
Engines,” by Mr. H. R. J. Burstall, M.Inst.C.E. 

Tue INsTITUTION OF ELECTRICAL ENGINEERS: SOUTH 
MIDLAND CENTRE.—Wednesday, January 19, at 7 p.m., 
at the University, Edmund-street, Birmingham. ‘“ Elec- 
tricial Equipment of Track on the Underground Railways 
of London,” by Mr. A. R. Cooper. 

THE Soctety oF TECHNICAL ENGINEERS (LONDON 
AREA).—Wednesday, January 19, at 7.30 p.m., at 102, 
Belgrave-road, S.W.1. “The Present Status and 
Position of Technical Engineers in Russia.” 

THe Royat METEOROLOGICAL SocreTy.—Wednesday, 
January 19, at 7.30 p.m., at 49, Cromwell-road, South 
Kensington, S.W.7. Annual General Meeting. Address 
on “The Atlantic Ocean,” by Sir Gilbert T. Walker. 


THe Iysrrrution oF MINING AND METALLURGY.-— 
Thursday, January 20, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly W.1. ‘ Heat- 
Treatment as an Agent in Rock-Breaking,” by Mr. B. W. 
Holman. 

THe Institution oF ELecrrRicAL ENGINEERS.— 
Thursday, January 20, at 6p.m., at Savoy-place, Victoria- 
embankment, W.C.2. ‘‘ 33,000-Volt Cables with Metal- 
Sheathed Cores, with Special Reference to the 8.L. 
Type,” by Mr. P. Dunsheath, B.Se. 


THe INstTiruTION OF MECHANICAL ENGINEERS: 
WeEsTERN Brancu.—-Thursday, January 20, at 7 p.m., at 
the Merchant Venturers’ Technical College, Unity-street, 
Bristol. ‘‘Some Methods Employed in the Mechanical 
Handling of Coal and Coke,” by Mr. G. W. Grossmith. 


THe BirMINGHAM METALLURGICAL Soctety.—Thurs- 
day, January 20, at 7 p.m., at the Engineers’ Club, 
Waterloo-street, Birmingham. ‘ Refractories,” by 
Professor W. G. Fearnsides. 











THE INSTITUTION OF MECHANICAL ENGINEERS : NORTH- 
WEsTERN Brancu.—Thursday, January 20, at 7.15 p.m., 
at the Engineers’ Club, Manchester. ‘* Steam Turbines,” 
by Mr. George Arrowsmith. 

Tue INstirutTion oF CrviL ENGINEERS: YORKSHIRE 
AssocraTIon.—Thursday, January 20, at 7.30 p.m., at 
the Hotel Metropole, Leeds. ‘The Construction of 
Sewers in Tunnel,” by Mr. J. Clemishaw. 

THE Instirution oF MECHANICAL ENGINEERS. 
Friday, January 21, at 6 p.m., at Storey’s-gate, S.W.1. 
General Meeting. ‘The Use and Economy of High- 
Pressure Steam Plants,’’ by Professor A. L. Mellanby. 
D.Se., and Professor W. Kerr, Ph.D. 

Tue Hutxt Association oF ENGINEERS.—NSaturday, 
January 22, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. ‘‘ A Two Years’ Retrospect,” 
by Mr. G. F. O’ Riordan. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—From the activity now going on 
at the various steel works around Glasgow, the impression 
is being created that we are on the eve of decidedly 
better times. A goodly proportion of the available plant 
has been restarted, after about seven months of idleness, 
and much of the remainder is undergoing an overhaul in 
order to be ready for a restart as soon as circumstances 
will permit. Another pleasing feature is that one 
establishment which has been idle for several years has 
once again commenced operations. The one great 
difficulty at the moment is the visible supply of raw 
materials, but that is gradually being overcome, and in 
a week or two the supply is expected to be sufficient 
to carry on with. Fuel is also a difficulty, but prices 
are easing and the outlook in that direction is better. 
Order books are sufficiently full for present working, 
and although consumers have not been over lavish with 
fresh business since the holidays, more contracts are 
expected shortly. Theshipyards are in urgent need of ship 
plates so that work on hand can be pushed on with. The 
black-sheet makers are all well employed, and if the usual 
spring demand comes along fairly early, active con- 
ditions will be general for some months to come. Market 
quotations are as follow: Boiler plates, 11/. per ton; 
ship plates, 81. 7s. 6d. per ton; sections, 7/. 17s. 6d. per 
ton ; and sheets, under ¥ in. to } in., 121. 10s. to 137. 10s. 
per ton, all delivered at Glasgow stations. 


Malleable Iron Trade.—In the West of Scotland malle~ 
able iron trade, quite a fair output is being secured at most 
of the works. Bookings were recently very good, but 
the volume of new business is not so large this week. 
The steel re-rolling departments are well employed and 
orders are rather more plentiful. The price of Crown 
bars is unchanged at L1l. 15s. per ton delivered at 
Glasgow stations. 

Scottish Pig-Iron Trade.—The Scottish pig-iron trade is 
gradually getting into swing, and several more blast- 
furnaces have been re-lighted this week. The output, 
so far, is very small, and some weeks must elapse before 
supplies are sufficient to meet the requirements of con- 
sumers. Stocks all round have practically vanished, and 
an active state should exist at the iron works for some 
time to come. The current prices are as follow :— 
Hematite, 90s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 95s. to 100s. per ton, and No. 3, 
92s. 6d. to 95s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, January, 8, amounted to 184 tons. Of 
that total, 85 tons went overseas and 99 tons coastwise. 
For the corresponding week of last year, the figures were 
174 tons overseas and 25 tons coastwise, making a total 
shipment of 199 tons. 

Scottish Shipbuilding.—The various shipbuilding yards 
have been very slow in starting up, because of the diffi- 
culty in securing supplies of materials. The position is 
improving however, but unfortunately the placing of new 
contracts seems to have been practically suspended at 
present. The work on hand on the Clyde is now some 64 
vessels, totalling 283,280 tons, but of course there are 
many other vessels to lay down. The past year was one 
of the poorest for some time and the output was only 
173 vessels of 287,244 tons. With the single exception 
of 1923, when the output represented some 175,528 tons, 
we have to go back over 30 years for a worse year than 
1926. The figures for last year are as under : 


Vessels. Tons. EP. 


The Clyde ... tds sa BR 287,244 427,015 
The Forth ... oe maa 31 9,474 1,950 
The Tay ... ne ne 10 11,126 3,150 
The Dee and Moray Firth 29 4,323 5,450 


Total “ds .- «243 312,167 





NATIONAL ASSOCIATION OF SUPERVISING ELECTRICIANS. 
--The examining board set up in connection with the 
National Association of Supervising Electricians 
‘* Economic Premiums’ competition, 1926, have now 
given their decision and have awarded the first prize of 
10/., in the members’ section, to Mr. D. Williams, for 
his paper on “‘ Distribution and Supply Economics.” 
The second prize of 5/. has been gained by Mr. R. W. 
Whitley, for his paper on ‘“ Economics at a Premium.” 
In the associates’ section, the firat prize of 5/. has been 
awarded to Mr. J. Mulcaster, for his paper on “‘ Reduction 
of Unit Costs,’ and the second prize of 2. 10s. to Mr. 
H. J. Kimber, for his paper “Industrial Relations 
hetween Employed and Employer,” 
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Offices for Publication and Advertisements, 
— Bedford Street, Strand, London, W.C.2. 
esire to call the attention of our readers to 
ine 5S that the above is our SOLE ADDRESS, 
and that no connection exists "i aeean t 
Journal and any other publications bearing 
somewhat similar titles. 


Fuuxcrapuic ) “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE Nomsuns—9663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 











For the United Kingdom _.................... £3 5 0 
For Canada— 
Thin paper copies ................c.000 £218 6 
Thick paper copies _................... £3 3 0 
For all other places abroad— 
Thin paper copies ...................00 £3 3 0 
Thick paper copies.....................+. £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
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THE PROPERTIES OF STEAM. 


Tue lectures of Professor Callendar recently 
reported in our columns* described the inquiry 
into the properties of high-pressure steam made 
at the instance of the British Electrical and Allied 
Industries’ Research Association, to fill the great 
gap which has long existed between industrial 
needs and reliable experimental data. Similar 
researches are in progress elsewhere, and not 
the least important point brought out by Professor 
Callendar is a probable explanation of the discrepant 
results recorded by the different observers. It is well 
realised that the more difficult and delicate the sub- 
ject matter of a research, the more is success depen- 
dent on the directing mind, and that in investigations 
of this class mere elaboration of costly equipment 
counts for relatively little. Fortunately, Professor 
Callendar has long been recognised as one possessed 
of “that little more and how much it is” which 
differentiates the successful pioneer in science from 
the merely industrious and painstaking researcher. 

His extremely ingenious yet simple apparatus has 
disclosed phenomena unsuspected by those who 
have worked elsewhere, with less carefully-devised, 
but generally more elaborate and expensive plant. 

The precautions taken, not merely to reduce 
external heat losses to a minimum, but to measure 
their residual values have led to some unexpected 
results which, as Mr. Guy has pointed out (page 644 
of our last volume), appear to have important 
practical bearings. It seems, indeed, to be demon- 
strated that in practice high-pressure steam may 
pass through the superheater so rapidly that it 
reaches the turbine before it has really been brought 
to a condition of thermal equilibrium. In this 
connection, it is worthy of note that recent tests with 
turbines designed to work with extra-high-pressure 
steam have failed to show the efficiencies antici- 
pated by the designers of the machines, on the 
basis of directly comparable tests made under more 
normal conditions. More than one cause may be 
responsible for this, but if the steam temperatures, 








* See ENGINEERING, vol.’cxxii, pages 649, 681 and 712. 





as recorded by the thermometer, are higher than 
the true equilibrium values, the disappointing results 
achieved with turbines operated at extreme pressures 
would be accounted for, at ‘any rate, in part. 

In the second place it may be noted that if the 
so-called superheated steam is not really in a con- 
dition of thermal equilibrium, efficiencies calculated 
on the assumption that it is, may require a “ wet- 
ness correction,” corresponding to that found to be 
necessary, in deducing the probable efficiency of the 
low-pressure end of a steam turbine. 

A question of some difficulty arises here, since 
some engineers may claim that they are but little 
interested in the properties of an ideal vapour ; 
but require to know those of the mixture with which, 
it appears, they may have to be contented in 
practice. If the steam tables used in this country 
are based upon the total heat of steam in thermal 
equilibrium, whilst those used elsewhere show the 
smaller values associated with mixtures of water 
and vapour, efficiencies, which are apparently 
higher than those observed here, may be recorded 
abroad, with plant no better and possibly not as 
good. There is, however, one vital objection to 
the use of tables based on the properties of mixtures, 
viz., that these mixtures are essentially unstable 
and thus their properties are necessarily inde- 
finite. Possibly, this difficulty might be met by 
giving in all cases, until some general agreement is 
reached, figures deduced from, both types of table. 
This may be the more expedient, since one well- 
known foreign firm having formed the habit of giving 
guarantees which they frequently failed to realise by 
a considerable percentage, station engineers are in- 
clined to increase very substantially the penalties 
for non-compliance with the terms of the contract. 
It would be interesting to know whether the with- 
drawal of tenders in certain cases has been connected 
with the rigid enforcement of penalties and a policy of 
stiffening up of conditions on the part of purchasers. 

There seems reason to believe that it will ever 
be impracticable to determine by direct experiment 
most of the properties of steam at the saturation 
line. Even in Regnault’s experiments, which were 
made at moderate pressures, the steam was never 
truly dry, and allowance had to be made for the 
moisture entrained. At high pressures the diffi- 
culties increase rapidly, and, even when super- 
heaters are provided, dryness cannot be secured 
within reasonable time unless the steam be heated 
to a temperature considerably in excess of that 
corresponding to saturation. The properties at 
the saturation line must therefore be determined by 
indirect methods, and deduced from observations 
made at higher temperatures. Extrapolation is 
accordingly necessary, and this process is notoriously 
untrustworthy unless based upon some physical 
theory or mental picture of the mechanism con- 
cerned. It is, of course, a matter of little difficulty 
to devise an empirical formula which will represent 
satisfactorily actual observations inclusive of their 
experimental errors. The numerical coefficients in 
such formule are, however, devoid of meaning, 
and the formule cannot be legitimately extra- 
polated beyond the range covered by the observa- 
tions they have been devised to represent. 

Anexample of a formula of this class, which appears 
to have been taken seriously by certain engineers, 
is reproduced on page 713 of our last volume. It 
was devised for the purpose of determining by 
extrapolation the properties of high-pressure steam 
at the saturation line but yields absurd results, 
giving two distinct maxima for the total heat. A 
certain type of mind which is, however, far from 
uncommon, regards complication as the equivalent 
of precision, and it is probable that this fantastic 
expression will continue to win the admiration of 
this class of intellect. 

As it happens, the properties of steam at satura- 
tion have little interest or value to the builder of 
steam engines or turbines, and in the case of the 
extra-high pressures now being experimented with, 
a considerable superheat is desirable, or otherwise 
the question might arise as to whether the turbine 
utilising it were to be regarded as a steam or as @ 
hydraulic motor. With such superheats, the pro- 
perties of steam even at pressures of over 1,000 Ib. 
per square inch, appear to be adequately repre- 
sented by the simple, convenient and above all 
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rational formule which. were originated by 


Callendar. 


What the properties may be of dry steam at high 


pressure but at low superheats is as yet known to 
none. The problem is, however, for the reasons above 
stated, of physical rather than engineering interest. 
and reliable measurements might throw a good deal 
of light on the constitution of vapours. According 
to the kinetic theory, the co-aggregation volume 
must, to a first approximation, be a function of the 
temperature only, This rule holds good, however, 
only so long as the number of co-aggregated mole- 
cules is small compared with the total. At high 
pressures and low superheats this condition no 
longer persists. A further approximation might 
. perhaps be made by including a second term in the 
expression for the co-aggregated volume. This 
would yield a cubic equation to some extent analo- 
gous to that of Van der Waals, but the co-volume 
b would no longer be a constant. Some American 
experiments have been represented by a formula 
having this characteristic, but much remains to be 
done in connection with the physics of the vapour 
phase before it will be possible to devise a rational 
equation of state correct to the second order of 
small quantities. Indeed, we do not yet know how 
it is that the hydrogen molecule apparently loses 
two degrees of freedom in being cooled to the neigh- 
bourhood of its boiling point. The quantum theory, 
no doubt, has provided a means of calculating, at 
least approximately, specific heats at extremely 
low temperatures, but calculation and under- 
standing are in no way synonymous terms. 

The text-books of a past generation assured us 
that steam could not be both superheated and wet, 
but experience has proved the contrary. Callendar’s 
observations on this point have been made mainly 
with high-pressure steam, but the fact that steam 
might be superheated, although in contact with 
water, was mentioned by Mr. C. H. Wingfield, as 
far back as 1909, and in 1913 Mr. E. R. Briggs, in a 
contribution to the Proceedings of the Rugby 
Engineering Society, recalled some experiments at the 
National Physical Laboratory, in which steam, shown 
by the thermometer to be superheated, was visibly 
charged with droplets of water. The persistence of 
such droplets is, of course, increased if the boiler 
water is impure, since the vapour pressure of any 
solvent is reduced by the presence of dissolved salts. 
Modern boiler practice aims, of course, at the purest 
possible feeds, but the standard attained is probably 
inferior to that achieved in the laboratory, and 
the South Kensington experiments afford a very 
clear indication that, even with the purest water, 
droplets suspended in highly-heated steam are 
remarkably persistent. 

One misconception which has arisen in connec- 
tion with Professor Callendar’s recent lectures to 
the Society of Arts, may perhaps be dealt with here. 
These lectures were, in the main, devoted to a dis- 
cussion of principles and to a description of the 
essential features of the apparatus used. For the 
sake of simplicity, therefore, the co-volume b was 
omitted from certain of the equations quoted, but 
these simplified forms were not intended to super- 
sede the more complete expressions given in the 
lecturer’s treatise on steam. 





THE RATING OF MACHINERY 
AND PLANT. 

WE have referred on severa! previous occasions to 
the terms of the Rating and Valuation Act. which 
received the Royal Assent in December, 1925. The 
necessity for the Act was generally admitted, as the 
position previous to its passage through Parliament 
was little better than chaotic, there being a wide 
difference in the interpretation of the existing 
regulations as between various local authorities. 
An Inter-Departmental Committee was appointed 
in 1924 to inquire into the then law and practice in 
regard to the rating of machinery and plant, both 
in England and Scotland, in which the systems were 
markedly different, and we commented upon their 
report, published early in 1925, at some length in 
our issue for February 20 in that year. We stated 
at the time that the report would very possibly 
oceasion a certain amount of disappointment. to 


exception was taken to it in various quarters, the 
Machinery Users’ Association actually promoting 
an alternative measure. 

Opposition to the Bill was haSed mainly on the 
grounds that the proposed new classification of 
machinery would result in a further increase in the 
heavy rates paid by manufacturers, and it was gener- 
ally felt that the varieus schedules should be 
substantially modified before being passed into law. 
The Act was fihally passed with a covering clause to 
the effect that a committee should be appointed by 
the Minister of Health for the purpose of drawing up 
a detailed statement of the machinery and plant 
which it was proposed to include in each class of the 
Schedule. The Act further provided that the 
Minister should publish the statement in such 
manner as he thought fit, and after considering any 
representations which might be made to him, should 
make an order confirming the Schedule, with or 
without modifications. The order confirming the 
statement was finally to be laid before both Houses 
of Parliament, and if either House within the next 
subsequent 20 days during which it was sitting 
presented an address to His Majesty against the 
order, or any part thereof, the order or part should 
thenceforth be void. 

The committee which was intended to draw up the 
detailed statement was duly appointed in February, 
1926, and have just issued their report. In their 
preamble they state that, in view of the provision 
existing in the Act for the publication of the state- 
ment by the Minister of Health before it is submitted 
to either House, they did not consider it part of 
their duty to receive evidence from representatives 
of the various interests concerned. This means, in 
effect, that the statement as published represents 
the opinion of the five members of whom the com- 
mittee was constituted, and, although the name of 
each member commands the highest respect, the 
decision not to call evidence appears to us to be of 
doubtful wisdom. The issues involved have already 
been the subject of bitter controversy, and it would 
certainly appear that the points at issue might best 
have been thrashed out before this committee, 
rather than that they should have been subsequently 
presented tc the Minister, and very possibly finally 
debated in the House itself. Local rates at present 
constitute such a burden upon industry that it is 
impossible to exaggerate the importance of their 
equitable distribution, and every possible endeavour 
should be made to ensure this equity before the 
proposed Schedule is given the force of law. Some 
indication of the complexity of the issues involved is 
given by a further statement in the preamble to 
the committee’s report, to the effect that they 
experienced considerable difficulty in, the work of 
preparing the statement, and that in particular a 
number of points arose upon which it was possible 
to take more than one view of the intentions of 
Parliament as expressed in the Act. Special 
attention is drawn to one difficulty in particular, 
relating to the list of machinery and plant falling 
within Class 4 of the Third Schedule. This class 
covers machinery or plant which is, or is in the 
nature of, a building or structure, and the committee 
state that they have endeavoured without success to 
avoid the necessity for a heading qualified in this 
way. They mention that so many of the items 
which must, in their view, be included in this class, 
consist of machinery or plant which are in some cases 
clearly in the nature of a building or structure ; 
yet these same items, when used in some other 
industry, or even in different circumstances in the 
same industry, may not be structural at all. A still 
is quoted as a typical example, as this appliance 
varies from the large plant employed in some 
industrial processes to the glass apparatus of the 
chemist’s laboratory. The same type of difficulty 
has been experienced in endeavouring to conform 
with a request made to the committee by the 
Minister, that an alternative form of words should be 
found for the expression “ mainly and exclusively,” 
which, with that already quoted, occurs in the 
definition of machinery and plant deemed to be part 
of the hereditament. Here, again, the committee 
express their regret that they are unable to find a 
form of words which would afford a clearer and mere 
definite guide. These difficulties are sufficiently 


examples of machinery or plant of which it would he 
quite impossible to state that they were or were 
not in the nature of a building or structure. Many 
of the issues involved in the Schedule are, however, 
highly technical, and are not unlikely to be over- 
looked by those who are not primarily concerned 
with rating. A view taken of the matter by 
experienced valuers is expressed in the letter from 
Messrs. Fuller, Peiser and Co., which we publish 
on page 41 of this issue. 

We have no wish to minimise the value of the 
work performed by the committee, which will be 
admitted by those whv examine their statement to 
be admirable so far as it goes, but we trust that no 
hasty action will be taken on the basis of their report 
to force through a measure which, as we have already 
stated, involves issues of the utmost importance, as 
bearing upon the recovery of industry from its 
present condition of stagnation. 


THE RECOVERY OF AUSTRIA. 

THE year just closed, which will long be memorable 
in the United Kingdom owing to its industrial 
troubles, is likely to be very differently regarded in 
Austria, a country which, in 1922, was apparently 
on the high road to bankruptcy. At that time, it 
will be remembered, Austria appealed to the League 
of Nations for assistance, and this, when given, took 
the form of international control of finances and the 
guarantee of a reconstruction loan. On June 30, 
1926, the Council of the League relinquished control, 
as the country was considered to be sufficiently 
restored in both its financial and economic aspects. 
The rapidity of the recovery is remarkable. In 
1922, there was a deficit on the ordinary ac- 
counts, excluding capital expenditure, estimated at 
19,000,000/. By 1923, this had been reduced to 
2,380,000/., and, by 1925, it was converted into a 
surplus of 4,850,000/. For the first six months of 
1926, the provisional accounts showed a surplus of 
1,600,000/. 

According to a recent Report on the Financial 
and Commercial Situation of Austria, revised to 
September, 1926, by Mr. O. S. Phillpotts, O.B.E., 
for the Department of Overseas Trade,* this im- 
provement in national finances is largely the result 
of the transfer of the management of the State 
Railways to an independent undertaking, with 
consequent reorganisation and reduction of staff. 
A similar policy has been followed with regard to 
some of the other State undertakings, while the 
system of administration has been de-centralised 
and simplified, some ministries having been abolished 
and numbers of officials pensioned off. At the same 
time the formerly excessive taxation of incomes and 
corporations has been reduced. Perhaps the most 
significant fact, however, is that at the end of the 
period of the League of Nations control a large part 
of the loan it arranged to advance—6,300,000/., to be 
precise—was not required for balancing the budget. 
A portion of this sum has been earmarked for the 
electrification of the railways, dairy development, 
and laying telephone cables. It may be mentioned 
here that, in 1925, the League of Nations appointed 
Mr. Layton and Professor Rist, to make an inquiry 
into the general economic condition of Austria. 
The outlook indicated by this report warrants a 
distinct feeling of optimism, even the somewhat 
disconcerting fact of an increase of unemployment 
which has accompanied the movement towards 
stability being explained as due to the more economic 
and labour-saving methods in manufacture, banking, 
and trade. This, therefore, is presumably only of a 
temporary nature. This assumption may be sup- 
ported by the fact that in some quarters a shortage of 
labour actually exists, an example being in the beet 
sugar industry, in which, partly owing to lack of agri- 
cultural labour, the crops and area under cultivation 
are not yet as high as before the war. This position 
is being met on the part of the authorities by training 
the unemployed for agriculture and for certain of 
the more skilled trades in which there is a lack of 
labour. The largest groups of unemployed are of 
unskilled labourers in the metal industry, which the 
war liad over-developed ; of builders, in winter ; 
in the wood industry, and, quite recently, in 
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the textile trades. Another expedient adopted to 
check unemployment is the restriction of immi- 
vration, employers being now forbidden to engage 
foreigners without permission. 

While the account of the revival of Austria and 


her present condition is of interest, the question of | 
what the prospects are likely to be of future trade | 


with her, naturally arises. It must be borne in 
mind that Austria is no longer the centre of a great 
empire, but a country in which the producing centres 
proper to an empire remain after a large portion of 
the consuming area has disappeared. From this 
it follows that the possibility of large orders from 
the central government for railway material, public 
works machinery and equipment. or armaments, 
has vanished, the means of production now existing 
being more than ample for the smaller country, so 
ample indeed as to permit Austria to compete with 
Great Britain in some markets by the export of iron 
and steel, locomotives and wagons, general machinery, 
telephone and telegraph installations, and motor 
transport vehicles. 

Of the two main classes of imports of which 
the country is in need, the United Kingdom is 
unable to supply one, namely foodstuffs. The 
import of the other commodity, fuel, is handicapped 
by the absence of direct-sea freights between the two 
countries, while the demand is also showing a 
tendency to be offset by the development of water 
power. What remains is really only asmall portion 
of the total import trade, and consists mostly 
in finished goods. Here, as in some other countries, 
our reputation for quality stands so high that the 
terms ‘‘ best’ and “ British”? are almost synony- 
mous. Small though this trade is in proportion to 
the total, it would seem to be worth developing, and 
the fact that there has been an increase recently 
isencouraging. It may be noted that, as far as can 
be judged, Austria’s worst period is over, and with 
returning national stability the risk of loss decreases, 
particularly as there are now facilities for obtaining 
reliable information. As a matter of fact, general 
conditions in Austria are better than in many other 
European countries, and further, it is probably 
safer to carry on the transit and intermediate trade 
with Hungary, Jugoslavia, Czechoslovakia and the 
Balkans, through Viennese firms. A drawback, 
however, to Austria’s own trade with these countries 
is the high customs tariffs they have set up, and 
though she has entered into commercial treaties with 
certain states, the general effect has been one of an 
increase of protection in Austria as a retaliatory 
measure. Thus, the new duties imposed on textiles, 
hemp, linen, and jute goods, iron and steel, machin- 
ery, boots and shoes, glass, mineral oils, chemicals, 
and main foodstuffs, are considerably higher than, 
those formerly in force, and, though they will not all 
operate immediately, may affect imports of textiles 
at least, from the United Kingdom. It may be 
noted in this connection that the capacity of the 
spinning machinery both for cotton and: wool is 
largely in excess of that of the looms working in 
Austria. and it is intended to increase the number 


“of the latter. 


The British motor cycle has a firm and increasing 
hold of the Austrian market, two-thirds of the 
total number of these machines imported coming 
from the United Kingdom. Yet, although there is 
a demand for small motor cars, hardly any British 
vehicles of any class are sold. Incidentally, the 
condition of the roads is becoming so bad that they 
are inadequate for the increasing motor traffic, and 
this is affecting the tourist business. As complete 
reconditioning would cost 4,500,0001. a portion of 
the roads which carry the international traffic may 
possibly be taken in hand, for completion within 
SIX vears, at a cost of 2,580,000/. 17,883 motor 
Vehicles were registered in Austria in January, 
1926, of which more than one-third were lorries. 

As has been already stated, the Austrian railways, 
While still owned by the State, are under private 
control, There has been an increase recently in 
freight rates of about 10 per cent., and special 
rates have been introduced, the object of which is to 
encourage the native lignite industry. The produc- 
tion and consumption of Austrian coal is increasing, 
while the imports from all sources decline. The 
British coal strike helped Austrian development 
by diverting to Germany the Czechoslovak brown 





coal hitherto sold to Austria. The increase in coal 
| consumption in spite of the concurrent development 


of water power is significant. The hydro-electric 
schemes proceed steadily. In 1925, 19 plants were 
completed having a total possible output of 301 
million kilowatts per year. In 1926, four works 
were added with a yearly output of 62 million kilo- 
watts. Four other installations, commenced in 
1925, with an output of 342 million kilowatts per 
year, are apparently not yet completed. 

Electrification of the railways is also progressing ; 
158 km. of the railway from Innsbruck to the Swiss 
frontier have been completed, while the remainder 
is expected to be finished shortly. Progress is also 
being made with the lines east of Innsbruck. A 
large scheme is being discussed by certain Austrian 
banks and American financiers, embracing the possi- 
bility of diverting some of the flow of the Danube 
through a canal, 40:km. long, near Vienna. This 
is expected to produce:130,000 h.p. and would solve 
certain problems connected with the City’s port 
accommodation and ‘its liability. to floods, but it is 
a question whether there would’ be any demand 
for the extra current so generated unless the rail- 
ways near Vienna were electrified. 





NOTES. 

THE Institution oF Furr. Economy: ENGINEERS. 

At the fourth general meeting of the Institution 
of Fuel Economy Engineers, held at the Royal 
Society of Arts, Adelphi, on Friday, January 7, 
the chairman, Dr. Barratt, . Vice-Chairman. of 
Council, stated that that would probably be the 
last general meeting of the institution, at all events 
under the present title. The proposals for amalga- 
mation with the Institution of Fuel Technology had 
been accepted by both governing bodies, and the 
Council of the Institution of Fuel Economy Engineers 
would. have pleasure: in. recommending’ them for 
ratification by its members: in: due course. He 
thought. they were greatly indebted to Sir Alfred 
Mond for his work in effecting the compromise, and 
he was sure that. the members of both the existing 
institutions would do- all: they: could to. contribute 
to: the: success, of the: one sphere of. activity. The 
encouragement of research should: be. recognised as 
one of the most important- functions of the new 
organisation. He was aware that the Fuel Section 
of the Society of Chemical Industry had done some 
good service in this direction, and wondered if. the 
fusion of it with the new institution were not prac-, 
ticable. He wished to emphasise the council’s 
appreciation of the debt the Institution of Fuel 
Economy Engineers owed to their capable secretary, 
Major H. L. Pirie. Mr. W. F. Goodrich was ,then 


‘called upon to read a paper entitled “ Utilisation 


of Low-Grade Fuels for Steam Generation:” ~The 
discussion which followed largely resolved itself 
into one on the relative merits of firing with pul- 
verised fuel or by mechanical stokers, but in the 
course of it Mr. J. D. Troup said he would like to 
point out what he considered a very great step in 
the burning of low-grade fuels in the producer- 
furnace of Mr. T. Roland Wollaston, who appeared 
to have evolved a commercially possible method of 
firing with producer gas. 


THE CONDITIONS OF O1L OCCURRENCE IN 
BurMa. 


The Burma oilfield, exploited and studied for about 
seventy years, is now considered the most scienti- 
fically developed oilfield of the globe. Much of the 
detailed information collected remains with the 
companies whose experts conducted the investiga- 
tions. But the Indo-Burma Petroleum Company 
has given facilities to Dr. L. Dudley Stamp to bring 
the results of his work, continued since under the 
auspices of the University of Rangoon, before the 
Institution of Petroleum Technologists, as he did last 
Tuesday. The oilfields are in the central trough of 
Burma, between the Shan Plateau massif in the east 
and the Arakan Yomas in the west. The trough is 
roughly the basin of the Chindwin-Irrawaddy and 
the Sittang Rivers. The Irrawaddy delta is being 
pushed farther south into the Gulf of Burma. In 
prehistoric times the delta must have ended much 
farther north, the trough, an old sea gulf, having 





been filled up by river-borne sediment from the 
north and also by marine sediments in the south. 
But that gradual infilling of the trough has been 
interrupted, Dr. Stamp suggested, by temporary 
northward movements, leaving their mark as wedges 
of marine strata. All the petroliferous horizons are 
associated with the intermediate conditions ; the 
fresh-water sands and clays, as well as the deeper 
marine clays, are entirely devoid of oil. The oilfields 
lie along a line north-south near the centre of the 
synclinal trough, but they are not connected with 
definite stratigraphical horizons. Dr. Stamp gave 
statistics of the oil productions of the nine chief 
fields, some of which are declining. The best-known is 
the Yenangyaung field, which has, since 1900, yielded 
3,000 million gallons from an area of one square 
mile; the minimum distance between well sites 
was, in 1908, fixed at 60 ft. The production of this 
field also has been decreasing, having been 203 
million gallons in 1918 and 160 million gallons in 
1925. Dr. Stamp, summarising the whole problem, 
believes that the oil has been formed in situ, and that 
the huge trunks of silicified wood were also silicified 


inthe Irrawaddian in which they are found. General 


coricurrence with these views, except as to detail, 
was expressed during the discussion by Mr. Dew- 
hurst..and.. Mr. Cunningham Craig; a written 
communiéation sent in by Dr. Murray Stuart was 
less’ concordant. 
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THE LATE SIR FRANCIS FOX. 

Ir is with a deep sense of the loss suffered by 
the profession that we have to announce the death 
of Sir Francis Fox, which occurred on January 7, 
last, at his: residence at Wimbledon. 

Born in 1844, Sir Francis was the son of one 
of our pioneers in railway engineering. His 
father, the late Sir Charles Fox, was originally 
intended for the medical profession, but his me- 
chanical instincts compelled him to frustrate in 
this respect the views of his family, and after 
several: vicissitudes, including service as an engine- 
driver on the newly-opened Manchester and Liver- 
pool: Railway, he became resident engineer on the 
Southern half of the L. & N.W. Railway, and later 
commenced. business on his own account, and acted 
as engineer to the buildings of the 1851 Exhibition. 
Francis Fox and his brother Douglas were to have 
proceeded. to Cambridge, but a serious accident 
to their father led to a change of plans, and both 
went to work at once, becoming pupils to their 
father in 1861. In 1864, Francis was appointed 
assistant to the engineer in charge of the widening 
of the Grosvenor-road bridge, for which his father 
was engineer, and had taken the bold step of omit- 
ting all provision for expansion, making this iron 
arch viaduct, having a total length of some 900 ft., 
continuous from end to end. During these early 
years, Francis Fox attended science lectures by 
Faraday and others, and worked also at mechanical 
engineering. He secured thus, by the actual handling 
of tools and materials, a knowledge of their physical 
properties, not readily attainable in other ways. 
This fact was very generally realised 80 years or so 
ago, and very many of our most successful pioneers 
in civil engineering, either started their careers in 
the shops, or entered them subsequently. 

The bridge widening was completed in 1867 and 
in 1868, Francis was made a member of his father’s 
firm, which was henceforth constituted under the 
style of Sir Charles Fox and Sons. 

Tn 1872, at the age of 28, he was appointed 
manager of iron mines in the Cleveland district. 
These were at first highly successful, but the thick 
vein at first worked, ultimately split into two, 
making it economically impracticable to raise the 
ore, and the mine was consequently closed down 
at a net loss of 150,000/. He was subsequently, as 
member of his father’s firm, engaged on railway 
work for Queensland and Canada. 

In 1880, he acted with his brother and Sir James 
Brunlees, as engineer to the Mersey Tunnel. When 
the shaft on the Liverpool side was sunk, so much 
water came in, that it was feared that ifthe amount 
increased pro rata with the advance under the river 
it would be impossible to deal with it. Fortunately, 
the rock under the river, though badly fissured, 
had automatically caulked itself with clay in the 
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course of ages, and less water was met with here than 
anywhere else. Nevertheless, the total inflow was 
large, amounting, as a maximum, to some 9,000 
gallons per minute, and at the time the tunnel was 
opened to traffic the quantity to be pumped was 
still as much as 7,000 gallons. The self-sealing process 
above referred to has since, however, reduced the 
quantity to 6,000 gallons per minute. That pre- 
manent pumps would be necessary had been fore- 
scen from the outset, and a drainage heading had 
been driven under the main tunnel to collect the 
seepage. The Beaumort boring machine was used 
for the excavation pro- 
ceeding from the Birken- 
head side, and when in 
full work the rate of 
advance was 34 to 65 
yards per week. Owing 
to breakdowns, however, 
the net rate of’ progress 
was exactly the same as 
on the northern heading, 
excavated by hand labour 
at the average rate of 
9 yards per six-day week. 
In 1882 Francis Fox was 
called in by the Chair- 
man of the Manchester, 
Sheffield and Lincolnshire 
Railway, and asked to 
take charge of the com- 
pany’s engineering work. i 
The first heavy job under- 
taken was the construc- 
tion of a swing bridge 
across the Dee, with an 
opening of 140 ft., the 
longest constructed up to 
date. The river bed con- 
sisted of quicksand to the 
depth of over 100 ft., and 
of a character reputed 
to be so dangerous that 
if a vessel grounded on it, 
the crew were sent to 
bed for fear the vibration 
caused by their movements 
might cause the boat to 
sink into the silt. Never- 
theless, the bridge as built 
has proved very success- 
ful in service. The main 
pier is a brick cylinder, 
43 ft. in diameter, 5 ft. 
thick with a steel curb. 
Whilst being sunk into 
place an unexpected flood 
tilted it 5 ft. out of the 


perpendicular. To this it 
was restored by pumping 
water under pressure 


beneath the high side of 
the curb, the rectification 
being effected in a few 
hours, although the weight 
to be moved was some 
25,000 tons. 

From 1887 to 1893 the 
subject of our memoir 
was one of the engineers 
responsible for the con- 
struction of the Liverpool 
Overhead Railway, which 
is 6} miles long, and comprises over 100 spans of 
from 50 ft. to 70 ft. 

In 1894 Francis Fox was asked to take charge of 
the extension of the Great Central Line from Rugby 
to London. Part of the work included a cutting, 
80 ft. deep, in the blue lias clay. Similar cuttings 
on the parallel L. and N.W. route constructed 
several decades previously had given rise to a good 
deal of trouble. The slope of the banks having been 
originally fixed at 14 to 1, and it was decided accor- 
dingly to adupt a slope of 3 to 1 for the new cutting. 
Every precaution was taken against the starting 
of a slip in the belief that once this occurred the 
damage done was irretrievable. The excavation was 
therefore commenced at the full width and com- 
pleted in steps of 14 to 15 ft. Special care, more- 











over, was taken to exclude all drainage from the 
workings. 

Sir Francis in his autobiography has recorded that 
during the construction of this line, a lady water- 
diviner, the daughter of a local rector, volunteered 
her services and succeeded in locating convenient 
supplies. The construction of the station at Mary- 
lebone necessitated the destruction of about 1,000 
dwelling houses. The sweeps, who thus lost their 
trade connection, petitioned the company for com- 
pensation and obtained it. 

Sir Francis and his brother were joint engineers 
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with Mr. Greathead for the first of the London 
tube lines, and with Mr. W. R. Galbraith for the 
Hampstead and Highgate line. In this connection 
the engineers encountered the same kind of ignorant 
and irresponsible criticism which Sir Charles 
Fox had met with when engaged in building the 
1851 Exhibition Buildings. It was confidently 
asserted that the construction of the tube would 
not merely tap the Hampstead Ponds but drain 
the subsoil so thoroughly that the grass would be 
killed. It was also stated that the tunnel would 
collapse. However, the works were successfully 
brought to conclusion. The Hampstead station is 
291 ft. below surface level, and is probably the 
deepest down in the world. 

The cost of the work could have been greatly 








reduced had the London County Council and the 
various Borough authorities showed more intelli- 
gence. At the date in question both were domin- 
ated by that type of politician who seems to act 
on the principle that whatever is bad for a share- 
holder must necessarily be good for the public. The 
engineers wished to locate the stations under the 
streets, with steps up to the pavements. The 
lifts would then have taken passengers right down 
to the platform level. This plan was vetoed by the 
authorities, and as a consequence it was necessary 
to locate the stations up side streets where property 
could be acquired at a 
more reasonable cost. It 
is this action of the local 
authorities which has made 
P necessary the long under- 
ground passage-ways of 
whichthe public complains 
so keenly to-day. 

Other work for which 
Sir Francis was responsible 
was the Snowden rack 
railway constructed in 
1894-96. He visited Swit- 
zerland to investigate the 
merits of different types 
of rack and, as so fre- 
quently happens when a 
demonstration is being 
given, an accident oc- 
curred when he was being 
taken over the Kleine 
Scheidegg railway. The 
spur wheel mounted the 
rack and smashed part of 
it. Fortunately, the ample 
braking power provided 
proved in order and no 
personal injury resulted, 
but the party had to 
return by font. 

Another very interest- 
ing undertaking for which 
Sir Francis and his firm 
were the engineers, was 
the rope railway across the 
Andes in Columbia, from 
the Valley of the Magda- 
lena River to Manizales 
in the Esperanza Valley. 
The distance is 45} miles, 
and the summit level is 
12,000 ft. 

When the proposal for 
the Simplon tunnel was 
broached, the Swiss Gov- 
ernment encountered simi- 
lar irresponsible criticism 
to that already referred 
to. They decided there- 
fore to appoint a com- 
mission of three to report 
on the whole subject, and 
asked the British Govern- 
ment to nominate one of 
the trio. The choice fell 
on Sir Francis, and the 
commission reported in 
favour of the low level 
route, which, starting from 
the existing line at Brigue, 
necessitated no costly 

approaches on the Swiss side. On the other hand, 
the tunnel would thus attain a depth of 7,500 ft. 
below ground level, with consequent risk of 
serious trouble from high temperatures. In 
actual fact these proved even worse than antici- 
pated, and the contractor who so _ successfully 
surmounted them in the end, declared that, had 
the actual occurrences been anticipated at the outset, 
no one would have been bold enough to have faced 
the risks. In this connection it is well to recall 
the extraordinary precautions taken to secure the 
health of the men. The piercing of St. Gothard 
involved the loss of over 800 lives, including those 
of the engineer and contractor, although the highest 
temperature recorded did not exceed 87 deg. F. 
At the Simplon, the rock temperature rose to 
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129 deg. F., yet the means provided for ventilation 
and cooling, and for the care of the men on 
leaving work were such that the total death roll 
did not exceed 60. 

Sir Charles Fox was the engineer responsible for 
the construction of the first railway to be opened in 
South Africa, and Sir Francis and his partners, in 
conjunction with Sir Charles Metcalfe, continued 
the connection by constructing the railway to 
Buluwayo, and on to the Victoria Falls and Nyassa- 
land. The principal engineering feature of this is the 
500-ft. steel arch bridge at the Falls. This had to 
be designed so that no individual member weighed 
more than 10 tons, which was the maximum 
capacity of the ropeway by which material was 
taken across the gorge. 

In his later years, Sir Francis was responsible for 
saving from collapse many of our most famous 
cathedrals and historical churches. The first work 
of this kind he undertook, was in connection with 
Winchester Cathedral, which threatened to fall into 
fragments. Examination of the subsoil proved that 
the apparently solid clay on which the foundations 
rested, was underiain by a thick layer of peat, 
and that the strengthening buttresses added by 
William of Wykeham had only aggravated matters. 
In all work of this kind, Sir Francis always proceeded 
on the principle that nothing must be done to the 
foundations until the superstructure had been 
repaired and solidified. This he accomplished by 
means of the Greathead grouting process, which 
was applied in this way at Winchester. Having 
thus solidified the building, the next step was 
to underpin the foundations by concrete, replacing 
the peat. The whole of this work was done under 
Sir Francis’ direction by a single diver who had to 
work in the dark, as the peaty water was imper- 
meable to light. Other cathedrals, since repaired 
under the direction of Sir Francis, are those of 
Peterborough, Exeter and Lincoln. Sir Francis 
also paid great attention to the threatened failure 
of St. Paul’s Cathedral; in connection with this he 
published much that was both interesting and 
valuable. 

Sir Francis was elected associate member of the 
Institution of Civil Engineers in 1870, and trans- 
ferred to the class of member in 1874, and he was 
knighted in 1912. He was the author of several 
books and professional papers, and published in 
1924 a volume of reminiscences entitled ‘Sixty 
Years of Engineering, Scientific and Social Work.” 
During the war, when there was a shortage of linen 
and other fabrics, he suggested stripping the 
backing off old plans and engineering drawings. 
In this way some 121 miles of badly needed material 
was obtained. He is survived. by his son and 
partner, Mr. H. W. Fox, and by two daughters. 





THE LATE MR. HENRY PERCY 
BOULNOIS. 


THE work of the municipal engineer is so many- 
sided and so intimately connected with every-day 
activities, that in the public mind it is often dwarfed 
by achievements which appeal more to the popular 
imagination. The technical man, however, can 
appraise such work at its true value and, in recording 
the death of Mr. Henry Percy Boulnois, onJanuary 8, 
we pay our tribute to the service he rendered to his 
profession and his fellow men, service continued to 
the end of his career, as witnessed by his contribution 
of a paper to the Royal Sanitary Institute at the 
advanced age of 80. 

Mr. Boulnois was born at St. John’s Wood in 
1846, and commenced his professional life in 1864, 
after a general education at Pocklington Grammar 
School, and a more specialised one in the Applied 
Sciences Department of King’s College, London. 
For a year, 1864 to 1865, he acted as assistant to the 
resident engineer of a section of the La Vendée 
Railway of France, and on the completion of the 
work was articled to Sir Joseph Bazalgette. During 
this period, 1865 to 1869, the young engineer had 
experience of construction on a large scale, as the | 
works of the Thames Embankment and the main | 
drainage of London were being carried out at the | 
time. The survey of Oxford and Cambridge and 
other places, for drainage schemes were more 
particularly his own work. A year in the office of 








an architect, Mr. W. A. Boulnois, followed, and then 
in 1870, he took up work in the Colonies, being, till 
1873, a District Engineer in Jamaica. This post 
involved the supervision of the engineering works 
of a third of the Island, comprising roads, bridges, 
retaining walls, and so forth, appropriate to a tropical 
country. 

The beginning of 1874 saw Mr. Boulnois back in 
England as City Surveyor of Exeter, a position he 
held until 1883. There, the duties embraced not 
only work in the city, for the main drainage scheme 
of which he was responsible, amongst other things, 
but entailed control of the ship canal and port of 
the River Exe, works which involved dredging 
operations. This reorganisation of the Exeter 
water supply was marked by the adoption of the 
travelling scraper for water mains, this being the first 
recorded use of this appliance. His next appoint- 
ment was that of Borough Engineer of Portsmouth, 
held from 1883 to 1890, and from this port it was 
an almost natural transition to the busy maritime 
city of Liverpool, where he was City Engineer 
from 1890 to 1897. 

While at Exeter, Mr. Boulnois became an active 
member of what is now the Institution of Municipal 
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and County Engineers, his first paper being read in 
1878, on the Exeter Canal. The year 1879 saw 
him a Member of Council, and 10 years later he 
occupied the Presidential chair, being re-elected to 
a second term of office for the year 1890 to 1891. 
His connection with the Royal Sanitary Institute 
began in 1880. To both these organisations 
Mr. Boulnois gave loyal and continuous support. 
He read papers to both on a wide range of subjects, 
some of them such as tne disposal or utilisation of 
house refuse, relating to matters of which ne had 
special knowledge. He was president of many of 
the annual conferences of municipal engineers, and 
addressed many of the congressional gatherings. 

In 1897 Mr. Boulnois became an inspector under 
the old Local Government Board, and, while retain- 
ing his interest in all questions connected with 
municipal engineering, specialised in the subject of 
road construction, on which he came to be regarded 
as an authority. He retired from the Local Govern- 
ment Board in 1911, when he occupied the position 
of deputy-chief engineering inspector. In 1910 his 
knowledge of road construction had resulted in his 
appointment as member of the Advisory Committee 
of the Road Board, on which he worked until the 
Board was superseded by the Roads Department 
of the Ministry of Transport. He was, after his 
retirement from public service, engaged in extensive 
private practice, but found time to embody his 
experiences in a number of books, of which 





**Modern Roads,” published in 1919, is typical of 
his wide treatment of his subjects. 

He had commenced authorship in 1883, when he 
produced the “‘ Municipal and Sanitary Engineer’s 
Handbook,” a work which did much to make more 
coherent the then somewhat neglected literature on 
the subject. A book on “The Housing of the 
Working Classes,” written at a later period, was also 
of the nature of pioneer work. He was the author of 
numerous other publications and pamphlets. As 
has already been mentioned, his contributions to 
the Proceedings of the Institute of Municipal and 
County Engineers and the Royal Sanitary Institute 
were numerous and important, and in 1923 he was 
awarded the gold medal of the Institution of Sani- 
tary Engineers. At the time of his death he held 
the office of Vice-President of the Royal Sanitary 
Institute, and last year read two papers before it on 
“Sanitary Engineering Progress during Fifty 
Years, 1876 to 1926,”’ and on “ Sanitary Engineering 
Aspects.” : 

His continued activity was the more remarkable 
as Mr. Boulnois had not enjoyed uniform good health, 
sickness being the cause of his resignation at Jamaica 
in 1873, and at Liverpool in 1897. His connection 
with the Institution of Civil Engineers dates from 
1874, when he was admitted an associate member, 
becoming a full member in 1878. He was Chairman 
of Council of the Roads Improvement Association. 





THE PHYSICAL AND OPTICAL 
SOCIETIES EXHIBITION. 
(Continued from page 23.) 


THE optical firms, having had an Optical Conven- 
tion and Exhibition of their own last April, were 
perhaps less fully represented than on previous 
occasions, and it is therefore difficult to characterise 
progress in their main products, such as microscopes, 
cameras, &c. Messrs. Charles Baker, of 244, 
Holborn, W.C.1, showed a new lantern, which is 
converted into a micro-projector by simply fixing 
a micro-projection tube in the sliding base in front 
of the body. The intensity microscope lamp of 
Messrs. R. and J. Beck, Limited, of 69, Mortimer- 


‘street, W.1, consists of a very closely wound tungsten 


spiral, and their drawing apparatus is a kind of 
projection camera lucida. Messrs. Bellingham and 
Stanley, Limited, of 71, Hornsey Rise, N.19, showed 
a new spectrometer, covering the range 2,000 A.U. 
to 130,000 A.U. by means of prisms of glass, quartz 
or rock salt. A workshop refractometer, a hand 
instrument for identifying glasses, and a simple 
comparator for spectra, in which standard plates 
of the iron-arc spectrum are used, were also shown. 
Messrs. Houghton-Butcher, Limited, of 88-89, 
High Holborn, demonstrated their Empire educa- 
tional portable projector for standard films, the 
light being supplied from the house mains; it has 
been designed with special regard to safety from 
fire risks. The firm’s new optiscope, a bellows 
lantern fitted with an Aldis-Butcher projection lens 
and half-watt lamp with closely-bunched filament, 
was also demonstrated. Of the episcopes of Messrs. 
Newton and Co., 72, Wigmore-street, W., we men- 
tion the new portable (Minerva) lantern for class 
work, to be supplied from any lighting point. It is 
made of aluminium and fitted with objectives from 
6 in. to 12 in. focus. Messrs. Ogilvy and Co., 20, 
Mortimer-street, W.1, exhibited Leitz instruments, 
epidiascopes, range finders, &c., and other apparatus, 
some fitted with the Akehurst-Ogilvy substage 
mechanism and interchangeable condensers. Messrs. 
Otway and Co., Limited, of Ealing, showed, in 
addition to their telescopes, levels, binoculars, &c., 
specimens of their mandril-drawn brass, nickel, 
copper and silver tubing, and of stainless steel. Of 
the numerous exhibits of Messrs. Ross, Limited, of 
13 and 14, Great Castle-street, W.1, we may 
mention the new 2-9 aperture photographic lenses, 
made in four sizes (53, 63, 84, 10 in. focus); the 
new prism binoculars for magnifications of 6, 7, 9, 
and 12 diameters; the Dominion telescope, with 
4-in. object glass, for magnifications of 40, 75, 90 or 
125, weighing only 24? lb. complete with stand ; 
and the home kinematograph projector, the case of 
which is not of the box type, but forms a narrow 
stand, only 3} in. wide in most parts, on a tripod. 





52 


ENGINEERING. 








A novelty shown by Messrs. Wray, Limited, of 
Bromley Hill, Kent, was an instrument designed by 
Mr. W. B. Ferguson, M.A., K.C., for measuring the 
density of photographic negatives by comparison 
with a standard neutral wedge; it is explained by 
the diagram, Fig. 7. Light from a lamp falls 
through a ground glass screen on two thin pieces 
of opal glass, A and B, mounted in the same plane. 
The ray reflected by the prism under A meets 
the ray through B in the Abbe cube C, which is 
examined by means of the eyepiece D. By adjust- 
ment, the central spot in C is made to disappear. 
The negative to be measured is then placed under 
B, and the neutral wedge under A, and the balance 
is obtained by manipulating the wedge. Supple- 
mentary densities, to be added or subtracted from 
the result, are placed over A or B in the form of 
neutral glasses. 

The Laboratory Equipment Company, of 310-312, 
Regent-street, W., showed several useful accessories. 
Their Denne variable light filter consists of a 
cylindrical cell mounted on a_ tripod, together 
with a small tank to be filled with the light- 
absorbing fluid. The back cover of this cell 
is a glass disc attached to a piston, by the 
movement of which the cell thickness can be 
increased from 1 cm. to 7 cm. The new Pointolite 
lamp, likewise mounted on a tripod for inclination 
at any angle. is fitted with a Nelson-pattern 
condenser in a sliding tube, in such a way that 
the condenser is always centred with the bulb 
of the lamp. The block-casting apparatus shown 
produces paraffin blocks up to 2? in. by 2} in. for 
enclosing infiltrated materials. The paraffin is 
melted on a water bath, heated by a Bunsen burner, 
and the liquid poured into moulds surrounded by’ 
cold water. Electric and acetylene lamps for 
microscopes were also exhibited. 

The surveying instruments exhibited by Messrs. 
Cooke, Troughton and Simms, Limited, of Broadway- 
court, Westminster, exemplified the marked progress 
in design and construction made by this firm. 
Several methods of reading divided circles were 
demonstrated. Internal focussing, with a telescope 
fitted with an achromatic focussing lens, was repre- 
sented by a 5-in. tachometer, of 1-65 in. aperture, 
in which the overall length of the telescope hardly 
exceeds the diameter of the divided circle. This 
instrument, 13 in. high, is of the type described by 
Mr. E. Wilfred Taylor before the Optical Conven- 
tion last summer (see ENGINEERING, April 16, 
page 503), and is made for the Admiralty. The 
advantages of internal focussing were discussed in the 
paper referred to. One of the mechanical processes 
adopted in the construction of these instruments 
is that the centres of the vertical axes are scraped 
and not ground in; the grinding is apt to leave 
traces of the abrasive material in the parts, which 
afterwards impairs the working. Other exhibits of 
the firm comprised Connolly reversible levels and 
the Holland-Collingwood profile plotter, a labour- 
saving mechanism for dredging and earthwork 
engineers, which was illustrated in our issue of 
April 17, 1925, on page 474. 

Messrs. Carl Zeiss, of Wells-street, W.1, for 
the ‘first time again directly represented at 
the exhibition, displayed a great variety of 
their microscopes, cardioid condensers, Abbe 
refractometers, polarimeters, levels, telescopes, 
grinding and polishing machines, &c. A common 
feature of their microscopes is that the fine 
adjustment is effected by means of a train of 
wheels and pinions, operated by a milled head 
in the usual way, the mechanism being encased 
in the curved stand. The Zeiss levels are 


| of carborundum, baked previously at 1,520 deg. C., 


Co., Limited, of 49-50, Parliament-street, 8.W., who 
showed surveying and meteorological instruments 
and a temperature indicator, which was originally 
designed by Major E. S. Phipson, I.M.S., for deter- 
mining the temperature of a mass of clothing 
undergoing disinfection, but is applicable to many 
other purposes. It consists of a simple electric bell 
circuit ; most parts are outside the steriliser, but 
two leads are taken: into the chamber, where 
they terminate in a small control device comprising 
a bar of some fusible alloy, which, when softened, 
allows a plunger, through the rod of which 
the bar is passed, to slip back under the action 
of a spring and to make contact. The alloys 
used soften at 83, 99, 110 and 115 deg. C., re- 
spectively. The exhibits of Mr. W. H. Harding, 117, 
Moorgate-street, consisted of the firm’s well-known 
drawing instruments, a mechanical device for draw- 
ing a parabolic curve, and an improved form of 
eidograph for reducing and enlarging maps. 

Various styles of high-vacuum pumps, of the 
Hyvac, Backhurst-Kaye and Gaede types (rotary 
and triple stage), some made by Leybold in Bonn, 
were exhibited by Messrs. W. Edwards and Co., of 
Allandale-road, S.E.5. The new rotary Geryk pump, 
shown by the Pulsometer Engineering Company, 
Limited, of 11, Tothill-street, Westminster, S.W.1, 
will produce a vacuum of 1-02 mm. in a single stage, 
and one of 0-00007. mm. when working in series ; 
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the Geryk RL reciprocating pump can exhaust 
down to 0-00001 mm. Electric furnaces were 
exhibited in various forms by Messrs. A. Gallenkamp 
and Co., Limited, of 19-21, Sun-street, E.C.2, 
together with other laboratory equipment, and also 
by Messrs. R. M. Catterson-Smith and K. S. Mills, 
429B, King’s-road, Chelsea. The ceramic furnaces 
of the latter firm are heated by radiation from rods 


and arranged either horizontally along the top and 
bottom of the muffle or along the two walls. The 
horizontal arrangement is used in the 6-in. by 3-in. 
by 8-in. (inside) muffles, which have &8-mm. rods and 
are suitable for temperatures up to 1,350 deg. C. ; 
the large special furnace shown, 24 in. by 20 in. by 
18in., has 14-mm. heater-rods. The walls are built up 
of porous diatomaceous bricks, which, in the large 
furnace, have a thickness of 4} in., and are lined 
with panels of sillimanite, that on the bottem of 
the large furnace being } in. in thickness. The 
Sinclair-Mills auto-immerser of the firm was 





fitted with an ocular so that both ends of the! 
bubble can be viewed simultaneously from the | 
eyepiece end of the instrument, the images of | 
the two half ends being made to coincide. The | 
observer has only to move his head slightly to| 
pass from sighting to bubble control. With regard 
to the advantages of this method of bubble reading, 
and also to the Zeiss method of fine adjustment, we 
would refer our readers to the paper on levelling 
instruments which Major Henrici contributed to 
the Optical Convention (see ENGINEERING, April 25, 
1926, page 536). 

Passing to instruments of various types, we 
first notice the exhibits of Messrs. C. F. Casella and 





designed for physiological staining, but is also used 
for photographic developing. 

The portable peak-voltage measuring instrument 
of the M.-L. Magneto Syndicate, Limited, of | 
Coventry, was demonstrated in two forms, one for | 
voltages up to 300, the other for voltages from 
2,000 to 15,000; the latter form is used for the 
examination of ignition sparks. In both forms, a 


small condenser is charged through a two-electrode 
rectifying valve, and the voltages across this con- 
denser, in the first form, are measured by allowing 
the charge to flow into a large condenser which 
controls the grid of a triode valve, the grid potential 
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current with a definite plate potential. In the 
second form of instrument, the small condenser is 
shunted by a calibrated spark gap between two 
20-mm. brass balls; one of these balls is fixed while 
the other is moved by means ofacam. The wooden 
case, of 9-in. sides, which contains either type of 
instrument, also encloses an accumulator fer the 
filament current and, in the first type, a small motor- 
generator for supplying the plate current. 

The latest design of the Elverson oscilloscope, «is 
demonstrated by the New Oscilloscope Company, 
Limited, of 47, Victoria-street, S.W.1, is distinguished 
by compactness, while itis, at the same time, adapted 
for cursory examination in the manner of a hand 
tachometer; the gear box is held in one hand. 
and the lamp in the other. The gearbox is made 
in two types, in one of which the mechanism being 
examined may be made to appear stationary or to 
be creeping slowly. With the other box, only the 
apparently stationary condition can be produced, 
but the arrangements permit the whole of the 
cycle of operations to be examined. The second 
exhibit of the firm was a vibrating-wire stroboscope 
designed by Professor A. Guillet. It may be 
regarded as supplementary to the Elverson 
instrument, being intended for tests of mechanical 
devices operated under conditions which more or 
less exclude direct connection and absolute syn- 


chronism between the mechanism and_ the 
stroboscope. The parts of the instrument, a 


vibrator, a small transformer and a neon lamp, are 
contained in case, weighing 18 lb. ; some accumu- 
lator cells are also required. The oscillations of a 
wire or tape are electro-magnetically sustained and 
the wire cuts off the current when passing an 
adjustable contact; the tension of the wire, and 
hence the frequency, are altered by means of a 
screw with a large diameter head. The wire 
oscillations also open and close the primary 
circuit of the transformer, the secondary of which 
supplies the neon lamp; the flashing frequency 
thus accords with the oscillation frequency. This 
frequency can be varied rapidly by adjusting the 
tension, and the movements of a mechanism at 
variable speeds can hence be followed. Each 
instrument is fitted with two wires, for the fre- 
quency ranges 900 to 3,000 and 2,500 to 12,000, 
respectively. 

Messrs. John Griffin and Sons, Limited, and 
Messrs. Baird and Tatlock, Limited, of Kemble- 
street, W.€.2, exhibited a working model of the 
Boys recording and integrating gas calorimeter. 
(illustrated on page 559 of our issue of May 4, 1923). 
in addition to other calorimeters, clectric ovens. 
pyrometers, &c.. previously noticed. 

At last vear’s exhibition, Messrs. Henry Hughes 
and Son, Limited, 59, Fenchurch-street, E.C.3, 
demonstrated the use of the echo-sounding gear 
designed by the Admiralty Research Laboratory. 
This year they directed attention to the use of their 
gear in the merchant service. The subject was 
discussed last month by Dr. F. E. Smith in bis 
lecture on ‘‘ Physics in Navigation ” (ENGINEERING. 
December 24, page 791). Messrs. Hughes supplied 
the first of these instruments to the Discovery and 
others to the cableships Dominia and Faraday and 
to the Asturias. They gave particulars of echo 
soundings taken on these vessels, especially in 
shallow water, sometimes at the rate of 25 within 
90 minutes, the results being mostly in good accord 
with other observations. Other exhibits of the firm 
concerned aircraft navigation, particularly the latest 
improvements in compasses of the dead-beat type, 
which have also proved valuable on board ship in 
heavy seas. A novelty of another character was 
the Husun Andrews enemy speed finder, a handy 
mechanical instrument for determining the speed 
and course of an enemy ship from aircraft; it 
requires however, a separate description. 

The most interesting novelty of the temperature 
measurement and control apparatus of the Foster 
Instrument Company, of Letchworth, was a thermo- 
couple pyrometer for determining the mean gas 
temperature in the cylinders of internal-combustion 
engines; it is illustrated hy the diagram, Fig. 8. 
The instrument does not attempt to measure the 
temperature variations during a single cycle, but is 
intended to investigate the temperature stresses to 





being deduced from measurement of the anode 





which the combustion chamber, valves, &c., are 
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exposed. Since the insertion of the thermocouple 
alters the operating conditions, it has sometimes 
been mounted so as to take the place of the copper- 
asbestos washer under the shoulder of the plug ; but 
experience has shown that such couples are more 
likely to indicate the temperature of the cooling 
water than of the gas. From these considerations 
the following design has been developed : the plug 
body 1 carries an insulator 2, held by a gland nut 3. 
The central electrode of the plug itself forms a con- 
centric couple, consisting of the wire 4 and the 
sleeve 5, insulated except at the tip 6; the spark 
passes between 6 and a point 7. The lug 9 on the 
nut 8 is arranged to swivel, and the ignition lead 
from the magneto 11 is attached at 10. The washer 
couple 12 and 13 is connected to an indicator 14 ; 
the plug-couple connections to the indicator 17 are 
made through the wire 4 and the lug 15, supported 
by the insulator 16. Both the limbs of the thermo- 
couple being on the high-tension side of the magneto, 
the indicator must be of high insulation. The effect 
of the heat energy of the spark has been found to 
be very small, and to be counterbalanced by the 
slight shrouding given by the body of the plug. 
Thcugh the temperature measured by the plug 
couple will not be exactly that of the exhaust valve 
or the piston crown, its indications will be of value ; 
several plug couples, in multi-cylinder engines, could 
be connected to a single indicator. 

The cognate instruments demonstrated by the 
Foster Company, such as the resistance thermometer 
for the British Navy, involve the automatic com- 
pensation for variations in battery-pressure and 
cable resistance, and the Resilia movement of the 
firm. The automatic control shown last year with a 
clock mechanism, was this year demonstrated with 
a new electric drive, which periodically depresses 
the pointer of the pyrometer indicator actuated by 
the thermocouple of a furnace. The control includes 
a broken-couple alarm, which gives warning of any 
failure of the thermocouple, and keeps the furnace 
temperature low until the couple is replaced. Messrs. 
Foster further demonstrated the use of the Wickham 
gear-testing machine, a recording micrometer which 
automatically marks errors in pitch and concentricity 
on a chart. 

Many of the exhibits of Messrs. P. J. Kipp and 
Zonen, of Delft, Netherlands, embodied the delicate 
thermopiles and other devices of Professor Moll. 
We may mention the Moll microphotometer for the 
investigation of photographic spectra, for which 
Messrs. A. Hilger are the sole agents in the British 
Empire ; the infra-red spectrograph which examines 
the rays that have passed through a slit, after 
repeated reflections by concave and plane glass 
mirrors and a rock-salt prism, by means of a Moll 
thermopile; the Moll nephelo- and absorptiometer 
for the measurement of light absorption and 
turbidity ; various kinds of moving-coil galvano- 
meters ; a thermo-relay for magnifying galvanometer 
deflections by the aid of a vacuum thermopile ; 
and a thermo-converter consisting of an insulated 


Wire, mechanically in contact with a series of 50 | 


thermocouples with which it is interwoven. 

The meters for fluids, water, gas and air, of the 
Electroflo Meters Company, Limited, of Park Royal, 
N.W.10, are of the differential-pressure type. 
They are free from any mechanism involving moving 
parts, being entirely electric. An orifice is‘inserted 
into the pipe, the flow through which is to be con- 
trolled, between two flanges from which 3 in. pipes 
branch to the meter body. The orifice plate is made 
of Monel metal or stainless steel, ,, in., thick, and 
knife-edged ; if flanges are unavailable, Pitot tubes 
are used. In the meter body, which is 20 in. high, 
the differential pressure causes the mercury of an 
annular U-tube to rise in a cylinder which is closed 
from above by a long plug. The shell of the plug is 
Surrounded by many thin rods of nickel, forming 
cylinder elements. These rods are of different lengths, 
being cut off to a parabolic curve below ; above they 
are separately connected to resistances totalling 
400 ohms. The mercury, rods and _ resistances 
form parts of a 40-volt circuit comprising an indicat- 
ing and a recording meter, mounted at any distance. 
The panel of these instruments also contains an 
integrating meter working with alternating currents. 
Voltage changes, not exceeding 20 per cent., in the 
Supply, are compensated for ; the currents recorded 
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are proportional to the flow. The duplex continuous 
electric temperature recorder of the firm contains 
two charts for two independent operating systems ; 


the actuating mechanism is mounted on a bracket' 


which can be swung out through 180 deg. for 
adjustment. An edge-wise distance indicating 
pyrometer, operated by a thermocouple, for work- 
shop use, was also shown. 

The Metro gas circulator of Messrs. A. R. Pearson 
and J. 8. G. Thomas, of the South Metropolitan Gas 
Company, demonstrated by Messrs. Baird and 
Tatlock (London), Limited, 14, Cross-street, Hatton- 
garden, E.C.1., is a form of hot-air engine. A bulb 
of quartz or iron, containing air or some gas, is 
heated by a Bunsen burner; the hot air depresses 
the mercury in a tube, to which the bulb is joined. 
The U-tube is connected by a T with another glass 
tube, joined at its ends to two vessels forming part 
of a closed circuit, and is fitted with two light 
valves (glass spheres), one on either side of the T. 
When a pressure difference of 2 in. or 3 in. has been 
reached in the U tube, a tap in that tube is opened ; 
the mercury then falls back and begins to: oscillate 
and draws the gas in the system from one side to the 
other. In this way 4 cub. ft. of gas can be circulated 
per hour against a back pressure of 5 in., which 
otherwise would require a force pump. The firm 
further exhibited an electrometric titration apparatus 
designed by Dr. J. F. Spencer, of London, for the 
estimation (without colour indicators) of acids and 
bases in coloured or turbid liquids, and for analysis 
generally. The apparatus comprises an accumulator 
cell and a revolving rheostat ; the end point of the 
reaction is indicated by a sudden change in the 
resistance of the system. 

Recent researches having proved that magnetic 
observations can render useful service in the 
search for ores and salt deposits, as well as for the 
investigation of underground structure and 
its faulting, Messrs. L. Oecertiing, Limited, of 
Turnmill-street, E.C.1.,whose Edtv6s torsion balance 
we illustrated on page 101 of our issue of July 23 
last, have constructed a portable vertical-force 
magnetometer, essentially as suggested by Lloyd 
in 1839 before the Roya! Irish Academy. The 
simple instrument consists of a small box with 
a short telescope tube at the top. It contains 
two magnets and a balance weight which has, in 
mass and position, to be adapted to the locality 
in the northern or southern hemispheres. The 
observer sees the index over a graduated scale and 
can take readings within 5y and less (ly=-10-° c.g.s. 
unit). The magnetic diurnal range of the district, 
which may amount to 30y in summer, but is less in 
winter, has, however, to be allowed for ; temperature 
corrections can also be made. In addition to balances 
and a micro-assay balance (sensitive to 0-002 milli- 
gram), and the physical balance with invar steel 
beam described by Mr. J. F. Manley in the 
Physical Society Proceedings last August, the firm 
exhibited a 10-gram standard weight of stellite 
and sets of reference standards made of chromium. 


(To be continued.) 





THE Farapay Sociery.-—An ordinary meeting of the 
Faraday Society will be held on January 26 next, at 
8 p.m., in the rooms of the Chemical Society, Burlington 
House, London, W.1. The following papers will be 
read and discussed :—‘‘ The Behaviour of the Quin- 
hydrone Electrode in Solutions of Neutral Copper 
Sulphate,” by Mr. J. B. O'Sullivan; ‘The Actinic 
Absorption of Chlorine Gas with respect to the Hydrogen- 
Chlorine Reaction,” by Mr. W. Taylor; ‘‘ The Residual 
Effect in the Actinic Absorption of Chlorine,”’ by Messrs. 
W. Taylor and A. Elliott ; ‘“‘ Vapour Pressure and Heat 
of Dilution of Aqueous Solutions. Part II,” by Messrs. 
W. R. Harrison and E. P. Perman: ‘ The Electrostatic 
Capacity of Aluminium and Tantalum Anode Films,” 
by Messrs. N. A. de Bruyne and R. W. W. Sanderson ; 
“On the Velocity of Chemical Reaction in the Silent 
Electric Discharge,’ by Messrs. G. A. Elliott, 8. 8S. Joshi 
and R. W. Lunt; “ The Activation of Hydrogen in the 
Electric Discharge,” by Mr. G. A. Elliott ; “‘ The Soret 
Effect,” by Mr. C. C. Tanner; and ‘An Improved 
Method of Measuring Vapour Pressure by Air Bubbling,” 
by Messrs. H. I. Downes and E. P. Perman. The second 
‘experimental) report on atmospheric corrosion, by 
Dr. W. H. J. Vernon, will be read and discussed on 
March 30 next. A general discussion on ‘‘ The Theory 
of Strong Electrolytes ”’ will be held at Oxford on April 22 
and 23 next. Arrangements for this last meetimg are 
being made, and members are asked to notify the Sec- 
retary of the Society, 90, Great Russell-street, W.C.1, 
of their intention of being present. 





LABOUR NOTES. 

The January issue of the Amalgamated Engineering 
Union’s Monthly Journal contains an account by Mr. 
J. T. Brownlie, the president, of two conferences which 
have taken place with the Shipbuilding Employers’ 
Federation on the subject of provisions for avoiding 
disputes, The employers invited the union, it is stated, 
to become parties to the procedure agreement which 
has been made with the Federation of Engineering and 
Shipbuilding Trades.. The. A.E,U. representatives 
declined, however, to do so, and eventually, submitted 
alternative proposals which, broadly speaking, followed 
the lines of the engineering provisions for avoiding 
disputes. These sought to provide first for negotiations 
at the seat of the trouble, then. local conferences, and 
finally central conferences, with a time limit between 
each stage; and “failing settlement at Central 
Conference the procedure shall be deemed to have been 
exhausted.”’ Speaking in support of the union’s scheme, 
Mr. Brownlie told the employers that the Executive 
Council held the view that the machinery that was 
proposed should govern piecework questions. There 
was no need in their opinion, for special machinery to 
deal with piecework questions in the engineering trade 
as the shipbuilding employers suggested. The Council, 
moreover, did not favour the inclusion of a clause 
providing for arbitration, considered that the machinery 
set out in their proposals was sufficient for all purposes, 
and were opposed to the principle of an independent 
chairman embodied in the agreement with the Federated 
Trades. 


In December, the home branch membership of 
the Amalgamated Engineering Union decreased from 
204,589 to 200,021, and the colonial branch member- 
ship from 26,665 to 26,591. The number of members 
drawing sick benefit decreased from 5,730 to 5,615, the 
number drawing superannuation benefit from 9,732 to 
9,714, and the number drawing donation benefit from 
13,436 to 10,715. The total number of unemployed 
members was 26,679. This was 3,673 less than in the 
previous month, and, calculated in the usual manner, 
was 12-58 per cent. of the membership. 





A long statement published under the authority of 
the Executive Council in the January issue of the 
Amalgamated Engineering Union’s Monthly Journal, 
suggests that the central body are of a mind to put the 
National Minority Movement in its place. Rule 3, 
clause 3 of the code which has just become effective 
gives branches power to levy up to 4s, per member per 
annum for local purposes other than those outlined 
in Rule 46. Rule 46 relates to political activities. 
Such local levies were clearly intended by the rule- 
makers to be voluntary. In a circular letter sent to 
branches indicating the principal alterations that had 
been made it was stated, in fact, that levies for the Local 
Purposes Fund were not to be shown in branch accounts, 
and that none of the money was to be spent until it. 
had been collected—the General Fund was not: to be 
drawn upon, that was to say, for local purposes. The 
Executive Council’s interpretation of the rule awas 
naturally challenged by the National Minority Move- 
ment’s adherents who were, in strict accordance with 
it, left without the means to promote, through the 
instrumentality of branches, objects with which the 
organisation as a whole, was not in sympathy. A 
circular which the National Metalworkers’ Minority 
Movement has issued to branches makes that tolerably 
clear. “If,” it is stated, “this interpretation is 
accepted by the branches, it means that this Local 
Purposes Fund will be killed, and, consequently, the 
local activities of the branch will be seriously hampered 
as there will be no fund for such activities.” 





“Tt means,” the circular goes on to say, “ that 
the branch will be unable to affiliate to the Local 
Trades Council or Labour Party or to any progressive 
movements such as the Minority Movement or the 
National Council of Labour Colleges, &c. It also means 
that there will be no fund out of which to meet the 
expenses for delegations to various conferences which 
are held from time to time, and at which the branches 
of the A.E.U. have been usually foremost in repre- 
sentation.”” The “ various conferences’’ mentioned 
are, no doubt, conferences of the N.M.M. Still, there 
is no doubt that the whole rule, as it stands, contem- 
plates a voluntary levy, and. that the Executive 
Council’s interpretation of it is correct. They, there- 
fore, rightly adhere to their interpretation in their 
latest pronouncement. on the subject. “The E.C.,” 
they say, “had all the factors under consideration, 
and decided to adhere to their previous decision, viz., 
that monies raised under Rule 3, clause 3, for local 
purposes must be kept separate and must not be 
entered on members’ cards, nor appear in the ordinary 
accounts of the branch, as such is contrary to rule, 
and branch secretaries are hereby instructed to give 
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effect to this decision.”” The anxiety of the National 
Metalworkers Minority Movement to have the levy 
for local purposes officially regarded as compulsory 
rather than voluntary is, of course, an unmistakable 
sign of weakness. If the Movement were as strong 
as its leaders wish the world to believe, a voluntary levy 
would be as useful to it as a compulsory one. 





During 1926, benefits amounting approximately to 
680,000/. were paid by the Amalgamated Engineering 
Union. ‘“‘ We desire to emphasise the fact,”’ the editor 
of the organisation’s official organ says, ‘‘ that in this 
figure not a cent is included for management costs. 
Further, these are the union’s benefits, and not in any 
way connected with payments made on behalf of the 
Government for State Unemployment or State Health 
Insurance Benefits.” 





The Ministry of Labour states that on January 3, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,495,800, of whom 1,155,900 were men, 40,000 
boys, 260,400 women, and 39,500 girls. Of the total 
number 989,800 were totally unemployed, 434,200 
temporarily stopped, and 71,800 “normally in casual 
employment.” On December 24, 1926, the number of 
unemp!uyed persons was 1,351,045, of whom 1,063,329 
were men, 32,501 boys, 224,494 women, and 30,721 
girls; and on January 4, 1926, it was 1,251,706, of 
whom 990,726 were men, 35,673 boys, 193,699 women, 
and 31,608 girls. 





Industrial and Labour Information, the organ of the 
International Labour Office, in the course of an interest- 
ing article on ‘‘ Wages in Soviet Russia,” states that 
since the Spring of last year, it has become apparent 
that, despite the increase in the cost of living, no 
general increase of wages is possible. At the third 
general meeting of the All-Russian Central Council of 
Trade Unions, Mr. Dzerjinsky, president of the Supreme 
Economic Council, said that the charges on industry 
under the heading of wages were extremely heavy, and 
there could at present be no question of increasing 
wages, so long as the output of the workers did not 
increase and the general economic conditions improve. 
The Central Council agreed with this view, but held 
that exceptions should be made in the case of workers 
whose wages were below the average. It emphasised 
the need of maintaining the real value of wages. Since 
the Autumn of 1925, there had been, it was pointed out, 
a considerable increase in the cost of living, the index 
number (1913=100) having risen from 187 in Septem- 
ber, 1925, to 239 in May, 1926. The nominal value of 
wages had remained virtually stable, but there was a 
diminution of about 15 per cent. in their real value. 





On August 18, 1926, the Soviet Government set up 
a special meeting to consider to what extent and in 
what ‘branches of industry it would be possible to 
increase wages. The All-Russian Central Council of 
Trade Unions convened an extraordinary general 
meeting to consider the policy to be followed and the 
information to be given to this newly-constituted 
committee. In a speech at this meeting, Mr. Tomsky, 
president of the Central Council of Trade Unions, 
stated that the Executive of the Council was fully 
convinced that the wages of certain classes of workers 
should be increased, particularly metal workers, miners, 
railwaymen, and postal, telegraph and telephone em- 
ployees. He declared, however, that it was dangerous 
to proceed too quickly in the matter. The effect of 
such a course would be to risk putting industry in a 
difficult position, causing delays in the payment of 
wages, and undermining the general currency stability. 
Increases in wages should be limited to the classes of 
workers enumerated. ‘‘ The rest,’’ he said, ‘ must 
wait.”” Mr. Tomsky stated further that the Central 
Council would proceed with severity against unions 
which endeavoured to obtain excessive increases in 
wages and did not comply with the decisions of the 
Council and of the Soviet Government. This state- 
ment by Mr. Tomsky called forth animated replies 
from the representative: of the textile workers, 
teachers and doctors. 


The textile workers took the view that they were 
entitled to an increase in wages, since their wages 
were 20 per cent. lower than the average wage in 
industry. Similarly, the situation of intellectual 
workers in the service of the State, such as doctors, 
agricultural experts and teachers, was stated to be 
extremely difficult. Not only were they not in receipt 
of their pre-war salaries, but their remuneration, which 
varied on an average between 30 and 40 roubles per 
month, was between 30 and 40 per cent. lower than the 
average wage of a worker in industry. ‘‘ The doctors,” 
stated their representative at the meeting, “do not 





venture to aspire to their pre-war remuneration, but 
they must at least be so paid that they can satisfy 
their everyday requirements.” Mr. Tomsky agreed 
that it was necessary to increase the remuneration of 
intellectual workers, but stated that there was no 
money for this purpose, and urged the necessity of 
first adjusting the wages of the more poorly-paid 
workers. The general meeting adopted the view of 
Mr. Tomsky. 





On September 21 last, after considerable discussion, 
the committee appointed to consider the possibility of 
increasing wages during the financial period 1926-27, 
submitted a scheme which was approved by the 
Government. Amongst other things, the Committee 
proposed that between October 1, 1926, and September 
30, 1927, the State should disburse a sum of about 
200,000,000 roubles in increases of wages. An alloca- 
tion of that amount would allow, it was pointed out, 
a re-adjustment only of the wages of the workers who 
were furthest below the general average, particularly 
miners, workers in certain branches of the metal 
industry, railwaymen and postal, telegraph and tele- 
phone workers. In the course of a statement to the 
Soviet press, the Commissary of Labour said that 
there could be no question of any increase in wages 
except for the more poorly-paid classes of workers in 
the industries referred to. ‘‘ If we are mistaken, and 
are granting too high a sum for an increase in wages,” 
he stated, “‘ this will create serious financial difficulties 
for industry and will make the general situation worse. 
It is clear that any increase in the purchasing power 
of the population which is not followed by a correspond- 
ing increase in the goods available, will inevitably lead 
to a depreciation of the rouble, and as a result, to a 
reduction in the real value of wages.’ The question 
of the wages of intellectual workers in the service of 
the State is to be considered later. This policy was 
approved by the fifteenth Congress of the Communist 
Party in its resolution on trade union policy. 





The Civil Service Industrial Court has been sitting 
during the week at the Middlesex Guildhall, West- 
minster, hearing important wages claims affecting the 
postal service. About 140,000 workers are interested, 
and their claims, if conceded in full, would involve an 
increase in pay of 6,000,000/. per annum. The Post- 
master-General counterclaimed a reduction in the 
scale of wages for new entrants to the service. In 
submitting the men’s case, Mr. J. W. Bowen, general 
secretary of the Union of Post Office Workers, said that 
it was claimed that the Post Office should be a model 
employer in fact as well as in theory. The State 
already demanded the best from its employees. The 
general standard of recruitment was high, and employ- 
ment was subject to various restrictions on ordinary 
civil rights. The implied assumption of many of the 
rules which encompassed the postal worker was that 
as a public servant he must maintain a certain social 
status and standard of life. While the State demanded 
and obtained a high standard of service and status, it 
did not offer in return that remuneration by which such 
a standard could be adequately maintained. The postal 
servants were required to pass a medical examination ; 
they must not serve on any committee to promote the 
return of a Parliamentary candidate ; they must not 
support or oppose any Parliamentary candidate by 
public speaking or writing; they must not engage in 
the activities of provident or friendly societies; and 
they must not act as a correspondent of a newspaper. 





Mr. E. Raven, who presented the case of the Post 
Office, said, in the course of his opening statment, that 
it was the desire of the Government that the wages paid 
in the Post Office should, on the one hand, be adequate, 
and, on the other hand, should be in due relation, when 
full account was taken of pension rights and other 
privileges, to those paid in outside industry for services 
carrying equivalent responsibilities and requiring a 
similar degree of skill. 
staff, by reason of their being Government servants, 
were fixed or maintained at a higher level than was 
possible in outside industry, it would be a manifest 
injustice to their fellow-workmen in the great national 
industries which were less fortunately situated and to 
the general tax-payer, who ultimately had to foot the 
bill. 





The National Committee of the Belgian Trade 
Union Federation has prepared a Bill which proposes to 
abolish the existing system of family allowances—in 
Belgium this operates at present by means of “ equali- 
sation funds ’’—and to substitute a new scheme. The 
workers’ organisations complain that the equalisation 
funds are controlled entirely by the employers, without 
any participation by the workers; that they thus 
militate against the right to strike ; and that they allow 
little liberty to workers with families, whose interests 


If the wages of the Post Office 





and those of their children are constantly threatened. 
The Bill drawn up by the Federation provides for the 
creation of a National Family Allowance Fund. This 
fund would be directed by a managing body composed 
of representatives of employers’ and workers’ associa- 
tions and the public authorities. The fund would be 
fed by contributions calculated as follows : 60 per cent. 
from employers, 30 per cent. from public authorities, 
and 10 per cent. from workers. 








YEAR BOOKS AND ANNUALS. 


Al cs and Calendars.—We have received monthly 
tear-off calendars from Messrs. William Brown and Co., 
Limited, 2, Bury-court, St. Mary Axe, London, E.C.3 ; 
Messrs. Peckett and Sons, Limited, Atlas Locomotive 
Works, Bristol; Messrs. K. Holst and Co., 1, Victoria- 
street, Westminster, London, 8.W.1; Messrs. Thomas 
Robinson and Son, Limited, Railway Works, Roch- 
dale; Messrs. Mawdsley’s, Limited, Dursley, Glouces- 
tershire ; Messrs. 8S. 8S. Stott and Company, Laneside 
Foundry, Haslingden, near Manchester; and Messrs. 
Rayward Brothers, 91 and 93, Southwark-street, 
London, S.E.1. Wall calendars have reached us from 
Messrs. ‘A. West and Partners, Photo-Printing Works, 
91, Petty France, Westminster, London, 8.W.1; and 
Messrs. C. Isler and Co., Limited, Artesian Works, 
Bear-lane, Southwark-street, London, S.E.1. We have 
also received daily calendar refills from Messrs. Liver- 
pool Marine Appliances, Limited, Cunard Building, 
Liverpool. 

Diaries and Pocket Books.—Messrs. The Stanton Iron- 
works Company, Limited, Stanton-by-Dale, near 
Nottingham, have sent us a handsome leather-bound 
diary which contains numerous tables and a consider- 
able amount of information dealing chiefly with iron 
pipes of all descriptions.—Messrs. The General Electric 
Company, Limited, Magnet House, Kingsway, 
London, W.C.2, have forwarded to us a copy of their 
neat Osram, G.E.C., pocket diary for 1927. The 
booklet, which is bound in leather, contains several 
pages of data intended for electrical and wireless 
engineers. : 








ENGINEERING TRAINING AND 
EDUCATION. 


Instruction in Acetylene Welding.—A special course 
of 12 lessons on the theory and practice of acetylene 
welding will be held at the School of Engineering and 
Navigation, High-street, Poplar, London, E.14., on 
Friday evenings, from 7 to 9 p.m., commencing on 
January 21, next. The syllabus will include : prepara- 
tion of materials, effects of impurities, blowpipes, 
fluxes, gas pressures, metal cutting, welding of cast 
iron, testing and after treatment of welds. The fee for 
the course is 6s. 8d. for students over 21 and 3s. 4d. 
for others. Application should be made to the 
Secretary at the address given. 





TELEGRAPH OFFICES IN MANcHURIA.—The revenue 
of the telegraph offices along the Chinese Eastern Rail- 
way has shown a sharp falling off, during recent years, 
owing to the growing competition of the long-distance 
telephone services. In order to save expenses, the 
Superintendent of Telegraphs has abolished the tele- 
graph offices at eight localities in the three eastern pro- 
vinces of Manchuria, 


PERSONAL.—We are informed that Mr. J. G. McLean 
has joined Industrial Combustion Engineers, Limited, 
31-37, Wybert-street, Munster-square, London, N.W.1. 
—Messrs. The Chemical Catalog Company, Inc., whose 
address has hitherto been 19-25, East 24th-street, New 
York, are moving into larger premises at 419, Fourth- 
avenue, corner of 29th-street, New York City, on or 
about February 1, 1927.—Messrs. Thomas Broadbent 
and Sons, Limited, Central Ironworks, Huddersfield, 
have opened an office in Glasgow, under the manage- 
ment of Mr. Eden Field, at 65, Bath-street.—Messrs. 
Clayton Wagons, Limited, Abbey Works, Lincoln, have 
appointed Mr. Edwin H. Judd, of Abbey House, West- 
minster, who was late home sales manager to the 
Sentinel Wagon Works, Limited, as their representative 
in the London area for ‘‘ Clayton ’’ steam and electric 
road vehicles of all kinds. Mr. Judd also represents 
the associated firm of Messrs. Clayton and Shuttleworth, 
Limited, for their oil engines and other products.—The 
registered office of the Institute of British Foundrymen 
has been transferred from 38, Victoria-street, London, 
to 49, Wellington-street, Strand, London, W.C.2. The 
general offices of the Institute have been transferred to 
Saint John-street Chambers, Saint John-street, Deans- 
gate, Manchester. Communications to the general 
secretary should be addressed to the general offices.— 
Messrs. The Acme Electric Wire and Cable Company, 
Limited, Trent Works, Shardlow, near Derby, have 
opened a depot in London, at 12, City Garden-row, City- 
road, N., for the carrying of stocks of cables, flexibles, 
bell wires, &c.—Messrs. William Baird and Son, Limited, 
Temple Iron Works, Anniesland, Glasgow, have opened 
a London office at 60, Queen Victoria-street, E.C.4, with 
Mr. W. G. Dewsbury as their representative. 
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AUTOMATIC SLUICES 


FOR THE BALSAMAND ESCAPE, JODHPUR, 


INDIA. 


CONSTRUCTED BY MESSRS. GLENFIELD AND KENNEDY, LIMITED, ENGINEERS, KILMARNOCK. 
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AUTOMATIC WEIR FOR THE 
BALSAMAND ESCAPE, JODHPUR. 


Automatic balanced weirs of various classes are 
now in common use in connection with water storage 
and regulation, some, in the larger sizes, involving a 
good deal of complication in the matter of control gear. 
A very simple type was recently supplied by Messrs. 
Glenfield and Kennedy, Limited, of Kilmarnock, in 
connection with the Balsamand Escape scheme, to the 
order of the Superintending Engineer of the Marwar 








State in Jodhpur, India. Figs. 1 to 3 on this page 
show the details of the arrangement, while Fig. 4 is 
reproduced from a photograph taken of the set of three 
sluices erected in the makers’ shops, before shipment. 

The weir is 47 ft. long and consists of a structure of 
three bays fitted with counterbalanced hinged shutters. 
The gates are fitted at both ends with arms from which 
cables are carried up over pulleys mounted on roller 
bearings at the top of the framework. A long counter- 
balance box, constructed of channel sections and 
plating, is suspended between, and guided by, the 
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frame posts from the other ends of the*cables, and is 
weighted with ballast, so that the gates normally 
hold up water to a depth of 3 ft. If the water level 
rises to a greater height than this, the shutters auto- 
matically fall, allowing excess water to escape imme- 
diately. As soon as the flood water has passed and 
| the level falls again to 3 ft. above sill level, the gates 
rise to the angle corresponding with this height. The 
whole weir is a very simple structure built mainly of 
| standard channel sections and steel plate. The hinges, 
as will be seen in Fig. 2, are placed just below a step 
| on the down stream side of the sill. Thus, when the 
, gate is in the lowered position, as shown in the dotted 
| lines in this illustration, no part projects above the 
| sill floor-level, so that there is no risk of accumulating 
| stones or debris at the weir. When in the normal 
raised position, the up stream or plated face of the gates 
| makes contact with a planed edge of rolled steel section 
| embedded in the concrete. 
| Messrs. Glenfield and Kennedy have also recently 
| supplied two free-roller type sluice gates, 20 ft. by 9 ft., 
| for the Siva-Samudram hydro-electric power station 
; in Mysore, and have in hand a contract for the State of 
| Hyderabad for the complete equipment of the new 
| Nizam-Sagar barrage on the Manjira River, near 
| Akanapet. This barrage requires 28 sets of gates of 
| 40 ft. span by 15 ft. 6 in. deep. This important 
| barrage is connected with a scheme regulating the 
"run-off of an area of 8,400 sq. miles, the amount of 
| water impounded being of the order of 26,480 million 
cub. ft 
! 
| SHEFFIELD Pustic LisRaRries.—A small pamphlet 
| catalogue of all the books dealing with the gas industry 
| contained in the central public libraries of the City of 
| Sheffield, came to hand recently. The decimal classifica- 
| tion is employed and the main sections comprise fuel 
| and fuel analysis ; gasworks practice; industrial gases ; 
| refractories ; gas engines, thermochemistry and thermo- 
| dynamics ; and coal tar and wood distillation, and crude 
| intermediate products. The pamphlet is well arranged, 
| and the idea of having a separate catalogue for an industry 
| is an excellent one. The practice might well be extended 
| and copied by other libraries in industrial centres. 








| Tue InpusTRIAL WELFARE Socrety.—The chief aim 
|of the Industrial Welfare Society is the creation of 
| opportunities for personal contact between employers 
| and employed with a view to promoting a fuller under- 
| standing. Many hundreds of schemes, which are in 
| active operation to-day, owe their inception to the edu- 
| cational work conducted by the Society. According to 
the eighth annual report, which was published recently, 
the expenditure of the Society for the year ending June 30, 
1926, amounted to 10,3601, thus being within the 
budget figure of 10,5007. This budget figure, the lowest 
for several years, was fixed after going over every item, 
and the fact that the expenditure is within it, is an 
indication that strict economy has been exercised. The 
income for the year, derived from member firms, indi- 
vidual supporters, and from a special appeal for funds 
made by Mrs. Stanley Baldwin, amounted to 8,732/. The 
deficit on the year’s working is therefore 1,628/. During 
recent years stringent economies have been effected, the 
district offices have been closed, the Journal made self- 
supporting, and further economies seem impossible if 
the work is to be continued. It is hoped, that many more 
firms and individuals will, this year, enrol themselves as 
contributing members of the Society. Full particulars 
regarding the work and the objects of the Society may 
be obtained from the Secretary, 51, Palace-street, West- 
1. 
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ELECTRICAL EQUIPMENT OF TRACK 
ON THE UNDERGROUND RAILWAYS 
OF LONDON.* 

By Artuur R. Coopsr, M.Iyst.0.E. 


In speaking of the underground railways of London 
in this paper, the following railways are referred to: 
District Railway ; London Electric Railway (Hamp- 
stead, Piccadilly and Bakerloo lines) ; Central London 
Railway ; and City & South London Railway (including 
Morden extension). With the exception of the District 
Railway all these lines are primarily Tube railways 
with extensions running into the open. The single-track 
mileage maintained is 208, including 42 miles of 
sidings. The only Tube railways not included are 
the Waterloo & City Railway, forming part of the 
Southern Railway system, and the Great Northern 
& City Railway, forming part of the Metropolitan 
Railway system. 

The earliest of the Tubes to be open for traffic was 
the City & South London Railway in 1890. This 
railway had an earthed return, but when the railway 
was reconstructed about two years ago this was 
changed to the insulated return and the standard | 
construction of the London Electric Railways was | 
adopted. The Central London Railway was opened | 
in 1900; this railway has an earthed return, and for 
the first few years of running employed electric loco- 
motives. Shortly after the opening of the Central 
London Railway line, complaints of vibration and 
noise were made by residents along the route. A Board 
of Trade Committee was appointed to inquire into the 
matter and, as a result, multiple-unit trains were 
introduced whereby the vibration was materially 
reduced. No change was made on the City & South 
London Railway, the heaviest locomotive weighing 
only 14 tons, whereas the Central London Railway 
locomotives weighed 44 tons, of which 32 tons were 
not spring-borne. 

The District Railway started operating electrically 
in 1905, the system adopted being direct current at 
600 volts and an insulated return being employed. 

The group of lines forming the subject of this paper 
has developed from small independent railways laid 
out without regard to a comprehensive scheme of 
traffic facilities. The type of service on all these 
lines is somewhat special, the distance between station 
stops on the busy sections being well under } mile, | 
with a very frequent service of trains at regular | 
intervals. 

The outstanding feature in the form of electrical | 
equipment of track on these railways is the use of | 
the insulated return, this now applying throughout | 
with the exception of the Central London Railway. | 

Insulated Return for Traction Current.—The earlier | 
Tube railways adopted the earthed return, the track | 
rails being used for conveying the current back to the | 
sub-station. The electrification of the District and | 
Metropolitan Railways was carried out with an insulated | 
return, a fourth rail being provided. Undoubtedly the 
chief feature determining the decision to adopt an 
insulated return was the possible injurious effect on 
apparatus of other concerns such as gas pipes, water 
pipes, telegraph or telephone cables and, in particular, 
the Government Observatories. When Parliamentary 
powers were being obtained for electrifying the District 
Railway and for the construction of Tube railways, 
protective clauses were inserted in the Acts on behalf 
of these various interests. 

The decision to have an insulated return was 
influenced by the situation and construction of the 
District Railway. The tracks were near to the surface, | 
and therefore near to outside interests, such as cables, 
pipes, &c., that might be affected. The railway was 
not surrounded by a cast-iron lining as on the Tube 
railways, and track circuit signalling employing direct 
current was to be installed, making it difficult to use 
the track rails for the return traction current ; it was 
also claimed that the insulated return allowed the 
railways to continue working if one pole became 
earthed, due to failure of insulation, and cases have 
occurred -vhere for many hours the system has operated 
with the positive conductor earthed. 

The general supposition that the use of track rails 
for return traction current is much cheaper than the 
installation of a fourth rail for the insulated return is 
not necessarily correct where track circuits are 
employed for signalling purposes, and where the 
signalling installed has to provide for a very close 
headway of trains. The use of track rails for both 
traction and signalling current renders impedence 














bonds necessary for separation of the alternating- | 


current signalling sections. The cost of the electrical 
equipment of track with the earthed return and track 
circuits is about the same as the cost of the electrical 
equipment of track for the insulated return where the 
track has to deal with a close headway of trains, 





* Paper read at a meeting of the Institution of 
Electrical Engineers on January 6, 1927. Abridged. 


necessitating nine signalling sections per mile; at the 
densest part of the District system there are about 
12 signal sections per mile. This comparison for a 
mile is based upon one conductor rail with bonding 
of two track rails costing 1,000I., nine impedance bonds 
with their equipment costing 8001., and two conductor 
rails costing 1,800/. There are several other factors 
to be taken into account in considering the comparative 
costs of earthed and insulated returns, such as the 
double-shoe equipment on trains with the insulated 
return; the additional cost of replacing track rails 
when bonded for the earthed return ; the conductivity 
of one-current rail being nearly equal to two-track 
rails; the cost of maintenance and replacement of 
the fourth rail. 

The financial aspect was not such as readily to 
determine the system to be adopted; on general 
grounds, and with the conditions existing at that time, 
there was good reason for the adoption of the insulated 
return. Further, a case could not be made to-day 
for a change to the earthed return. It is improbable 
that there will be any further adoption of the insulated 
return except for extensions to existing lines. It is, 
therefore, of no special concern to enter into a lengthy 


Railways had been separated on the low-tension side 
from the District Railway. Previous cases of fusing 
had extended over still wider areas. 

It was difficult to account for these failures resultant 
on the original positive short-circuit, but investigation 
went to show that pressures above 600 volts must be 
present, apparently due to sudden interruption of 
heavy currents flowing over considerable distances. It 
was therefore decided to invite the late Mr. Duddell to 
carry out experiments for the company, and a series 
of tests was made on the District Railway during non- 
traffic hours on the effect of sudden interruption of 
large currents flowing along considerable lengths oj 
conductor rail and of track rail. The tests also related 
to the use of various protective devices installed to 
prevent rises of pressure. A summary of Mr. Duddell’s 
reports to the company is given in Appendix III, from 
which it will be seen that a rise of pressure as high as 
3,000 volts was obtained by the sudden interruption of 
heavy currents at 600 volts flowing a distance of some 
10 miles. The circuit consisted in large part of steel 
rail which, as compared with a copper cable of that 





length, would conduce to a rise of pressure. The tests 
carried out did not establish the suitability of any of 
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account of the general pros and cons of these two 
systems, but at least it will be of interest to give some 
of the results obtained in working the insulated return 
system. 

In working the railways with an insulated return, 
certain effects have been encountered which were not 
anticipated when the system was adopted. It will be 
realised that if there is a. short-circuit between the 
positive side of the low-tension system and earth, the 
negative side of the system becomes 600 volts below 
earth potential. The amount of current that can flow 
through the positive short-circuit is limited by the 
leakage of the whole of the negative side of the system, 
and in’ consequence, although the current flowing 
through the positive short-circuit may be appreciable, 


| it will probably not be sufficient to open the circuit 


breakers in the sub-stations, and the fusing at the 
positive fault will continue until either the cause is 
removed or a breakdown occurs on the negative side 
of the system sufficiently near to the positive short- 
circuit to operate the sub-station circuit breakers. 
| It has been found that this form of failure with the 
|insulated return usually accompanied, or had the 
| result of causing, break-downs of insulation at other 
| parts of the system, such as the earthing of a train 
| equipment, not infrequently at a distance of several 
miles from the original positive short-circuit. As an 
illustration, on one occasion truck gear came - into 
contact with the positive rail at Lambeth North 
station at 9.7 a.m. This was followed by incidents 
on the Tube railways as under :— 

9.14a.m. Highgate: negative connection box on a 
| car burnt out. 

9.18 a.m. Strand ; arcing at train shoes. 

9.23a.m. South Kentish Town : fusing on negative 
connection box. 

9.27 a.m. Queens Park: train motor burnt out. 

9.30 a.m. Piccadilly Circus: train motor burnt out. 

Fig. 1 shows the location of the faults. 
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the protective devices to prevent rise of pressure for the 
particularcircumstances connected with these conditions. 

Certain steps have been taken to deal with this 
particular class of failure, in the first place by section- 
alising the low-tension network so as to lessen the 
likelihood of failure, and secondly by providing means 
whereby the current can be removed from the defective 
section at a moment’s notice. 

The low-tension network originally was common to 
all lines using the insulated return. As a first step the 
District Railway was separated from the Tube lines by 
dividing the substation bus-bars in joint substations. 
Later the Tube lines were divided. 

A series of lamps with the middle point earthed is 
provided in the traffic controller’s office for each of the 
lines, and the presence of an earth on either the positive 
or negative side of the system is indicated by the 
change in brilliancy of the lamps. As soon as this 
effect is observed the engineering departments are 
advised and steps taken to trace the cause and remedy 
it. Recording voltmeters are installed at a few places 
to record the voltage between the negative and earth, 
and are placed in such positions as to be frequently 
under observation. These records are used in connec- 
tion with inquiries into failures of insulation-on rolling 
stock and other equipment. 

Material of Conductor Rails.—The type of conductor 
rail installed on the District Railway is a flat-bottom 
section weighing 100 lb. per yard, and on the London 
Electric tunnel sections a special rectangular section 
weighing 85 lb. per yard. These sections are shown in 
Fig. 2, where the 85-lb. channel section originally 
adopted for the Central London Railway is also shown. 
A lighter section of current rail has been adopted on the 
London Electric Railway as compared with the District 
Railway, on account of the lower current consumption 
of the trains. One of the reasons for the adoption of 





this type of rail on the London Electric Railways was 
the small amount of space available for the positive rail 


At the date of this occurrence the London Electric | in the Tubes. 
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Special soft steel containing about 0-08 per cent. of 
carbon is used for conductor rails, this having a 
resistance about seven times that of copper of equal 
cross-sectional area, or approximately 0-03 ohm per 
mile for the 100-Ib. rail. In addition to low carbon 
content, a low manganese content in the steel is 
necessary ; in fact, it can be said that a maximum of 
iron and a minimum of other constituents is required to 
obtain high conductivity. 

Good conductivity is naturally of considerable 
importance and deserves more attention than has been 
given to it. The resistance of individual rails in a 
consignment varies not infrequently from 6} to 7} times 
the resistance of copper by volume. The specification 
calls for a resistance as low as possible and not exceeding 
in any case 7} times that of copper as measured by 
volume. It is difficult to explain what brings about 
such variation of resistance; the chemical analysis 
does not make the reason clear, as will be seen from 





Fig.4. CONDUCTOR-RAIL BONDING 
TYPE OF BONDING INSTALLED ON UNDERGROUND 
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PRESENT STANDARD TYPE OF BONDING. 





better conductivity to be obtained, quite apart from a 
favourable chemical composition being provided. Such 
a result should be obtained at little additional cost, 
and improvement should take place in this direction 
rather than by the introduction of iron rails at con- 
siderably higher cost—something like 30 per cent. 
increase. 

Pure iron has a resistance of about 5-8 times that 
of copper, and conductor rails can be obtained of a 
commercial pure iron having a resistance about 6-2 
times that of copper, whereas ordinary conductor rails 
have a resistance about seven times that of copper. 
This improvement of some 15 per cent. in conductivity, 
however, involves 30 per cent. extra cost, so that in 
situations where only conductivity is concerned it is 
clearly cheaper to obtain greater conductivity by the 
adoption of heavier ordinary rails; however, this 
special iron, in addition to having higher conductivity, 
would reduce the amount of corrosion as compared with 


as follows :—(1) The rail should have a wide base to 
lessen the liability of overturning. (2) The area of the 
rail exposed to climatic conditions should be small to 
lessen the loss of weight by corrosion. (3) The head 
should be wide so as to lessen the liability of shoes 
getting down on the side, but sufficient depth of head 
must be allowed to provide for wear. (4) The section 
should be simple so as to be readily rolled from steel of 
good conductivity. (5) The rail should be of such 
section as to facilitate bonding and inspection of the 
connections. (6) The section should be such that 
rigid alignment can be secured by fishplates or other 
suitable means, (7) The rail should be easy to bend 
by “ crowing,” for use on curves. : 
Conductivity of Rails.—Some years ago an investiga- 
tion was made into the conductivity of the various 
lengths of current rails, the methods of carrying out 
periodical tests, the practice with regard to more 
detailed investigation where conductivity was not 
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Fiig.6 . #-6°FAN-TAIL CAST-IRON RAMP FOR 100LB. CONDUCTOR RAIL, AS USED 
ON THE DISTRICT RAILWAY. 
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Fig.7 . ANCHOR FOR CONDUCTOR RAIL. 
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Table I, which relates to a recent consignment of rails 
received for one of the Tube railways. 

From the analyses, the first two casts (63 and 80) 
might reasonably be expected to show lower, or at 
least not greater, resistances than the last two casts 
(72 and 77); actually the reverse is the case, to the 
extent of some 10 per cent. These four casts were 
manufactured by the same works and at the same 
rolling. The analyses certainly cannot be considered 
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TABLE I.—Resistance and Analysis of Conductor Rail 




















Steel. 
No. of Resis- Carbon. | Sulphur.| Phos- Man- 
Cast. stance.* phorus. | ganese. 
Per cent. | Per Cent. | Per cent. | Per cent. 
63 7°72 0-074 0-034 0-022 0-21 
80 7-60 0-078 0-031 0-021 0-22 
72 7-02 0-080 0-037 0-024 0-22 
77 6-91 0-080 0-033 0-023 0-21 








* Compared with that of a copper rail of similar cross-section. 


to account for such variations of resistance as are 
shown above, nor can ordinary variations of density in 
the material do so. It is probable that the exercise 
f special care in the manufacture of the material, 
£.9-. in the temperature of rolling, would enable a 















ordinary conductor-rail steel. The use of iron rails 
on the open sections of these railways has been 
reviewed to see whether the improved conductivity 
and reduced loss would be sufficient to justify their 
use, but on the Underground Railways no case could 
be made out for the introduction of iron conductor 
rails. 

Conductor Rail Section.—The flat-bottom section, in 
comparison with the rectangular section, allows of 
a better alignment at the joint, due to the provision 
of fishing angles, and as it has a broader base it is less 
liable to overturn. In addition, the bonding is easier 
to arrange; on the other hand, it exposes a large 
surface for corrosion. As already mentioned, the 
rectangular section was adopted for use in Tube 
tunnels on account of the limited clearances, and it 
has proved quite satisfactory for this situation. The 
rectangular section would at first sight appear to be 
easier to roll, but the groove provided for fishing 
purposes does away with the otherwise simple section. 
The channel section is more stable in position than the 
rectangular, but its supports and connections are not 
so readily inspected, and bending is more difficult. 

It is difficult to provide a rail section that will meet 
the several requirements, and a compromise seems to 
be inevitable. The requirements, which appear to be 
best met by the flat-bottom rail, can be summarised 
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| satisfactory, and the standards of conductivity to be 
| maintained. : 
| As a result the following practices were decided upon : 
|—(a) The conductivity of the current rails to be 
| measured annually between substations by connecting 
| through the adjoining tracks at substations and passing 
| a test current through the rails. (5) Tests on the track 
|to be carried out on any section length where the 
| conductivity is less than 95 per cent, of that of a con- 
tinuous rail, due allowance being made for reduction 
of cross-section of the rail by corrosion and wear. 
(c) Test on the track to be first carried out by section- 
alising the rail at cross-overs and other convenient 
gaps, and finally at individual bonded joints. 

The instrument used for testing individual joints is 
arranged to measure the voltage-drop along a yard 
length of conductor rail containing the joint, and in 
comparison at the same instant the voltage-drop along 
the adjoining yard of rail, which naturally does not 
contain a joint; this comparison forms a measure of 
the efficiency of the bonded joint. The test can be 
made quite rapidly, the instrument having three points 
on a flexible bar which are pressed down on the top of 
the rail surface. The advantage of this method is that 
the ordinary traction currents flowing in the rail can 
be used for carrying out these tests, the variable 
currents being equally as suitable as steady currents. 

When the special investigation was made into con- 
ductivity, in some cases it was as low as 80 to 85 per 
| cent. of that of a continuous rail. It is the exception 
| now to have the conductivity less than 95 per cent. 

Bonding.—Pin bonds are used throughout the 
Underground Railways, the head being drop-forged 
to the cable connection, and a steel pin being driven 
in to expand the head in the hole of the rail. These 
are favoured as being easy to replace during traffic 
hours; in many cases the bonds can be used again 
with a slightly larger pin, and the labour costs in 
connection with these bonds are not high. Originally 
two short bonds, and two long ones per joint were 
installed as shown in Fig. 4, but the breakages of short 
bonds were very heavy, due presumably to slight 
movement of the joints and vibration. The bonds 
were re-arranged on renewal, as shown also in Fig. 4. 
The bonds are all the same length, and are giving 
quite satisfactory results. 

Sectionalising.—When current has been taken off 
a section for some special purpose and remains on the 
adjoining section, it is obvious that, unless a gap of 
considerable length exists, train collector shoes can 
bridge across and make the dead section alive. To 
prevent such an occurrence a short piece of track is 
provided between the two sections, this short piece of 
track being known as the “ train section ” ; it is a little 
longer than the longest train and separately fed from 
the substation bus-bars. The train section is switched 
off from the substation whenever the adjoining 
section is made dead for any purpose. Such an 
arrangement is expensive to provide, particularly if 
the substation is some little distance away from the 
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track. Not only is there the cost of the separate feed 
to the train section, but there is also the effect of 
lengthening the feeder cables to the main sections. 
Our present practice which applies to new lines, and 
which is gradually being applied to existing lines, 
is not to install train sections but to fit a special 
indicator known as the “ gap indicator,” a few feet 
in the rear of the actual section gap, the section gap 
consisting of a piece of hardwood 2 ft. long inserted 
between the rail ends. The gap indicators are light 
signals of a special type, normally being extinguished 
and giving no indication ; but when the section ahead 
is for any reason dead, three small red lights are auto- 
matically shown. Such signal gives a visual notifi- 
cation to the driver that the section ahead is dead, 
and he therefore stops his train before bridging 
takes place. 

Protection.—Protection against accidental contact 
with conductor rails was originally provided throughout 
the District Railway by means of wooden creosoted 
planks secured on each side of the rail. Considerable 
expenditure, in large part due to warping, was found 
necessary to maintain these planks. As a first step 
it was decided to remove the inside protection plank, 
relying upon the outside plank only. At a later date 
the whole question of protection was reviewed, and 
it was found difficult to make a case for the retention 
of this one plank throughout the line. The matter 
was taken up with the Inspecting Officer of the Board 
of Trade and formal approval was obtained to remove 
the whole of the protection planking, except at certain 
places, i.e., where men have to cross the track or work 
near the running lines, through stations, near signals 
and in depot yards—at all these places an outside 
plank only being provided. This is our present practice, 
and experience does not indicate that anything more is 
required. The present standard arrangement of one 
outside plank is shown in Fig. 5. 

Rail Ramps.—The underground railways provide 
separate ramps at rail-ends of cross-over gaps or 
other ‘places where the rails are not continuous, as 
opposed to turning down the ends of the conductor 
rails. The cast-iron ramp (Fig. 6) whilst introducing 
another joint, has a distinct advantage in that it has 
a wide top surface or head so that with the narrow 
shoes as used on the underground railways the 
possibility of shoes getting down by the side of the 
rail is materially lessened. With the cast-iron ramp, 
support can be given right up to the end, as opposed 
to the necessary overhang where the rail is turned 
down. The ramps are secured to the conductor rail 
by fishplates, but are not bonded. The present standard 
ramps are 4 ft. long, and serve for both facing and 
trailing positions, the ramp having a slope of about 
1 in 20. The original ramps were much shorter, the 
ramp for the trailing position being only 1 ft. long, 
amounting in practice to a rounded end. The object 
of these short ramps was to reduce the length of 
conductor rail gap and the amount of cable required 
in connection therewith. It was found, however, 
that these ramps gave the shoe too sharp a tilt, and 
at times the shoe, in passing over the track rail in 
this inclined position, touched the rail, causing an 
earth on the system. Further, where the gap was 
short the shoe had not arrived at its horizontal position 
before reaching the upward incline, so causing a 
somewhat heavy blow. The need for being able to 
provide an easy incline, widened surface, and replace- 
ment of the incline on account of wear or other causes 
would naturally become more pronounced where 
higher speeds are being run. 

Cases have occurred on the underground railways 
of rails being overturned, this in some cases being 
due to atmospheric action pushing the rails out of 
position, and in others due to a defective train shoe 
getting down by the side of the rail. As much as 
} mile of rail was sometimes pushed over. In several 
places hardwood blocks of stout construction have 
been installed at rail ends and fixed to the sleeper, 
to break away hanging shoes and prevent the rail 
from becoming displaced. 

Anchoring of Conductor Rails.—Conductor rails 
endeavour to move or creep in the direction of traffic, 
even on up-gradients. There is a greater tendency 
for this creeping movement on the outside sections 
of the line, as expansion and contraction with change 
of temperature aid movement of the rails. Conductor 
rails cannot be held as readily as the track rails, 
as they merely rest on the insulator support at about 
every third sleeper, whereas the track rail is rigidly 
held at every sleeper. 

The effect can be regarded from two aspects, the 
first being the creeping movement due to the passin 
train shoes, and the second the effect of variation in 
temperature. These effects have been responsible for 
the overturning of rails in many cases. Various types 
of insulator designed to act also as an anchor have 
been tried, but the best results have been obtained 
with a giant strain insulator. This is fixed at one 
end to a strap bolted to the underside, of the rail, 
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and at the other end secured to a sleeper by means 
of a strap fastened to the top of the sleeper and turned 
down over its side, as shown in Fig. 7. 

It is not practicable to put in a sufficient number 
of strain insulators to ensure that the whole of the 
movement due to variation of temperature is taken 
up at each joint. ‘The present practice for new lines 
is to install anchors, on the average, 300 yards apart. 
The spacing of the anchors is favoured with regard 
to their being closer towards the centre of the length 
of current rail, as there is greater freedom for move- 
ment of the rails as a whole at the rail-ends or near 
the gaps. The number of anchors is increased on 
curves and down-gradients and also where, from 
observation as to the movement at individual joints 
and section gaps, some additional holding is necessary. 

Inspections of the track go to show that, on the 
average, one in three of the conductor rail joints are 
taking up atmospheric movement, and that at the 
section length-ends (between gaps in the conductor 
rails) movements up to as much as 3 in. have been 
observed, this movement being an indication that 
some additional anchoring is required. Attention is 
given to seeing that the fishplates are not too tightly 
bolted, and in some cases they are taken off, cleaned, 
and lubricated. 

Track Jumper Cables and Connections.—Failures 
have occurred with the earlier jumper cables laid 
direct in the ground at junctions and other places 
where gaps occur in the current rail, these cables being 
lead-covered and rubber-insulated. It was found that 





the lead covering in time became damaged by electro- | 
lysis and vibration, the broken lead appearing to cut | 
into and act upon the rubber insulation, thus causing | 
electrical failures. To overcome these failures it was | 
decided to lay these cables in wooden troughs on the | 
sleepers and above ground, the cable used being a 
special one with rubber insulation having a covering of 
bitumen-rubber and taped, braided and compounded 
but not lead-covered. This type of cable was first 
used about 12 years ago, and its original form was not 
entirely satisfactory owing to the bitumen cracking 
after some years and allowing water to percolate into 
the cable. Certain changes made in the manufacture 
included an increase in the rubber, and good results 
are now being obtained. 

Cable connections to the conductor rails are made by 
flat lugs fixed with set-screws. This method is more | 
successful than might be expected, and there has been | 
no difficulty in maintaining good contact. There is a} 
practical test used by the men which generally reveals | 
more or less imperfect contact ; after wet weather they | 
inspect such connections and any which reveal a ten- 
dency to dry more quickly than the others are over- 
hauled. This may seem to be a very rough and ready | 
method, but the few cases of bad contact revealed by 
more elaborate tests indicate it to be of practical value. 
An improvement made in recent years in such joints is 
the use of stainless steel in place of gunmetal for the 
set-screws; it is found that better connections result 
from their use, as, quite apart from a clean surface 
being maintained, the stainless steel set-screws are | 
stronger and allow of better tightening up. Several 
cases have occurred in the past where men, especially 
when being pressed for time, have twisted off the heads 
of the gunmetal set-screws. 


(To be continued.) 








THE Royat TEcHNICAL COLLEGE, GLAscow.—The 
chief industries of Western Scotland, with which the 
Royal Technical College, Glasgow, is most closely 
allied, namely, coal, iron and steel, engineering and 
shipbuilding, have been passing through a crisis which has 
had a serious reaction on the affairs of the College. The 
attention of the Governors has been directed, in conse- 
quence, not towards new departments, nor to the expan- 
sion of those in existence, but to the maintenance, in a 
state of efficiency, of the educational system in their 
charge. According to the annual report on the 130th 
session, which was adopted recently by the governors, 
the total enrolments, during the year 1925-26, numbered 
4,149; the corresponding figure for the previous session 
was 4,753. Eight members of the College received the 
degree of Ph.D. from the University of Glasgow during 
the session. Of the B.Sc., degrees conferred by the 
University, 33 were in applied chemistry, including 
metallurgy, 48 in engineering, and 1 in architecture. 
Nine students were admitted to the Associateship of the 
College, and 31 were granted the Diploma. _ Of these, 
8 were students in chemistry, 3 in civil engineering, 15 in 
mechanical engineering, 10 in electrical engineering, 2 in 
mining, and 2 in building. Among other investigations 
which are proceeding in various departments of the 
College, the Diesel engine researches carried out under the 


Association have been continued by Professor Mellanby 
and Mr. J.S. Brown. A satisfactory conclusion has been 
reached in extensive experiments on the College Diesel 
engine, using a low-grade fuel oil. Troubles arising in 
both main and auxiliary marine installations, due to 
forced vibrations, have also been a subject of study. 
The combustion processes in Diesel and semi-Diesel 





engines are being investigated by Mr. T. W. F. Brown. 


THE PRESSURE WAVE CAUSED 
BY AN EXPLOSION. 


A SsLicuT acoustical disturbance communicated to 
the air is propagated at the speed of sound and does 
not give rise to any sharp discontinuity, but the more 
violent disturbance of an explosion travels at highe: 
speeds and does give rise to a discontinuity. In an 
explosion, gases are liberated and expanded, and the 
movement of the gases has to be distinguished from 
the propagation of the disturbance. Expansion will 
also be a factor when the disturbance is produced by 
the bursting of a container into which air is forced. If 
able to expand freely in all directions, the gases will 
push the external atmosphere forward with an ever- 
increasing surface of contact. Immediately in front 
of that surface, the air will travel forward with a specd 
at least equal to the velocity of sound; but the 
forward movement will not extend far. The outer 
boundary will be the front of the sound wave, whilst 
the shape of the surface of contact will depend upon 
the mode of producing the disturbance. A violent 
concussion may be supposed to be produced by a succes- 
sion of minor disturbances. The waves of each of 
these will pass through the compressed, and hence 
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heated, space of the previous concussion, and the wave 
will thereby acquire an increased energy. The speed of 
the resulting composite shock wave front will be that 
of the sound wave at the raised temperature. The 
medium through which the shock wave travels will 
itself have a very small velocity, but that velocity will 
increase rapidly immediately behind the wave. The 
pressure rise will be very rapid, but also of very short 
duration, immediately in front of the wave. A second 
rise of pressure will take place at the surface of contact 
where the push of the gases commences. Neglecting dif- 
fusion and pressure oscillations, two main waves may be 
distinguished, the shock wave. and, behind it, the 
pressure wave. The gradient of the second rise will 
depend upon the intensity and maintenance of the 
disturbance, and.the distance from the source. With a 
relatively feeble source, the main wave will gain rapidly 
over the front of the expanding gases, the pressure will 
be distributed over a large space, and the heating 
effect will be small. With a strong sustained distur- 
bance there will be little gain of one wave over the 
other and the heating effect will be great. 

These arguments, which might be contested, have 
been put forward by Drs. Payman and H. Robinson,” 
and will be better understood from the accompanyin+ 
illustrations, especially from Fig. 2. They concer 





* The Pressure Wave Sent Out by an Explosive. 
Part I, by W. Payman and H. Robinson; Part II, by 
W. Payman and W.C. F. Shepherd. Safety in Mines 
Research Board. Papers No. 18 and No. 29. H.M. 
Stationery Office. [Prices 2s, and ls. net.] 








— _ JAN. 14, 1927] ENGINEERING. 59 








recent researches which confirm the assumption | celluloid disc under increasing air pressure, or by the | but a spherical wave will be set up when the disturbance 
that ignition of firedamp and of coal dust may | explosion of mixtures of gases and air, or of coal dust and | reaches the mouth of the tube. Before describing the 
he produced by the flame of the explosion, by the! air, confined in tubes and ignited by electric sparks or by | results of the recent experiments, conducted at Buxton 
on behalf of the Explosives in Mines Research Com- 
mittee, we will explain the optical methods and the 
apparatus used, and, in the first instance, the Schlieren 
or striae method of Toepler which has proved of great 
utility in the study of air disturbances.* 

A diagram of the apparatus used for this purpose 
at Buxton is given in Fig. 1. Rays from a source of 
illumination I (a spark or arc-lamp beam) are focused 
by means of a concave mirror M, on to the lens of a 
camera C, or the object glass of a telescope, which is 
itself focused on the mirror so that the observer, 
looking through an eye-piece, sees an image of 
the mirror illuminated by the source of light. When 
an opaque screen or diaphragm, D, is moved in front 
of the lens, so as to cut off the light gradually, 
the image of the mirror will become dark and will 
disappear entirely at a critical position of D; the 
sharp edge of the diaphragm is set slightly in 
advance of this critical position. Each point on the 
mirror will have a corresponding position on the image 
in the camera. If the path of a ray be deflected by a 
movement of a point or by a change in the density of 
the air at that point, so as to admit a little light into the 
lens, this point, otherwise invisible, will become visible 
in its true position in the camera image. In this way, 
the advance of the wave across the mirror will be photo- 
graphed in the plane AB in which the striae are set up. 

Messrs. Payman and Shepherd call the apparatus 
which they have devised for their observations a wave- 
speed camera, although it records not only the speed of 
the main wave, but also the movements of the flame 
and of the gaseous detonation products on the same 
film, which is made to travel vertically downwards. 
The apparatus comprises the concave mirror mentioned, 
46 cm. in diameter, and of 1-8 m. focal length, made 
of stainless steel ; some of the scratches on this mirror, 
|as well as the strains left in the steel, appear on the 
images. The source of illumination isa 15 ampere mirror 
are lamp of the kinema projection type, the negative 
carbon being inclined at a slightly obtuse angle to the 
horizontal positive carbon. The photographic film, 
7 cm. wide, is stretched over a drum, exactly 1 m. in 
circumference, which is turned about its horizontal axis 
by belt from an electric motor, at 70 r.p. sec.; gearing 
on the motor shaft marks a time scale on the film. 
Between the film and the lens is fixed a vertical screen 
which has a horizontal slit, 0-5 mm. high; at the film 
speed of 70 m. per second, this slit gives an actual 
exposure of 7 x 10-° second. When the apparatus is 
used for shadow photography, the flame is recorded by 
its own actinic power. Whenit is used for striae photo- 
graphy, the straight edge of the diaphragm is set in a 
vertical position. Photography of the advancing cloud 
of detonation gas is facilitated by the fact that these 
gases are opaque to the arc light, quite apart from 
solid particles present. A special shutter was, however, 
required to prevent fogging of the film. This shutter 
| consists of a wooden frame in which a window is fitted, 
| and a heavy brass slide, with a corresponding window, 
| which in falling closes the firing circuit. 

As the width of the beam crossed by the wave is 
30 cm., although the wave can be traced much farther 
out, a series of photographs is taken by pushing the tube 
back after an exposure, 30 cm. at a time, and then 
firing a new detonator. The successive pictures thus 
obtained are distinguished as first, second, &c., position 
photographs ; very good registration of these composite 
photographs was secured. The tubes used in the 
experiments were mostly closed at one end, which 
corresponds to the conditions of experiments in mines ; 
they were made of drawn mild steel, 40 cm. long, and 
2-5 and 5 cm. in internal and external diameter, 
respectively. 

The general arrangements can be seen from Fig. 2, 
in which the tube, closed at one end, was in the first 
horizontal position. Distances are measured as on the 
photographs, from right to left, times from top 
to bottom. The flame is seen on the right-hand top 
corner; both the shock wave and the dark boundary 
of the gases are immediately in front of the flames but 
the gas cloud soon falls behind. The increasing slope 
| of the shock wave indicates the decreasing speed of the 
| wave. The speeds deduced from the time intervals 
(0-00011, 0-00020, 0-00024 second for successive dis- 
tances of 10 cm.) were 910, 500 and 400 m, per second, 
with a mean speed of 530 m. over the whole 30 cm. 
;at an initial temperature of 3 deg. C. The air in 
|front of the wave, it will be noted, remained undis- 
|turbed until the wave arrived. The air behind it is 
| the air momentarily occupying the space between the 
| wave and the mouth of the tube; that volume of air 
; Fia. 6. Fia. 7. | was being compressed by the advancing boundary of 
, | the Rg woe ae gases. The pressure decreased 
shock wave and the pressure wave, or by combi- detonators. When the explosion takes’ place in the | °° "° shee& wane atvaneed, and tho du boundery 
nations of the three, whilst the shock wave yew also} open air, the shock ar will curgaasdh egasiatiog receded more and more. The flame soon dies out, but 
. . ee ~ —_ ig se with rapid —_ of energy ; within the tube, expansion * See ENGINEERING, Vol. cxxii, October 15 and 

n e3 y the bursting of a | can only take place axially, and the wave will be plane, | November 26, pages 490 and 657. 
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remains always behind the shock wave and within 
a blanket of incombustible gas, never coming into 
direct contact with the external air. This would explain 
why detonator flames do not ignite fire-damp and coal 
dust-air mixtures, and is one of the important results of 
the research. 

As the shock wave was traced farther out, finally to 
a distance of 6 m., its speed decreased more and more, 
but did not fall below 360 m. per sec.; the velocity of 
sound is about 330 m. The forward movement of the 
gases, however, practically ceased within a metre of the 
mouth of the tube. Most of the photographs showed one 
or more waves following the main wave. They might 
mark periodic disturbances due to the passage of the 
shock ‘wave, or be due, as special experiments indi- 
cated, to uneven rupture of the copper case of the 
detonator or to roughness of the tube walls. This second 
wave was mostly slower than the first; even slower 
sometimes than the sound wave corresponding to the re- 
spective temperature, which is curious. It was some- 
times, however, faster than the first. This latter wave is 
illustrated in Fig. 3, which is a composite photograph 
showing the first and second positions. The vertical dark 
streaks, it should be noted, are merely instrumental and 
have no significance. The second wave was probably a 
reflected wave which, passing through hot gas already 
in motion, acquired a greater velocity. By selecting 
a suitable position for the detonator, the second wave 
was made to overtake the first as in Fig. 4, where the 
detonator was placed 7 cm. from the closed end. The 
main wave was speeded up by the reflected wave, and 
both continued to advance together. The closer the 
detonator was placed to the open end, the greater was 
the wave speed. Solid particles breaking through the 
wave front were frequently observed ; those shown by 
light points in Fig. 5 (detonator at open end) seemed 
to travel at uniform speeds of 810 m. and 650 m.; the 
light points seen were due to air compression around the 
dark particles. Shadow photographs of such particles 
were also shown in Fig. 5 on page 491 of our last 
volume. 

The decided influence of the initial temperature was 
disclosed by observations on different days. As the 
temperature rose in five steps from 2-8 deg. to8-3 deg. C. 
(dry bulb) and from 1-1 deg. to 5-6 deg. C. (wet bulb), 
the mean wave speed over the first 30 cm. rose in 
corresponding steps from 560 m. to 610 m. per second. 
The greater humidity of the air contributed very largely 
to this speed increase, but the influences of temperature 
and humidity could not be separated. Increase in the 
detonator charge also accelerated the waves, but not 
much. The No. 6 detonator, mostly used, contains 
1 gramme of mercury fulminate mixed with potassium 
chlorate, while No. 8 contains 2 grammes. With deto- 
nators No. 3 to No. 8, the speed rose from 545 m. to 
660 m. The wave speed inside the tube, where the plane 
wave must travel very rapidly, could not be observed in 
the steel tubes. A tube was, however, provided with 
two lateral slots, 3 mm. wide, over part of its length, 
and it was found that the high speed in the closed 
portion, 1,150 m. per second, diminished very rapidly 
in the slotted portion, and that the dark gas cloud 
receded rapidly, because there was freer expansion and 
greater energy loss through the slots. 

Finally, the reflection of the shock wave by obstacles 
was studied by fixing a flat wooden board 30 cm. from 
the mouth of the tube, with its surface normal to the 
axis. In the first experiment, Fig. 6, the detonator was 
placed at the closed end; in the second, Fig. 7, in the 
middle of the tube. The reflected wave appears, on 
the left-hand edge of Fig. 6, as a dark line because, 
the direction of the wave having been reversed, the 
left-hand edge of a spherical compression wave deflected 
extra light from the diaphragm edge into the camera, 
whilst the right-hand edge deflected light from the lens 
on tothe diaphragm. In the second case, the main wave 
was deflected from the board and, travelling backward, 
passed through the second wave; two waves were 
obtained, and the speeds of both were reduced by their 
meeting. Whilst some of the former photographs 
showed that the second wave (following the main wave) 
might carry detonation gases forward for a short 
distance, Fig. 7 also indicates the reverse effect, viz., 
the slowing down of this gas movement for a short 
period after meeting the reflected wave. 





Oi-Storace EquipmMent.—The waste which often 
results from the use of oil barrels is well known to those 
who have to handle lubricating and other oils in quantity. 
Storage tanks of one form or another have long been 
used as alternative containers, and an efficient example 
of this form of equipment is that recently placed on the 
market by Messrs. The Dowson and Mason Gas Plant 
Company, Levenshulme, Manchester. It comprises 
a steel tank with a semi-rotary wing pump, having a non- 
drip nozzle, and a pan, with filter, to return the surplus. 
Recording meters can be fitted. The chief merit of the 
equipment, however, is the arrangement for hoisting 
the barrel over the tank orifice, so that when the bung 
is removed the barrel may be left to drain itself to the 
last drop. This overcomes what is often a source of 
considerable waste in the handling of barrels. 








THE POWER PLANT OF A_ LOCO- 
MOTIVE STEAM CRANE. 
By Epwarp G. Frircruen, M.I.Mech.E. 


THE power plant of a locomotive steam crane consists 
almost invariably of a vertical cross-tube boiler and 
a two-cylinder non-condensing double-acting steam 
engine, fitted with Stephenson link-motion reversing 
gear and coupled at right angles. No governor is 
fitted or necessary, and it is not usual for a crane 
driver to notch-up his gear to secure earlier cut-off 
when the load is light. Cranes are generally regulated 
on the throttle, thus varying the initial pressure in 
the cylinders. Under the usual working conditions, 
the thermal efficiency of the combination is very poor, 
but, in spite of this, its low first cost, compactness, 
handiness, and low maintenance, continue to recom- 
mend it to the purchaser. 

A steam-crane engine is required to work inter- 
mittently, at widely varying speeds and outputs, 
frequently with wet steam, and, in spite of this, it must 
be designed to exert, when required, a high minimum 
torque compared to its dimensions ; all these conditions 
tend to inefficiency. The chief causes of loss are fairly 
obvious and may be summarised as follows :—Low 
thermal efficiency of the boiler; radiation losses from 
boiler and piping ; direct heat loss, due to priming and 
initial condensation ; losses due to necessarily late cut- 
off ; high clearance volume in some designs ; and back 
pressure. 

It is proposed to examine these in detail, suggesting 
possible economies, as under :— 

(1) The vertical cross-tube boiler undoubtedly owes 
its popularity, in this application, to its low first cost, 
ease of cleaning, and maintenance. When it is realised 
that the feed-water that is available in many cases, 
say on a contract, may be not only very hard but 
probably very dirty also, it is clear that frequent 
cleaning and scaling will be desirable if a reasonable 
evaporative efficiency is to be maintained. By the 
removal of the manhole and five or six mudholes, the 
greater part of the heating surface of this type of 
boiler is readily accessible and visible, and the necessary 
cleaning can be done expeditiously by unskilled labour 
with simple tools. 

Structurally, this type of boiler is very strong; the 
attachment of the large flanged cross tubes to the 
inside of the firebox strengthens the latter materially. 
Low-water and consequent overheating may cause 
local damage, but it can rarely result in disaster. 
The fusible plug is within easy reach, and in full view 
from the manhole, and there is thus no excuse for 
neglecting inspection of this and the renewal of caps, 
say, once a year. 

It is necessary, generally from considerations of 
clearance, to limit the height of vertical boilers, when 
applied to cranes, compared with standard boiler 
practice for this type. This, of course, is unfavourable 
to efficiency, but it is unavoidable. The very high 
temperature of the chimney gases indicates a serious 
loss of heat and, in this respect, the vertical fire-tube 
type is probably superior in evaporative efficiency 
when clean. It is, however, not nearly so accessible, 
and the small tubes soot up readily with the large 
amount of smoke produced by irregular firing and 
poor draught, and are quite unsuitable for hard water. 
It must be remembered that, even in large crane 
boilers, the distance from the grate levei to the top of 
the chimney is comparatively small, and consequently, 
it is only when the exhaust from the engines is supple- 
menting the small natural draught, or when a steam 
blower jet is in operation, that the driver has a chance 
of burning the coal comparatively smokelessly. In 
this type of boiler, the bulk of the evaporation is 
due to the action of radiant heat on the sides of the 
firebox and on the cross-tubes; the driver should there- 
fore be instructed to maintain a clear fire, by frequent 
additions of small quantities of coal, for these boilers 
can make little use of flame heat. For the same 
reason, coke makes a satisfactory fuel, but it needs the 
occasional stimulus of.the,steam blast. 

The limited height of crane boilers results in a reduc- 
tion in the height and volume of the steam space. 
This results in the production of wet steam, especially 
when priming occurs when. the boiler is steaming 
hard with dirty or greasy water. It, therefore, pays 
to fit a simple form of steam dryer. 

(2) It is really surprising that the advantages of non- 
conducting lagging for boilers and steam-pipes are not 
more readily appreciated in connection with steam 
cranes. Many customers still regard lagging as a 
luxury, and hardly worth its cost, and yet, when the 
external radiating surface of a bare boiler shell, ex- 
posed possibly to a cold wind, is compared with the 
limited heating surface available in the fire-box, 
there would appear to be no doubt that the cost of 
lagging is quickly recovered in a tangible saving in 
fuel. 


At a gauge pressure of 80 lb. per square inch, the 








temperature of the water and steam in a boiler will be 
324 deg. F. On a winter’s day, the air temperature 
may be, say, 34 deg. F., a difference of 290 deg. F. 
It is usually assumed that, in still air, about 2-7 B.Th.U. 
are radiated per hour per square foot of surface per 
degree of temperature difference. Applying this rule 
to the present case, we may take as a numerical 
example the hot external surface of a 4-ft. by 8-ft. 
boiler to be at least 95 sq. ft. Some temperature 
drop will occur in the shell plate itself, and the 
water in contact with it will not all be at the 
maximum temperature ; if we assume therefore an 
average temperature drop of 200 deg. F. over the 
heated area, we shall probably have made a liberal 
allowance, On that basis, about 51,200 B.Th.U. per 
hour are lost by radiation on a calm day, and on a 
windy day the loss would be considerably greater. 
To supply this amount of heat, about 84 Ib. of coal 
must be burnt per hour; if 300 days of 8 hours each 
are assumed for a year, that is 2,400 hours, there is 
a yearly loss of over 9 tons of coal from this cause. 
The cost of this amount of coal indicates a very hand- 
some return upon the cost of lagging the boiler, say 
35]. 
The loss due to radiation from steam pipes is much 
less than the above, but the small cost of lagging is 
abundantly justified, and the increased efficiency of 
boiler and connections lighten the labour of the crane 
driver. 

(3) It is standard practice to lag steam cylinders, and 
this is very essential owing to intermittent working. 
Steam jacketting would be better still, but ‘is not 
favoured, since it adds appreciably to the cost, neces- 
sitates a steam trap, and is susceptible to damage by 
frost from which crane cylinders can hardly be pro- 
tected. Owing to the late cut-off, the temperature 
range in the cylinder walls, if the engines ran con- 
tinuously, would not be great; but the runs are all 
of short duration, with periods of rest between them, 
and these conditions, combined with a wet steam 
supply, result in heavy initial condensation, which 
passes to exhaust as water, owing to the late cut-off. 

(4) In normal practice, using double-acting engines 
coupled at right angles, the point of cut-off is decided, 
not from considerations of economy, but in view of the 
necessity for providing a minimum turning effort, cap- 
able of re-hoisting the maximum load from any posi- 
tion of the cranks, and also to secure smooth hoisting, 
by reducing the range between minimum and maxi- 
mum torque. 

A locomotive driver will often back his engine to 
get a more favourable crank angle for starting, but a 
crane driver must be able to resume hoisting after a 
stoppage without difficulty and without any preliminary 
lowering. 

Assuming a 3-cylinder design, a satisfactory torque 
curve could easily be secured, whilst adopting an 
economical cut-off, but there is no market for such a 
type. In the usual two-cylinder design, it is necessary 
to cut-off at about 0-8 stroke, when the minimum 
torque of the pair is found to be about 0-9 of the 
mean torque. As a contrast, when cutting off at 0-6 
stroke, the minimum torque is only about 0-7 of the 
mean torque. In the latter case, it is clear that the 
hoisting will be very jerky, owing to the cyclic varia- 
tions in torque, and, furthermore, larger cylinders will 
be necessary to give the necessary minimum torque to 
balance the load in any position. The piston speed 
adopted in crane design is usually low, about 300 ft. per 
minute, consequently, flywheel and inertia effects do not 
materially reduce the torque fluctuations when hoisting 
or derricking. When travelling, however, the moving 
mass of the crane provides good fly-wheel effect, and an 
intelligent driver may then economise by linking up. 
thus securing an earlier cut-off. 

The uniform torque of a steam turbine would be 
ideal for crane driving, if the cost of the turbine and 
reduction gearing made it a practical proposition for the 
purpose. The adverse combination of intermittent 
working, varying loads and wet steam would, however, 
make it very wasteful. 

(5) The usual crane arrangement of vertical cylinders, 
with the piston-line on one side of the side cheek 
and the valve-line on the other, necessarily involves 
rather long steam passages and fairly large clearance 
volume. Owing to the very late cut-off, this clearance 
steam passes to exhaust practically unused, and increases 
the already difficult problem of emptying the cylinder 
in the time available, resulting in a high back-pressure 
and consequent loss of power. The clearance conditions 
in horizontal monoblock cylinders are more favourable 
in this respect, since the clearance volume can here be 
reduced to the constructional minimum. 

(6) The steam ports of a cylinder become in turn its 
exhaust ports, and are consequently normally pro- 
portioned for satisfactory exhaust velocity. In crane 
cylinders, owing to the late cut-off, the exhaust port 
velocity is correspondingly high, for not much benefit 
can be secured by increasing the area, especially in 
vertical designs, since, by so doing, the clearance volume 
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is increased, and the amount of steam to be evacuated 
is thus also increased. In practice, this glut of exhaust 
steam acts as an automatic check upon racing, the 
rising back pressure at high speed reducing the power 
developed sufficiently. 

Simple types of radial valve gear have occasionally 
been fitted to crane engines. These secure a more 
rapid movement of the valve at admission and cut-off ; 
but a very late cut-off is not so easily arranged, and the 
Stephenson gear consequently retains its popularity, 
owing to its simplicity and durability. The uniflow 
type of steam engine would appear to have features 
suitable for crane driving, owing to the satisfactory 
exhaust arrangements, but, unfortunately, the overall 
length of this construction can rarely be accommodated. 

Purchasers frequently desire an estimate of the 
probable coal consumption ofa steam crane. To arrive 
at a reliable figure for this, a great deal of information is 
necessary, and this, unfortunately, is rarely available 
at the time of enquiry. 

Information is, for instance, required of the average 
load handled, the time-cycle of operations proposed, 
the stand-by periods, the quality of fuel, condition of 
boiler, the degree of skill available for stoking, the 
external temperature, the weather conditions, &c. 
Fuel is consumed for starting up from cold, to make 
up radiation losses, priming and blow-off, for the normal 
working of the crane, and to cover losses when standing- 
by, &c. Radiation losses have been discussed above ; the 
allowance for priming and wet steam can only be guessed 
at, depending as it does so much upon the working 
conditions, ; 

The consumption for normal working is a much more 
difficult matter, but a simple case may be assumed in 
order to explain the method of estimation. As an 
example, a crane may be taken engaged in unloading 
continuously skips of material, each having a gross 
weight of 2 tons; the time for each cycle of operations 
may be 14 min. (90 sec.), that is 40 cycles per hour. 
Each cycle may consist of :—(a) Hoisting the load 
20 ft. in 20 sec., taking full power (which may be repre- 
sented by 100 units), the corresponding energy being 
100 x 20 = 2,000 units; next, (6) slewing for 10 sec. 
at 25 per cent. power. Power will only be on for about 
half the period, consequently energy expenditure will 
be 25 x 5 = 125 units; (c) lowering load—no energy 
expended; (d) hoisting empty skips in 15 sec. at 
20 per cent. power = 20 x 15 = 300 units; (e) 
slewing back in 8 sec., say, 20 per cent. power for 
4 sec. = 80 units; (f) lowering the empty skip—no 
energy expended. 

Now had 100 per cent. energy been exerted continu- 
ously for the 90 secs., the units consumed would have 
been 9,000. Actually (2,000 + 125 + 0 + 300 + 80 + 
0) = 2,505 units have been absorbed. Therefore it may 
be said that the load factor in this case is 27-8 per cent. 
The engines being of the usual crane type cutting off at 
0-8 of the stroke and having fairly large clearance 
volume, no great error will be made in assuming a full 
cylinder of steam at inlet pressure (say 60 lbs. per, square 
inch) at each stroke. At the usual 300 ft. per minute 
piston speed, and assuming a 14 minute cycle, it is neces- 
sary to calculate the weight of steam, at the average 
throttle pressure, necessary for the cycle, in a pipe 
of the same diameter as the cylinders and 300 x 2 x 14 
= 900 ft. long and then take 27-8 per cent. of this 
weight as the probable steam consumption for one cycle. 
Multiplying this by 40, the steam consumption per 
hour is obtained. 

With light loading, during slewing and when hoisting 
the empty skip, the engines will speed up beyond 300 ft. 
per minute piston speed, but against this the throttle 
pressure will be lower and the time of operation is 
shortened. If the cycle of operations includes some 
travelling, the load factor may be expected to be higher. 

If the conditions when shutting down are the same as 
when starting up, the allowance already made for the 
latter will suffice for the heat rejected at this stage. 
There are numerous small additional losses for which 
allowance must be made, such as steam lost at the 
safety valve, loss of coal when breaking, coal dropping 
off the footplate, coal falling unconsumed between the 
firebars, steam used for feed pump, for warming cylin- 
ders, etc. 

It must also be remembered that the tabulated 
calorific values of various coals assume complete 
combustion to CO, with the usual correction for ash 
and moisture. 

Under the imperfect conditions in the firebox of a 
vertical cross-tube boiler, much CO is bound to be 
produced, representing a serious loss of heat, also much 
unnecessary air will pass through the firebox every time 
the fire door is opened. Fuel will often be wet and 
the proportion of ash and cinder high. 

In situations where fuel-oil can be obtained at a 
reasonably low price, oil-firing can be very satisfactorily 
applied to steam-crane boilers. Using a properly 
designed fire brick lining, a glowing fire with very 
short flame length can be produced and maintained, 
and this provides the radiant heat that this type of 





boiler is best fitted to absorb. The intensity of the 
fire is under perfect control, satisfactory combustion 
to CO, is easy, and there is no need to open the 
firedoor at all. When shutting down, no waste of 
fuel occurs, and it is easy to keep the flues clean. The 
labour of stoking is reduced practically to nil. Economy 
and efficiency are increased by highly superheating 
the atomising steam, and by heating the oil nearly up 
to its flash point. 





CATALOGUES. 


Valve-Seating Tool.—Messrs. W. Crockatt and Sons, 
Limited, 64, Darnley-street, Glasgow, S.1, have issued a 
circular describing their hand-operated tool for truing 
valve seats. 


Insulation —The Celite Products Corporafion, 46, 
Victoria-street, Westminster, London, 8.W.1, have 
issued a circular explaining the application of their 
insulating material to open-hearth furnace casings. 


Electric Wiring—The General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, have 
issued a special list of C.T.S. cables with one, two or 
three cores, and all the necessary fittings for wiring. 


Pipes and Fittings——A priced list of wrought-iron 
tubes with all the usual connections and suitable for gas, 
water or steam, is to hand from Messrs. Walworth- 
Munzing, Limited, 90, Union-street, London, S.E.1. 


Belting.—Messrs. R. and J. Dick, Limited, Glasgow, 
have issued a new edition of their catalogue of driving 
belts, driving ropes and conveyor belts, giving tables of 
sizes, transmission powers, and useful notes on repairs 
and treatment. 


Economisers.—An explanatory pamphlet with full 
details of the construction of their horizontal tri-tube 
economisers, for fixing above or behind water-tube or 
other boilers, has been issued by Messrs. E. Green and 
Son, Limited, Wakefield. 


Electrical Instruments.—The Cambridge Instrument 
Company, Limited, 45, Grosvenor-place, London, 8.W.1, 
have issued a new catalogue of uni-pivot instruments, 
mainly galvanometers and accessories, and testing sets 
for industrial and scientific use. 


Water-Heating Apparatus.—The James Keith and 
Blackman Company, Limited, 27, Farringdon-avenue, 
London, E.C.4, have issued a further list of boilers for 
hot-water supply or heating systems. Three types are 
made to suit various conditions. 


Gas Lighting and Heating.—We have received a further 
issue of the British Commercial Gas Association’s Journal, 
dealing with the application of gas to domestic lighting 
and heating. The address of the Association is 28, 
Grosvenor-gardens, London, S8.W.1. 


Electrical Transmission-Line Material.—A catalogue of 
pole-line materials, illustrating all necessary details as 
well as various types of poles, and containing much useful 
data for design and erection, is to hand from British 
Insulated Cables, Limited, Prescot, Lancs. 


Lacquers.—We have received from the Damard 
Lacquer Company, Limited, Warwick-road, Greet, 
Birmingham, copies of circulars describing their corrosion- 
resisting lacquers and a cement for making self-hardening 
joints for engines, boilers and chemical plant. 


Telephones.—The Relay Automatic Telephone Com- 
pany, Limited, Marconi House, Strand, London, W.C.2, 
have issued a circular dealing with the durability of their 
apparatus as tested in a case where it was submerged 
in a cellar for some time and was restored to working 
order. 


Motor-Car Accessories.—A catalogue of British-made 
motor-car speed indicators, engine-revolution counters, 
clocks, mileage recorders, and motor-cycle speed indi- 
cators, has come to hand from the A. T. Speedometer Co., 
Ltd., 20, Avonmore-road, West Kensington, London, 
W.14. 


Gearing.—The catalogue of reduction gears, issued by 
Messrs. Crofts (Engineers), Limited, Bradford, illustrates 
a large number of gear units made for special purposes, 
and including worm, spur, helical, double-helical and 
bevel wheels. Clutches and fittings for transmission of 
power are also dealt with. 


Pistons.—A catalogue received from Messrs. Specialloid, 
Limited, Friern-park, North Finchley, London, N.12 
contains lists of pistons in stock for all the principal 
makes of motor-cars, motor-cycles and commercial 
vehicles. The company also offers to re-grind cylinders 
and supply special pistons. 

Telephones.—A circular from the Private Telephone 
and Electric Company, Limited, 28, Great Queen-street, 
London, W.C.2, illustrates their instruments for internal 
communication in factories, hotels, &c. This company 
undertakes the maintenance of installations of internal 
telephones, bells, alarms, and similar electrical apparatus. 


. 


Vacuum Cleaner.—A portable vacuum cleaner on 
truck wheels and operated by a }$ horse-power motor, is 
described and illustrated in a catalogue received from the 
Allen and Billmyre Company, 512, Grand Central Palace, 
New York, U.S.A. It is suitable for factories, hotels, 
steamships, &c., and it is easily portable by one person. 


Oil Engines.—Messrs. Plenty and Son, Limited, 
Newbury, have issued a summarised statement of the 
advantages of the Plenty-Still engine, especially in 
dealing with irregular loads, and in furnishing steam 
for heating and other purposes. We illustrated and 





described this engine on pages 537 and 585 of our last 
volume. 


Electrical Machinery.—Messrs. O6cerlikon, Limited, 
28, Essex-street, Strand, London, W.C.2, have sent us 
recent issues of their bulletin containing descriptions of 
motor-coach trains built to their designs by the General 
Electric Company, Limited, for the London Electric 
Railway Company, Limited, and of seven large three- 
phase generators built for the Mérkfos Solbergfos Power 
Station, Norway. , 


Gas Exhausters and Compressors.—A new catalogue of 
gas exhausting and compressing plant, issued .by the 
Bryan Donkin Company, Limited, Chesterfield, shows a 
very large variety of plants made by the firm, of large 
and small capacities, with all kinds of drives, and with 
auxiliaries such as pumps for tar, liquor and water. 
Illustrations and descriptions are also given of valves, 
governors and special parts. 


Bearings.—A new edition of their ball and roller 
bearing catalogue is to hand from the Hoffman Manu- 
facturing Company, Limited, Chelmsford. It. contains 
full lists of bearings in two types, standard and light ; 
and also lists of shafting hangers, brackets, pedestals, 
and all the accessories required for shafting. Some 
pages of practical information on erecting, running and 
maintenance included, will be read with interest. 


Motor Starters and Controllers.—Messrs. Brookhirst 
Switchgear, Limited, Chester, have sent us a new illus- 
trated catalogue of small-power control gear, including 
starters and constant- and variable-speed panels. The 
principal sections deal with alternating-current hand- 
operated, direct-current hand-operated, and direct- 
current automatic control, and notes are added on wide 
speed variations, floor fixing, control devices, &c. 


Machine Tools.—Two useful handbooks dealing with 
the operation of machine tools are to hand from Messrs. 
Alfred Herbert, Limited, Coventry. One deals with 
turret-lathe tools, and the other with concentric chucking 
in the lathe. The contents consist of a large number of 
illustrations of special repetition work tools or jobs, 
with a few words of explanation of each. These publi- 
cations should prove extremely useful to machine work 
planners and operators. 


Steel Tubes.—The catalogue issued by the Brom 
ford Tube Company, Limited, Aston, Birmingham, 
contains particulars of hot-rolled weldless tubes up to 
10? in. in outside diameter. The stock of standard 
tubes is dealt with in sections headed (1) boiler tubes, 
superheaters and steam mains, (2) coils, (3) gas and water 
mains, cable ducts, &c., (4) loose flange tubing, (5) oil- 
line pipes and boring and casing tubes, (6) transmission 
poles and fittings, and (7) hydraulic high-pressure tubes. 
There is also a section including tables of dimensions, 
weights and general information, 


Steel.—We have received catalogues dealing, respec- 
tively with stainless steel and iron, and special alloy tool 
steels from Messrs. Edgar Allen and Co., Limited, Shef- 
field. Both are in pamphlet form, and include the useful 
explanatory matter that characterises all the catalogues 
of this firm. We have also received a handsome reprint 
of a paper entitled, ‘““ A Century of Permanent Way,” by 
Mr. Fred Bland, M.I.Mech.E., which, with its excellent 
drawings and illustrations, will be filed as a record of 
lasting value In this reprint, another historical paper 
by Mr. Bland on atmospheric railways is added, as well 
as particulars of the firm’s manganese-steel trackwork. 


Steel Construction—Two handbooks of interest to 
engineers designing steel structures have reached us 
from Messrs. R. A. Skelton and Co., Steel and Engineering, 
Limited, Moorgate Station Chambers, London, E.C.2. 
The first (No. 19, price 5s.) gives particulars of sections 
and other matter, and the second (No. 20, price 10s.) 
deals with steel constructional work, and includes all 
the standard sections available, tables of safe loads 
with data and methods of calculation, tables of weights 
and measures, mathematical tables, and a draft specifi- 
cation for steelwork. There is a thumb index, in 
addition to the usual index and contents tables, and 
every care has been taken to make the book complete 
and easy for reference. 





TRANSLUCENT MeTAL Fiims.—The electrolytic process 
of Dr. Carl Miiller, for preparing very fine translucent 
metal foils, which we noticed on page 199 of our issue of 
February 12 last, has been modified and simplified by 
Messrs. K. Lauch and W. Ruppert in the Physical 
Institute of the University of Leipzig, we gather from a 
recent number of the Physikalische Zeitschrift. The 
electrolytic deposition and subsequent etching required 
very careful handling. Lauch and Ruppert make use of 
cathode volatilisation and deposition on a _ highly- 
polished surface of rock salt, which is subsequently 
dissolved in water, leaving the metal filmi behind. 
Suitable metals are copper, gold, silver, platinum, and 
nickel. To prepare a disc of silver, for example, the salt 
surface is first covered with a glass plate of the diameter 
of the disc desired, and a ring film of silver is deposited 
round this plate, to serve afterwards as a frame for the 
actual film. A little iron is attached to the plate, so that 
it can be removed with the aid of a magnet when the 
ring film is sufficiently thick; the film proper is then 
deposited, and the device applied and cemented to a 
copper plate which has a hole of the size of the disc. The 
whole is then suspended in flowing water. Films of 
silver, 30 up thick, obtained in this way in a few hours 
will bear a pressure difference of 8 mm. of mercury, and 
can be made to oscillate acoustically ; thicker films have 
been prepared up to 5 cm, (2 in. in diameter). The thin-. 
nest films have a thickness of 5 wu. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 

SPECIFICATIONS UNDERTHE ACTS OF 1907 AND 1919. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
sliustrated. 

Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in italics. 

Copies o, yy ee ed may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, ai 
the uniform price of 18. 





The dute of the advertisement of the accept of a Compl. 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘ Sealed”* is ap; led. 


a may, at any time within two months from date of 

advertisement of tance of a Complete Specification, 

give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


255,273. W.E. Woodhead, Westminster, London, 
A. Stephenson, Westminster, London, and Allen- 
Liversidge, Limited, Westminster, London. Gas 
Pressure Regulators. (5 Figs.) September 30, 1925.— 
The invention relates to gas-pressure regulating valves 
rs in connection with compressed-gas cylinders 
and of the kind in which the flow of gas is controlled 
by a movable part working under the influence of 
a spring-loaded diaphragm mounted in a chamber 
communicating with the low-pressure supply, the valve 
being adapted to operate centrally upon the extremity 
of a narrow aperture communicating with the high- 
pressure ry a A valve casing 1 is formed with a 
chamber 2, closed by a —— 3, influenced by the 
pressure of gas in the chamber 2 acting against a coiled 
spring 4. The spring 4 acts between the diaphragm 3 
and a collar 5, mounted to slide in a guide tube 6 carried 
by the valve casing, and adjustable by a screw 7 carrying 
a hand wheel 8. The chamber 2 communicates with a 
port 9, the extremity of which serves as a valve seating 
for a valve 11, mounted to slide in the casing 1, and 
connected to the diaphragm 3 by means of a bell crank 
lever 12. The valve 11 is influenced by a light 
coiled spring 15, which presses the valve 11 into engage- 
ment with the shorter arm of the lever 12, the longer 
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(255,273) 


arm of this lever being pressed into engagement with the 
diaphragm 3 by means of a light spring 17. When the 
valve 11 is lift , gas from the high-pressure source 
flows into a space formed between the valve 11 and its 
seat. The space communicates directly with the 
chamber 2. he casing 1 is formed with a socket 23, 
which communicates with the pressure chamber 2, 
through a port 23a, and a stop valve 25 carrying a 
nipple 26. The port 9 leads to a socket 28 which 
carries a nipple 29 adapted to be screwed into the mouth 
of the outlet valve of a gas storage cylinder. Pressure 
auges 24 and 27, adapted to indicate the pressures of 
Saiveey and supply, are carried by the casing 1. In 
operation, when the valve 25 is opened, gas flows through 
the nipple 26 from the chamber 2, which is supplied 
from the storage cylinder. through the valve 11. The 
position of the diap 3 is dependent upon the 
pressure of gas in the chamber 2 and the pressure of the 
spring 4, and variations in the pressure of gas in the 
pt er 2 therefore cause movements of the diaphragm 
which are transmitted to the valve 11 through the 
crank lever 12, in such amannner that the flow of gas is 
regulated so as to maintain the pressure in the chamber 2 
a constant. This pressure is determined 
within limits by the adjustment of the hand wheel 8. 
(Sealed.) 


255,244. Douglas Motors, Limited, Kingswood, 
Bristol and C. G. Pullin, Staple Hill, Bristol. Lubri- 
cation Systems. (3 Figs.) August 4, 1925.—The 
invention relates to the lubrication systems for multi- 
throw engine crankshafts of the kind in which passages 
are provided in the crankshaft for the delivery of lubricant 
to the crank-pins, and the passage to each crank-pin is a 
branch having its origin at or near an axial point to 
which the lubricant is supplied within the crankshaft. 
According to the invention, in a crankshaft having 
adjacent crank-pins at 180 deg. to one another, the 
passages are on a diametral line extending through the 
axial point in the crankshaft and their outlets are on 
the leading edges of each of the crank-pins. The oil is 
stored in the tank 2 and is —— through a pipe 3, 
to a gear-wheel oil pump 8. is delivers through a 
passage 9 to a stuffing-box at 10, and from this the oil 
passes through a running joint piece at 11, to a passage 


12, in one of the journals of the crankshaft. The crank- 
shaft has two crank-pins 17, 18 arranged diametrically 
opposite one another, and the lubricant: which enters 
the assage 12, travels by the passages 19, 20 t the 
crank-pin 17, issuing at 21 and entering at the axial 
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point 31 in the crankshaft, a diametrically arranged duct 
22 in the crank-web 23, connecting the two crank-pins. 
The duct 22 ends in apertures 24 on the leading edges 
of the crank-pins 17, 18, so that the tendency is for the 
lubricant to be forced around the pins instead of being 
flung straight away from them. (Sealed). 


255,350. William Beardmore and Co., Limited, 
Dalmuir, and R. Love, Dalmuir. Internal Com- 
| bustion Engines. (2 Figs.) February 16, 1926.—This 
invention relates to fuel-injection valves for internal 
| combustion engines of theDiesel type. The fuel-injection 
| valve of the invention has a solid stem 1, which is spring 
seated and is adapted to be lifted by the rocking move- 
ments of a rocking lever 2 working on a fulcrum outside 

| the engine head. The stem 1 is fitted for vertical move- 














(255.350) 


ment in a long fixed bush 3, extending to a point below 
the point’4 of air admission, and penetrated by a lubricant 
passage 5 permitting of forced lubrication of the bearing. 
A series of annular grooves 6 is formed in the stem 1. 
Fitted within a recess at the upper end of the bush 3 
is a series of U packing rings 7, held in place by a 
cover ring 8. The provision of the rings 7 in connection 
with the grooves 6, suffices to prevent the escape of air 
past the stem, notwithstanding the high-pressure sub- 
sisting. (Sealed.) 


HYDRAULIC MACHINERY. 


258,027. Glenfield and Kennedy, Limited, Kil 
marnock, and O. A. Price, Kilmarnock. Auto~ 
matic Self-Closing Valve. (10 Figs.) June 27, 1925. 
—The invention relates to an automatic self-closin 
valve adapted to cut off the flow of fluid in the event o: 
extraordinary rates of flow or drops of pressure occurring 
outside the limits of a pre-determined range. The valve 
comprises a cylindrical plunger 1, housed and free to 
move axially in an annular casing 2, 3, open at both ends 
and coaxial with an outer shell 4, 5, the space between the 
casing 2, 3 and shell 4, 5 forming a waterway. Between 
casing 2, 3 and the plunger 1 is an enclosed space which 
receives a piston 9 stepped out from the plunger 1 and 
dividing thespace intotwo chambers, 10, 11, and forming, in 
effect, a servo-motorfor the control of the valve movement. 
To obtain a pressure difference for the control of the 
main valve there is provided in the waterway a throat 12, 
in which is set up a lower pressure than prevails in the 
main 13. Leading to the deaaahees 10 and 11 are pipes 
14, 15 controlled by a pilot valve which is loaded by an 
adjustable external weight 17, so that during normal 








flow it occupies @ position in which the chamber 10 is 
open to the throat pressure and the chamber 11 is open 
to the higher main pressure, whereby the plunger 1 is 
maintained in its rearmost position. With a given 
excess in the rate of flow the differential pressure between 








(258,027) 





the throat 12 and main 13 is increased, and the weiglit 
17 is overcome so that the pilot valve is displaced to a 
position in which the chamber 10 is brought into com- 
munication with the main 13, and the chamber 11 is 
brought into communication with the throat 12, whereby 
the main valve is closed.—(Sealed.) 


LIFTING AND HAULING APPLIANCES. 


257,763. John Fowler & Co. (Leeds), Limited, 
Hunslet, Leeds, and C. H. Fowler, Hunslet, 
Coiling Gear: for Windlasses. (2 Figs.) 
October 6, 1925.—This invention relates to coiling gear 
for windlasses as used in cable cultivating-machinery, 
and of the kind wherein the winding reel is adapted 
to reciprocate during the winding of the cable in accord- 
ance with the laying of the cable on the reel. According 
to the invention, the winding reel is so mounted on its 
shaft that whilst being rotated it will, during the winding 
operation, be reciprocated laterally by cam mechanism 
and thereby ensure the cable being wound on in 
uniform successive layers. @ is the winding reel which 





(257,763) ji 


ig solidly mounted on and driven by the shaft 6, on 
which is also loosely mounted a cylindrical cam c, 
rotated by a worm wheel d meshing with a worm e, 
mounted on a shaft f. The arrangement is such 
that the cam c is rotated by the worm wheel d, inde- 
pendently of the reel shaft 6. The lateral sliding move- 
ment of the reel a is effected through the engagement 
with the cam c of a pin g, mounted on a side rod h, capable 
of endways movement. One end of the rod h is attached to 
aloose collarkonthereela. The speed of rotation of the 
shaft f and the ratio of the gearing d, e are such that 
the lateral sliding movement of the reel will be in 
accordance with the amount of cable being wound. 
( Sealed.) 


254,626. The Mirrlees Watson Company, Limited, 
Glasgow, and W. A. Dexter, Glasgow. Surface 
Condensers. (2 Figs.) February 13, 1926.—The 
invention relates to surface condensers of the class incor- 
porating an air and vapour cooling chamber of substan- 
tially A-shape, placed approximately in the centre of the 
pres thar body or shell, a set of tubes housed within the 
chamber and a cluster of tubes outside the chamber, 
between the chamber and the wall of theshell. According 
to the invention, the chamber is walled by spaced plates 
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1a, 2a. The passage between these serves as a collector for 
air, and has an opening 16a at the vertex of the cham- 
ber, the collector having connection with the air pump 
suction by way of branches 16B connected to the bottom 
of the condenser shell. Above the bottom of the shel! 
is a combined hood and directing plate, the function 
of which is to direct the uncondensed steam from each 
side of the shell into the cooling chamber in such a manner 
as to reduce any possible loss from eddies in the flow of 
the uncondensed steam towards the cooling chamber. 
(Sealed. ) 
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PHOTOGRAPHIC MAPPING 
METHODS. 
By Dr.-Ing. Hermann Ltscuer. 

No engineering project can be adequately planned 
without consulting good maps and plans of the area 
under discussion. The more topographical detail 
shown by these maps and plans, the better the 
project will be adapted to the natural conditions. 
It is clear, therefore, that any new or improved 
method of surveying, which makes it possible to 
secure more cheaply, accurately and quickly, 
detailed knowledge of the physical features of a 
countryside, is of a great economic importance. 
The methods and apparatus used in photographic 


P 
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| plate. Fig. 1 will illustrate the measurement of 
|angles from a photograph, provided that the 
|optic axis of the lens is horizontal and at right 
angles to the plate. The bearing and the angle of 
elevation can be computed by the formule :— 


tan a x jaan cos a ee — 
= —3 @ 3= —— os os 
if f y f a/ x2 + fz 


Hence by taking photographs from the ends of a 
suitable base, a country may be mapped point by 
point, as in plane-tabling, by the intersections of 
rays from the base points to the different features 
of the landscape. For this purpose the length of the 
base and the bearing of the optic axes of the 
photographs with reference to the base are re- 














Fia. 4. 


surveys are of special interest, and it is proposed 
in this article to explain how these have heen 
developed in Germany during the last 15 years. 
Some use was made in the nineteenth century of 
photographic methods of surveying. A good lens 
vields a true perspective projection of a landscape. 
If the position of the optic centre or ‘“‘ principal 
point” of the plate is known, then the rays con- 
necting the viewpoint with the different points of 
the landscape can be reconstructed from the photo- | 
graph and can be used fur angular measurements. 
For this purpose the photographic camera need 





only be equipped with some device for determining 
with precision the distance from the plate of the | 
back node of the lens. That means that the | 








quired. This method, which, owing to its similarity 
to plane-tabling, is called ‘‘ Messtischphotogram- 
metrie’’ (plane-tabling photogrammetry) in 
Jermany, has, however, some drawbacks. For 
example, the base has to be of considerable length, 
so that the rays intersect at large angles. But this 
is apt to make identification of the same point on 
two photographs somewhat difficult and, at times, 
impossible. These shortcomings were quickly real- 
ised, with the result that, during the first years 
of the present century similar methods of eliminat- 
ing them were independently proposed by a number 
of investigators. Amongst them was Professor C. 
Pulfrich, of the well-known firm of Carl Zeiss, 


by him do not seem to have been actually constructed. 
Herr A. F. von Hiibl, Vienna, was another to whom 
the same idea had occurred. He wrote to Professor 
Pulfrich that he thought it possible to make an 
instrument by means of which topography could 
be plotted from two stereoscopic views of a land- 
scape, and got the answer that Professor Pulfrich 
had himself just constructed such an instrument. 
In stereoscopic surveying, views of the landscape 
are taken from the ends of a relatively short base. 
The optic axes of the photographs are in general 
parallel, and Fig. 2 illustrates diagrammatically the 
case of views taken normally (i.e., with the plates 
vertical and parallel to the base). The following 
equations are easily derived from it, the letters 
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|involved being defined thus: A, distance; X, 
| lateral distance; Y, height of the required point P ; 
| B, length of the base (which is measured in the 
| field); f, focal length of the camera; #, and 
|Yy, % and y,, co-ordinates of the images of the 
|point on the left-hand and right-hand plate 
| respectively. 


re Bf. x AQ. y-A-4u 





If the plate co-ordinates and the stereoscopic 
| parallax a=2,—x, can be determined with 
| sufficient accuracy from the plates, it is possible 
| to get the position of the point with reference to the 
| left base point either by computation or graphic- 
ally. The necessary data can be measured by the 
stereocomparator of Professor Pulfrich. A detailed 
description of this instrument which is in principle 
a kind of large measuring stereoscope, will be found 
in a paper by Mr. A. Hinks, Secretary, Royal 
Geographical Society, entitled ‘‘Stereographic 
Survey: the Stereoautograph”’’ (Geographical 
Journal, vol. LIX., nr. 4, page 273, April, 1922). 
Here, it may be mentioned, merely that the co- 
ordinates can be measured by means of the stereo- 
comparator to an accuracy of 0-02 mm. (0-008 in.), 
and the stereoscopic parallax to 0-01 mm. (0-004 
in.). Whilst very useful for certain types of work, 
the stereocomparator is to-day relatively seldom 
employed for mapping purposes, since positions 
have to be fixed point by point. For map drawing 
purposes the stereocomparator has accordingly 





Jena, who, by the invention of the stereo-compara- 


been superseded by machines which allow of 


principal point of the plate and the principal| tor introduced the principles of stereoscopy into | mechanical and continuous plotting. These will be 
distance have to be known. The former is best| photogrammetry. About the same time, Mr. H. G. | described later. 


defined by the intersection of two lines, each of them | 


Fourcade, of Cape Town, published some papers on | 


In making a stereophotographic survey, a base 


joining two fiducial marks upon the margins of the ' stereoscopic surveying, but the instruments designed | is defined in the field, and its length measured 
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either by chaining or by an optical measuring | 
The base chosen is generally equal in | 


device. 
length to about one-tenth to one-twentieth of the 


mean distance of the features to be photographed. | 


It is advisable to select for the ends of the base 
two points well above the general level of the 
country, so as to leave the least possible amount 
of dead ground. The phototheodolite is centred, 
in turn, over each of the base points and the 
exposures made. A form of the instrument, as 
made by Zeiss, of Jena, is represented in Fig. 3. 
This has a rigid body, and is provided with stops 
which locate the plate and ensure that it is normal 
to the optic axis of the lens, and at a distance 
from ‘the latter equal to the focal length. The 
point at which the optic axis meets the plate is 
defined by fiducial marks which, during the 
exposure, are photographed on the margin of the 
plate. Lines drawn between these marks would 
intersect on the optic axis. No provision is made 
for focussing, the instrument being used throughout 
as a fixed-focus camera. An adjustment is fitted 
at the top of the instrument, by the use of which 
the plate, before the second exposure is taken, can 
be adjusted into parallelism with the plane of 
the first photograph, thus simplifying the subse- 
quent mapping operation. The camera is supple- 
mented by a theodolite, and with means for 
measuring by optical methods the length of the 
base. After each exposure the thecdolite is fixed 
on the tripod of the camera in order to fix the 
position of the base points. 

Orthochromatic plates with a fine-grained 
emulsion are preferred for this class of work, and 
‘*‘ backed ” to avoid halation. 

Whilst maps can be produced from these 
stereographs much in the same way as in plane- 
tabling, it is simpler and quicker to effect the 
whole operation mechanically, which renders 
unnecessary all calculations or point-by-point 
plotting. A machine for this purpose, known as 
the Stereoautograph, was designed by the then 
First Lieutenant von (rel, Austrian Army, and 
constructed by Zeiss, of Jena, in 1909. At about 
the same time another mechanical plotting apparatus 
was built by Lieutenant F. Vivian Thompson, R.E., 


but as this was intended for working pairs of | 


photographs taking from the ends of a fixed base 
only, it was of limited utility. The Orel apparatus, 
howeyer, was better adapted to varied con- 
ditions, and made photographic surveying econo- 
mically satisfactory. The latest pattern is shown 
by Fig. 4. 


instrument solvés mechanically the equations by 
which the positions of the various points are 
determined. A pointer which is traversed over 
the virtual model of the landscape, seen in the 


) It has been described in detail by | 
Mr. Hinks in the paper already cited. This} 
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stereocomparator, is coupled by appropriate link- 
work to a pencil which travels over a drawing 
board. When the pointer in the optical field 
of the stereocomparator is set upon any point of 
the ground visible on the virtual modei, the 
drawing pencil of the stereoautograph marks the 
position of this point on the horizontal plan, 
while its elevation above datum may be read on 
a scale provided for this purpose. By making the 
pointer follow any line visible on the photographs 
(such as a road, a river, or a boundary), the pencil 
|will plot this line on the horizontal plan. If, 
|moreover, the height of the optical pointer is 
\fixed by an adjustment provided to this 
jend, and it is then made to move in apparent 
|contact with the image in relief, the pencil will 
|trace on the map the corresponding contour. 
| This contour is obtained by the continuous move- 
iment of the optical pointer, and is thus much 
more accurate than when located by the usual 
process of interpolation. The machine works with 
such precision that when the same contour is 
plotted by different operators the pencil is found 
to follow exactly the same path within the thickness 
of a line (Fig. 6). A special device mounted on 
| the stereoautograph, moreover, enables the operator 
to trace on a photograph the contours in their 
natural perspective (Fig. 5). By such perspective 





photograph, a novel method of showing the features 
of the country which is very valuable for engineering 
projects as well as for purposes of instruction or 
advertisement. 

The advantages of ground stereophotogrammetry 
in comparison with other ground surveying methods 
are very numerous. In the first place there is 
a notable saving of time ; that spent in the fieldwork 
is only one-third as much as is needed with the 
older methcds of survey. In the second place 
the contoured plans are more detailed and accurate, 
though more easily produced. Errors of level, will 
for example, not exceed 3 cm. to 5 em. (1 in. 
to 2 in.) on a scale of 1: 500 or 1: 1,000. All 
errors which might arise from the personal equation 
of the draughtsmen are eliminated. As the photo- 
graphs cover a considerable area, variations from 
an original project can be studied without additional 
surveys. The photographs on to which perspective 
contours have been traced, especially when examined 
in a stereoscope, and by the non-expert, are very 
valuable for studying a project or for advertising 
a scheme. Moreover, the stereoautograph will not 
only trace these perspective contours, but can also 
be used to transfer to the photograph plots made 
on the map. Thus, for example, the contours of 
a barrage dam and the future water-line, the trace 
of a railway or delivery pipe-line, the project of 


contour lines, a height scale is impressed on the |a hydro-electric station, &c., may be shown on 
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the photographs themselves. This is exemplified by 
Fig. 7, which illustrates the project for a railway 
near Villablino, Spain. Such photographs make it 
easy to work out such a project, and to show what 
land purchases may be required, without disturbing 
or exciting to speculation by local surveys, the land- 
owners concerned. The photographs, moreover, may 
at times prove of documentary value in law suits. 

By using two cameras at opposite ends of a base, 
and making simultaneous exposures by electrically- 
operated shutters, the apparatus may be used for 
scientific or technical studies of bodies in motions. 

A landscape seen from an aeroplane, especially 
when viewed vertically from above, gives an 
impression very similar to that of a map. It is 
obvious that this fact can be utilised for preparing 
maps. During the Great War aerial photographs 
were thus employed for intelligence purposes and 
for improving and bringing up to date existing, 
but often very unreliable maps. In post-war times, 
aerial photogrammetry and its use in surveying has 
been further developed, so that to-day it may justly 
claim to have become a science of its own. 

A view taken from an aeroplane may have 
its optic axis directed vertically downwards (or 
nearly so), or it may be tilted to the vertical. 
Oblique views are very valuable for many purposes, 
for engineering projects, for building schemes, for 
town planning, for the study of traffic conditions, 
and also for advertising ends. Fig. 8 is an oblique 
air photograph of the Walchensee, Bavaria, made 
for the Walchensee-Kraftwerk, a well-known large 
hydro-electric station. 

The less the axis of an aerial photo is tilted, the 
smaller is the area represented. A vertical, or 
nearly vertical view (Fig. 9) covers only a compara- 


9870 





tively small piece of the landscape, and, in flat 
countries especially, such a view resembles very 
much a map on parallel projection with uniform scale 
throughout. It supplies also a good insight into the 
features of the landscape. A series of views taken 
with the optic axis approximately vertical, may, 
if they have sufficient overlap, be made into a 
so-called mosaic of the country. Such a mosaic 
will be very useful as giving a general conception 
of the features of the ground, especially for informa- 
tion or intelligence purposes. But as the height of 
flight is not always constant and the vertical 
direction of the optic axis cannot be maintained 
with mathematical exactness, its scale is not uniform 
throughout and its accuracy is not very great. 
Such a mosaic is accordingly known in Germany as 
‘* Luftbildskizze ”’ (aerial photo sketch). 

For taking views for general and advertising 
purposes, the ordinary aerial cameras, as used 
during the War, suffice. They are equipped with 
a good objective lens, focussed for infinity and a 
focal plane shutter. In order to take a rapid 
succession of views, a magazine for 6 or 12 plates is 
mounted on the camera. As this implies a con- 
siderable weight, film cameras have been constructed 
especially for obtaining these photographic traverses. 
These cameras are of the automatic type; a good 
pattern is the Eastman-Kodak Topographical 
Camera. Magazine cameras containing a large 
number of plates have also been used. 


(To be continued.) 





Roaps 1n Cutna.—According to reports of recent date 
contained in the Chinese Economic Bulletin, there are at 
present, in Kwan-tung province, 8. China, 540 miles of 








public highway opened to traffic, 805 miles practically 
completed, and 1,400 miles in course of construction. 
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REINFORCEMENT BY UNDER- 
STRESSED MATERIAL. 
By Watter A. Scosir, D.Sc., M.I.Mech.E. 


RECENT researches on the strength of materials 
under different conditions of static loading, meaning 
a single slow application of the load, have disclosed 
cases in which the calculated stresses at failure had 
values appreciably different from those expected, 
or which were difficult to reconcile with the known 
strengths of the materials under test. A common 
feature of the various tests was the fact that the 
stress was not uniform throughout the material. 
In certain cases the stress intensity fell away gradu- 
ally from the region of the maximum, whereas other 
test pieces included material which, at a first 
consideration, did not appear to be stressed at all. 
In all cases the calculated stress was greater when: 
the maximum acted at a limited region than when 














the material was equally stressed throughout. 

The results of some of the experiments are 
collected below. It is thought that the material 
which at first sight appears under-stressed, or 
unstressed, sometimes has a greater influence than is 
generally supposed, and further, when examples of 
complex stress distributions have to be dealt with, 
it is necessary in order to estimate the stresses 
brought into play, to visualise the strains at the 
critical regions in the material. 

The first comparisons are made between the test 
results for steels under uniform tensile stress. 
uniform compressive stress, and bending without 
shear (see Table). The tension tests were made in 
a Riehle testing machine of 20,000 Ib. capacity 
using Robertson grips to ensure central loading. 





Different extensometers were used because all the 
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specimens were not of the same length, but a strain 
of 0-000005 could be detected in all cases. Com- 
pression tests were made on a 50-ton Avery single- 
lever machine. For the bending tests the specimens 
fitted into holders which rocked in ball bearings, 
and a couple was applied at each end by dead weights 
placed on hangers at the ends of arms 15 in. long. 
Deflections were measured to 0-00001 in. on a 
length of 4 in. 

All the steels were described by the makers as 
annealed and were tested as supplied, excepting 
C.8.20, which was heated to 900 deg. C. and cooled 
in air, and 6 C.. which was annealed for machining 
by being heated to about 850 deg. C. and cooled in 
the furnace. 

The critical point taken to determine failure for 
this first series of tests was the elastic limit, that is, 
the stress at which the load-deflection diagram 
deviated from a straight line. 





TABLE. 
Steel. Stress at Failure. | Remarks. 
} 
| ot oe | es 
Lb. per sq. in. | 

©.8.20 Mild ..| Bending. E.L. 50,400 | Solid specimen, 
| | 0-7025 in. diam. 

| Compression, E.L. 28,400 | Solid specimen, 
| Y. 36,000 0-660 in. diam. 
| Tension. E.L. 28,500 | Mean of two tests 
| Y. 36,000 | specimens 0-401 
| | and 0-564 in. 

| diam. 

©.8.304. Mild | Bending. E.L. 50,700 | Solid specimen, 
| | 0-575in. diam. 

| Compression. E.L. 35,600 Solid specimen, 
| Y. 44.500 | 0-716in. diam. 

Tension. E.L. 31,500 Solid specimen, 
| Y. 38,300 0-536 in. diam. 

©8308. Mild | Bending. 1.1. 56,800 | Solid specimen, 
| | 0-576 in. diam. 

| Compression. E.L. 39,200 |Solid specimen, 
| 0-725in. diam. 

| Tension. E.L. 33,200 Solid specimen, 
| Y. 43,200 | 0-536in. diam. 

6. Contains | Bending. E.L. 60,600 | Solid specimen, 
0-6 per cent. | | 0-700in. diam. 
carbon. | Compression. E.L. 40,600 | Solid specimen, 
Y. 60,000 | 0-675in. diam. 

| Tension. E.L. 45,100 | Solid specimen, 
| r. 53,400 | 0-391 in. diam. 

Tension. E.L. 50,000 Solid specimen, 
Yr. 56,300 | 0-451 in. diam. 

N.C, Nickel- Bending. E.L. 116,000} Solid specimen, 
chrome steel! 0-576 in. diam. 
| Compression. E.L. 50,600 | Solid specimen, 
Y. 63,300 | 0-696in. diam. 
Stee , | J Solid specimen, 
| Tension. Y. 89,600 4 0-400 in. diam. 

b.L. & Y. 91,000 | 0-450 in. diam. 


‘ 


The maximum bending stresses at failure are 
calculated on the assumption that the intensity of 
stress is proportional to the distance from the 
neutral plane, which gives the well-known formula 
; My 
J ae 


1-7 times that based on the supposition that the 
whole of the material is subjected to the maximum 
stress. In each case the elastic limit stress in 
bending is greater than the yield stress under tension 
or compression. Since it is generally supposed that 
under bending the specimen has the maximum 
stress only at the extreme top and bottom. it would 
appear that the stress at the elastic limit in tension, 
above which there is a comparatively slight devia- 
tion from the straight line stress-strain law, is not 
sufficient to cause failure by bending. The ratios 
of the bending stresses at the elastic limit to the 
tensile yield stresses are for C.S.20, 1-40; C.S.30a, 
1-33; C.S.30B, 1-32; 6C., 1-135; N.C., 1-295. 
All these ratios are than the 1-7 quoted 
above. 

It seems that when the outside fibres of steel are 
stressed to the yield point and tend to strain con- 
siderably, the extra strain requires additional 
strain, and therefore stress, in the adjacent fibres. 
The outer fibres are held back from yielding and are 
partially relieved of stress by additional stress in 
the next layers of metal. The specimen does not 
commence to fail until the full vield stress has 
spread through an appreciable depth of metal. 

The ratios of the elastic limit stresses in bending 
and tension are :—C.S.20, 1-77; C.S.30a, 1-61; 
C.8.30B, 1-71; 6 C., 1-34. The average value for 
the mild steels is 1-70, which is in remarkable 


The stress calculated thus is practically 


less 


agreement with the figure noted above, but it does 








not appear possible that the small extra strain of 
the extreme fibres above the elastic limit can fully 
stress the whole of the material. 


Bars of C.S.20 were bored out to make compara- | 
tive bending tests with less understressed metal. | 


The first specimen was 0-652 in. outside diameter 
and 0-502 in. bore. The maximum bending stress 
at the elastic limit was 40,820 lb. per square inch. 
Another specimen, 0-601 in. outside diameter and 
0-502 in. inside diameter gave 42,300 Ib. per square 
inch. These maximum stresses are much less than 
those obtained from solid specimens of the same 
material, so the removal of understressed material 
brought the maximum stress nearer, but still higher 
than that obtained from a tension test when all the 
material under observation was equally stressed. 


According to the view suggested here, the maxi- | 


mum calculated stress at failure should be higher 
when it is more localised. To test this point, 
comparative bending tests were made on a round 
bar of the C.S.20 steel, 0-701 in. diameter. The 
bar was placed on supports 8 in. apart, and was 
loaded midway between the supports. The elastic 
limit was reached when the central load was 900 Ib., 
which corresponds to a maximum calculated stress 
of 53,100 Ib. per square inch. Under bending 
the regions of maximum stress are confined to the 
top and bottom of the bar, and with central loading 
to the mid-section only. The same specimen was 
turned through a right angle, and bent by a couple 
at each end to give a uniform bending moment 
with the maximum stress all along the top and 
bottom of the portion under test. The wider distri- 


bution of the maximum stress was accompanied by | 


its reduction to 48,700 Ih. per square inch. 

The effect of unequal distribution of stress was 
investigated further by testing flat specimens of 
C.S.20 steel in tension, shaping them to produce 
a maximum stress over only a limited region during 
the elastic range of the metal. The bar showed 


the elastic limit and yield point to coincide at a} 


stress of 58.000 lb. per square inch, and fracture 
occurred at 79,100 Ib. per square inch. 

A set of specimens was prepared of about } in. by 
} in. section. These were eccentrically loaded in 
tension by means of pins which passed through holes 


drilled, out of centre, through the enlarged ends of the | 


The first specimen was of 0-750 by 


test pieces. 
An ex- 


0-254 in. section, pulled } in. out of centre. 


tensometer was set up on the centre line of the bar, | 
and another on the edge, where the calculated stress | 
instrument | 


was double the mean. The central 
showed elastic failure at a tension of 7.250 Ib., 
and that on the edge at 7,500 Ib., or in the opposite 
order to that expected. Taking the lower value, 
the mean stress was 38,000, and on the edge it was 
estimated at 76,000 Ib. per square inch. Fracture 
took place at a mean stress of 74,000 Ib. per square 
inch. A distinct reduction of the load at yield 
resulted from the eccentric loading, but comparison 


of the calculated maximum stress with the yield | 


and fracture stresses in pure tension shows very 
clearly that the usual method of calculation over- 
estimates this maximum stress very appreciably. 
The redistribution of stress after yield, with the 
assistance of the local bending near the ends which 
allowed the pull to become more nearly central, 
so far relieved the specimen of intense local stress 
that the breaking load was not much less than 
under central loading. 

The next eccentric loading test on a specimen 
0-744 in. by 0-254 in., with eccentricity g, in., 
gave peculiar results. The central extensometer 
showed a straight line load-extension diagram to 
6,500 Ib., after which it curved over regularly. The 
readings from an extensometer on the highly- 
stressed edge showed a slight break, with greater 
extension, between tensions of 5,000 Ib. and 6,000 Ib.. 
after which the load extension line continued 
straight and parallel to its original direction, with 
no sign of failure to 8.000 lb. The mean stresses 


found were. elastic limit 34,500 lb. per square inch | 


by central extensometer, complete yield 56,100 Ib., 
and fracture 73,200 lb. The calculated stress on 
the edge at elastic failure was 60,400 Ib. per square 
inch, which is in fair agreement with the 58,000 Ib. 
found under pure tension. Complete vield and 
fracture occurred at rather less pull than with 
central loading. 


! 

| For the last of this series of experiments the 
| eccentricity was increased to 3 in., with a specimen 
| 0-753 in. by 0-255 in. section. The extensometer 
| on the edge indicated failure at a tension of 6,000 Ib., 
that on the centre line at 6,250 lb. The mean 
stress which corresponded with the former was 
31,200 Ib. per square inch, so this was reduced by 
the greater eccentricity of loading, but the calcu- 
lated maximum stress at this load, 78,000 lb, per 
square inch, was evidently much too high. The 
other mean stresses were, at complete yield, 57,600 Ib. 
and at fracture 74,700 lb. per square inch, in fair 
agreement with the tensile strength of the steel, 
the eccentricity having no effect. 

| Ifa hole be drilled in a flat tension specimen the 
| stress across the narrow section is not uniform, 
being greatest at the edge of the hole where it is 
| three times the mean value.* The intense stress is 
very localised, falling off rapidly from the edge of 
the hole towards the side of the plate. This 
|example of unequal stress distribution was selected 
|for two further experiments. Specimens were 
| prepared from the bar of steel used for the eccentric 
| loading tests. 

| The first piece of flat bar was machined to 1 in. 
| by 0-254 in. and 9 holes of ~ in. diameter were 
drilled on the centre line with a pitch of in. The 
mean stress at the coincident elastic limit and yield 
point shown by an extensometer set on the line of 
the edges of the holes was 58,150 Ib. per square inch, 
with fracture at 78,000 lh. per square inch. The 
mean stresses were not affected by the presence of 
the holes. A specimen of similar section, but with 
14 holes #, in. diameter and } in. pitch, gave elastic 
‘limit and yield stress 58,000 Ib. and fracture at 
| 79,400 Ib. per square inch. The holes were so close 
|together that it is probable that the maximum 
stress was appreciably less than three times the 
| mean, but the use of several holes gave more regions 
of high stress with the promise of a readier detection 
of general elastic failure should it occur. 

| The cases considered so far have shown that the 
| calculated maximum stresses at elastic failure are 
greater than the strength of the steel under uniform 
tension, but it is not clear if the stress is relieved in 
some way by the under-stressed material, or whether 
|the metal can withstand a higher stress if it be 
applied only locally. In this connection, a com- 
parison of the compressive and Brinell ball hardness 
stresses for steels is of interest. 

During a compression test, the whole of the metal 
is subjected to the direct stress and has no lateral 
support. There is little uncertainty regarding the 
stress at the ball in the Brinell test, but the stress 
intensity is less at points in the metal more remote 
from the impression. The metal under the ball is 
reinforced no doubt by lateral support given by the 
lightly-stressed material, and it is also supported 
because the pressure is spread over a larger area in 
| the depth of the metal, which is under-stressed. 
Data from three of the steels are given, the hard- 
| ness numbers being expressed in tons per square inch 
| to compare with the compressive stresses. The mild 
| steel C.S.30 yielded at 19-55 tons per square inch 
|in compression, whereas the Brinell hardness 
corresponded to 91-8 tons per square inch. For the 
| nickel-chrome steel, the yield stress was 28-25, and 
|the maximum stress recorded under compression 
| was 42 on the enlarged section, whereas the hardness 
/ was equivalent to 116 tons per square inch. The 
| steel which contained 0-6 per cent. of carbon showed 
yield at 27-15 and hardness 154 tons per square 
‘inch. The stress at the ball in the standard Brinell 
| test is enormously greater than, not only the stress 
|at yield, but also the greatest stress in simple com- 
| pression. Explanations suggest themselves and 
| have been noted above, but there are many examples 
where the stress intensity varies, or some attached 
|material is unstressed, not quite so obviously as 
under the conditions of the bali test, and it is 
| suggested that the influence of such material is not 
sufficiently recognised under static loading or other 
ductile failure. 

It may appear that the support given by the 
| understressed metal is related to its ductility. It 




















***The Distribution of Stress Due to a Rivet in a 
Plate,” E. G. Coker and W. A. Scoble, Proc. Inst. 
Naval Architects, March 14, 1913, ENGINEERING vol. 
xev, page 439, 
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has been emphasised elsewhere* that regions of 
high stress in steel are relieved by yield which allows 
the remaining material to become more fully 
loaded. Test pieces were prepared from cast-iron 
bar to ascertain whether the results given by a 
brittle material differed materially from those 
recorded above. A tension test on a plain bar of 
1-02 in. by 0-525 in. section gave a breaking stress 
of 23,600 Ib. per square inch. ‘The second specimen, 
1-141 in. by 0-476 in., was pulled 0-187 in. out of 
centre and fractured at a tension of 9,790 lb. The 
mean stress was reduced to 18,000 lb. but the 
maximum calculated stress was 35,750 Ib. per square 
inch, much higher than that found in plain tension. 
A bar 1-75 in. by 0-475 in., with a central hole 
0-76 in. diameter, was broken at 11,515 lb., which 
corresponded to a mean tensile stress of 24,500 Ib. 
per square inch. This specimen developed the full 
tensile strength at the reduced section, which 
showed that the intense stress at the sides of the 
hole had no influence on the result. 

The fact that the smallest departure from perfect 
brittleness, or the least trace of ductility, is sufficient 
to make the calculated stress at fracture too high 
when it is localised, was confirmed by a test made in 
another connection. A round specimen of nickel- 
chrome steel was heated to 920 deg. C. and quenched 
in oil. A bending test gave a calculated stress of 
189-3 tons per square inch at fracture, a value 
which was greatly in excess of the known strength. 
The break was a perfect example of the brittle 
fracture, with a beak whose length exceeded half 
the bar diameter. There was the merest trace of 
bending set. When the stress was recalculated on 
the assumption that half the bar was under full 
tension and the remainder under full compression, 
the stress found was 111-8 tons per square inch, 
which was in better agreement with the tensile 
strength of the bar, 120 tons per square inch. The 
ductility appeared to be negligible, and fracture was 
the only practical criterion of strength, vet the 
stress must have been completely redistributed 
before the break occurred. 

In addition to their theoretical interest, the 
results recorded here lead to the conclusion that, at 
least under steady loading, the maximum working 
stress may safely be assigned a higher value as its 
occurrence is more localised, and the data indicate 
the extent of such increases. 





THE PHYSICAL AND OPTICAL 
SOCIETIES EXHIBITION. 
(Concluded from page 53.) 

In this, our concluding notice of the Physical and 
Optical Societies Exhibition, we may first refer to 
the Rotameters, of the Rotawerke, Aachen, examples 
ot which were shown in operation by Messrs. Trost 
Brothers, 104, Victoria-street, S.W.1. These instru- 


ments can be used for measuring the flow of liquids | 


and gases, and consist essentially of a vertical 








first indicated by an autographic recorder operated 
by a multiplying lever from the weight lever; the 
recording apparatus, however, is not shown in our 
illustration. At a sufficiently high temperature, 
the softening puint of the refractory material will 
be reached, and will be duly recorded on the drum 
of the autographie gear, which is driven by clock- 
work mechanism, thus giving a curve connecting 
extension or compression with time. The curve 
can, however, easily be converted to a temperature 
scale if the rate of increase of temperature is known ; 
actually the temperature rise is about 20 deg. C. in 
5 minutes, although this is, of course, adjustable. 

To enable the temperature of the specimen to be 
measured, the upper carbon ram is provided with an 
axial hole, through which the specimen can be 
observed and its temperature measured by an 
optical pyrometer, but, to protect the latter from 
the radiant heat, a totally-reflecting prism is 
mounted above the hole, although not shown in 
| the illustration, to direct the rays horizontally 
into the pyrometer. This method of tempera- 
ture measurement is satisfactory up to about 
1,400 deg. C., but, at higher temperatures, it is 
found that the vapours formed in the hole interfere 
with the passage of the rays and cause the tempera- 
ture readings to be too low. This difficulty is, 
however, overcome by inserting a dense refractory 
pyrometer tube, the lower end of which is sealed, 
into the hole in the carbon ram and observing the 
lower end of this tube with the pyrometer. The 
machine can be employed with advantage by large 
users of refractories to test specimens from each 
batch received, and is also suitable for manufac- 
turers of refractories and for research work. Curves 
exhibited with the machine showed very distinctly 
the abnormal expansion which occurs before the 
softening point is reached in the case of badly burned 
silica bricks. 

The Venner-Shotter flowmeter, exhibited in the 
form of a model by Messrs. Venner Time Switches, 
Limited, of 45, Horseferry-road, Westminster, is the 
invention of Mr. G. F. Shotter, of the North Metro- 
| politan Electric Supply Company. It indicates, 
‘records and integrates the flow of water at any 

distance from the measuring tank, and as it depends 
| upon electrolytic resistance, measuring the ratio of 
| the electric current through a variable path to the 
|current through a standard path, in parallel and 
close to the former, it is not influenced hy any 
| changes in the resistance or temperature of the water, 
| or in the voltage of the battery, back electromotive 
| force, &c., which would affect both the paths in the 
|same way. The two paths are porcelain conduits 





| containing electrodes (platinum and nickel or nickel- 
bs 
| iron) connected through a small battery to electrodes. 


The standard path is always totally immersed in the 
tank which the water enters through a perforated 
baffle plate; the level in the other depends upon 
the rate of flow over a weir. The indicating instru- 
ments are ammeters, and a three-wire line is required. 
The integration is effected by the aid of one of the 


transparent tapered tube with the end of larger| Venner time switches, which makes contact every 
diameter uppermost. Inside the tube is a top-| 20 seconds. By the aid of a special switch, the 
shaped float, designed so that it is kept in rotation | instrument may be converted into a conductance 
about a vertical axis by the fluid flow, and the} meter; it would then give warning, for example, of 
height of this float indicates the rate of flow which | cooling-water leaks into the condensate in power 
can be read off on a scale attached to, or engraved | stations. When the temperature is also determined, 





on, the tube. Instruments of this type are made in 
a great variety of forms for laboratory and industrial | 
purposes. | 

Another exhibit by this firm was the Atom 
machine for testing refractory materials under load 
at high temperatures. In this machine, which we 
illustrate in Fig. 9, on page 68, a cylindrical speci- 
men, 5 cm. in diameter and 5 cm. in length, cut 
from the material to be tested by means of a hollow 
diamond drill, is placed on an anvil of hard elec- 
trode carbon in the lower end of the electric carbon- 
resistance furnace shown on the left of the illu- 
stration. A ram, also of electrode carbon, is placed 
on top of the specimen and loaded by weights 
suspended from a horizontal lever as shown. The 
furnace, which consumes about 12 kw., is capable 
of heating the specimen up to 1,600 deg. C., and, as 
the temperature rises, the thermal expansion is 








* The Design of Pin Joints Based on Ultimate Strength, 
by W. A. Scoble. Inst. of Naval Architects, March, 1917. 
ENGINEERING, vol. ciii, pages 331 and 386. 





weights can be measured instead of volumes. 

The carboscope of Messrs. Watson and Sons, 
(Electro-Medical) Limited, 43, Parker-street, W.C.2, 
is acabinet containing a high-tension transformer and 
a Coolidge tube, all immersed in oil (except the con- 
trolling switch), for the examination of coal, mould- 
ings and castings. Their other exhibit, the De 
Laval-Watson 70,000 volt oil-testing set, contains 
in a stand about 4 ft. high, an oil cell, 20 in. square, 
with spherical electrodes, and underneath it, a 
2 kv.-a. oil-immersed transformer (which would be 
replaced by a rotary converter on direct-current 
supply), fitted with tappings for operation from any 
100 volt to 500 volt supply. A choke coil and 
variable air gap are provided for adjusting the 
impedance by means of a hand wheel, and the 
potential is applied to the electrodes until the oil 
breaks down after some preliminary sparking. 

There is little to be said about the exhibits 
of some of the electrical manufacturers like 
Messrs. Crompton and Co., Ltd., who showed a 


switchboard wattmeter of the single-phase dynamo- 
meter type with an 8-in. scale, a new line for the 
firm. A new portable moving-coil galvanometer. 
used also as microampere meter, and shown by 
Messrs. Elliott Brothers, Ltd., Lewisham, contains, 
in a metal case, a .knife-edge pointer, an anti- 
parallax mirror, and an evenly-divided scale. The 
scale length is 80 mm., the coil resistance 300 or 
50 ohms, the periodic time 3 secs., and the sensi- 
tivity 0-25, or 1 x 10-§ ampere per division. 

Messrs. Everett, Edgeumbe and Co., Ltd., of 
Hendon, N.W.9, drew attention to the great ranges 
of their portable omni-range current transformers 
viz., 10, 40, 80, 160, 200, 400 and 800 amperes, and 
to their remarkable characteristics which are illus- 
trated in Figs. 10 and 11, on page 68. The ratio 
and phase curves for one of these transformers. 
designed for use with sub-station wattmeters, show 
that the change ratio from rated current down to 
jy its value was less than 0-1 per cent., the phase 
displacement only about 2 min., and that the 
values 0-2 per cent. and 7 min. were not exceeded 
with a load of 20 volt-amperes. Similar superiority 
is claimed for the bar-type current transformers. 
even when made for power measurements involving 
currents of less than 400 amperes. Ina transformer 
exhibited, mounted on a 44-kv. leading-in insu- 
lator, the ratio error for a full load of 120 
amperes was 0-5 per cent., and the phase displace- 
ment less than 80 min. at any current down to 
half an ampere (Figs. 12 and 13). The phase- 
sequence indicator of the firm contains, within a case 
of 3in. diameter, a small three-phase motor provided 
with a rotating disc, an arrow on which marks the 
direction in which the phase changes occur ; this 
small instrument is useful for checking the connec- 
tions of wattmeters, synchronisers, &c. The last 
exhibit of the firm that we propose to mention is a 
compact alternating-current testing set, of 14 in. 
by 10 in. by 6 in., for measuring currents of any 
frequency, voltage and power. It embodies two 
instruments, one of the moving-iron type, the other 
a wattmeter of the dynamometer type, connected as 
indicated in Fig. 14, on page 68. The current ter- 
minals M L are connected in series with the primary 
of a small current transformer, of ratio 5/0-05 
ampere, and also with the coils of the wattmeter. 
When the knob marked amp. is depressed, the secon- 
dary of the transformer is closed and the pointer 
indicates amperes; when the volt knob is depressed, 
the volt-ammeter winding is connected to terminal 
B through a resistance, and the pointer indicates the 
voltage between A and B, the transformer secondary 
being short-circuited. The wattmeter voltage coil is 
inserted between A and one limb of a star resistance, 
the other limb being joined to C and B; the 
wattmeter readings are independent of these switch 
positions. 

The India-Rubber, Gutta-Percha and Telegraph 
Works Company, Limited, of Silvertown, exhibited 
various telegraph apparatus and a portable artificial 
telephone cable, equal to 60 miles of standard cable 
(20 Ib. to the mile), and adjustable in steps of one 
mile by means of a large number of small throw-over 
switches. The resistance of the two lines for each 
mile of cable consists of twice 44 ohms, and a mica 
condenser of 0-054 microfarad represents the 
capacity between the lines. The cable is made up in 
sections of two miles, each containing a condenser 
and each shielded by metal plates against inter- 
ference. 

The minor novelties of Messrs. Isenthal and Co., 
Ltd., of North Acton, included a motor starter con- 
sisting of a board provided with hollows for receiv- 
ing mercury, so connected by channels that, on tilting 
the board, the mercury enters the different basins 
in succession. The new switches shown are glass 
bulbs in which a mercury bubble covers two contacts 
until it is raised by the rotation of the shaft. The 
regulating transformers of the firm are designed for 
indicating and recording instruments such as are 
used in their water-level and gas-pressure control 
instruments. The regulators keep the secondary 
current constant, independent of fluctuations (within 
+10 per cent.) on the primary side. The primary 
coil is fixed on a horizontal laminated core, while the 
secondary coil is attached as a pendulum by a knife 
edge and embraces the core with an opening suffi- 





ciently large to allow the secondary to be pushed out, 
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against a counterweight, by the repulsion between 
the coils. 

The combined bridge and ohmmeter of the 
Record Electrical Company, Limited, of Broad- 
heath, Manchester, and Dacre House, Victoria- 
street, S.W.1, is distinguished by unusual range, in 
spite of its small weight of 13 lb. It measures 
resistances from 0:01 ohm up to 10,000 ohms, 
or up to infinity, indicating a short circuit of 
zero resistance as well as an open circuit of 
infinite resistance. The tests can be made either 
by the ohmmeter or by the bridge method, without 
changing the connections to the one pair of ter- 





from one focus will be reflected back to the other 
focus, and radiations can only leave in the direc- 
tion of the second focal line when the oscillator is 
connected to the first. The emitted beam will thus 
resemble a searchlight beam, and can be changed 
in direction by tilting the elliptical frame just 
as the projector would be tilted, without altering 
anything else. The angle of the beam, which 
behaves like an optical beam, is negligible. The 
device seems to open out great possibilities. 

The frequency bridge, another novelty of Messrs. 
Tinsley, due to Dr. Pedersen, of Copenhagen, 
measures frequency by balancing the e.m.f. upon one 


minals, simply by pushing down a plug switch. | of the resistances againstthe secondary of the mutual 


The essential parts are a generator, turned by 
hand, a direct-reading ohmmeter, convertible into a 
galvanometer, a contact switch for this conversion, 
and a decade resistance box with ratio switch on 
one bridge arm. 

The exhibits of Messrs. Schall and Son, Limited, of 





71 and 75, New Cavendish-street, W.1, well illus- 





Fia. 


trated the scale on which X-ray work is now done 
in the testing of cables and examination of materials 
and crystals, as well as in medical practice. The 
90,000 volt oil-immersed transformer exhibited, 
has been designed to give 30 milliamperes 
continuously at that pressure. One end of the 
secondary is earthed to the tank, which also 
contains a hot-cathode filament current transformer 
for use with Coolidge tubes. The controlling | 
trolley switchboard comprises a coarse and a fine | 
auto-transformer and a kilovolt meter. The 120- | 
kilovolt plant contains, ina cabinet, an oil-immersed | 
transformer, and above it four hot-cathode valves, | 
inserted between the secondary and the X-ray tube, | 
two valves being joined to either secondayy pole. | 
‘lke other apparatus is mounted on the top of | 
the cabinet, and the controlling trolley switchboard | 
runs on four wheels, as also is the other case. 

Like several other manufacturers, the Stonebridge | 
Electrical Company, Limited, of Victoria-road, | 





inductance, in series with the non-inductive com- 
bination of a resistance and a condenser in parallel 
with a resistance and an inductance. By the aid of 
three tappings on the mutual inductance, ranges are 
made available from zero to 1,000 cycles, to 2,000 
cycles or 5,000 cycles. The new four-phase tuning 
fork, also shown, is intended to work with continuous 





9. 


torque phonic motors, and is provided with a contact 
operating at double frequency, in time quadrature 
with the main contacts. The two main phases are 
180 deg. apart, and the half-phases are each dis- 
placed 90 deg. from the main phases. The fork 
exhibited had five contacts, but might carry more. 
An ondograph curve-tracing machine, suitable for 
recording commercial frequencies, was shown operat- 
ing from a tuning fork. The new reflecting dyna- 
mometer for measurement of low power factors, 
is intended for use in measurements of dielectric 
losses, &c.; the sensitivity is sufficiently high to 


detect a power factor of 0-00013 with full range | 


current; the instrument is designed for four- 
current ranges. ; 

The submarine cable balancer or adjustment 
restorer of Mr. D. C. Gall, arranges the balance 
by manipulating the dial of the instrument 
which indicates the errors in resistance and in 
reactance. When a series of these determina- 


permanent-magnet moving-coil type, and the pin- 
jack voltmeter and high-range stand. On the latter 
instrument, the pin-jacks are permanently connected 
to the filament terminals and the voltmeter can be 
plugged into the jacks, in order to measure the 
filament voltage, or into the stand, for measuring the 
anode voltage; the double scale provided is for 6 
volts and for 200 volts. 

Several firms exhibited examples of wireless 
receiving apparatus and components, but the 
majority of these exhibits hardly come within our 
scope. The Radio Communication Co., Limited, 
34 and 35, Norfolk-street, Strand, W.C.2, showed 
their automatic call device to enable distress calls 
to be received on board ship without the necessity 
for maintaining a continuous watch. They also 
showed a 14-kw. continuous-wave transmitting 
set, designed for operating on wave-lengths between 
500 and 3,000 m. and having a normal marine range 
of 1,000 to 1,500 miles. Valves for both trans- 








North Acton, W.3, had among their varied products, | tions has been made at several frequencies, the 
a distatice indicator or recorder of angular dis-| error adjustments are effected with the aid of the 
placements, consisting of one transmitting and | artificial line ; for this purpose, a chart is required. 


one receiving instrument of the ferro-dynamic |The Hoopes conductivity bridge, also exhibited, is | 


alternating-current type, connected by a line of|a Kelvin double bridge for determining the con- 
two wires, the resistance of which is said not to} ductivity of copper samples in per cent. of a copper 
influence the indicator. standard. By comparing two copper samples, 
The most interesting of the exhibits of Messrs.| temperature corrections are eliminated, and an 
‘ H. Tinsley and Co., of Werndee Hall, South | accuracy of 0-1 per cent. is obtained. 
Norwood, was the model of Mr. Galetti’s radio beam! Of the numerous products of the Weston Elec- 
transmitter, now worked at Hendon on a wave-| trical Instrument Co., Ltd., of 15 Great Saffron- 
length of 4m. The model consisted of two elliptical | hill, E.C.1, we can only mention the model 440, 


wooden frames, along the circumference of which | doubly-pivoted moving-coil galvanometer, giving | 


wires were stretched, parallel to two focal wires|1 mm. deflection for 0-25 microampere with a 
inside; the model _thus represented a cylinder | resistance of 150 ohms, and two instruments for 
of elliptical cross section. In this system, oscillations | wireless purposes, viz., a panel voltmeter of the 


mitting and receiving were shown by the Mullard 


Fig. 10. 
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| Radio Valve Co., Limited, Denmark-street, W.C.2, 
| and by the M.O. Valve Co.. Limited, Hammersmith. 
In addition to a full range of low-temperature 
| filament receiving valves, low-impedance rectifying 
| valves for battery eliminators, and a variety ot 
valves for oscillating, modulating and. rectifying in 
transmitting apparatus, the first-mentioned firm 
showed the Philips-Mullard water-cooled metal- 
glass transmitting valves, which are capable of 
dealing with inputs up to 30 kw. A selection of 
high-power transmitting valves with fused-silica 
envelopes was also shown, and another interesting 
exhibit was two of the firm’s D.O. 40-type valves 
oscillating on a wave-length of 2-5 m.; the 
frequency in this case would be 120,000,000 cycles 
per second. The M.O. Valve Company, on the 
other hand, showed valves oscillating at, a frequency 
of only one cycle per second, the oscillations being 
indicated by the swinging of the needles of moving- 
coil instruments included in the circuits. 

This latter firm also showed a selection of cooled- 
anode valves for oscillating, modulating and rectify- 
ing, as well as all types of receiving valves, some of 
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the manufacturing processes on which were shown 


in operation. Their most interesting exhibit, how- 
ever, was a new valve, not yet on the market, 
known as the K.L.1. This valve, which is suitable 
for receiving apparatus, is of the independently- 
heated cathode type, and can be operated from 
alternating-current power or lighting mains through 
a step-down transformer. The heating filament, 
which requires a current of about 2 amperes at 3-5 
volts, is entirely separated from the cathode, which, 
we understand, is capable of an extraordinarily high 
electron emission. Technical data of the valve, 
however, are not yet available for publication. 
Another interesting valve shown was one of the 
gas-discharge type for rectifying purposes. This 
valve, which is known as the G.R.1, is suitable for 
outputs up to 50 milliamperes, and although not at 
present on the general market, is employed in the 
high-tension battery eliminator of the General 
Klectric Co., Limited. 

Messrs. H. W. Sullivan, Limited, Winchester 
House, Old Broad-street, E.C.2, showed a selection 
of their apparatus for high-frequency alternating- 
current measurements, mostly used for precision 
work at telephone frequencies up to about 10,000 
cycles per second. They also showed direct-current 
and cable telegraph testing and signalling apparatus, 
and apparatus for use at radio frequencies. Among 
the latter was the standard multi-vibrator wavemeter 
due to Mr. D. W. Dye, of the National Physical 
Laboratory, which instrument has been previously 
illustrated and described in our columus. Hetero- 
dyne wavemeters for precision work, and others of 
a less expensive character, were also shown. In the 
design of the instruments of the former class, parti- 
cular care has been taken to ensure a high degree 
of accuracy of calibration, together with permanence 
of calibration. Special attention has also been 
viven to the law of wavelength change, and to the 
matter of securing uniformity in the law of capacity 
change, in order to render errors of interpolation 
negligible. 

Wireless apparatus was also shown by the Igranic 
Electric Company, Limited, 149, Queen Victoria- 
street, E.C.4, their exhibit including a great variety 
of inductance coils, variable condensers and other 
accessories, as well as complete receiving sets. 
In one of the latter, which was the portable type. 
both the supersonic-heterodyne and the neutrodyne 
principles were employed in combination. Of the 
firm’s recent products, we may mention an auto- 
matic battery-charging device, for operation on 
alternating-current supply mains. It includes a 
transformer and rectifying valve, and is fitted with 
an ammeter showing the rate of charge and discharge, 
and with an automatic relay to cut off the supply 
as soon as the battery is fully charged. In operation, 
a push-button switch is pressed into the ‘‘on” 
position to supply the valves of a wireless receiving 
set from the battery, and to the “off” position 
when it is required to charge the battery from the 


mains; red and green pilot lamps are provided to | 


show whether the battery is charging or discharging. 
The maximum charging current, in the case of the 
apparatus shown at the exhibition, was 1-3 amperes, 
which would be suitable for keeping an accumulator 
of 30 ampere-hours capacity fully charged. For 
supplying the high-tension direct current to the 
anodes of the valves of wireless receiving apparatus 
from alternating-current mains, the company are 
now manufacturing units including a transformer, 
rectifying valve and smoothing circuit. The units 
are made in three models, of which the largest has 
a’ Maximum output of 30 milliamperes at pressures 
up to 200 volts, with intermediate tappings at 35, 50, 
65, 100, 120 and 180 volts. An ‘“ on and off ” switch 
is fitted with a ruby indicating lamp to show 
whether or not the apparatus is in use. Of the 
other two models, one has a maximum output of 
20 milliamperes at 120 volts with intermediate 
tappings, and the other has an output of 5 milli- 
amperes at 70 volts only. The valves used in these 
units are each provided with two anodes and two 
filaments, giving full-wave rectification, but if one 
filament should burn out the supply can be main- 
tained with half-wave rectification. 

We may conclude our notice by referring to the 
three lectures which were given during the course 
of the exhibition. The ‘“ Discourse with Experi- 


| ference measurements. 


ments on Various Subjects giving an Account of 
Several Surprising Phenomena touching Light and 
Electricity,” which was delivered by Professor 
E. N. da C. Andrade, exemplified a lecture of the time 
of Queen Anne. Using the apparatus which was 
available at that date, Professor Andrade imperson- 
ated, in costume and language, Francis Hauksbee, 
F.R.S., who was the first man to builda real electrical 
machine. An original machine used by Hauksbee 
was employed by Professor Andrade. It had been 
put in order for the occasion by Mr. Robert Paul, 
by permission of the Royal Society. Hauksbee 
obtained from it electric discharges in evacuated 
tubes. It was curious to note how Hauksbee ex- 
plained the influence of moisture on the conduction 
of electricity through air: ‘‘ The electrical effluvia 
which come from the rubbed body are so subtle 
that the least trace of more gross or solid particles 
serves as impediment to their passage.” 

In introducing the second lecture on ‘* Progress in 
the Design and Construction of Electrical Instru- 
ments,’ Dr. C. V. Drysdale, of the Admiralty Re- 
search Department, paid a tribute to the pioneer 
work of Kelvin and of Ayrton and Perry, and 
expressed regret that the extension of radio and 
similar work seemed to have impaired the scientific 
interest taken in accurate measuring. Recent im- 
provements in instruments was partly due to the 
materials. Bakelite, and other synthetic insulating 
products, were less affected by temperature and light 
than ebonite was ; cobalt steel and permalloy were 
excellent materials for meters, and the aluminium and 
magnesium alloys had the advantage of light weight 
and easy machining, although they were corroded by 
sea water. For direct-current measurements, the per- 
manent-magnet moving-coil was the best type of 
instrument. There were more difficulties with 
alternating-current instruments: owing to the 
square law, they were usually of limited range, so that 
a considerable number were needed. The moving 
soft-iron type of instrument might be improved by 
| the introduction of nickel-iron, both for the move- 
ment and shielding. Theoretically, the torque of 
such an instrument depended upon the change in 
inductance with its angular rotation, but practically 
there was usually a noxious leakage inductance of 
from 10 to 100 times its value. Careful design 
would reduce this leakage considerably and would 
permit of shunting low-current ammeters. Nickel- 
iron alloys would probably improve wattmeters of 
the dynamometer type, which were, however, 
already very satisfactory. Nickel-iron alloys were 
also worth considering for instrument transformers. 
Those transformers, unfortunately, were no use for 
direct-current working, and since soft iron and 
dynamometer instruments were equally suitable for 
direct-current and alternating-current, some form 
of series-parallel connecting device of the Ayrton- 
Perry type, seemed best suited for testing. 

In laboratory instruments, immense advance 
had been made in moving-magnet Paschen gal- 
vanometers by Professor A. V. Hill and Mr. Downing, 
at University College, in conjunction with Dr. 
Daynes, of the Cambridge Instrument Company. 
The chief objection, the extreme sensitivity to 
magnetic disturbance, had been entirely removed 
by a permalloy (u metal) shield. The moving-coil 
galvanometers of Dr. Moll and of Einthoven had 
also proved of great service. As regards resistance 
boxes, bridges and potentiometers, Dr. Drysdale 
pleaded strongly for the elimination of large ebonite 
slabs, and for the building up of resistance units 
on the lines of dynamo commutators. The units 
should be attached to metal covers with bushed 
terminals, and be enclosed in copper tanks, oil-filled, 
for better tuning and screening in high-frequency 
work. For general a.c. testing, the a.c. potentio- 
meter of the rotating field type (Dr. Drysdale) or of 
the rectangular co-ordinate type (Mr. D.C. Gall) was 
extremely flexible ; the range was very large. Mag- 
netic fields and phase relations could be measured, 
and a complete vector diagram of any machine 
could be easily determined. Radio-measurements 
had so far been in a somewhat crude state. Thermo- 
| ammeters, on the crossed thermo-junction principle, 
| with moving-coil indicators seemed to be most satis- 
|factory for current determination, while the string 
electrometers were valuable for high potential dif- 
The valve-voltmeter of 
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Mr. Moullin was also most useful for high-frequency 
work ; there was the difficulty, however, of securing 
and. maintaining constant conditions in valves. 
The cathode-ray oscillograph, in the form of the 
Braun tube of the Weston Electrical Instrument 
Company, or the recording photographic type of 
Dubois, or A. B. Wood, were likewise of great 
utility. The very small powers at the receiving 
end could, at present, only be measured roughly. 
One of the most convenient devices was, perhaps, 
the signal-strength meter of Mr. B. S. Smith, in 
which a small, carefully-screened oscillator, with 
modulating devices, was used to match a given 
signal. The British Scientific Instrument Associa- 
tion, Dr. Drysdale stated in concluding, should be 
able to maintain and improve the very creditable 
position that the British electrical measuring in- 
strument held in history. 

In the third lecture, Mr. J. L. Baird dealt with 
“Television.” We illustrated Mr. Baird’s apparatus 
on page 661 of our issue of May 29, 1925. Mr. 
Baird showed that light could be converted into 
sound and reconverted into electric vibrations, 
and he reproduced, with the aid of a gramophone, 
the humming noises corresponding to several 
human faces. In order to cut down the very intense 
light sources of 1,000 candles, which he had 
originally employed, he had experimented with 
invisible ultra-violet and infra-red rays, with a 
certain amount of success in the latter case. 





THE LIGHTSHIP “ALBATROSS ”’ FOR 
THE COMMISSIONERS OF IRISH 
LIGHTS. 

(Concluded from page 9.) 


On the top of the mast is fixed a platform 11 ft. in 
diameter, on which is erected the lantern, 8 ft. diameter, 
with glazing 4 ft. 6 in. high, and an external gallery. 
Details of the lantern are given in Figs. 13 to 20, Plate 
III. The lantern is reached by an external rigid steel 
ladder and a door, 32 in. by 22 in., opening outwards 
on to the gallery at the after side. The ladder leads 
up from the roof of the deck house, inclined at an angle 
of about 6deg. This arrangement is greatly preferred 
by the crews to the old arrangement of a ladder up 
the inside of the mast. The opening of the door on the 
after side of the lantern, well below the level of the 
lights, is not found to have any prejudicial effects. 
Ventilation is provided through perforated floor 
plates, from an annular air trunk below the floor, 
fitted with seventeen 8}-in. diameter openings, closed by 
screw-down valves, which provide an aggregate open- 
ing of over 6 sq. ft. This arrangemnt is shown in detail 
in Figs. 14 to 16. There are also 12 ventilators 
adjusted by sliding shutters in the panels below the 
glazing. These are illustrated in Figs. 17 to 20. They 
provide a further 43 sq. ft. of area, making a total 
maximum of over 10 sq. ft. of inlet ventilation area, 
any portion of which may be closed. 

The roof is conical and has a 30-in, diameter cylin- 
drical outlet in the centre, surrounded by a 4-ft. diameter 
perforated cylinder, with domed roof and baffle rings 
4 ft. 6 in. in diameter, and an external wind guard 
cylinder 5 ft. diameter by 18 in. deep, giving an outlet 
area of nearly 5 sq. ft., which is not reducible. Sixteen 
4-in. by }-in. diameter lighting conductor points 
are tapped into the upper edge of the wind guard and 
a 21-in. finial is fixed in the centre of the dome. Fine 
wires are stretched from the finial to the outside 
points to prevent birds from perching on the ventilator, 
with four circumferential wires and sixteen intermediate 
radial wires attached to them. This device has proved 
to be successful in keeping the roof clean. All the steel 
work of the lantern is galvanised. 

In the centre of the lantern a 2}-in. diameter hollow 
steel shaft rotates in self-aligning Skefko ball bearings. 
An upper bearing is supported by 12 adjustable steel 
tension rods attached to the upper sill over the glazing 
and to the conical roof. The lower, thrust and journal 
bearings are supported in an oil bath on a four-legged 
stool bolted to the top of the mast. These are indicated 
in Fig. 21, Plate I1J. A 28 in. diameter pulley is fixed 
on the shaft just above the lower bearing, and a pair 
of vertical, ball-bearing, guide sheaves, carried by the 
stool, lead an endless §-in. steel wire driving rope down, 
through a 3-in. opening in the lantern floor and a 3-in. 
guide tube, into the deck house where the weight- 
driven rotation machine is located. On entering the 
deck house, the driving rope is carried between a pair 
of guide sheaves, round two grooves in a pulley keyed 
to the driving spindle of the machine, and over a ball 
bearing jockey sheave, supported from the deck house 
roof by an adjustable spring, which regulates the 
tension on the rope. Two steel plates, 2 ft. square, on 
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the hollow steel shaft, as shown in Figs. 21 and 22, | 
and 2 ft. apart, carry brackets to support the gimbals | 


stop valves mounted on each of the two steel plates. 
From here again, }-in. pipes convey the oil to the burners, | 


of the reflectors, in different positions to suit the various | after taking three loose turns round a 2}-in. diameter 
light characteristics required on different lightship | bobbin on each gimbal axis of the reflector, as shown in | 


stations, 


| Figs. 26 to 29. 


Fig. 30 shows the aluminium screen | 


The light is produced by autoform incandescent | described above. Four valves are mounted on each plate, | 
mantles, 35 mm. in diameter, on petroleum vapour | but only two or three on each plate are actually in use on | 
| any one station. The oil supply fittings in the oil room | 


burners working at a pressure of 60 1b. per square inch, 
and emitting about 600 candle power. The burners 


are supported in the foci of 24-in. diameter silver-on- | 
copper parabolic reflectors, of 3} in. principal focal | 
distance, slung in gimbals from the brackets mentioned | 


above. Details of the burners, &c., are given in 
Figs. 26 to 30, but the reflectors shown in these Figs. are 
21-in. diameter. The power of the beam thrown by 
each reflector is over 50,000 candles, and a pair of 
reflectors, one suspended from the upper and the other 
from the lower plate, are exhibited on each face to 
produce a beam of over 100,000 candle power. Either 
two faces, employing four burners and reflectors, or 
three faces employing six burners and reflectors, are 
required to produce the various characteristics adopted 
on different stations ; and these are carefully balanced, 


Fig.36. WIRING DIAGRAM. 


and the oil piping are all duplicated. The total amount | 
of oil present in the lantern does not exceed 6 oz. | 

The lantern was constructed and erected by Messrs. | 
Merrick and Sons, of Cork. The lighting apparatus | 
and rotating shaft, &c., were made in the Commissioners’ | 
workshops and erected by their staff. The reflectors | 
are more than 60 years old, but have been reconditioned | 
and are as good as new. They were made out of a slab | 
of solid silver, burned on to a slab of copper, and | 
then rolled down into a plate, hammered to parabolic | 
form on a mould, and mounted in a strong brass bezel. | 
Inaccuracies in such reflectors are detected by placing | 
a lighted burner in the principal focus and observing | 
the reflectors through a powerful telescope from a 
distance of about a mile. In this manner the position 








on the shaft. The governor shaft is carried in two 
ball bearings, that on the right in Fig. 31 being fitted 
in an adjustable bush, so that pressure on the spring 
may be regulated. When centrifugal force acts on 
the balls, the long flanged bush and ring are moved to 
the right, and, as the speed increases, the outer edge of 
the ring flange comes in contact with a pair of corks 
H, H, carried on the opposite ends of a balanced 
lever, pivoted on a vertical arm carried by the top 
stay of the machine frame. This governor enables the 
speed of the machine to be accurately regulated while 
the machine is running, and maintains the speed of the 
light steady, even when the ship is rolling and pitching 
in a heavy sea. 

The weight driving the machine varies from 180 Ib. 
to 200 lb., depending on the speed of the rotation of the 
lighting apparatus required to produce the characteristic 
of the station. It is suspended between a pair of 
guide bars by a ball-bearing sheave on two parts of 
rope, and falls 3-047 in. per minute. An electric bell 
circuit is closed by the weight about three minutes 
before it reaches the bottom of its run, and also before 
it reaches the top of its run, in order to warn the man 
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with respect to the axis of the shaft, by lead weights | 


attached to additional brackets, as may be necessary. 





When double or triple flash characteristics are | 
employed, an aluminium screen 1,$;-in. deep is fixed | 
across the aperture of each reflector, on its horizontal | 


diameter, to prevent the 1,200 candle power of the two 


naked mantles being visible during the intervals | 


between the flashes. 
The oil for light and fog signal engines is stored in 


10 cylindrical 200-gallon tanks in the oil room (Fig. 7, | 


Plate I ante). These provide enough for more than 
six months’ requirements at any station, and for more 
than 12 months’ requirements on stations where the 
diaphone fog signal is not used. The oil employed is 
paraftin, having a flash point of 150 deg. F., close test, 
Sp. gr. 0-81 to 0-82. 


| 0-277 revolution in | minute, and carries at one end 


It is placed in a pair of steel | 


cylinders in the oil room, each containing 6} gallons. | 
An air receiver of 234 cub ft. capacity is pumped up | 


to 75 lb. pressure by a hand pump. After the oil 
cylinder has been filled, the compressed air is admitted 
above the oil, which is forced up to the lantern 
through a j-in. external diameter brass tube to a 
stuffing box, in which rotates a }-in. diameter hollow 
spindle, secured by a Regnault coupling, to an oil pipe 
carried up in the centre of the rotating shaft. 


This | 


| shaft is a ratchet wheel E, which engages a pawl on | 


extends to a point midway between the two steel plates | 


which carry the reflector brackets. 
the pressure is 60 Ib. 
way junction on the outside of the shaft as shown in 
Figs. 21 and 23 to 25. 


; At this point | 
The pipe terminates in an eight- 


From this, one connection is | 


made to a pressure gauge, and six connections, by means | 


of 4-in, external diameter brass tubes, to three of four 
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of any slight dinge can be noted and the dinge removed. | 
All reflectors are checked thus before being sent to | 
a station. i 

The rotation machine which drives the lighting appa- 
ratus by means of the endless 3-in. wire rope mentioned 
above, is placed in the deck-house. It is shown in 
Figs. 31 and 32, Plate III. The machine is driven 
from a weight in the engine-room by a wire rope 
wound on a 7-in. diameter barrel. The barrel rides 
free on the winding shaft of the machine, making 


planet pinions B, in gear with a pinion A, cut on the 
winding shaft, and also with an internal gear wheel (, 
cut on the great wheel D of the machine, the latter 
riding free on the winding shaft. This sun and planet 
gear acts as a maintaining gear while the machine is 
being wound up, and also serves to increase the speed 
of the great wheel. At the opposite end of the winding 


the frame of the machine. The winding handle remains 
stationary, except when the machine is being wound up, 
and in this respect differs from the usual form of this 
type of maintaining gear. The double-groove wire rope 
driving pulley is on the end of the second shaft of the 
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The second and third shafts of the 


not to overwind. 
machine protrude through the front frame and carry 
change wheels of eight combinations, as indicated by 
dotted circles in Fig. 32, to enable different speeds 
of rotation of the lighting apparatus to be obtained. 
In the forward part of the deck house is placed a 
15-cub. ft. low-pressure air receiver, which supplies the 


air required by the diaphone motor. The correct 
pressure, which is approximately 20 1b., having been 
admitted to the receiver by a valve operated by hand, 
it is maintained constant by an automatic valve, 
which is opened and closed simultaneously with the 
motor valve, -having its lift regulated by an adjusting 
screw. Alongside the L.P. receiver is the code timing 
machine, which operates the motor valve and the 
sounding valve of the diaphone, and the pressure- 
maintaining valve of the L.P. receiver. This machine 
also closes the electric circuits of the submarine oscil- 
lator and the radio beacon. It comprises a Little Giant 
drill compressed-air motor, supplied with air from the 
L.P. air receiver, through a reducing valve, which cuts 
the pressure down to about 3 lb. The motor drive 
is transmitted to a wheel, which has a speed of one 
revolution per minute, on the side of which are 





machine F, which makes 2 r.p.m. The fourth sheft G, 
running at 144 r.p.m., carries a governor. This consists 
of a three-armed brass casting, keyed to the shaft, | 
carrying three bell-crank levers, the short arms of which 
are turned inwards and press against the end of a long 
flanged bush sliding on the shaft. The bush ends in 
three arms, which carry a ring. This is pressed back 
against the levers by a helical spring fitting loosely 


arranged a series of cams actuating rocking levers 
operating the various controls just mentioned. The 
cams of the submarine and radio code timing gear give 


|a series of 1 second Morse dashes and }-second dots, 


with } second intervals, or series of groups of two. 
three or five dashes followed in each case by a dot. 


| with 1 second intervals between the groups, continued 


for periods of about 40 seconds, followed by about 20 
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seconds silence, every minute. These silent intervals 
are provided by 2 cams on a second cam wheel, 
which revolves once in two minutes, and which also 
carries the cams which operate the diaphone signal. 

Two firing jibs, for use on stations where explosive 
fog signals are employed in place of the diaphone, 
described on page 8 ante, are mounted on the bul- 
warks, on either side of the ship, and two small shelters 
are erected on either quarter of the ship to house the 
alarm clock, the dry batteries, switches and contact 
makers, employed for firing the signal. They also protect 
the man on fog duty from flying fragments of detonator 
wire. Ten seconds and again three seconds before 
firing each shot, or pair of shots, the signalman blows | 
a whistle to warn any man on deck to take cover. 

The firing jib is illustrated in Figs. 33 to 35, Plate III. 
Fig. 33, however, shows a jib mounted on an old wooden 
vessel. It consists of a 2-in. tube, 20 ft. long, supported 
by a swivel clamp, and is inclined, when firing, at 30 deg. 
to the vertical. A T-head is fixed to the outer end, and 
from each end of this project a pair of strong wire clips. 
These are electrically insulated from the tee and 
from each other, and from them the tonite cartridges 
are suspended by means of their detonator wires. 





Insulated cables are carried from the outer wire clips | 
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faces become opposite poles of an electro-magnet, 
and are attracted towards each other. 

Arranged round the upper end of the pair of 
concentric cylinders is a set of eight condensers. The 
object of these is to tune the circuit to resonance 
with the natural period of vibration of the diaphragm 
and with the frequency of the alternator. A variation 
up to 3 per cent., above and below the mean, is 
permissible in the frequency and the oscillator con- 
sumes about 850 watts. The vibration of the diaphragm 
is started and maintained by the attraction between 
the opposite poles of the magnet, which occurs 1,050 
times per second when alternating current of 525 cycles 
passes through the coil, this being resisted by the steel 


| tube connection, over 22 in. in length which has appre- 


ciable elasticity. The submarine oscillator gear is 
provided by the Submarine Signal Corporation, Friars 
House, New Broad-street, London, E.C.2. 

A radio beacon has also been erected on the vessel, 
and it is intended to emit simultaneous and identical 
signals, termed synchronous signals, on the sub- 
marine oscillator and the radio beacon. These will 





The adoption of synchronous signalling has been 
strongly advocated for many years by Professor John 
Joly, F.R.S., who is one of the commissioners of Irish 
Lights. But this is the first attempt that has been made 
to adopt the system in the Irish Lights Service, although 
it has been adopted recently in other countries. The 
reasons for this delay were that hitherto, neither the 
Submarine Signal Corporation nor the wireless telegraph 
companys were in a position to provide the apparatus 
required, of a type which was considered to be suitable 
for operation by the commissioners’ lightship crews 
and capable of being driven by the small margin of 
power avilable on existing light vessels. 

The radio beacon aerial will be seen in our general 
view of the ship, Fig. 10, page 16, ante. It consists of 
two four-wire cage aerials on 18-in. diameter ash hoops, 
suspended at the extremities of two 12-ft. spreaders 
from the top of the foremast 31 ft. above the sea, 
passing 15 ft. above the top of the lantern to the top of 
the mizzen mast, some 80 ft. high, this span being 
96 ft.; thence the down lead, 72 ft. long, is brought 
by means of a leading-in insulator, through the deck- 
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along the T-head and down through the tube to a 
pair of insulated contacts fixed on the lower end of = 
the tube, as shown in Figs. 34 and 35. The contacts a 
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press up against two spring buffers with connections 
to the fog signalman’s shelters. The inner clips are 
earthed through the jib. 

When the signal is not in use, and when the jib is 
swung in for the purpose of hanging tonite cartridges 
on the clips, the steel tube is horizontal and about 
18 in, above the rail. In this position the electrical 
connections are broken. When the cartridges have | 
been slung in the clips, and the jib is swung through 
90 deg., the contacts on the lower end of it press 
against the two spring buffers, thus completing the 
circuits, when the contact makers in the shelter are 
pressed by the signalman. 

The submarine signalling oscillators are suspended 
from davits on either side of the ship, opposite the fore 
end of the deck-house, and are lowered by hand winches, 
on the davits, to a depth of 20 ft. below the surface of 
the sea, when they are to be sounded during fog. 
When not sounding they rest on stands on the deck 
and are lashed down to eyebolts. This appliance is 
illustrated in Figs. 36 to 38, page 70. In external 
appearance the oscillator is like a bell-shaped box, 
formed of three flanged castings. The base is 204 in. 
diameter, the body the frustrum of a cone 13 in. high, 
while the top is domed, the total height being 27 in. 
It is suspended from a chain sling by three eyebolts in 
the upper flange, and it has a watertight gland in the 
centre of the domed top for the entry of the two-core 
cable. The base is of rustless steel, in the form of a 
diaphragm, of 16}-in. free diameter, and 4% in. thick. 
It has a heavy rim and a screwed central internal 
stud. On to this central stud is screwed a 2-in. bore 
cylinder, 17 in. long, carrying at its upper end an 
outer cylinder forming a sleeve outside the upper part 
of the first-mentioned cylinder. 

Heavy cast-iron flanges are screwed on to the lower 
ends of both cylinders, laminated soft-iron facings 
being welded to these flanges. There is an air gap of 
0-008 in. between the surfaces of the two laminated 
facings. A groove is cut in the lower facing, and in this 
is inserted a coil of insulated fine copper wire. When 





& current passes through this coil the two laminated 





not be received simultane- 
usly by a ship fitted with 
submarine and wireless re- 
ceiving apparatus, because 
the speed of sound in water 
is less than that of a wire- 
less signal, and the sub- 
marine signal will arrive 
one and a quarter seconds 
later than the _ wireless 














signal for every nautical 
mile intervening between 
the light vessel and the 
receiving ship. A range 
of 20 miles is guaranteed by the two wireless companies, 
and from 8 to 16 miles, depending on the form and 
draught of the ship receiving the signal, by the Sub- 
marine Signal Corporation. 

The characteristics of the synchronous signals will 
be series of dashes, or dashes and dots, as stated in the 
description of the code timing machine, following each 
other at 1} second intervals, so that the mariner can 
ascertain his distance from the light vessel in miles by 
simply counting the number of dashes and dots in any 
40-sec. series which he hears on his wireless receiver, 
calling the first dash of the series No. 0, then 1, 2, 3, &c., 
until the first dash of the submarine oscillator is heard. 
Then he can obtain the direction by a wireless direction 
finder, and can check it by obtaining direction with the 
submarine receiver. The series of dashes or dashes 
and dots is continued for about 40 secs., in order to 
give the mariner sufficient time to obtain his direction, 
and the 60-sec. total period, representing a distance of 
48 miles, will be sufficient to prevent the possibility of 
any mistake due to the overlapping of series. The 
name of the station sending the signal will be known 
by the group of dashes and dots, the four different 
systems of grouping detailed in the description of the 
code timing machine being sufficient to prevent any 
confusion, 





Fia. 40. 


| house roof, directly over the table on which the trans- 


mitters are placed. A maximum of 250 watts is 
available, the anode circuits being at 1,500 volts. A 
tonic note is produced, the note radiated having a 
frequency of 1,050 vibrations per second. The high- 
frequency circuits are arranged to give maximum 
efficiency on the wave length of 1,000 m., which the 
International Convention has allocated to wireless 
beacons. 

As in the case of all the plant for the light and fog 
signals, the radio beacon transmitter is duplicated, 
but in order to gain experience and to test the relative 
ease of management and reliability of the design and 
workmanship of different manufacturers, one of the 
plants has been installed by Messrs. Marconi’s 
Wireless Telegraph Company, Limited, while the 
duplicate set was provided by the Radio Communica- 
tion Company, Limited. The latter plant is illustrated 
in Figs. 39 and 40, above. 

While similar in general principle, the sets have 
considerable variations in detail. Neither of them, 
however, has any adjustments for the lightship men 
to meddle with, as they are permanently set to give 
their maximum output on a wave length of 1,000 m. 
The frequency and voltage of the power supply is 


| regulated in the engine room. 
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In the case of the Marconi Company’s transmitter, 
the alternating-current supply, at 200 volts and 525 
cycles, is split at a compensator into two circuits, one 
supplying the primary of a step-down transformer to 
provide current for the valve filaments at a pressure 
of 8 volts, and the other a step-up transformer deliver- 
ing current to the anode circuits at 1,500 volts. The 
mid-point of the secondary of the high-tension trans- 
former is connected to the two filaments of a pair of 
valves of the M.T. 5 type and to the earth end of the 
aerial inductance, the anodes of the two valves being 
connected to the opposite ends of the secondary. The 
two valves thus pass opposite phases, producing a 
tonic note of the above-mentioned frequency. Direct- 
aerial coupling is used, the aerial inductance and 
reaction coils being of bare-copper strip wound on a 
common former. Between the anode plates of the 
valves are a pair of condensers connected in series, and 
a lead is taken from between these condensers to a 
tapping on the aerial inductance. Each connection 
from anode to high-tension transformer includes a 
radio-frequency choke. The two grids are connected 
by one lead to a tuned grid circuit, including the 
tapped reaction coil and a variable condenser, and the 
lower end of the reaction coil is connected to earth 
through a grid Jeak and by-pass condenser in parallel. 
An aerial ammeter, reading from 0 to 1-5, is provided, 
and a milliammeter, reading from 0 to 150, is placed 
in the connection from the centre tapping of the high- 
tension transformer secondary; a voltmeter, reading 
from 0 to 10, is connected across the low-tension 
transformer secondary. 

Fig. 39 shows the circuit employed in the Radio 
Communication Company’s transmitter, the circuit 
being one developed by the British Admiralty and 
employed, under licence, in all the valve transmitters 
of the Company. The special features of this circuit 
are that only one inductance is employed, and that 
the wave length can be varied over a wide range by 
altering a single connection on the inductance without 
adjusting the grid or anode tappings. Four dull- 
emitter valves of the DO/40 type, arranged in two 
pairs in parallel, are employed as oscillators. The 
anodes, as shown in the diagram, Fig. 39, are fed with 
current at 1,500 volts, from a high-tension transformer 
having a centre-tapped secondary, so that the two 
pairs oscillate separately during alternate half cycles 
of the 525 cycle, 200-volt current applied to the primary 
winding, t's producing an audible note of the 
frequency o' 1,050 cycles per second, as previously 
mentioned. The valves, as will be clear from Fig. 40, 
are of the’four-pin plug type, so that they can easily be 
replaced. It should also be mentioned that the use of 
two pairs of valves enables transmission to be carried 
out on half the normal power, if some abnormal accident 
should render this necessary, by using one valve 
instead of two on each side. 

Variable chokes, not indicated in the diagram, are 
employed for compensation and adjustment in the 
filament circuits which are supplied with current at a 
pressure of 6 volts from a separate transformer shown 
in the diagram. The compensation is necessary to 
maintain the filaments at a uniform temperature 
during the intermittent keying load. After the correct 
adjustment of the chokes has been obtained, however, 
they are fixed by locking screws and require no further 
attention. Feed condensers and chokes, shown in the 
diagram, Fig. 39, are provided for the protection of the 
high-tension transformer. Three meters are mounted 
in a convenient position on the panel, as shown in 
Fig. 40, to measure the current fed to the anodes, the 
aerial current and the filament voltage, the positions 
in the circuit of the two first-mentioned instruments 
being indicated in Fig. 39. With 200 watts input, 
the feed current amounts to 100 milliamperes and the 
aerial current to 3-4 amperes. The set requires only 
six external leads, viz., the two main supply leads, two 
key leads, and the aerial and earth connections. 

As will be clear from Fig. 40, the transmitter is of 
particularly robust and compact construction, the 
overall dimensions being 1 ft. 6 in. wide, 2 ft. from 
front to back, and 3 ft. 2 in. high. The apparatus is 
enclosed in an angle-iron fr: ming, fitted with expanded 
metal sides, which, however, were not in place when the 
photograph from which Fig. 40 has been reproduced 
was taken. A hinged gate. with an expanded-metal 
centre, is provided in front to give access to the valves, 
and this gate is fitted with a safety switch, which 
automatically cuts off the high-tension current when the 
gate is opened ; the frame is, of course, earth connected. 
The tuning inductance, as shown, is mounted on 
insulators on the top of the frame, a guard being 
provided in front to prevent accidental contact. In 
all respects, the apparatus has been designed and 
constructed so that it can be operated and maintained 
efficiently by a semi-skilled staff. 

The engine room, deck house, cabin and mess deck 
are lighted with acetylene flat flame burners, consum- 
ing $ cub. ft. and ? cub. ft. of gas per hour. The 
acetylene generator is situated on deck abaft the 


deck house, on the port side. It consists of a rising 
bell gasholder, 24 in. diam. by 28 in. high, with a 
maximum travel of 16 in., a cylindrical casing with a 
removable conical cover, and sealed with heavy mineral 
oil, a brass water tank bolted on to the casing, and 
two cylindrical retorts. The gas from the gasholder 
passes through a tinned gunmetal stopcock to a cast- 
iron purifier, charged with 14 lb. of heratol, and thence 
through a 3-in. galvanised steam quality wrought-iron 
gas main, which traverses the length of the ship in 
a straight line under the deck, with seven branch 
connections. This lighting plant has been constructed 
and erected by Messrs. Wm. Moyes and Sons, of 142, 
Waterloo-street, Glasgow, with the exception of the 
purifier and some of the fittings which are supplied by 
the Commissioners from stock. 

A magazine, which can be readily flooded, is provided 
for the storage of explosives. This is of steel and 
completely watertight, and the interior is lined with 
teak, with brass fittings. With regard to the finish 
of the hull, it may be mentioned that every part of 
the interior of this is accessible, so that the vessel 
can be completely painted inside while on her station. 
In view of the long time these vessels have to remain 
on their stations the exterior has been given seven 
coatings of composition. 








A THEORY OF SILT AND SCOUR.* 


By Wrtt1am Maurice Grirritu, Assoc.M.Inst.C.E. 


Tue author points out that the power of a stream 
to transport silt in suspension is derived from vertical 
eddies. Such eddies are due to the change in velocities 
of different filaments of the stream in a vertical plane, 
and as such must depend both on the mean velocity 
of the stream and on its depth. Mr. R. G. Kennedy’s 
general law Vo = Cd” is accepted as representing the 
relationship existing between velocity and depth with 
regard to transportation of silt. Bed scour can only 
occur if particles detached by the velocity are trans- 
ported by the stream ; hence this law of silt-transporta- 
tion governs that of scour, as well as silt-deposit, for 
velocities sufficient to detach particles of the material 
forming the bed. Velocities necessary to detach 
particles of sand are shown to be low. Where the 
slope of the sides is greater than the natural slope 
of the saturated material, particles detached by direct 
velocity will move down to the bed under the action of 
gravity, where, by accumulating and causing obstruc- 
tion, they generate sufficient local velocity to ensure 
their removal from the immediate vicinity ; and thus 
the scour action continues. 

It is impossible to construct a stable canal of 
normal section to carry a heavy silt-content at a greater 
depth than about 12 ft., owing to the scouring action 
of the sides. Rivers with considerably greater depths 
which still have in straight reaches some measure of 
stability show a different form of cross section, namely 
a shelving section which is virtually all bed. It is 
argued that at different points across this shelving 
cross section, the mean velocities will vary as the 
square root of the depth, and if the true value of 
in Mr. Kennedy’s law (Vo = Cd”) were 0-5, then this 
law of silt and scout, if fulfilled at one point, should 
be fulfilled at all points across the section, whether the 
section be broad and shallow or deep and narrow, be- 
cause all points in the bed would fulfil the law of 
equilibrium. If the value of n be less than 0-5, and if 
the section be in equilibrium at the points of mean 
depth, the velocity will be too high for stability in the 
deep portion and too low in the shallow, and the section 
would thus tend to adopt a deep and narrow form. 
If the value of n exceeds 0-5, the deeper section will 
tend to shoal and the shallow to deepen, tending to a 
broad and shallow cross section. Since silt-laden 
rivers tend to form such cross sections, it is argued 
that, as such sections have some measure of stability, 
the value of n must be greater than 0-5, but not very 
much greater, and Kennedy’s value n = 0-64 is pro- 
visionally accepted. 

The question of variation in factors of the general 
equation Vo = Cd” between the steep upper reaches 
and flatter lower reaches of a river is discussed, and it 
is pointed out that short-cutting the bends of a reach 
will encourage silting of the reach below. On this 
reasoning there must be a tendency for the deep bed 
of a river to rise after an exceptionally high flood ; 
examples of this are cited, and the cause of the steady 
rise in bed of certain torrent streams is explained. 
The theory is advanced that the explanation of the 
action at a bend is to be found in this relationship 
existing between velocity and depth. The maximum 
velocity must occur near the outer margin of the curve, 
which must therefore be the line of greatest depth, 








so the outer margin must have a side slope steeper 
than the natural slope of the saturated material, and 
therefore must be subject to continuous scour. Con- 





* Abstract of a paper to be read before the Institution 





of Civil Engineers, on Tuesday, January 25, 1927. 


versely, the velocity along the inner slope must be 
below normal, so the law of silt-transportation is not 
fulfilled, and continuous depositing occurs. It is 
contended that the action of cross currents, to which 
this scouring and silting action is supposed to be due, 
is really only the indirect cause, acting to maintain the 
quantity of silt in suspension (the value of C) constant 
across the cross section. 

The action in river-beds composed of particles differ- 
ing widely in size is next considered, and the composi- 
tion of rolling silt and the forces tending to transport 
it are explained. The rapid change in size of boulders 
in a few miles of river is discussed, and the reasons 
why sections of old bed show boulders, shingle, and sand 
in layers are given. The conclusion is that the capacity 
of a stream to transport rolling silt and the size of the 
boulders moved will increase with the height of the 
flood-level. 

The relationship between bed-width b and depth d 
giving a stream its maximum silt-carrying capacity, 
which Mr. Kennedy deduced mathematically, namely, 
that the value of bd: shall be a minimum is next 
considered, and from this it is argued mathematically 
that a river should tend to adopt a certain mean 
depth depending on the roughness of the bed and on 
the slope, but independent of the flood volume ; and, 
further, that if Kennedy’s equation and Kutter’s for- 
mula are correct, this depth is given by the equation 

. 9 
4 = 6.58 2 (11.0 + 0028)8 
Whence it follows that the deep bed must tend to rise 
in high floods and fall in low floods, which agrees with 
observations of the Jumna river. On the other hand, 
the value of d so calculated does not agree actually or 
relatively with observations of the Jumna bed. 

A cross section of a river-bed in flood is next con- 
sidered, and it is shown that, if d,, d, d3, &c., be the 
depths at points at intervals of L across the sections, 
and 1, Vg, V3, &c., be the mean velocities at these 
points, then the mean velocity of flow (Vm) at the point 
of mean depth d,» will be 

Qdmn0'5 


Yar (dy + dol + dgl'5+ ... + dnl5) 
where Q is the totaldischarge. Equilibrium of bed may 
most reasonably be expected to occur at this point of 
mean depth d», and therefore the value of C found for 
dy», and V,,, is the most reliable to take, when calculating 
the relationship between V and d, if this natural section 
is controlled and forced to change its form. In broad 
shelving sections dp» is approximately equal to the 
hydraulic mean depth, but V differs from the mean 
velocity V of the whole section. For natural sections 
(Ganges and Jumna) V, = 0-9 V approximately. 

If a natural section of width W, and mean depth d, 
be artificially tightened to width W., the mean depth of 
this tightened section 

Wa)... 
nfo ae... sm 
and if the tightened section be restrained to have 
a level bed and to form a rectangular section (a weir) 





W 1) 
o9=]- 0-61 9 
dg=1-06 (7 )osd: . . . . (2) 

Again, as the crest of a weir is of masonry and 
cannot scour, if W, is less than 1-11 W, (ft) 
where d, is the depth of the crest, there will be scour 
immediately upstream of the crest. Let d, denote the 
mean depth of this scour, then 





¢ _ dir6s 
We= 1-11 W1 Ga0tdg , 
which gives an equation for calculating the width of 
a weir to give any required river bed level upstream 
for any given height of crest. 

In connection with the relationship between maxi- 
mum and minimum depths of natural and contracted 
sections, the equation Y = K — K@-®) + 1 is tentatively 
advanced to express this, where Y denotes the ratio 
of maximum depth to mean depth of the contracted 
section, K the ratio of maximum depth to mean depth 
of the natural section, and x = ~ (the coefficient of 
contraction) ; a practical example shows that this 
agrees well with observations made of two Jumna 
river sections. Otherexamples of Jumna river sections 
taken after the great flood of September, 1924, are 
given to test formulas (1) and (2). 

From further theoretical examples it is shown that, 
if a weir is too wide, the greater the flood the greater 
is the shoaling; and if too narrow, the greater the 
flood the greater is the scour. It is argued from this 
that there is some width of weir for which the action 
of scour and shoaling under high and low floods will be 
a minimum, and that this width can be calculated. 

The applications of this theory is made to the design 
of bridge-foundations and finally to river-training works. 
The theory is also advanced that there is a particular 
width of river which will give the minimum of shoaling 





or scour action under varying flood-volumes, 
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The largest vessel launched was the Malolo, a turbine 
steamer of 17,200 tons, built at Philadelphia. Twelve 
vessels, having a total tonnage of 10,809, are to be 
fitted with oil engines or turbines in conjunction with 
electric motors for the final drive. The French output 
for the year, namely, 121,342 tons, is 45,773 tons 
higher than that for 1925. The total includes the 
turbine steamer Ile de France, a vessel of 43,500 tons, 
the largest ship launched in the world during 1926. 
The figures given for Holland in Table I, do not include 
those ships exclusively intended for river navigation, 
the total tonnage of which vessels reaches a high figure. 
The largest ship built in Dutch yards was a steamer 
of 8,700 tons. The total tonnage of vessels fitted with 
internal-combustion engines, launched in the Scandi- 
navian countries during 1926, amounted to 115,958. 
Out of this total, Denmark launched 63,537 tons, 
Sweden 51,660 tons, and Norway 761 tons. The largest 
ship built in the British Dominions was the Glenmohr, 
a vessel of 10,480 tons, which was launched at Toronto, 
Canada. 

Some remarkable changes have taken place during 
recent years in the world tonnage of various types of 
ships. For example, in 1914, the total tonnage of 
tankers afloat was 1,479,000, while at the end of 1926 
this figure had increased to 5,665,000 tons. Again, 
motorships totalled 234,000 tons in 1914; they now 
aggregate 3,500,000 tons. Furthermore, the tonnage of 
steamers fitted for oil-fuel burning amounted to 
1,310,000 in 1914, while, at the present time, no less 
than 18,250,000 tons of shipping are equipped in this 
manner. As regards tonnage laid up, there were, in 
June 1926, over 6,000,000 tons of shipping lying idle. 
Out of this total, nearly 4,000,000 tons were in United 
States ports and 1,360,000 tons in British ports. Since 
this date, however, there has been a considerable im- 
provement everywhere, and, although actual figures 
for a more recent date are not available, it appears 
that, at the end of September last, the British tonnage 
laid up in this country was less than 550,000 tons gross. 








THE CORMA OSCILLATING-PISTON 
PUMP. 


WHEN a small pump is required on a machine or 
engine for circulating oil or cooling water, the choice 
lies among those of the centrifugal, plunger, or gear 
types. It is generally desirable that the pump should 
be compact, and in most cases it is required to run 
continually for long periods at relatively high speeds. 
The centrifugal type is usually preferred for water, 
and the plunger or gear types for oil circulation. The 
plunger pump is the only one that can be said to be 
equally suitable for either purpose, but it has the 
disadvantage, as compared with the others, that it 
requires a reciprocating drive, and, on this account, is 
more expensive and occupies a greater space. 

A new pump which is essentially of the reciprocating 
type, but possesses the advantages over the normal 
plunger pump that it is more compact and has a rotary 
drive, has recently been put on the market by the 
Compagnie Continentale des Pompes Corma, of 61, Rue 
Vieille Eglise, Tilieur-lez-Liége, Belgium, under the name 
of the Corma. Figs. 1 to 4 and 7, on this page, show a 
typical model of the pump, while Figs. 5 and 6 show a 
double pump for dealing with two liquids at the same 
time. Both pumps are suitable for either high or low 
pressures. Dealing first with the normal type, it will 
be seen from Figs. 1 to 4 that the pump body consists of 
a simple casting with three through passages, the large 
central passage constituting the pump barrel, and the 
two smaller outside passages serving as suction and 
delivery chambers, and also as tapping holes for the 
end-cover bolts. The action of the pump can be 
followed most readily from Fig. 4. It will be observed 
that the barrel contains a central cylindrical piston, 
with a cam formed on each end face. This piston is free 
to slide longitudinally, but is prevented from rotating 
by a set screw in the top of the casing. The end of the 
screw is flattened and registers with a featherway cut 
in the piston, as shown in Fig. 1. At each end of the 
piston there is a shorter cylindrical piece, having the 
face in contact with the piston in the form of a cam, and 
these two pieces are keyed to the driving shaft, which 
passes through the piston, and carries the driving pulley 
shown in Fig. 7 on its outer end. The latter figure 
also shows the piston and two cam pieces assembled on 
the shaft. Referring again to Fig. 4, it will be noticed 
that a recess is cut in the back of the right-hand cam 
piece. A cork washer is inserted in this recess and is 
kept lightly pressed against the end cover by the 
spring behind the left-hand cam piece. A point which 
appears open to criticism is that, with the arrangement 
as shown in the illustrations, there must be relative 
motion between one or other end of the spring and its 
abutment, and it would seem desirable that a thrust 
washer should be provided. 

As the cams rotate, they will open and close the 
ports leading to the suction and delivery passages, and 
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also cause the piston to reciprocate. As a result, the 
spaces between the piston and cam pieces will vary in 
volume. In the position shown in Fig. 4, the right-hand 
space is a minimum and the left-hand a maximum. 
The upper and lower passages are, respectively, in 
communication with the delivery and suction sides of 
the pump, and as the cam pieces rotate, the left-hand 
suction port is closed and the left-hand delivery port 
opened, while at the same time the right-hand suction 
port is opened and the right-hand delivery port closed. 
The liquid contained in the left-hand space will there- 
fore be forced out of the pump, while the right-hand 
space is being filled from the suction side. After 
half a revolution, the process is reversed, so that 





the action of the pump is practically continuous. 


As shown in Fig. 4, one of the bolts holding the end 
cover in position is drilled out to form a housing for a 
light spring. The latter holds a small ball on a seating 
formed by reducing the bore of the delivery passage, 
the whole arrangement forming a by-pass valve to 
allow the liquid to return, in the event of an undue 
rise in pressure on the delivery side, behind the 
left-hand cam piece. 

As already mentioned, the pump shown in Figs. 5 
and 6 is intended to deal with two liquids at the same 
time, and would thus be suitable for the oil and water 
circulation of a motor-car engine. The principle is 
identical with that of the pump already described, with 
the exception that there is only one cam for each part 
of the pump, so that the flow of the liquid will not be so 
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FIELD-CONTROL GOVERNOR FOR TROLLEY-BUS MOTORS. 


CONSTRUCTED BY THE ASSOCIATED DAIMLER COMPANY, LIMITED, ENGINEERS, WALTHAMSTOW. 














Fig.2. 
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regular as in the double-cam type. The small space 
occupied by the pump will beclear from the illustrations. 
It is evident that these pumps can be put to a wide 
variety of uses, and they are made in various metals to 
prevent corrosion in the case of water, acids, and so on. 
When employed for petrol, they are fitted with special 
stuffing boxes, and for tar and similar substances, with 
asteam jacket. In the case of viscous liquids, the pump 
is driven at slow speed through a reducing gear. The 
pump is made in standard sizes varying from an output 
of 400 litres per hour at 400 r.p.m., to 4,000 litres per 
hour at the same revolutions. Larger sizes can, how- 
ever, be supplied for special purposes, either with or 
without driving motor, and as fixed or portable units. 





FIELD-CONTROL GOVERNOR’ FOR 
TROLLEY-’BUS MOTORS. 


THE early forms of trolley ’bus were based on tramcar 
practice, and were, in consequence, usually fitted with 
tramway-type series-wound motors. This type of motor 
is relatively heavy, and has a falling torque charac- 
teristic, and these features were found in practice to 
put the trolley ’bus at a disadvantage as compared 
with the petrol *bus, with which it is frequently called 
upon to compete. One of the first firms to build the 
trolley *bus on automobile lines was the Associated 
Equipment Company, now the Associated Daimler 
Company, Limited, of Blackhorse-lane, Walthamstow, 
E.17. The first trolley ’buses made by this firm 
were fitted with a single series-wound tramway motor, 
with rheostatic control, in place of the usual tramcar 
equipment of two motors with series-parallel control, 
this being rendered possible by the lighter weight of 
the vehicles as compared with a tramcar. In the 
trolley vehicles, the motor fitted gave a road speed of 
[4 m.p.h. with full field, but a speed of 18 m.p.h. could 
be attained by shunting 50 per cent. of the field current. 
lo avoid the risk of the driver burning out the windings 








by shunting the field current when the motor was 
already heavily loaded, the shunting device was made 
automatic, so that it would only operate under safe 
conditions of loading. The control was effected by a 
switch operated by a governor, the switch being closed 
at a speed sufficiently high to ensure that the motor 
torque was not excessive. 

A further step in the improvement of the trolley 
*bus was the development, by Bull Motors, Limited, and 
others, of a motor weighing about 21 lb. per horse- 
power, which is roughly about half that of a standard 
tramway motor. These motors are designed to run at 
higher speeds than those previously available, and thus 


render it possible to have a wider range of road speeds: 


with a full field. In addition, the motors are capable 
of operating satisfactorily at all loads with 33} per cent. 
of the field current shunted. It is thus practicable to 
employ the last notch of the controller to shunt this 
proportion of the field current without danger of 
damaging the motor, but the governor can still be em- 
ployed to advantage by cutting in later and shunting up 
to 50 per cent. of the field current. With this arrange- 
ment, a wide range of road speeds is obtainable, as 
shown by the curves reproduced in Fig. 4, above. These 
curves were obtained from a ’bus supplied by the Asso- 
ciated Daimler Company to the Bradford Corporation, 
and described on page 292 of our last volume. The 
*buses are of the single-deck type with pneumatic tyres, 
and seat 36 passengers. The gross weight of each 
vehicle, with normal load, is 8 tons. A Bull motor is 
fitted, developing 55 brake horse-power at 1,030 r.p.m. 
A road speed of 1 m.p.h. corresponds to 85-5 r.p.m. of 
the motor, the gear ratio being 9-75 to 1. From the 
curves it will be seen that the maximum speed on the 
level at full load and with full field, is 214.m.p.h. With 
334 per cent. of the field shunted, the speed is nearly 
24 m.p.h. As explained, these speeds are actuated 
through the controller, and are under the control of the 
driver. The governor is normally arranged to cut in 
when the speed reaches 16 m,p,h., and, as shown by the 
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| upper curve, the speed can then be increased to 28 m.p.h. 
The governor can be cut out of action by an isolating 
switch in cases where traffic conditions do not allow 
of extra speed, and brought into use again when the 
*bus reaches the open country. In the course of the 
tests, it was found that when the ’bus was lightly loaded, 
the employment of the governor on a hill of about 
1 in 13 gave an increase in road speed of 16 per cent. 
With heavy loads, the speed on the hill did not reach 
16 m.p.h., and the governor would not, therefore, 
operate, so that under those circumstances the motor 
could not be overloaded. 

An outside view of the governor is given in Fig. 3, 
and sections are shown in Figs. 1 and 2. The coni- 
struction is shown clearly in Fig. 1, from which it 
will be seen that the arrangement of the pivoted weights 
follows the usual practice for centrifugal governors. A 
lug on each weight bears on the end of a rod sliding in a 
sleeve, and the other end of this rod is in contact with 
the end of the switch plunger. A helical spring bears 
on the back of the plunger, and serves to keep it in 
contact with the sliding rod. As the latter rotates 
with the weights, whereas the plunger is stationary, a 
small thrust ball race is mounted between them. The 
plunger is slotted, and the lever shown passing through 
the slot in the figure is pivoted at the top. On the 
same pivot there is a second lever above the first, 
carrying an insulated roller at the top, and made with 
an open jaw at the level of the pivot. The two faces 
of the jaw, by coming in contact with a fixed pin, form 
stops to limit the movement of the lever carrying the 
roller. There is no connection between the levers 
other than through the two springs connecting the 
extreme ends, as shown in Fig. 2. The action of the 
switch will be clear if it is appreciated that the lower 
end of the bottom lever moves sufficiently far to the left 
to bring the axis of the springs to the left of the fulcrum, 
when the upper lever will be swung sharply over by 
the spring tension, bringing the roller into contact with 
the blocks on the contact arms. The current passing 
through the switch is about { ampere at 500 volts, and 
| operates a contactor in the main field circuit, 
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STEAM PRESSURE REGULATOR FOR 
HEAT-EXTRACTION ENGINES. 


WE illustrate in Fig. 1, on page 78, an installation 
consisting of two compound extraction engines, each 
of 600 i.h.p., which are fitted with an automatic 
regulator for maintaining a constant steam pressure 
on the extraction mains, ,whatever the load on 
the engines may be. The complete plant was supplied 
by Messrs. -Galloways, Limited, Manchester, to a 
bleach works where there is a large, but variable, 
demand for heating steam. The main interest in this 
installation lies in the regulator, which is of a novel 
type recently introduced by the firm. It forms a 
unit complete in itself, and can be located almost 
anywhere. In Fig. 1 it can be seenin the mid-distance 
near the stairway leading below the engine-room floor. 
Its external appearance is shown by Fig. 2, whilst 
its main characteristics will be readily understood 
on reference to Figs. 3 and 4. The design of this 
controller is such that very close regulation of the 
steam pressure is possible, but, in general practice, 
it is usually sufficient to maintain constancy of 
pressure within a margin of $ lb. to 1 Ib. per square 
inch. 

In the case of an extraction engine, it is essential 
that the speed of running shall be controlled by the 
ordinary governor, and maintained constant, whatever 
the demand of the factory for heating steam. To 
this end, the cut-off in the high-pressure cylinder is 
controlled solely by the ordinary governor, whilst 
the regulator adjusts the cut-off in the low-pressure 
cylinder by means of a servo-motor so as to main- 
tain the steam pressure desired in the extraction 
mains, The valve which adjusts the supply of pressure 
oil to the servo-motor is operated by a weight floating 
on mercury, and the level of this mercury is controlled 
by the pressure in the extraction mains. Steam from 
these is admitted to the regulator through the pipe A, 
Fig. 3, and passes through the spring-controlled 
surplus valve B to the interior of the chamber C. 
This chamber is closed at the top by a cover, and is 
provided at the bottom with a leak off to atmosphere 
through an opening, the area of which can be 
adjusted by the handwheel F, Fig. 4. A second hand- 
wheel at the top of the cover serves to adjust the 
tension of the spring D by which the surplus 
valve B is loaded. In normal running, there is always 
a slight flow of steam through B into the chamber C, 
and thence through the leak off to the atmosphere. 
Should the pressure in the supply pipe A rise, it forces 
the valve B further open, and since the leak off is 
unaffected, the pressure in the chamber C rises a little, 
and in doing so depresses the level of the mercury in the 
tank H, expelling it through the opening shown at K 
into the float chamber L, which, it will be seen, 
communicates with the atmosphere. The iron float J, 
which is fitted with anti-friction guides, is coupled 
to one end of a floating lever, as shown in Fig. 4. 
The other end of this floating lever is connected to the 
pilot valve which controls the supply of pressure oil to 
the servo-motor shown near the bottom of the 
standard. The piston rod of this servo-motoris coupled 
up by the levers and cranks indicated to the fulerum 
ot the floating lever. An overtaking motion is 
thus provided, which restores the pilot valve to its mid 
position as the piston of the servo-motor moves 
over. 

As will be seen from the foregoing, a very small 
pressure in the chamber C may be used to lift quite 
a large and heavy float, which will provide more than 
sufficient power for moving the pilot valve of the 
servo-motor. The piston rod of the latter is coupled 
up by appropriate linkwork to the valve gear of the 
low-pressure cylinder, and thus varies the cut-off 
so as to maintain a practically constant pressure in 
the extraction mains. 

The lever E of the surplus valve is of stainless 
steel. It is thinned down at its fulcrum end, where 
it is firmly secured, and bends here when it moves. 
Friction is thus eliminated, whilst, at the same time, 
the lever is efficiently guided so that it cannot swing 
laterally, but moves only ‘n a vertical plane. The 
lower end of the surplus valve spindle is rounded, and 
rests freely in a cup at the end of the lever E, so that 
friction here is also almost completely eliminated. Care 
has also been taken to reduce to a minimum the 
friction of the linkwork connected with the floating 
lever and its accessories. The regulator is thus very 
sensitive. ; 

A safety valve Gis fitted at the top of the chamber C, 
and a strainer is provided on the steam-admission pipe 
at T. It will be noted that with this regulator the 
pressure in the extraction mains can be modified at 
will, merely by tightening or slackening the spring D 
by the hand-wheel R, Fig. 4. The regulator can, of 
course, be used to control the pressure in any system 
of steam or air mains, its applications being by no 
means limited to that described above. 





YEAR BOOKS AND ANNUALS. 


The Year Book of Scientific and Learned Societies, 
1926.—Published by Messrs. Charles Griffin and Co., 
Limited, 42, Drury-lane, London, W.C.2, the “ Official 
Year Book of The Scientific and Learned Societies of 
Great Britain and Ireland,” is in its forty-third year of 
issue. Compiled from official sources, it constitutes 
a record of the work done in science, literature, and 
art, during the session 1925-1926, by numerous societies 
and government institutions. In each case, the full 
designation and address of the institution or association 
is given, together with the names of the president and 
secretary, the dates of meetings, the membership 
regulations and fees, and the publications issued by 
the institution. A full list of the papers read, and 
the contributions submitted, during the 1925-1926 
session is also appended. The book, which contains 
some 400 pages, is strongly bound and is priced at 18s. 


Almanacs and Calendars.—We have received monthly 
tear-off calendars from Messrs. The D.P. Battery Com- 
pany, Limited, Bakewell, Derbyshire, and Messrs. 
Deloro Smelting and Refining Company, Limited, 
Norwich Union Chambers, Congreve-street, Birming- 
ham. A monthly desk calendar, contained in a neat 
wooden frame, has reached us from Messrs. The Premier 
Filterpress Company, Limited, Finsbury Pavement 
House, London, E.C.2. 





Diary.—Messrs. The Clay Cross Company, Limited, 
Clay Cross, near Chesterfield, have sent us a handy, 
leather-bound, pocket diary, which contains tables 
of useful information and details of the various 
products manufactured by the firm. Views of the 
Company’s works are also included. 





BOOKS RECEIVED. 


Lubrication in Colliery Practice. By N. Stmpxin, M.Sc., 
and A. Dawe, B.Sc. London: The Colliery Guardian 
Company, Limited. [Price 10s. net.] 

Proceedings of the Optical Convention, 1926. Parts I and 
II. London: The Optical Convention, 1, Lowther- 
gardens, S.W.7. [Price 3/. net, 2 vols. ] 

Catalogue of Optical and General Scientific Instruments at 
the Optical Convention, 1926. London: The Optical 
Convention, 1, Lowther-gardens, 8.W.7. [Price 6s. 


net. | 
Die Wirtschaftliche Regelung von Drehstrommotoren durch 


Drehstrom-Gleichstrom-Kaskaden. By Dr. Inc. N. 
ZABRANKSKY. Berlin: Julius Springer. [Price 9 
marks. ] 


Impact Tests on Railway Bridges (American Railway 
Engineering and Maintenance of Way Association). 
Technical Paper No. 251. Calcutta: Government of 
India, Central Publication Branch. [Price Rs. 7-5 
or Ils. 9d.] 

The Concrete Year Book, 1927. 
and H. L: Curipre. London: 
Limited. [Price 2s, 6d. net.] 

The Association of Engineering and Shipbuilding Draughts- 
men. Stresses in Space Frames. By W. W. PAapFIELD. 
Electric Telpherage. By G. W. GrossmitH. London: 
Offices of the Association. [Price 2s. net, each. ] 

United States Bureau of Standards. Scientific Papers. 
No. 536. A Portable Radio Direction Finder for 90 to 
7,000 Kilocycles. By F. W. Dunmore. [Price 10 
cents.] Technologic Papers. No. 327. Compressive 
Strength of Column Web Platesand Wide Web Columns. 
By R. 8. Jonnston. [Price 20 cents.] Washington : 
Government Printing Office. 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1016. Some Physico-Chemical Studies on 
the Effect of Sunlight on Cotton. By G. Barr, D.Sce., 
and I. H. Hupson, M.Se. [Price ls. net.] No. 1043. 
Photographs of the Flow Round a Model Screw Working 
in Water, especially in the Vortex Ring State. By 
C. N. H. Lock, M.A., and H. C. H. TowNnEenb. [Price 
9d. net.] London: His Majesty’s Stationery Office. 


idited by Oscar FABER 
Concrete Publications, 


High Vacua. By G. W. C. Kays, D.Se. London : 
Longmans, Green and Co., Limited. [Price 10s. 6d. 
net. | 


The Education of the Adolescent. - Report of the Consulta- 
tive Committee. London: His Majesty’s Stationery 
Office. [Price 2s. net. 

Department of Scientificand Industrial Research: Illumina- 
tion Research. Technical Paper No. 4. Surface 
Brightness of Diffusing Glassware for Illumination. 
By C. J. W. Grieveson. London: His Majesty’s 


Stationery Office. [Price 9d. net.] 





RoyaL AERONAUTICAL Socrety.—The silver medal of 
the Royal Aeronautical Society is awarded annually to 
the author of the best paper published in the Journal. 
The medal for 1926 has been gained by Professor B. 
Melvill Jones for his paper, ‘‘ Control of Stalled Aero- 
planes,”” published in the Journal for June last. The 
officer commanding the Royal Air Force School of 
Technical Training, Halton, Bucks., has expressed his 
cordial approval of the proposed Elliott Memorial Prize, 
and is at present drafting suggested regulations for the 
award. The prize, the value of which is five guineas, 
will be awarded annually, as a memorial to the late Mr. 
A. B. Elliott, for the best paper submitted by an aircraft 
apprentice while in training at Halton. 





NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish 
steel trade are improving very slowly, but there is cer- 
tainly some betterment all round. The amount of iron 
available is rather limited and high in price, and supplies 
of other materials are not very plentiful yet. The fuel 
question is still causing uneasiness, but prices are gradually 
coming down, and each week the outlook is getting better. 
~~ are anxious for plates so that they can proceed 
with work on hand, but deliveries are not on a very large 
scale because of the difficulties being experienced at the 
works. The fresh demand for material of all kinds is 
not very heavy at the moment, and inquiries are also of a 
limited nature. In the black-sheet trade, however, the 
reverse is the case, and an ever increasing demand seems 
to be coming along almost daily. The output is being 
readily absorbed, and all works are participating in 
the demand; it is generally believed that the prevailing 
activity is likely to continue for several months to come. 
Prices show little change, and the following may be taken 
as the current market quotations :—Boiler plates, 11/.. 
per ton; ship plates, 81. 7s. 6d. per ton ; sections, 7/, 17s. 6. 
per ton; and sheets, under ¥ in. to } in., 127. 10s. to 
131. 10s. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—In the West of | Scotland 
malleable-iron trade there has been little change over tlic 
week, but makers are getting a larger output and the 
works are going more satisfactorily. Order books are 
fairly well filled, but fresh orders are slow for bar iron. 
The steel re-rolling departments are busy and have a 
considerable amount of work on hand. The current 
price for Crown bars is still 111, 15s. per ton, delivered at 
Glasgow stations. 

Scottish Pig-Iron Trade.—With the increased number 
of blast-furnaces in operation, there is rather more pig- 
iron on offer, but the tonnage is farshort of what is required 
at present. Consumers are absorbing the output quickly, 
and are handicapped for supplies. Named brands are 
scarce and dear, and until the price of coal becomes lower 
no marked fall can be expected. Current market quota- 
tions are as follow :—Hematite, 90s. per ton, delivered at 
the steel works ; foundry iron No. 1, 95s. to 100s. per ton, 
and No. 3, 92s, 6d. to 95s. per ton, both on trucks at 
makers’ yards. 

Scottish Pig-iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, January 15, amounted to 199 tons. Of 
that total, 35 tons went overseas and 164 tons coastwise. 
For the corresponding week of last year, the figures were 
1,454 tons overseas and 98 tons coastwise, making a 
total shipment of 1,552 tons, 





Personau.—Messrs. Hook and Willis Limited, 74, 
Goding-street, Vauxhall, London, 8.E.11, have been ap- 
pointed sole agents in Great Britain and Ireland for the 
sale of electrical accessories manufactured by The 
Vereinigte Elektrotechnische Fabriken F. W. Busch and 
Gebr. Jaeger A.G., Liidenscheid, Germany. The two firms 
Messrs. F, W. Busch, and Gebr. Jaeger, have amalgamated 
and are now operating as one company under the above 
title——-The business and interests of the British Air 
Brake Company, Limited, have now been merged with 
those of the Consolidated Brake and Engineering Com- 
pany, Limited, in which name the joint business will in 
future be conducted. The offices of the firm are at Caxton 
House, Westminster, London, S.W.1. 


ConTracts.—Messrs. Westinghouse Brake and Saxby 
Signal Company, 82, York-road, King’s Cross, N.1, 
have received the order for the direct-current all-electric 
power working of points, and electrical operation of day 
colour light signals, with alternating-current track circuits 
at Cape Town, as well as for automatic and semi-auto- 
matic day colour light signals with alternating-current 
track circuits equipped with resonated impedance bonds, 
between Cape Town and Wynberg. Messrs. Saxby and 
Farmer (India), Limited, of Calcutta, have received an 
order for Westinghouse electro-pneumatic power inter- 
locking at Victoria Terminus, Bombay, with day colour 
light signals, electro-pneumatic points and alternating- 
current track circuits equipped with resonated imped- 
ance bonds.—Messrs. The British Thomson-Houston Co., 
Limited, Crown House, Aldwych, W.C.2, have obtained 
a contract from the Air Ministry for the supply of Mazda 
metal-filament lamps.—Messrs Siemens Brothers and Co., 
Limited, Woolwich, have secured orders, to the value 
of 200,000/., from the Commonwealth of Australia, 
Postmaster General’s Department, for six automatic 
telephone exchanges located in the Brisbane area. These 
comprise the control exchange with 9,400 lines, and 
satellite exchanges at Paddington (1,000 lines), Yeronga 
(700 lines), Bulimba (800 lines), Sherwood (700 lines), and 
Nundah (600 lines).—The Glasgow Corporation Gas 
Department has placed an order with the Woodall- 
Duckham Vertical Retort and Oven Construction 
Company (1920) Limited, Allington House, Victoria-street 
London, S.W.1, for a new carbonising plant to be erected 
at the Dawsholm gasworks. The value of the contract 
is approximately 245,000/. The carbonising plant is 
to consist of 44 103-in. retorts and 48 intermittent 
vertical chambers. The installation will include coal and 
coke handling plant, coal treatment plant, and three 
waste-heat boilers.—The main contract for the construc- 
tion and initial equipment of the large new power station 
of the Bristol Corporation at Portishead has been placed 
with Messrs. Vickers, Limited. The station is to have an 
ultimate capacity of 280,000 kw. The whole of the 
initial electrical plant, comprising two 20,000 kw. main 
turbo-alternator sets, complete with condensers and 
auxiliaries, transformers and switchgear, will be supplied 
by the Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester. 
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NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 
The Coal Trade.—How seriously the seven months’ 
strike of colliery workers affected the export trade of 
South Wales is illustrated by the Customs returns of 
foreign cargo shipments, which show that only 9,222,227 
tons of coal were shipped abroad last year of an average 
value of 20s. 9d. per ton f.o.b., compared with 21,183,117 


tons in 1925 which realised 23s. ld. per ton. Shipments 
from Cardiff were reduced from 12,762,285 tons to 


5,664,657 tons, at Newport from 3,871,077 tons to 
1,724,047 tons, at Port Talbot from 1,847,625 tons to 
779,870 tons, and at Swansea from 2,702,130 tons to 
1,053,653 tons. The returns of the Great Western 
Railway Company, who own the docks of Cardiff, Penarth, 
Barry, Newport, Swansea and Port Talbot, are of a 
similar nature. The seaborne traffic of these docks, in 
1926, amounted to only 19,812,488 tons, compared with 
35,080,580 tons in 1925, exports falling from 29,778,373 
tons to 13,774,762 tons, coal and coke shipments dropping 
from 26,403,466 tons to 11,297,668 tons, and those of 
patent fuel from 1,022,575 tons to 487,001 tons. On 
the other hand, imports were raised from 5,302,207 
tons to 6,037,726 tons as the result of the arrival of 
1,579,468 tons of foreign coal. The coal market in the 
meantime is in a very unsatisfactory position, so far as 
colliery salesmen are concerned. Demand is restricted 
to very small proportions, and, though prices have fallen 
about 5s. per ton during the last fortnight, business is 
not being attracted, and a considerable number of pits 
are compelled to effect temporary stoppages owing to 
the lack of empty trucks caused by the slackness in 
trade. Best Admiralty large coal is available at 25s, 6d. 
per ton f.o.b., with seconds from 22s, 6d. to 24s. 6d., 
and Monmouthshires from 22s. 6d. to 24s., while dry 
large is easy at 23s. to 24s. The better classes of smalls 
are about steady at 15s., owing to outputs being curtailed 
by the reduced production caused by pit stoppages. 
The best steam smalls are, however, obtainable at 15s., 
with good bunker qualities from 14s. to 14s. 6d. and 
inferiors from Ills. up. Shipment operations at the 
docks, have been fairly active on account of old contracts, 
but, with new business very slack, the pressure which 
has existed is slackening off. Shipments of coal last 
week amounted to 369,060 tons, compared with 466,210 
tons in the corresponding period of last year. Last 
week’s exports included 12,800 tons for Algeria, 41,130 
tons for Argentina, 14,400 tons for Egypt, 32,580 tons 
for France, 28,500 tons for Italy, and 27,570 tons for 
Spain. Imports of coal last week totalled 7,490 tons, 
and the last cargo of foreign coal expected arrived 
to-day, the Simon von Utrecht docking at Barry with 
8,500 tons of American coal for the Great Western 
Railway Company. 

South Wales Ship Repairers——Mr. Arthur Parkes, 
general manager and secretary of the Prince of Wales 
Dry Dock Company (Swansea), Limited, has been 
elected president of the Bristol Channel Engineers’ and 
Ship Repairers’ Association for the ensuing year, in 
succession to Sir Wm. Diamond, K.B.E., of Messrs. 
Thos. Diamond and Co., Limited. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MripptessBroucH, Wednesday. 

The Cleveland Iron Trade.—Notwithstanding increased 
production, very little Cleveland pig iron is yet available 
for sale for early delivery. Arrears of delivery are being 
overtaken much slower than was hoped. Customers 
have large quantities to take up under old contracts 
at comparatively very low prices, and they are pressing 
for supplies. Much of the increased output is going 
into direct use at makers’ own consuming plant, and 
with some of the steelworks now running at full capacity, 
this state of affairs promises to continue. Ironfounders 
who have to buy in the open market complain con- 
siderably of difficulty experienced in obtaining anything 
like adequate supplies for current needs. For early 
home delivery, No. 1 Cleveland is 90s.; No. 3 g.m.b., 
85s.; No. 4 foundry, 84s.; and No. 4 forge, 83s.; while 
for home supply over periods ahead, half-a-crown below 
these figures is readily accepted. Export quotations 
are 6d, above prices for home use. 

Hematite.—There is a slightly easier feeling in the 
East Coast hematite branch of trade, nothwithstanding 
continued shortage of supply for early needs. Nos. 
1, 2 and 3 are on sale at 90s., and buyers are disinclined 
to place orders at that price. 

Foreign Ore.—Consumers of imported ore continue to 
hold off the market, having large stocks and heavy 
overdue deliveries to accept, but some movement is 
being made to establish recognised values. Sellers 
name 23s. as the c.i.f. price of best rubio, but for more 
than one odd cargo 22s. has been accepted. 


Blast-Furnace Coke.—Local consumers of _blast- 
furnace coke continue to complain that prices are too 
high, and confidently anticipate a fall in quotations, 
Meanwhile sellers name 25s. to 27s. 6d. for good average 
qualities delivered here. 

Manufactured Iron and Steel.—Considerable quantities 
are being turned out by finished iron and steel manufac- 
turers, and some steelworks are running at full capacity. 
Values of most descriptions of material are firm, but 
sheets have lowered in price; galvanised corrugated 
kinds by 5s., and black sorts by 10s., reducing the 


former to 16/. 5s. and the latter to 117. 15s. Common 
iron bars are 121. 5s.; iron rivets, 121. 15s.; steel 
rivets, 131. 10s.; steel ship plates, 81. 17s. 6d.; steel 


ship angles, 8/. 12s. 6d.; heavy steel rails, 8/. 10s. ; 
and steel billets, 7/. 12s. 6d. to 81. 12s. 6d 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel_—An optimistic tone is still prevalent 
throughout the steel and engineering trades of this 
district, but at present the damaging effects of the coal 
strike are still strongly in evidence, and before any 
appreciable headway towards normal working can be 
attained, these will have to be removed. The famine 
in British steel is being gradually overcome. More 
furnaces continue to be put into operation, and output, 
at the present moment, is in excess of that for the time 
preceding the commencement of the coal dispute, but 
before any substantial progress can be made, cheaper 
coke and iron are urgently required. Blast-furnace fuel 
represents a rise of 6s. per ton on pre-strike figures, 
which offers no inducement to iron producers to extend 
outputs. Small slack is in abundant supply, and prices 
have reached the low figure of 3s. per ton, which will, 
in all probability, result in more coke ovens being put 
into operation and help to reduce the price of coke, with 
a corresponding benefit to iron and steel manufacturers. 
Basic billets and basic pig continue scarce, but an 
improvement is looked for in the near future. Railway 
steel manufacturers complain of keener competition 
from abroad, but up to the present they have been able 
to attract sufficient business to keep plants actively 
engaged. Demand for automobile steel shows no signs 
of declining, and, if anything, tends to expand. Machinery 
makers, who were badly hit by the coal dispute, are 
finding business more plentiful, and anticipate that 
when trading conditions become normal they will 
experience a busy time. The call for agricultural imple- 
ments and machinery from abroad shows signs of easing, 
but the home requirements are inclined to increase. 
In tool trades patchy conditions continue to operate. Files, 
saws and engineers’ small tools are finding better markets, 
while there is a stronger request for shovels, picks and 
elevators in connection with road-extension schemes. 

South Yorkshire Coal Trade.—There has been an 
improvement in the general position during the past 
week. The recent colder weather has resulted in a 
stronger call for house coal, especially from users in 
London and country districts. Values in this class of 
fuel are easier. Industrial fuel is going away better, 
but the congestion of wagons continues to hold up 
production at some collieries. Steel coke is selling 
better, but blast-furnace coke continues on the quiet 
side, owing to the prohibitive price asked. Steam coal 
is in increasing demand, and a further improvement is 
anticipated now that stocks of imported fuel are being 
quickly absorbed. 


INTERNATIONAL RUBBER EXHIBITION, Paris.—The 
seventh international rubber exhibition opens to-day at 
the Grand Palais, Paris, and will close on February 6, next. 





ASTRONOMICAL AND OpticaL INSTRUMENTS.—The first 
publication to be issued by Messrs. Sir Howard Grubb, 
Parsons and Co., Walker Gate, Newcastle-on-Tyne, will 
be found to be exceptionally attractive to all interested 
in astronomy, firstly, as a record of some of the notable 
achievements of a firm having a world-wide reputation 
for the production of the astronomer’s “tools,” and, 
secondly, as an indication of the manufacturing resources 
of the firm as at present constituted. The original busi- 
ness, we may remark, was founded in Dublin early last 
century by the late Thomas Grubb, F.R.S., and, on his 
retirement in 1868, was continued, at Rathmines, by his 
son, the present Sir Howard Grubb, F.R.S. In 1918, the 
works were removed to St. Albans, to facilitate the 
manufacture of periscopes for submarines, and, early 
in 1925, the business was acquired by the Hon. Sir Charles 
A. Parsons, K.C.B., F.R.S., whose father, the late Earl 
of Rosse, it will be remembered, built the famous 6-ft. 
reflecting telescope, at Birr Castle, Parsonstown, King’s 
County, Ireland, and was in frequent consultation with 
Thomas Grubb in connection with this and other astro- 
nomical matters. Works for the new firm have been 
erected at Walker Gate, on a site provided by the electrical 
works of Messrs. C, A. Parsons and Co., Limited, and the 
publication gives some interesting views of the equipment 
of these new works, It may be mentioned, for instance, 
that a part of the roof of one of the shops is arranged 
to slide off on to a supporting gantry at one end, to enable 
astronomical tests to be carried out on telescopes and 
other instruments made in the works. The optical glass 
required is produced at the Derby Works of the Parsons’ 
Optical Glass Company, where, it is interesting to note, 
two discs have been made for a refracting telescope 
having an aperture of 41 in.—the largest refractor in the 
world. Work on this telescope was commenced before 
the war, but the instrument is now approaching com- 
pletion at the Walker Ge .e works. ' To the student, how- 
ever, it is probable that the section tracing the develop- 
ment of optical instruments for astronomy and astro- 
physics will make the strongest appeal. This is illus- 
trated by reproductions of photographs of many impor- 
tant reflectors and refractors constructed by the firm, 
in which, it may be remarked, the mechanical design 
requires to be no less excellent than the optical charac- 
teristics. Some idea of the mechanical perfection 
achieved may be obtained by examining the photograph 
of a nebula reproduced in the publication. Although to 
obtain such a photograph the telescope would be re- 
quired to follow the apparent motion of the stars for 
several hours, the images of the smallest stars appear as 
points, without any trace of blurring such as would be 
produced by the slightest irregularity in the motion. 
Engineering and optical skill is certainly well combined 
in the present organisation, so that there is little doubt 
that it will be able to maintain and to surpass the high 
reputation that has resulted from past achievements. 





NOTICES OF MEETINGS. 





Tue INSTITUTION OF MECHANICAL ENGINEERS.—To- 
night, at 6 p.m., at Storey’s-gate, S.W.1. General Meeting. 
‘“‘The Use and Economy of High-Pressure Steam Plants,” 
by Professor A. L. Mellanby and Professor W. Kerr. 


Tue Junior InstrrutTion oF ENGINEERS.—To-night, 
at 6 p.m., at 39, Victoria-street, S.W.1. Exhibition of 
Scientific Instruments and Apparatus. Friday, January 
28, at 7.30 p.m. ‘‘'The Design of High Tension Sub- 
Stations,” by Mr. C. E, Atkinson. 


Tue INsTITUTION OF ELECTRICAL ENGINEERS : LONDON 
StupEnts’ SEction.—To-night, at 6.15 p.m., at Savoy - 
place, Victoria-embankment, W.C.2. ‘Electrons in 
Solid Conductors,” by Mr. 8. N. Ray. 


THE Royat Instrrvtion.—To-night, at 9 p.m., at 
Albemarle-street, W.1. ‘‘'Tyndall’s Experiments on 
Magne-Crystallic Action,” by Sir William Bragg. Tues- 
day, January 25, at 5.15 p.m.. “Smokes as Aerial 
Disperse Systems ” (Lecture II.), by Professor R. Whyt- 
law-Gray. 

Tue Hutt Association or ENGINEERS.—Saturday, 
January 22, at 7.30 p.m., at the Municipal Technical 
College, Park-street, Hull. ‘‘ A 'Two Years’ Retrospect,” 
by Mr. G. F. O’Riordan. 


THE Braprorp ENGINEERING Socrety.—Monday, 
January 24, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. ‘Impressions of a Visit to the 
United States,’ by Mr. Thos. Roles. 


Tue Royat Soctety or Arts.—Monday, January 24, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture: ‘‘ Recent Progress in Optics ’’ (Lecture II.), 
by Professor L. C. Martin, D.Sc. Tuesday, January 25, 
at 4.30 p.m. Dominion and Colonies Section. “The 
Sugar Resources of the British Empire,” by Mr. Ben. 
Morgan. Wednesday, January 26, at 8 p.m. Ordinary 
Meeting. “British and American Practice in the Working 
of Hot and Cold Metals,” by Mr. F. W. Spencer. 


Tue InstrruTion or Civin ENoInEeERS.—Tuesday, 
January 25, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. ‘‘ A Theory of Silt and Scour,” by 
Mr. W. M. Griffith. 


TuHeE INSTITUTION OF ELECTRICAL ENGINEERS : NORTH 
Mipitanp CENTRE.—Tuesday, January 25, at 7 p.m., 
at the University, Leeds. Faraday Lecture. ‘‘ What is 
Electricity ?’ by Professor W. M. Thornton. 


Tue INstITUTION OF ENGINEERS AND SHIPBUILDERS 
In Scotranp.—Tuesday, January 25, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. ‘‘The Development 
of Industrial Welfare Work,” by the Rev. Robert R. 
Hyde. 

THe NEwcoMEN Socrety.—Wednesday, January 26, 
at 5.30 p.m., at the Science Museum, South Kensington, 
S.W.7. ‘“Trevithick and Rastrick and. the Single- 
Acting Expansive Engine,” by Mr. A. Titley. ‘‘ A Note 
on Newcomen’s Handwriting,” by Mr. Rhys Jenkins. 


THe INSTITUTION OF PRODUCTION ENGINEERS.— 
Wednesday, January 26, at 7.30 p.m., at the Society 
of Motor Manufacturers and Traders, Limited, 83, Pall 
Mall, S.W.1. Discussion of the Question of the Pro- 
fessional Registration of Engineers,” opened by Mr. 
Richard Hazleton. 


Tue INSTITUTION OF MECHANICAL ENGINEERS: YORK- 
SHIRE BRaANcH.—Wednesday, January 26, at 7.30 p.m., 
at the Grand Hotel, Sheffield, ‘‘ Machine Tools for Wheel 
and Axle Production,’’ by Mr. E. W. Tipple. 


InstTITUTION oF CiviL ENGINEERS: BIRMINGHAM AND 
District AssocraTion.—Thursday, January 27, at 
6 p.m., at the Chamber of Commerce, New-street, Bir- 
mingham. Lecture. ‘‘The Testing of Heat Engines,”’ 
by Mr. H. R. J. Burstall, M.Inst.C.E. 


Tue Institution oF Locomotive ENGINEERS 
(London).—Thursday, January 27, at 7 p.m., at the 
Engineers’ Club, Coventryestreet, W.1. ‘‘ Locomotive 
Performance and Its Influence on Modern Practice,” 
by Mr. E. C. Poultney. 

Tue Norrs-East Coast INstiTuTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, January 28, at 6 p.m., at 
the Literary and Philosophical Society, Newcastle-on- 
Tyne. ‘The Economy of Tank Testing of Ship Forms 
and Research in Ship Propulsion,” by Mr. G. 8S. Baker. 


THe Instrirute or TRANSPORT: NorTH-WESTERN 
Loca Srection.—Friday, January 28, at 6.30 p.m., at 
the Midland ‘Hotel, Manchester. ‘“‘ The Internationalis- 
ing of European Communications,” by Major F. Bustard . 


Tue INSTITUTION OF LOCOMOTIVE ENGINEERS: MAN- 
CHESTER CENTRE.—Friday, January 28, at 7 p.m., at 
the College of Technology, Sackville-street, Manchester. 
Discussion on “‘ Mass Production as Applied to the Re- 
pairing of Locomotives,” introduced by Mr. 8. Symes. 


THe KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
January 28, at 7.30 p.m., at the Temperance Institute, 
Keighley. Lecture: ‘‘Internal-Combustion Engines,” 
by Mr. J. McNish. 


THE INSTITUTION OF ENGINEERING INSPECTION.— 
Friday, January 28, at 7.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. “The Manu- 
facture and Use of Arsenical Copper,” by Mr. L. Taverner. 


Tue InstTITUTE OF BRITISH FOUNDRYMEN: BIRMING- 
HAM, COVENTRY AND West MIDLANDS Brancu.—Satur- 
day, January 29, at 6.30 p.m., at the Engineers’ Club, 
13, Waterloo-street, Birmingham. ‘‘ Modern Gas-Fired 
Annealing and Other Furnaces,” by Mr. Th. Teisen. 
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British IRon Aanpd STEEL InpustRy.—A_ report 
issued recently by the London Iron and Steel Exchange, 
Limited, 123, Cannon-street, London, E.C.4, states 
that fairly active conditions rule in the iron and steel 
trades, and that the outlook for the first quarter of 
1927 is promising. The British iron and steel works 
are resuming operations in increasing numbers, in 
spite of the fact that the price of industrial fuel is still 
above the pre-stoppage level. On January 8 last, 
between 65 and 70 blast furnaces were in operation, 
compared with 147 at the end of April, 1926. The 
rapidity with which the iron and steel industry in this 
country is regaining its feet has come as a surprise to 
the§Continental makers, and accounts, in a large 
measure, for the rapid decline which has recently taken 
place in European steel prices, 
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Surppinc, ENGINEERING AND MACHINERY EXHIBITION, 
1927.—The ninth Shipping, Engineering and Machinery 
Exhibition will be held at Olympia, London, W.14, this 
year from September 8 to 24. As has been the case in 
former years, the scope of the undertaking will be very 
wide, the interests of every branch of the shipping, ship- 
building and engineering industries being catered for. 
The special section, which comprises motor boats, yachts, 
small craft, internal-combustion engines and other 
accessories, will again be included, and although, on this 





the last two exhibitions been housed, is not available, an 
important portion of the Main Hall has been set apart for 
exhibits falling within these categories. The exhibition 
is receiving the support of the British Engineers’ Associa- 
tion (Inc.), the Society of Motor Manufacturers and 
Traders, Limited, the Ship and Boat Builders’ Associa- 
tion, Limited, and the British Marine Oil Engine Manufac- 
turers Association. Full particulars and floor plans of 
the exhibition may be obtained from Messrs. F. W. 
Bridges and Sons, Limited, Avenue Chambers, 4, Vernon- 


occasion, the New Hall, in which that section has for placo, Southampton Row, London, W.C.1. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, re 
We desire to call the attention of our readers 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journ and any other publications bearing 
somewhat similar titles. 
PaurcrarHic ) ‘“ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ondered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

For the United Kingdom £3 5 0 

For Canada— 

Thin paper copies 
Thick paper copies 
For all other places abroad— 
Thin paper copies 
Thick paper copies 
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‘SUSCEPTIBILITY TO” INDUSTRIAL 
ACCIDENTS. 

Tue difficulty in investigating the liability of 
any particular type of individual to industrial 
accidents lies in the very mixed material to 
be tested and the necessarily indirect character of 
any tests that can be applied. If the industrial 
population and occupations to be studied were 
strictly homogeneous, except for variations in 
susceptibility to accident, and if tests could introduce 
the precise element of danger to which the workers 
were to be exposed, the validity of a test could be 
determined without further intrinsic knowledge, 
either of the population or of the tests. In fact, 
however, such conditions are usually impossible, 
and in order to interpret the results, it is 
usually necessary to apply the methods of statis- 
tical calculus that have been developed in recent 
years. The value of the conclusions which may be 
reached in this way will then depend on the material 
that is fed into the statistical machine ; the extent, 
for instance, to which the material is so assorted 
that each of its groups is represented in sufficient 
numbers and in fair proportion to the others. The 
selection, again, of tests for trial is more likely to be 
successful if the tests have factors in common with 
the actions required of a person exposed to the 
dangers in question and seeking to avoid them. 
The statistical material can, indeed, be worked up 
without such information, but the value of the con- 
clusions, if any, to which it leads will be correspond- 
ingly less. The complexity both of the industrial 
population, and of the accidents to which it may be 
exposed, is so great that, if something better is to 
be obtained than a sample in which the proportions 
of the several groups exposed to like risks are taken 
more or less at random, the selection of the material 
as well as the uses to which it can safely be put must 
be determined with the co-operation of a person to 
whom the various types of workers and work are 
intimately familiar. The co-operation of such a 
person is necessary in the selection of tests, if they 
are to have the best chance of success, 








The Industrial Fatigue Research Board has 
recently published a preliminary report, (Report 
No. 88, H.M. Stationery Office) in which the authors 
attempt to correlate the distribution in industry 
of persons specially susceptible to accidents with 
the measured results of definite psycho-physiological 
tests. With the purpose of the report all engineers 
will be in sincere sympathy, and few will be able to 
read it without admiring the enthusiasm of the 
authors and their colleagues, and the ingenuity of 
some of their methods. It is not, indeed, the 
record of a concluded investigation. Both in the 
preface, and more than once in the body of the report, 
warning is given that the present results must be 
taken as provisional, requiring confirmation and 
further work before they can be accepted as final, 
or used as the basis of eliminatory tests. This 
caution is creditable no less to the practical intention 
of the authors than to their scientific spirit. It is, 
moreover, a reminder that the Board’s fundamental 
purpose is essentially practical, and that, as with 
Captain Cuttle, the bearing of its observations lies 
in the application thereof. The application that the 
Board is seeking is to work out a simple test, or tests, 
that will detect persons abnormally susceptible to 
accidents, before they are exposed to danger. Such 
a result would be a valuable implement in the 
industrial outfit ; but it is difficult to believe that 
it will be obtained readily, or perhaps even. at all, 
unless some amendment is made of the basis on 
which the problem is attacked. 

It happens that the investigation described in 
the report dealt mainly with the engineering trades, 
and it has certainly suffered from the fact that it was 
not made with the assistance of someone familiar 
with those trades. A brief outline of its methods and 
some of itsresults will illustrate how its chances might 
be improved by the co-operation of an engineer with 
a sufficiently wide range of experience and scientific 
training. In all, 651 persons were under observation, 
but it will be sufficient to refer to 611 of them, who 
were boys, employed as apprentices either in Ports- 
mouth Dockyard or the Royal Air Force Establish- 
ment at Halton. The boys in each of the two dock- 
_ | yard groups were engaged as shipwrights, engineers, 
plumbers, joiners, coppersmiths, and_ electrical 
engineers in unspecified proportions. The numbers 
in each group were 57 and 100 respectively, the 
period being 24 and 12 months, and the range of 
accidents 0 to 7 and 0 to 5, with averages (pre- 
sumably per person for the period in question) of 
0-59 and 0-33. The Air Force, groups of 175 and 
279 boys were checked for 36 and 9 months respec- 
tively, during which their range of accidents were 
from 0 to 18 and 0 to 4, and their averages 0-64 
and 0-47. Except for the last group, who had just 
begun training, no information is given as to length 
of previous experience; but the relation of the 
test figures to those of accidents occurring before 
and after the test was such as in the judgment of 
the authors to show that there was no connection 
between one and the others, which were due to 
some continuing quality in the individual. The 
burnt child’s dread of the fire did not, in fact, 
seem to affect his average chance of a second burn. 

For the purpose of the inquiry, an accident was 
taken to consist in an attendance at the factory 
surgery for any reason except sickness or re-dressing ; 
but as sickness is defined as “ visits to the surgery 
excluding accidents and redressings,” the definition 
of an accident does not tell us much more than that 
it was evidenced by a visit to the surgery. In the 
lighter cases the need for the visit was presumably 
assessed by the patient, and their number may 
not necessarily have been determined by his mere 
susceptibility to accident. The tests applied were 
of three fairly distinct kinds. The first group, 
described as estheto-kinetic, measured in different 
ways the reaction time or personal equation of the 
subject under various stimuli or signals for defined 
actions in response, his performance being mea- 
sured in some tests by the accuracy with which he 
responded at top speed. The second group was 
designed to test ocular balance (manifest or latent 
squint), tremor, and changes in the conductivity 
of the body, all of which are said to be related to 
“temperamental instability,” by which is meant the 
factors of a person’s make-up that unconsciously 
affect his nervous and emotional reaction to his 
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environment. The third group consisted of two 
tests involving reasoning, the one scholastic and the 
other mechanical. The method adopted for ascer- 
taining the relation between the results of any test 
and the incidence of accidents, was to divide each 
of the four groups of boys into two sub-groups, 
according as their performance in that test was 
better or worse than the mean for their group, and 
to express the average accident rate for each 
sub-group as a percentage of the mean for the whole 
group. By practice in the application of these tests, 
some were dropped as unsatisfactory, and extended 
experience was recognised as necessary for all. 
Most importance was attached to tests in the first 
group, which it is hoped to amplify and to supple- 
ment with others involving more complicated 
signals and responses. From the results of these and 
the other tests, a number of relations were suggested ; 
but the nearest approach to a striking association 
between the results of the tests and the relative 
incidence of accidents, was obtained by combining 


the results of the tests of the first group for all groups | 


of boys, ‘and weighting their average percentage 
accidents by the best statistical method which the 
data permitted. This gave for all boys who were 
better in the tests an average accident percentage 
of 77 on the mean, as against a percentage of 125 
for those who were worse, and the considerable 
difference between these averages is said to be more 
than four times its probable error. 

In this very condensed account we have endea- 
voured to express fairly the lines on which this 
investigation has been conducted, and the best 
that can be claimed for its results. It will be seen 
that when the groups of boys are divided up into 
their many several occupations, the number in 
each is not large for purely statistical treatment. 
The validity of the results is thrown further into 
question by the definition adopted for an “ acci- 
dent,’ which in small numbers may give widely 
different results with the same number of accidents 
reckoned on a more searching definition. The 
absence of information as to conditions of work in 
the various groups, and other particulars, adds 
further to the difficulty of interpreting the results 
with certainty. It may be that all these sources of 
doubt were inevitable in the circumstances of these 
particular observations ; but if so, the fact empha- 
sises the need for future work to be planned and con- 
ducted with the co-operation of a qualified engineer. 

The necessity is the more striking because of 
the insistence with which the Board’s previous 
investigations have ignored it. In its preface the 
present report, for instance, refers to the question 
of whether individuals differ in their susceptibility 
to accidents as one that has been answered by the 
Board’s previous investigations. It is true that these 
have applied statistical methods to that question, 
but the result of the investigations was merely to 
supplement a very high probability that experience 
had already established, by a probability of appa- 
rently a lower order, based moreover on methods 
of which some seemed open to exception. In all 
shops it has long been known that men’s aptitudes, 
natural or acquired, are not equal. Some men are 
handy and others thumby-fingered, some attentive 
and cautious and others careless, dreamy, or reck- 
less. In the course of the year all are exposed to 
the risks of life in the factory or elsewhere ; and it 
needs no ghost or other intelligence, come from a 
psychological laboratory with a manual of statistics 
in its pocket, to tell us that probably the dexterous 
and careful worker will have a better chance than 
his clumsy, wool-gathering, or reckless comrade, of 
avoiding the circumstances that produce accident, 
or of escaping from them with a whole skin. 

Experience shows equally that in a mechanical 
shop, the worker who for reasons such as have been 
suggested is specially susceptible to accidents is 
the exception and not the rule, as, indeed, in a well- 
managed shop he evidently must be. A very few 
such in a shop must consequently have a relatively 
large effect on its accident rate, and no amount 
of statistical investigation is likely to strengthen the 
probability of this evident result. The persistent 
attempt, on the other hand, to solve complex ques- 
tions in shop economy by purely statistical methods, 
unaided by those to whom shops, their inmates and 
occupations are intimately familiar, can only delay 








or destroy the hope of attaining the ‘‘ conclusions 
of real industrial importance ”’ that are hoped from 
the Board. 

It may be true that optat ephippia bos piger, 
though the evidence for the statement has always 
seemed insufficient ; but that is no reason why the 
psychologist, who has barely begun his own proper 
work, and is excelled by no other scientific man in 
his devotion to it, should divert his energy to playing 
with the science of statistics, and trying to force it 
into enterprises that it cannot undertake by itself. 
Still less does it justify him and those for whom he 
works in abstaining steadily from seeking the co- 
operation of engineers, with whose aid his methods 
would have the best chance of bearing fruit in the 
engineering trades. 





THE ANALYSIS OF SHIP SPEED 
PERFORMANCES. 

THOSE who are acquainted with Dr. E. V. Telfer’s 
methods in matters of analytical research will be 
greatly interested in the paper on Ship Propulsion 
read by him recently before the North-East 
Coast Institution of Engineers and Shipbuilders ; 
whether shipowners and their technical advisers 
will agree that his suggestions are a panacea for 
all the difficulties they have experienced in the 
past is another matter. The owners’ ideal, in 
summary form, is a vessel which will carry a fixed 
amount of cargo at a given speed, with the least 
possible outlay, not only in fuel but in the accumu- 
lative charges. The favourite method to-day of 
obtaining the best propulsive results is to have 
models with propellers tested in experimental tanks, 
and to assume that the form with the maximum 
propulsive efficiency will give the most economical 
results on service. If a high speed is demanded 
for service conditions it is likely that the vessel will 
be loaded to a normal draft condition, but in the 
case of ordinary cargo steamers it is unusual to 
have more than ballast and bunkers on board. It 
would be unfair to state that the latter condition is 
due to apathy on the part of the owner, however, as 
loaded trials are often affected by insurance condi- 
tions which do not permit of the ship turning on 
her course. Many vessels must also leave this 
country in ballast because cargoes are not available, 
but Dr. Telfer rightly emphasised that fully loaded 
trials should be arranged for all ships whenever 
possible, as it is only from them that overall effi- 
ciency can be measured and defects detected. 

Little importance has been placed on_ ballast 
trials with partially exposed propellers, although 
observations are sometimes made at different ballast 
trims to ascertain the most suitable condition, but 
it must be admitted that great variation in results 
at sea when in ballast are obtained, due to a variety 
of circumstances, of which propeller immersion 
(either partial or entire) is not the most important. 
Loaded trials often yield very surprising results, 
and there are numerous published records showing 
considerable disagreement between sister ships 
which had been tested under exactly similar condi- 
tions and corrected for tide, &c. Sir Archibald 
Denny has quoted a case of two sister cross-channel 
steamers with a difference of half a knot in speed 
which could not be accounted for, and one may be 
sure that every conceivable channel for error was 
then investigated. Other instances can be given 
of sister ships showing remarkable differences on 
service in both speed and fuel consumption, even 
with changes of staff. 

The whole difficulty about service speed analysis 
is the multitudinous number of variables to be 
contended with. Dr. Telfer dealt with a number of 
factors, but not by any means all of them, and, as 
an instance, one may consider the steps he proposes 
for calibrating the propeller as a dynamometer. 
The engine would, first of all, be tested in the shop 
for mechanical efficiency, but there would be a loss 
between that condition and the dock trial, due to 
shaft friction. At this stage he followed usual 
practice when a difficulty arose, by making an 
assumption, i.e., that the loss due to shaft friction 
was from 1 per cent. to 2 per cent. A common 
allowance for that loss is 4 per cent., but cases are 
known of the trial results being far below what was 
expected, and the losses were afterwards traced 





to the stern-tube gland having been too tightly 
packed; the loss in one case was placed at as 
much as 10 per cent. é 

Another variable is that of the engine efficiency, 
During the war a great many vessels of similar 
design and propelled by reciprocating engines were 
built. Some of them attained much higher speeds 
than others, and some of the differences were proved 
to be due to the tightness at which the engines were 
“screwed up.” The slack engines would have the 
highest mechanical efficiency but the shortest life, 
and an alteration in the condition of “ tightness ” 
could easily be made between the test-bed trial 
and the sea results, which would considerably affect 
all the data.* These are some of the “facts of 
experience ” which Dr. Telfer is in search of, and it 
is doubtful if he is right when he states that “ each 
full-size experiment contributes but little to the 
science of ship propulsion.” 

Corrections for tide and current effect, such as 
those suggested, are very necessary, as can be seen 
by examination of the trial results of the Orient liner 
Osterley, which were fully reported in our issue of 
June 25, 1909. This is an eloquent example of 
the error due to using a mean speed with a mean 
power for a pair of runs without some correction for 
tide or other influence. It is uncertain, however, 
whether Dr. Telfer’s method, based on the study of 
the variation of tidal velocity, would be accurate 
ona stormy day, and it is noted that he qualifies his 
views with regard to weather conditions. The 
trials of a high ship might be started with a moderate 
wind, which increased in force and veered round 
during the day, and its effect would then be some- 
what conjectural; this may be a reason why 
Admiral D. W. Taylor has expressed dissatisfaction 
with results based on such analysis. 

The sections of the paper which dealt with the 
power analysis and the inter-relation of shop, quay 
and measured mile trials gave some interesting 
hints on methods of plotting results. In this 
connection, and when calculating the initial friction 
of engines, an interesting point deduced from 
results of shop trials on marine Diesel engines, was 
that many of the trials showed that the difference 
between the mean indicated and brake pressures 
was reasonably constant over a fairly wide range of 
revolutions and brake horse-power, and Dr. Telfer 
concluded that for engines of between 1,500 and 
3,000 I.H.P. it was equal to about 3 Ib. of referred 
mean pressure. 

In the same sections he advocated the use of 
referred mean pressure on a base of revolutions as 
the best means of indicating variations of power, 
and the final development shows that in a vessel 
of 9 knots speed, and with an engine developing 
1,470 I.H.P., at 60 revolutions, a variation of 
half a revolution will alter the power by 45, whereas 
a change, or error of speed of a quarter of a knot will 
alter the power by only 25 I.H.P. As thus stated, 
the difference in sensitivity is contrary to the views 
usually held in-connection with speed errors, and 
Dr. Telfer concluded from this part of the investiga- 
tion that if, through any adverse circumstances, such 
as bad weather, inefficient stoking, &c., the engine 
does not develop the desired power, the builder 
with his knowledge of what referred mean pressure 
can be obtained, with a given steam pressure, can 
safely predict the ultimate result from the diagrams. 

When Dr. Telfer deals with the co-relation 
between power diagrams and ship model deductions, 
he enters the controversial field (although he states 
it is not within the scope of his paper) by indicating 
that the evidence for the Dolius points definitely 
to an initial error in the torsion meter readings. 
This matter was dealt with at considerable length 
last year by Mr. Baker, who made the readings, 
and Dr. Telfer suggests that a great deal more must 
be done at the ship before the practitioner can 
justifiably discuss model experiments. In dis- 
cussing the use of the power standards advocated, 
he urged their importance in giving a correct 
relation between load trials and service conditions, 
provided ‘“‘ the engineers cards pass the usual tests 
for probable accuracy,” and he then comments 
upon the surprisingly common practice of “ boost- 
ing” up power when cards are being taken. Statis- 
tics were given showing that many of the results 
returned were within } per cent. of that obtained 





m 


p 


Ve SP SE S&S VS 


Se Ss Se 


ee SS eae eS. SY 


eS 





JAN. 21, 1927.] 


ENGINEERING. 


81 








from the power-revolutions diagram, but presumably 
the range of “ probable accuracy ” would generally 
lie well outside that limit, especially in cases of 
vessels in »allast trim and with propellers racing. 
He premised that the diagram would remain valid, 
notwithstanding the conditions of the ships. surface, 
but surely the apparent slip would be increased if 
the bottom was very foul. 

The analysis for changes due to weather conditions 
would generally be very difficult to assess on service, 
and may not interest the shipowner since it is one 
of the factors which cannot very well be modified, 
but if the example given, which shows a loss of 214 
per cent. over a year’s working is an actual deduction, 
it supports the method adopted in good practice of 
adding 25 per cent. to the requirements for fair wea- 
ther conditions and clean bottom, to allow for 
losses on service. The suggested checks to be 
applied for coal fuel consumption are based upon 
the power diagram and the ash percentage, and 
the introduction of the latter as a check shows that 
our national product—coal—has at least one advan- 
tage over oil. Undoubtedly many of the service 
data for ships for loaded conditions could be methodi- 
cally analysed by the methods advocated, but it is 
doubtful whether those for ballast conditions at sea 
would lead to any reasonably definite conclusion. 





RECENT PROGRESS IN OPTICS.—I. 


THE first of a series of three Cantor lectures 
bearing the above title was delivered at the Royal 
Society of Arts on Monday last by Dr. L. C. Martin, 
assistant professor in the Technical Optics Depart- 
ment of the Imperial College of Science and Tech- 
nology. The Hon. Sir Charles A. Parsons, F.R.S., 
occupied the chair. As an introduction to his 
subject, the lecturer first referred to the vast range 
of applications of optical instruments in industry, 
science and ordinary life, and then went on to con- 
sider the properties of the simplest optical unit, 
viz., a concave mirror. After briefly referring to 
the Hartmann test for mirrors, the lecturer explained 
the properties of ellipsoidal and _paraboloidal 
surfaces, by which constancy of length in the paths 
of individual rays is secured. He pointed out that, 
in the case of a perfect parabolic surface, constancy of 
ray path was obtained, but if any imperfections 
existed in the surface the whole of the energy would 
not pass through the focus. Two disturbances 
would not then arrive together, although the optical 
effects would not be greatly diminished if the 
displacement between the waves arriving at a point 
did not exceed a quarter of a wave length of the 
light. Two pendulums swinging from a_ thin 
horizontal lath were used to demonstrate the 
effect of different phase displacements in the addition 
of simple-harmonic motions. 

It followed that, in the case of a parabolic mirror, 
any excrescence on the surface should not exceed 
in height about one-eighth, or better still, one-tenth, 
of a wave-length of light, since the length of the 
light path would be altered by twice the height of the 
excrescence. A reflecting surface should, therefore, 
be accurate to within about 0-00005 mm., since the 
average wave-length of light could be taken as 
-0005 mm. With refracting surfaces, on the other 
hand, the accuracy of the surfaces need not be so 
high, since the difference in the length of the light 
path caused by an excrescence was only half the 
height of the latter. It was probably for this reason 
that refracting telescopes were usually preferred to 
reflectors, it being easier to obtain the necessary 
degree of accuracy with the former than with the 
latter. 

Dr. Martin then described the Foucault test for 
mirrors and object glasses, in which a knife edge is 
placed ‘at the focus so as just to hide the image 
formed and the object glass is observed by an eye 
placed close to the knife edge on the side remote from 
the lens. By this means, any imperfections in the 
surfaces are rendered visible and the lecturer showed 
a slide illustrating the appearance of a large telescope 
objective when viewed in this way. Curious 
curved markings, produced by the action of the 
vtinding and polishing tools, were clearly brought 
out in the slide. This served to indicate the 
importance of the grinding and polishing operations, 
in the study of which much progress had recently 





been made. Any irregularities left in a ground 
surface, the lecturer pointed out, must be removed 
by polishing, so that it was of the utmost importance 
that the grinding medium employed should not 
produce any very deep cuts in comparison with the 
average depth of the scratches. Microphotographs 
of various grinding media were projected on to the 
screen, to illustrate the irregularities in the grain 
sizes, and the marked superiority in this respect of a 
new abrasive, produced by the Scientific Instrument 
Research Association and known as Sira, was very 
obvious. The uniformity. of grain size in this 
abrasive, as compared with corundum and carborun- 
dum, was most remarkable, and the lecturer men- 
tioned that the fact that no deep cuts were 
produced by it had the effect of reducing the time 
required for polishing by one-third. The Sira 
abrasive was also much more rapid in action than 
other abrasives, and its production constituted a 
very important advance. 

Examples of modern lens-grinding machines, as 
employed at the works of Messrs. Taylor, Taylor 
and Hobson, Limited, Leicester, were then shown 
on the screen, the first example being a slicer or 
slitting machine for cutting up blocks of glass by 
means of a thin iron disc the edge of which is 
charged with diamond dust. The cutting of 
discs from glass slabs by means of a tubular tool, 
also charged with diamond dust, was also illustrated. 
Other interesting items shown were grinding wheels 
which are now used for roughing out the curved 
surfaces of lenses, thus effecting a marked saving 
in roughing tools of the cup-and-ball type. Mention 
may also be made of a bench of grinding and polish- 
ing tools supplied with rouge by an automatic 
device brought into action by the increase of 
torque resulting from a deficiency of the rouge 
supply. The manufacture and testing of large 
mirrors and object glasses in the shops of Messrs. 
Sir Howard Grubb, Parsons and Company, New- 
castle-on-Tyne, was also illustrated by a number 
of slides. 

With the exception of the mirrors used for re- 
flecting telescopes, &c., the largest non-spherical 
surfaces used in optics were employed in spectacle 
lenses. Of these, cylindrical and toric surfaces 
were well known, and the firm of Zeiss had employed, 
non-spherical surfaces for lenses used by patients 
after operations for cataract. Such non-spherical 
surfaces, however, were difficult to produce, although 
for opthalmic purposes the accuracy required was 
less than would be necessary for optical instruments, 
such as_ telescopes and microscopes. Another 
application of non-spherical optical surfaces was 
in connection with various forms of dark-ground 
illuminators for microscopes. Of these, the para- 
boloid was the most familiar form. The cardioid 
surface, proposed by Siedentopf for use in con- 
junction with a spherical reflecting surface, was 
in actual practice replaced by a spherical surface. 
A new model of the Siedentopf cardioid condenser 
was introduced by Messrs. Zeiss in 1925, and one 
of these condensers fitted to a microscope was 
shown in use after the lecture. The lower limit of 
the numerical aperture of the condenser is about 
1-2, and the admissible aperture of the objective 
used with it is 1-05. The use of a_ specially- 
designed apochromatic objective of this aperture 
produces results superior to those obtained by the 
use of special stops. 

Coming to a consideration of the optical image, 
the lecturer explained that the distribution of 
energy in the neighbourhood of an image could be 
successfully calculated if the simplest conditions 
of a star image and homogeneous light, represented 
by a simple-harmonic wave train, were assumed ; 
the inquiry could then be extended to more complex 
conditions. The first calculations of this type, he 
said, were made by G. B. Airy, in 1834, who calcu- 
lated the intensity at points near the point of 
greatest concentration in the focal plane of a perfect 
lens. Other investigators had also given numerical 
results, but it was only within the last few years 
that the results of adequate calculations to find 
the distribution of light, both in the focal plane and 
in neighbouring planes, firstly in the absence of 
aberration and, secondly, in the presence of aberra- 
tion of varying amounts, had been available. 
Such results were only obtained by very laborious 





numerical work, but were very important, as they 

gave a basis for understanding the effect of definite 

amounts of aberration in lens systems, and thus led 

to the knowledge of the tolerance for aberration - 
allowable under definite conditions. No lens 

system was perfect, and it was necessary for the 

designer to know how far he could go without 

seriously spoiling the image. 

Curves of light-distribution obtained by the 
staff and students of the Technical Optics Depart- 
ment of the Imperial College were shown and 
briefly discussed by the lecturer for lenses without 
spherical aberration, with a certain amount of 
primary spherical aberration, and with oblique 
aberration known as coma. 

The remainder of the lecture was devoted to the 
study of the use of interference methods in astro- 
nomy, Dr. Martin first explaining the experiment, 
suggested by Fizeau in 1868, of placing a diaphragm 
containing two parallel rectangular slits just behind 
the object-glass of a telescope, and examining the 
image formed when the instrument is directed to a 
star or artificial star. It is also possible to use a 
single illuminated slit placed at some distance from 
the lens with its length parallel to the diaphragm 
slits as a source of light in the experiment. When 
sufficient magnification is used in the eyepiece, 
a system of interference fringes is visible, and if 
the object-glass is optically good, a central bright 
fringe will be seen in the axis where the disturbances 
from the two slits meet after travelling along equal 
optical paths, this being the position of the image 
formed by the unscreened lens. The position of the 
bright fringe should remain stationary even if the 
slits are moved, as any movement of the former 
would indicate an inequality in the paths of the 
two rays from some part of the lens. If a second 
illuminated slit be mounted near to, and parallel 
with, the first slit, a second system of fringes will be 
produced in the focal plane of the telescope, the 
angular distance between adjacent bright and dark 
fringes, taken from the posterior nodal point of the 
object glass, being A/2d, where d is the distance 
between the slits in the diaphragm. Hence, when 
the distance between the two illuminated slits is 
such as just to subtend this angle, or an odd multiple 
of it, at the anterior nodal point, the bright fringes 
of one system will fall on the dark fringes of the 
other, thus tending to extinguish all contrast. A 
similar extinction can be observed if only one 
illuminated slit is used and gradually widened, or 
even if an illuminated circular aperture is gradually 
increased in diameter. In the latter case, however, 
the fringes cease to be visible when the angle 
subtended by the diameter of the circle is 1-22d/d, 
so that if the circular aperture is replaced by a 
star, the fact that an extinction of the fringes can 
be obtained affords a method of measuring the 
angular diameter of the star, provided that d-can 
be made sufficiently large. Actually, with an 
object-glass or mirror 100 in. in diameter, the 
smallest stellar disc with which a, disappearance of 
the fringes could be observed is 0-05 second of 
are. 

Evidently very large lenses or mirrors would be 
necessary to obtain the effect described with smaller 
stellar discs, but the difficulty of producing such 
lenses or mirrors has been overcome by artificially 
extending the aperture by an arrangement suggested 
by Michelson. In this, the end of the telescope 
carries a slide at right angles to the axis, four plane 
mirrors being mounted on the slide with their 
reflecting surfaces at an angle of 45 deg. to the axis. 
Light from a star is reflected from the two outer 
mirrors on to the two inner mirrors, which direct it 
down through the object-glass or on to the mirror 
of the telescope. With this arrangement, inter- 
ference fringes can, in general, be observed at the 
focus with a magnification of from 1,500 to 3,000 
diameters. Michelson’s preliminary experiments 
were carried out with simple apparatus as far back 
as 1891, but, owing to delays from various causes, 
it was not until December 13, 1920, that observa- 
tions on the star Betelgeuse, in the constellation 
Orion, showed that the fringes disappeared when 
the mirrors were 10 ft. apart, giving an angular 
diameter for this star of 0-47 second of are. The 
distance of the star being known approximately 
from parallax observations, the actual diameter 
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was thus found to be about equal to that of the 
orbit of Mars. This measurement, the lecturer 
rightly described as one of the greatest achievements 
of optics. 





THE BOMBAY BACK BAY RECLAMA- 
TION SCHEME. 


THE problem of securing land for improving the 
conditions of housing in parts of the city of Bombay 
has been urgent for many years. The Municipal 
Commissioner estimated recently that there is a total 
shortage of one-roomed tenements of 48,000, exclu- 
sive of 15,000 required to replace insanitary huts and 
tenements unfit for human habitation, and Lord 
Lloyd, who was Governor of Bombay before he took 
up his present position in Egypt, has stated that over 
a quarter of a million of the working classes are without 
proper homes. Owing to the situation of the city, 
it is only possible to increase the housing area by the 
reclamation of land from the sea, and it will be 
regretted on all sides that the misfortune which 
dogged the earlier efforts in this direction have 
persisted throughout the latest attempt. We 
described the works in connection with the latter in 
our issues for August 21 and September 4, 1925, and 
have since commented from time to time on the 
difficulties which have arisen in the execution of the 
scheme. It will be recalled that the delay on the 
work became so serious that the Advisory Com- 
mittee of the Bombay Development Department, 
who were responsible for the scheme, appointed a 
sub-committee in 1924 to inquire into its progress, 
and that the publication of their report was followed 
by a second report issued by the Advisory Committee 
itself. The gist of these two statements was to the 
effect that, if the original scheme was to be com- 
pleted, the cost was likely to be in the neighbourhood 
of 8,000,000/., as compared with the original estimate 
of 2,825,900/., and that the five years estimated as 
necessary to finish the work would have to be 
extended to twenty. In commenting upon a letter 
written by Sir George Buchanan to The Times in 
connection with these reports, we suggested in our 
issue of April 16, 1926, that it was desirable that an 
independent committee should be appointed to 
investigate the whole question. Such a committee 
was in fact appointed in May, 1926, by the Govern- 
ment of India at the request of the Bombay Govern- 
ment. This committee, under the chairmanship of 
Sir Grimwood Mears, held their first meetings in 
Bombay, and this was followed by a series of meet- 
ings in London, which have been widely reported in 
the public Press. We refrained from comment on 
the evidence offered at these meetings, preferring to 
wait for the publication of the Committee’s report. 
This has now been published both in India and in 
this country, and makes it clear beyond doubt that, 
although some of the causes leading to the partial 
failure of the scheme could not reasonably have been 
anticipated, much of the difficulty that has arisen 
in executing the work was due to insufficient con- 
sideration having been given to the project, and to 
a lack of definition as to the duties of the various 
responsible officials. 

The report is voluminous, and includes a history 
of earlier schemes, together with verbatim reports 
of part of the evidence given before the Committee. 
Among the many points at issue, the most important 
technically is undoubtedly the failure of the dredger 
“Sir George Lloyd ” to average anything approach- 
ing the output on which Sir George Buchanan, who 
acted on behalf of his firm as consultant for the 
work, based his estimates. He assumed that the 
dredger, which it will be recalled is of the cutter- 
suction type, would be capable of dredging 2,000 
cub. yards of material per hour, at a depth of 70 ft., 
and discharging it through a pipe line 42 in. in 
diameter, and 5,000 ft. long, on to the area to be 
reclaimed. Actually, the outputs for the three 
seasons during which the vessel has been at work 
were respectively 1,020, 856, and 959 cub. yards 
per hour. The unsatisfactory output revealed by 
these figures appears to have been almost entirely 
due to the nature of the material dredged, and to the 
absence of a dredging area with a sufficiency of 
material to utilise the vessel to the best advantage. 
No suggestion is made that the dredger could not 
reach her estimated output under suitable condi- 





tions. Sir George Buchanan did not make it a 
condition of acceptance for the vessel that she should 
reach the estimated output of 2,000 cub. yards per 
hour in the conditions prevailing on the dredging 
area, and she was, in fact, tested only on the Clyde, 
where the material handled was a black clayey silt. 
Ample evidence appears to have been available that 
the material to be dredged at Bombay was a stiff 
clay, and it is clear that the builders of the dredger 
were themselves aware of this fact, and that her 
output would, in consequence, be well below the 
estimate, although it apparently escaped the atten- 
tion of Sir George Buchanan. The most important 
evidence in this direction was afforded by an official 
publication of 1915, giving the results of the working 
of two other dredgers, the Kalu and Jinga, belonging 
to the Bombay Port Trust, and made by the same 
firm as the Sir George Lloyd. In this report it 
was stated that these two vessels, each guaranteed 
to deal with 2,000 cub. yards per hour, had, in 
fact, averaged only 1,126 cub. yards. As regards 
the dredging area, severe comment is made in the 
report on the fact that the Bombay Government 


states that the cost up to date exceeds 1,500,000/., 
and that no portion is at present giving any financial 
return, and more than three-fourths of it is serving 
no useful purpose whatever. The yearly loss of 
interest alone is stated to amount to at least 90,000/. 
Another unsatisfactory feature of the wall is that 
when pumping was actually commenced into 
block 8, it was at once noticed that large quantities 
of silt or mud were escaping back through the 
rubble mound into the open sea. The rubble mound 
was in fact porous, and it is estimated that in the 
first two seasons about 900,000 cubic yards of 
material were so lost. Sir George Buchanan is 
stated to have been urged to agree to the sealing 
of the inner side of the wall and the cross bends by 
moorum filling, that is, by material obtained from 
the quarry. Nothing, however, was actually done 
until February, 1925, when Sir Lawless Hepper, the 
Director of the Development Directorate, obtained 
the consent of the Local Government to incur the 
necessary expenditure and had the work carried 
out. 

Space does not permit of our entering into the 
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failed either to consult or to obtain the sanction 
of the Port Trust or the Royal Indian Marine before 
embarking upon the scheme. The bed of the sea in 
Bombay Harbour, in which the bulk of the dredging 
was to be effected, was vested by Statute in the former 
body, and the latter had also important rights over 
the area. After the scheme was actually started, 
both these bodies asserted their rights on the 
grounds, on the one hand, that the operations would 
add enormously to the cost of any works extensions, 
and, on the other, that the anchorage for men of war 
might be interfered with. As a result, the area 
over which dredging was permitted was restricted, 
and the depth over a certain area, shown on the 
map, above, was further restricted to 35 ft., 
although the Sir George Lloyd had been designed 
to dredge down to 70 ft. 

The position appears to have been equally unsatis- 
factory as regards the construction of the sea wail. 
Originally it was proposed to build this wall from 
the Marine Lines end, and to construct it gradually, 
keeping just in advance of the dredging, but in 
July, 1920, the decision was made to work from 
both ends simultaneously. This is stigmatised in 
the report as “‘a disastrous decision.”” The opinion 
is expressed that the proper course would have been 
to work from the Colaba end only, as this would 
have met the requirements of the Government, and 
would have in fact ensured that a very substantial 
sum would have been paid for the reclaimed area 
at an early date. Instead of this, however, both 
ends were proceeded with, until, as shown on the 
map, a gap of 1,850 ft. alone remained. The report 


various administrative difficulties which arose in 
the course of the work, but as we have referred to 
Sir George Buchanan, it is only fair to him to state 
that the agreement between the Secretary of State 
for India and his firm contained a clause that the 
resident engineer should be subject to the control 
of the Director of Development. Sir George main- 
tained in his evidence that this clause placed him in 
a position of no power, weight, or importance, and 
resulted in his firm having no power of dismissal 
over any of the staff. 

We may now turn to the summary of recommenda- 
tions for the future made by the Committee. The 
various blocks referred to in this portion of the 
report are indicated on the plan. The committee 
state that for financial reasons the completion of 
block 8 is a most urgent work, and that following 
this, the foreshore portion along blocks 3 to 6 
should be filled in to an average width of 300 ft. 
seaward of the present shore line, and brought up 
to the ground level of the reclamation. The strips 
should curve at both ends, so as to form the area 
shown by a chain line in the plan. They state that 
the foreshore strip should be reclaimed with moorum 
filling. A complete layout of the area to be re- 
claimed should be prepared, and the foreshore strip 
developed as soon as completed, with a further 
development of blocks 1, 2 and 7, as land is taken 
up. It is suggested that the layout already prepared 
for the complete scheme, of which a plan was given 
on page 218 of our issue for August 21, 1925, should 
be re-examined, and that the layout of the area 
recommended for completion should fit in with the 
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layout approved for the complete reclamation, if 
ultimately undertaken. It is further suggested that 
the results of the work of the Sir George Lloyd and 
the floating pumping station, Colaba, during the 
current season should be verified. If the cost of 
filling by dredging is then found to approximate to 
that of moorum filling, and the quality of the 
reclaimed land is satisfactory, it is proposed that 
blocks 1 and 2 be filled by dredging after block 7 
is completed. Failing a satisfactory approximation, 
the dredger and pumping station should be disposed 
of. As regard administration, it is suggested that the 
reclamation should be removed from the control 
of the Development Directorate and carried out 
in accordance with one or other of the plans 
suggested in the report. A small committee, includ- 
ing one or two experienced engineers, should be 
constituted to advise the Government. Among 
the remaining recommendations, the most important 
are that the work should in future, so far as is prac- 
ticable, be carried out by contract, and that blocks 1 
and 2 should be completed as soon as possible. The 
committee recommend that every endeavour should 
be made to complete the modified scheme in three 
or four years, and that if the whole reclamation is 
ultimately completed, the filling of the remaining 
area should be by moorum filling exclusively. 








THE ENGINEERING OUTLOOK. 


ment in the motor industry, in seven principal 
manufacturing districts. 

From Table I, it appears that employment has 
been well maintained, and even increased, in spite 
of the coal dispute. The industry is still expanding 
rapidly, as may be seen from the increase in the 
numbers insured. A good deal of the increase in 
unemployment was of a temporary character, and 
by the end of the year was already being rapidly 
absorbed. These figures.corroborate the production 
figures given above in showing that the motor 
industry fully maintained its position and even 
made some advance, in spite of the general dislo- 
cation. 

The export position has also been extremely 
satisfactory considering the circumstances. The 
rapid rate of increase of the last few years was not 
maintained, it is true, but it is perhaps remarkable 
that it should be possible to record any increase 
at all. Actually some 31,000 motor-cars, com- 
mercial vehicles and chassis were exported during 
1926, as compared with 29,000 in 1925. Had the 
rate of progress of the first four months been 
maintained, there would have been expansion of 
33 per cent. over the 1925 figure. The course 
of the export trade is ‘traced in Table II. 


Taste II1.—U.K. Exports of Motors and Chassis, Com- 
mercial Vehicles, Motor Cycles and Tricars (numbers and 
declared values). 





I1I.—Tur Moror Inpustry. 
At the beginning of the year 1926 the hope 








was expressed that the British motor industry 
would, in the course of that year, establish a 
definite ascendancy over its European rivals. 
That this hope has not been fulfilled is mainly 
attributable to the coal stoppage, which affected 
the industry adversely in several ways. Firstly, 
the home demand was impaired by the general 
dislocation of business, while export enquiries fell 
short of what they would have been owing to 
the fear that British manufacturers would be 
unable to give delivery. Secondly, the prolongation 
of the stoppage exhausted the stocks of materials 
available to manufacturers, and adequate new 
supplies could not be obtained. A compensating 
factor was the imposition, for the first time, of 
McKenna duties on commercial vehicles, which, 
together with the duties on private cars re-imposed 
in 1925, safeguarded the home market to the 
British industry. In 1925, 18,000 more foreign 
vehicles were imported into this country than 
British vehicles were exported. In 1926, over 
11,500 more British motor vehicles were exported 
than foreign vehicles were imported. It may be 
added that this is the first year in which the balance 
of trade in motor vehicles has ever been favourable 
to this country. Largely as a result of this, British 
production was not only maintained but slightly 
increased at roughly 170,000 vehicles for the 
year, as compared with 190,000 by the French, and 
4,500,000 by the American industry. 

lm In the following table the number of workpeople 
employed in the construction of motors, cycles 
and aircraft as recorded in the Ministry of Labour 
Gazette is given, together with a sample of employ- 


TaBLE I.—Actual number of workpeople employed. 
































(1) (2) (3) | 
Motor Carsand| Motor Cycles Index of 
Commercial and (1) and (2) 
Monthly Vehicles. Tricars. Combined. 
Average. 
— | Value. — Value. | — Value. 
£ £ 
1913 .. ..| 736 | 238,471 | 1,404 61,105 | 100 100 
1922— 
1st quarter 256 | 190,061 586 | 41,411 39°3 77°3 
2nd, 193 | 139,484 723 | 50,741 | 42-7 63°5 
3rd_sé,, 253 | 129,143 681 42,909 43-6 57°4 
4th ,, 312 | 193,186 431 | 25,142 | 34-7 72-9 
1923— 
1st quarter 354 | 185,873 998 | 51,147 | 63-2 79-1 
2nd 99 397 | 193,104 | 1,468 | 76,698 87-1 90-0 
3rd rs 536 | 232,324 | 1,287 | 66,093 85-2 99-6 
4th a 799 | 338,882 | 1,631 | 76,268 | 113-6 | 138-6 
1924— . 
1st quarter 900 | 311,615 | 2,447 | 106,341 | 156-4 | 139-5 
2nd p= 1,142 | 365,955 | 4,238 | 187,365 | 251-4 | 184-7 
Cl a 1,516 | 433,205 | 3,028 | 129,991 | 212-3 | 188-0 
4th 1,641 | 509,577 | 2,807 | 118,328 | 207-9 | 209-6 
1925— 
Ist quarter | 2,137 | 598,615 | 3,908 | 154,139 | 282-5 | 251-2 
a 2,122 | 582,982 | 4,255 | 180,723 | 298-0 | 254-9 
3rd s 2,235 | 567,639 | 3,638 | 142,206 | 274°5 | 236-9 
4th & 3,189 | 721,627 | 3,745 | 141,940 | 324-0 | 288-3 
1926— 
Ist quarter | 3,053 | 679,281 | 4,426 | 168,434 | 349-5 | 282-9 
2nd a 1,929 | 445,406 | 4,556 | 175,753 | 303-0 | 207-3 
3rd ee 2,194 | 521,887 | 3,808 | 141,542 | 280-6 | 221-6 
4th By 3,902 | 787,062 | 3,340 | 119,000 | 337-1 | 302-4 























Perhaps the most striking feature of all is the 
great expansion in the last quarter of 1926, for 
which the November and December figures were 
largely responsible. To have attained to record- 
breaking figures, both as to volume and value, 
in the last quarter of so distressful a year augurs 
well for the export trade of 1927. 

As a measure of the number of motor vehicles 
circulating in the home market, and the extent 


of the use of motor vehicles propelled by internal 


combustion engines, the following statistics of 


the registration of motor vehicles and of the 
consumption of motor spirit are reproduced from 












































No. Motors, Cycles and Aircraft.* | a booklet published by the Society of Motor Manu- 
em-_| Index facturers and Traders, Limited, entitled ‘‘ The 
—_— ployed | 1913, ee 
in7 | 100. | No. No. No. |Index | Motor Industry of Great Britain. 
dis- in- unem- em- /|1923, 
tricts. sured. | ployed.| ployed.| 100. TaBLE III.—Motor Vehicles Use in Great Britain. 
1913 . 19,001|100 ae —_ a — Number of Vehicles in Circulation. Consump- 
1918 .. .| 39,686/208-9 = = = os tion ot 
1920 .. ..| 43,202]227-4 — =s — = Motor 
1923— ’ Year. | Private Com- Spirit. 
1st 6 months | 27,812)146-4 ate — |175,722/100 Cars. mercial |Hackneys.| Total. 
2nd ms 31.453 165-5 a es pac mae | Vehicles. Gallons. 
1924— , 
1st 6 months | 24,765/130-3 , _Peneide P 
ot 28,471 140-8) 203,340) 16,145) 187,195)106-5| 4913 || 68,000 | 37,000 | 34,212 | 139,000 | 101,049,061 
= i 1923 ..| 384,000 | 181,000 | 86,000 651,000 341,802,376 
st 6 months | 34,328/180-6 - 2 | 1924 ..| 474,000 | 210,000 | 94,000 | 778, 486,625,05 
a eae 33,173 ime} 214,840) 14,100) 200,740/114-3 | 1995 °°) 580,000 | 232,000 | 99,000 | 911,000 | 495,778,352 
7. 1926 ..| 676,000 | 257,000 | 99,000 |1,032,000 | 699,371,421 
) S } . 
ond NOnths | 3$'990| 174.8 F | 2244040) $21,609] 202,481|115-6 
In view of the fact that the designers in the British 





* Figures only relate to the month of July in each year. 


industry devote great attention to fuel economy, 


t Of this number 4,578 were “temporary sto ps” due é Eee ° 
" ‘ porary stoppages" cue | the above table shows that in addition to a sustained 


to the coal dispute. 





increase in the number of vehicles in circulation, 
more extensive use is being made of them by their 
owners. In order to gauge the value of this expan- 
sion to the British manufacturer, it is, however, 
necessary to consider the imports of foreign vehicles. 


TaBLE IV.—Net Imports into the United Kingdom of 
Private Cars, Commercial Vehicles and Chassis. 














Index of 
Monthly Average Number of Value. Quantity. 
for | Vehicles. 1923 — 100. 
| 
| 
1913 .. Gs a 1,083 261,392 47-5 
1923. 1st quarter .. 3,286 496,252 144-4 
2nd _sCs«, a 2,744 409,514 120-6 
3rd_séi,, - 975 160,129 42-0 
4th ,, as 2,127 329,412 93-5 
1924. 1st quarter .. 2,423 343,696 106-5 
2nd, 1,833 137,202 80-5 
3rd a “ 1,754 346,559 77-1 
4th ,, a 2,013 414,701 88°5 
1925. Ist quarter .. 3,634 607,761 159-7 
2nd; a 7,064 1,287,240 310-5 
3rd pe ne 2,085 336,931 91-6 
4th - te 3,122 492,271 137-2 
1926. 1st quarter .. 1,946 308,584 85-5 
2nd _sSC,, aa 1,780 252,535 78-6 
le oe 1,475 136,575 64-8 
4th a ae 2,087 298,185 91-7 
| 








Taking Tables III and IV together, it will be seen 
that British manufacturers with the assistance of 
the McKenna duties, have succeeded in reducing 
the importation of foreign motor vehicles very con- 
siderably in spite of a largely increased demand. 
It must be borne in mind that certain foreign 
makes, such as Ford and Citroen, are now being 
made over here in considerable quantities. But if 
made here with British labour and materials, they 
may be regarded from an economic point of view 
as part of the British industry. 

Outside the British market, the competitive situ- 
ation can best be realised from a comparison of the 
total exports of the great producing countries. In 
Table V, below, the declared values of world exports 
of motor vehicles are expressed in sterling, converted 
at the average daily rate of exchange, in each of the 
years in question. 


TaBLE V.— World Exports of Motor Cars and Commercial 
Vehicles (declared values). 




















— | 1913. | 1924, | 1925. | 1926.* 
Ura... ..| 5,343,000 |29,840,000 |46,100,000 |45,650,000 
Great Britain ..| 2,862,000 | 4,869,000 | 7,413,000 | 7,277,000 
France .. ..| 8,802,000 |17,710,000 |20,570,000 |17,580,000 
Germany ..| 4,258,000 | 934,000 | 1,154,000 | 909,000 
Italy a 1,316,000 | 3,947,000 | 5,485,000 | 5,495,000 

Total . 22,581,000 |57,300,000 |80,722,000 [76,911,000 











* Estimated on incomplete returns. 


As far as can be ascertained from gross values, 
which are admittedly an imperfect criterion, it 
would seem that the British industry has increased 
its share of a diminished total. This contraction 
in the value of motor exports is due partly to the 
constant decrease in prices of motor vehicles by 
producers of every nationality, but still more to 
the fact that 1926 has been a year of considerable 
difficulty all over the world. 

Although the volume of production and sales 
by the British motor industry has been very satis- 
factory, there has been ample evidence from the 
trading results of some important concerns that busi- 
ness has not been lucrative. Towards the end of 
the coal stoppage there were instances of firms 
being compelled to purchase inferior materials 
from abroad at exorbitant prices, and the factor of 
material costs alone must be expected to exercise 
a harmful effect for some time. On the other hand, 
the prospects for 1927 in the home market are 
sound, and in the export business there are great 
possibilities. The great bulk of British motor 
exports find their way to Empire markets at present, 
and yet they supply only a fraction of the Empire’s 
demand. In order to stimulate still further the 
export business to the Dominions and Colonies, a 
delegation is sailing shortly to explore the poten- 
tialities for British motor products and to examine 
methods of giving better service to Empire 





customers. There can be little question that 
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with a sound and secure home market and a rapidly 
expanding Empire trade, the way will be clear 
for progress with exports to foreign countries. 

In the latter task, there is a prospect of some 
assistance in the removal of the artificial handicap 
of depreciating currencies. After America, our 
greatest rivals in motor production are France and 
[taly, and in both of these countries it would seem 
that the thorny path of stabilisation is about to be 
followed. As a result of measures already taken 
to stop the rot with the franc and the lira, there 
has been a noticeable slackening in the acuteness 
of competition. On the other hand, the German 
motor industry is awakening, and signs of a more 
intense incentive to export are not wanting in the 
United States as a result of a slowing down of the 
keenness of home demand. It may be concluded 
that the immediate prospects of the British motor 
industry are favourable. It is to be hoped that 
in 1927 the British industry will accomplish what 
it failed to do in 1926, by achieving supremacy 
in Europe in readiness to withstand the brunt of 
keener American competition. 


NOTE. 
THE WoRLD’s SHIPBUILDING AND MARINE 
ENGINEERING. 

THe disastrous effects of the protracted coal 
stoppage have been keenly felt in all branches of the 
heavy iron and steel industry, and it is not surprising 
to find that the tonnage of shipping launched in this 
country, during the quarter ending December 31, 
1926, amounted to only 67,853 tons, this total being 
less by 139,888 tons than that for the previous 
three months. Taking everything into considera- 
tion, however, the general position of the ship- 
building industry, as set forth in Lloyd’s Register 
shipbuilding returns for the last quarter of 1926, 
is not so bad as might have been expected. The 
fact that 152,404 tons of ‘shipping were c»mmenced 
during the quarter under review, as compared with 
68,327 tons during the third quarter of 1926, shows 
that the shipyards are entering a period of renewed 
activity. The vessels actually under construction in 
Great Britain and Ireland total 760,084 tons, a 
decline of 14,713 tons from the figure for the previous 
three months, and about 125,000 tons less than the 
tonnage building a year ago. The merchant vessels 
under construction in British and Irish shipyards, at 
the close of the quarter under review, numbered 
168 ; of these, 116 were steamships, 46 were motor- 
ships, and 6 were sailing ships and barges. The 
tonnage of the motorships now building is equivalent 
to 53-4 per cent. of the steam tonnage under con- 
struction. Of the 168 vessels building in Great 
Britain and Ireland, no less than 139 are intended 
for owners residing within the British Empire. The 
total merchant shipping under construction in other 
countries shows a relatively large increase over the 
figure for the previous three months. At the end of 
December, 1926, the vessels building in foreign 
shipyards totalled 1,172,943 tons, while those under 
construction at the end of September, 1926, aggre- 
gated 1,075,900 tons. Italy still occupies the lead- 
ing position abroad, with 239,776 tons; Germany 
follows closely with 211,062 tons ; the United States 
takes third place with 151,635 tons; Holland is 
fourth with 145,005 tons; and France fifth with 
143,068 tons. During the three months under 
review, 271,237 tons of shipping were commenced 
abroad and 342,423 tons were launched ; increases, 
as compared with the previous quarter, of 71,210 
tons in the tonnage commenced, and of 163,602 
tons in the tonnage launched. The total horse- 
power of the marine engines building or being 
installed on board vessels at the end of 1926, 
amounted to 1,696,055 h.p. Out of this total, 
Great Britain and Ireland supplied 720,735 h.p., 
Italy 214,500 h.p.. Germany 171,570 h.p., the 
United States 139,335 h.p., France 109,150 h.p., and 
Holland 98,240 h.p. Excluding 95 engines of less 
than 500 h.p. each, the average horse-power of 
each set is 3,535 h.p. The average for recipro- 
cating steam engines is 1,663 h.p., for oil engines, 
3,882 h.p., and for steam turbines, 10,592 h.p. 
In conclusion, it should be pointed out that the 
tonnage figures quoted are gross tons, and that no 
account has been taken of vessels of less than 
100 tons gross. 








THE LATE SIR ALFRED SEALE 
HASLAM. 


Ir is with very real regret that we have to 
chronicle the death of Sir Alfred Seale Haslam, 
Chairman of the Haslam Foundry and Engineering 
Company, Limited, Derby. At the age of 83, 
Sir Alfred travelled alone to London last week, 
apparently in good health, and stayed for the night 
at St. Pancras Hotel. An attack of sickness 
resulted in a fall with an injury to the head, and 
death followed in the early hours of Thursday, 
January 13. 

Taking a wide view of his activities, it may be 
said that this country owes a great deal to Sir Alfred 
Haslam’s work in connection with its food supply. 
At the worst periods of the war, meat was brought 
from New Zealand, Argentina and Australia, and 
landed in London for the inclusive charge of round 
about Id. a pound for freight, refrigeration and 
storage. Transport on this scale, carried out to- 


day with many foodstuffs, involving distances of 


as much as 12,000 miles, passing on the way through 
the tropics, is only possible by the use of refrigerat- 
ing appliances, to the development of which class 
of machinery Sir Alfred Haslam devoted most of 
his professional life. 

Born in 1844, of a family long connected with the 
iron trade of Derby, Sir Alfred was educated in the 
city, and, showing an inclination for engineering, 
was apprenticed at the Midland Railway Company’s 
works there. A period with the firm, then known 
as Sir Wm. G. Armstrong and Co., followed, but, 
at the age of twenty-four he felt himself on suffi- 
ciently firm ground to start in business on his own 
account. The Haslam Engineering Company thus 
came into existence in 1868 at the Union Foundry, 
Derby, with a total of 20 employees. Early in the 
history of the Company many tentative efforts in 
the direction of mechanical refrigeration had been 
made, but it was in 1876 that Sir Alfred became 
definitely identified with this branch of engineering. 
His first efforts were in the development of the 
ammonia-absorption machine along with Messrs. 
Pontifex and Wood, his former partners. This 
business was afterwards amalgamated with his own, 
and, by the purchase of the Bell-Coleman patents, 
the name of Haslam also became well-known in 
connection with the air-compression refrigerating 
machine. 

The introduction of the Haslam dry-air machine 
in 1880 was, however, the most noteworthy advance, 
and in consequence the firm had, with it and 
other machines, what was practically a monopoly 
of the British marine frozen-meat equipment for the 
life of the patents concerned. The perfecting of the 
Haslam dry-air machine was carried out in a 
thoroughly practical manner, Sir Alfred having a 
large building fitted up at Derby reproducing the 
working conditions in the insulated hold of a ship. 
His efforts, however, did not end here. The actual in- 
stallations on board ship were carefully studied, and 
it is recorded in the log of the barque Matura, which 
was the first vessel of the New Zealand Shipping 
Company to bring frozen meat from New Zealand, 
that “‘ Mr. Alfred Haslam was accidentally shut up 
in a small refrigerated chamber, and would have been 
frozen to death had he not been discovered in time.” 
This was in 1881, and at that time the cargo consisted 
of about 150 tons of meat; thirty years later the 
firm was fitting appliances to deal with 4,000 tons of 
meat or dairy produce. A good example of the 
firm’s standard practice in the middle period may be 
found in the plant fitted to the Orient liner Ophir, 
a vessel of considerable note in her day. This is 
illustrated and described on page 623 of vol. lii 
of ENGINEERING. 

At this date, 1891, the number of employees 
had increased to nearly 600. Development in 
processes and design have been continuous, and of 
the importance of the firm and its products it is 
searcely necessary to write, beyond mentioning that 
types of modern machines, of both CO, and ammonia 
types, may be found in ENGINEERING, vol. cxviii, 
on pages 560 and 561. 

A keen engineer and business man, Sir Alfred 
still had energy to spare for both municipal and 
parliamentary work. The year 1879 saw him a 
member of Derby Town Council, and in 1886 he was 
appointed a borough magistrate, a position he held 





until his death. In 1891 he was created a Justice of 
the Peace for the county. It was in that year also, 
that, whilst Mayor of Derby, he received the distinc- 
tion of Knighthood at the hands of Queen Victoria, 
on the occasion of the opening of the Derbyshire 
Royal Infirmary, of which institution Sir Alfred 
was a loyal supporter. Later, he became Mayor of 
Newcastle-under-Lyme, occupying that position 
from 1901 to 1904. In 1900 he entered Parliament 
for that borough as a Liberal-Unionist, and he 
retained his seat until the year 1906. 

He was very generous in his donations, many 
local institutions benefiting largely by his liberality. 
The Freedom of the City of London had been con- 
ferred on him and he ‘presented the City with the 
statue of Queen Victoria on the Thames Embank- 
ment near Blackfriars. He was married in 1875, 
but Lady Haslam predeceased him. Of his three 
sons, the eldest died before the war, while the 
youngest was killed in action during it. The remain- 
ing son, Mr. Eric Haslam, is a member of the firm, 
and two daughters also survive. Sir Alfred was 
elected a member of the Institution of Mechanical 
Engineers in 1881. 


THE LATE MR. D. IRVING. 


Tue death of Mr. Daniel Irving, which occurred on 
January 12, last, at his home, 2, Priory-road, Tyndall’s 
Park, Bristol, removes a well-known figure from the 
ranks of the gas engineers of this country. Mr. Irving, 
who was for many years chief engineer of the Bristol Gas 
Company, was born at Carlisle, on December 16, 1855 ; 
he served a pupilage of seven years, from 1874 to 188], 
under Mr. Joseph Hepworth. His first appointment was 
that of engineer and manager of the Maryport and 
district gasworks, a position which he held until 
1888. During his tenure of this post he reconstructed 
the works, and this undertaking comprised the erection 
of a concrete tank and gasholder, the construction of 
an extensive sea wall for the protection of the works, the 
building of chemical plant for the manufacture of 
ammonium sulphate, the erection of a generator and 
furnaces, and the installation of district governors and 
gas mains. Mr. Irving’s long association with Bristol 
commenced in 1888, when he was appointed engineer 
of the Stapleton-road Works of the Bristol Gas Com- 
pany. During the twelve years which followed, the 
manufacturing capacity of the works was doubled ; 
two large gasholders, each having a diameter of 
165 ft., were tripled, railway sidings, bridges and roads 
were laid throughout the works, the retort houses were 
rebuilt, regenerator furnaces were constructed, and 
boilers, engines, exhausters and district governors, 
all on an extensive scale, were installed. In 1890, upon 
the retirement of the late Mr. Fiddes, Mr. Irving became 
chief engineer of the company, a position which he 
occupied until his retirement in 1918. The works 
carried out under his supervision during the years 
which followed his appointment as chief engineer, 
included the erection, at Avon-street, of two complete 
installations of inclined retorts of 224 tons capacity, 
fitted with mechanical appliances for the handling 
of coal and coke; the design and erection of large 
district and high-pressure governor houses and dis- 
tributing mains at Canon’s Marsh Works; and the 
reconstruction of a large retort house, and the instal- 
lation of machinery for handling coal and coke, at 
the Stapleton works. 

Mr. Irving was elected an associate member of the 
Institution of Civil Engineers in May 5, 1896, and 
became a full member on December 13, 1904. In 
1892, he was elected president of the old South-West 
of England District Association of Gas Managers, and 
eight years later, he became president of the Southern 
Association of Gas Engineers and Managers, which 
association had, in the meantime, absorbed the South- 
West of England Association. In 1904, he was elected 
president of the Institution of Gas Engineers. His 
term of office proved a strenuous one as, in that year, 
the Great International Gas Exhibition was held at 
Earl’s Court. The success of the exhibition was largely 
due to the energy of Mr. Irving, who was ably assisted 
in the work by the late Mr, H. E. Jones, his immediate 
predecessor in the office of president of the Institution 
of Gas Engineers. Mr. Irving also rendered valuable 
service when the amalgamation of the Gas Institute, 
with the Institution of Gas Engineers, was brought 
about. In 1895, he was awarded a first premium and 
a gold medal by the Gas Institute for his paper on 
““Unaccounted-for Gas.” ~ 








AMERICAN Naval Potioy: Erratum.—We regret a small 
error which was overlooked in our article entitled 
‘* Americal Naval Policy,” which appeared in our issue 
of last week. At the top of the third column on page 35, 
(fourth line down) the reference to ‘two old vessels ” 
of the Japanese navy, should read “ten old vessels.” 
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LETTERS TO THE EDITOR. 


THE LOSS OF HEAT FROM THE 
EXTERNAL SURFACE OF A HOT 
PIPE IN AIR. 

To THE EprTor or ENGINEERING. 

Sir,—The article in EnernrErtne of the 7th inst. 
will be read with interest by many who may be con- 
cerned with the problems arising in many industries 
wherein the thermal efficiency of heat conveyance and 
employment of steam as a heating medium is of in- 
creasing importance. The writers, Dr. Ezer Griffiths 
and Mr. C. Jakeman, enter into an inquiry on the 
subject with most elaborate apparatus for electrically 
heating clean surface dry pipes in the air surrounding 
them and recording the heat units used by the appa- 
ratus, and presumably given up to the surrounding 
air by radiation. In the preliminary remarks in their 
descriptive article, they mention that during the last 
thirty years, many determinations of the heat loss 
from covered and uncovered pipes have been made, 
generally by the measurement of the condensation from 
a pipe filled with saturated steam. They mention 
the simplicity of this method, and say that it suffers 
from several inherent defects which they do not describe 
further than to say that ‘‘ the use of superheated steam 
has brought the practical. problem beyond the range of 
temperature available with a method of this kind.” 
If the problem of employment of high temperature and 
of superheated steam has become of practical import- 
ance, as it has, there can be no doubt that those who 
are using it would be able to devise the means of ascer- 
taining the rate at which radiation losses become 
important. The apparatus required might be less 
comprehensively elaborate than that which the authors 
describe, but it would answer more questions, or ques- 
tions which are more pertinent and more directly 
related to requirements in practice in which the higher 
thermal efficiency is sought. It is true that the authors 
have electrically heated their dry pipes to a higher 
temperature than, as far as I remember, has been 
hitherto employed, but the results as shown by them in 
their tabulated figures, are at these higher tempera- 
tures, only such as any engineer concerned would have 
anticipated from previous knowledge derived from the 
experiments of the past thirty years to which the 
authors refer with some disdain. If the reader will 
examine the plotted curve, Fig. 14 or their Table II. 
obtained from it, he will find that the heat loss in 
B.Th.U.’s per square foot per hour per degree difference 
of temperature, accords quite generally with those 
of many of the well-known experimental figures for 
temperature differences up to over 200 degs., while 
those beyond that temperature difference are precisely 
such as would be deduced from Dulong’s formule. 

The authors mention 30 years of the work of others 
in this field of inquiry, but it is 65 years ago that 
some of the most useful experiments were carried out 
by M. Burnat (Société Industrielle de Mulhouse) with 
five groups of cast-iron pipes, the results of which 
were considered at length by Isherwood, chief engineer 
of the U.S. Navy in a paper in the Proceedings of the 
Institution of Civil Engineers, vol. xli. In this paper, 
Isherwood gave the heat radiated (probably for the 
first time) in B.Th.U.’s. The steam condensed in these 
experiments with different pipes, represented from 
1-0 to 2-875 B.Th.U.’s per square foot per hour per 
degree difference of temperature up to 218 F., for bare 
pipes, while that of Messrs. Griffiths and Jakeman for 
200 degree ranges with their different method from 
2-59 to 3-10 for different periods of duration. Thus, 
the difference between Isherwood and many others 
and these new determinations is in accordance with 
the conditions, while those of my own experiments 
(with, I believe, the longest length of steam pipe ever 
experimented with, namely, 2,295 ft. of cast-iron 
pipe, 6-5 internal and 8-75 external diameter, giving 
with flanges, 5,680 sq. ft. surface, which I carried out 
ina Stavely coal pit many years ago) gave results 
which supported this, and as they tested the different 
tates of condensation when the steam was not per- 
forming the work of driving an underground Davy 
pump, and on the other hand, when the pump was 
working, they found the rate of condensation under 
the two conditions, which often characterise practice, 
was very different. 

Now [ would call attention to the fact that the 
conditions of the experiments of Messrs. Griffiths and 
Jakeman only deal with the one condition, namely, the 
heat radiation from a clean pipe surface in one condition 
of surrounding quiescent conductive air. Such a 
condition does not obtain in any, or but few, uses in 
practice where steam is used for power or for heating 
purposes, In factories and in paper mills, the con- 
ditions affecting condensation and heat conveyance 
losses vary from a small rate when the steam is not 
passing to an engine or to the drying rolls of a paper 
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machine, to a much higher rate, when the steam is 
passing at full requirement. In a paper mill the 
conditions vary so much that the arrangement of the 
machinery and steam-requiring plant provides a 
problem in which steam condensation, or heat radiation 
losses, must be considered with the circumstances of 
every part of the plant. Hence from the practical 
point of view, much as one may admire the ingenuity 
and unlimited elaborateness of the laboratory appliances 
described by Dr. Griffiths and Mr. C, Jakeman, it is not 
clear that their results tend materially toward a 
cessation in the rise in the price of coal or a “* higher 
thermal efficiency in the operation of steam plant.” 
W. Worsy BEAuMonNT, 
M.Inst.C.E., M.I.Mech.E., 
M.T.E.E, 
London, January 17, 1927. 





THE ENGINEERING OUTLOOK. 
To THE Eprror oF “‘ ENGINEERING.” 

Str,—With reference to the article on the electrical 
engineering industry published in your issue of this 
week, I should be obliged to you if you would take note 
of the fact that the B.E.A.M.A. index of activity is 
actually weighted as between home and export orders. 
If you will examine the index for November, 1926, for 
example, you will find the following :— 


Home. Export. Total. 
93 103 95 

The total index gives the aggregate of both home and 
export, and automatically forms its own correction. 
Exports represent approximately 25 per cent. of the 
total orders received, and if you apply, therefore, 
weight 3 to home and weight | to export, you will 
find that the total resulting is exactly 95 as given. 

I trust that this explanation will suffice to meet the 
objection made in your article regarding the formation 
of the index. 

I am, 
Yours faithfully, 
HuGu QUIGLEY. 
Economic and Statistical Dept. 
The British Electrical and Allied 
Manufacturers’ Association, 
36 and 38, Kingsway, London, W.C.2. 
January 15, 1927. 








Mercury In Spain.—The largest and richest deposit 
of mercury, known in the world, is at Almaden, in the 
province of Ciudad Real, central Spain. This deposit 
has been mined almost continuously since Roman times 
and has been owned and worked by the Spanish Govern- 
ment since 1645. The mine has been developed to a 
depth of more than 2,000 ft., and the available reserve 
has been estimated to be at least 40,000 metric tons of 
metal. 


TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained in application to the Department at the above 
address, the reference number given below being quoted in 
each case :—The Aukland Harbour Board are inviting 
tenders, to reach Aukland, New Zealand, by March 22, 
for the supply and delivery to the Board, at Wharf 
Aukland, of electric motors, gearing, shafting and control 
gear for the operation of vehicular and passenger gang- 
ways at the New Devonport Ferry Wharf, Aukland. 
Contract No. 818. (Ref. No. AX4102).—Messrs. Templin 
and Toogood, 11 Gray-street, Wellington, New Zealand 
are calling for tenders, to be presented by March 4, for 
switchgear and transformers. Contracts Nos, 11 and 12. 
(Ref. No. BX 3160).—The Chief Mechanical Engineer’s 
office of the New South Wales State Railways is inviting 
tenders for the supply, delivery and erection of two sets 
of electric overhead travelling crane equipments for 
locomotive workshops. Tenders to reach Sydney by 
March 9. Specification No. 1048. (Ref. No. 4103.) 


THE PREVENTION OF ACCIDENTS.—We have received a 
further supply of specimen posters and literature from 
the Accident Prevention Department, National Em- 
ployers’ Mutual General Insurance Association Limited, 
8, 9 and 10, Brown’s-buildings, St. Mary Axe, London, 
E.C.3. It is undeniable that a considerable proportion 
of the injuries received as a result of accidents can be 
eliminated, and it is the aim of the designers and com- 
pilers of these posters and leaflets to impress upon work- 
people and staff that carefulness, concentration on the 
work in hand, and thought for others are all essentials 
in accident prevention. The “Safety First’? and 
“Warning” si cover a wide variety of subjects, 
and the wording of each is appropriate. - Special posters, 
for use where the more standardised wordings are not 
applicable, are also procurable. The posters, which are 
clearly printed, and are, moreover, durable and easily 
cleaned, vary in price from 15s. 6d. to 18s. 6d. per dozen 
according to the size. The leaflets are priced at ls. per 
dozen or 7s. 6d. per 100. Further particulars may be 
obtained on application to the National Employers’ 
Mutual General Insurance Association at the address 
given above. 
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LABOUR NOTES. 

At a meeting in Amsterdam on Thursday last week, 
the General Council of the International Federation of 
Trade Unions rejected the proposal that a conference 
should be held, without prejudice to the position of 
either party, between representatives of the Federation 
and representatives of the All-Russian Trade Unions 
Council. The resolution—which was defeated by 
twelve votes to six—was as follows :—‘‘ That the 
General Council of the International Federation of 
Trade Unions, having regard to the repeated earnest 
requests of the British Trades Union Council, and the 
imperative need for a united international trade union 
movement, agrees to the convening of a conference 
without preliminary conditions laid down by either 
side, it being distinctly understood that such a con- 
ference would be confined to representatives of the 
International Federation of Trade Unions and the All- 
Russian Trade Unions Council.’”” The minority con- 
sisted of Messrs. Purcell, Hicks, Brown, Fimmen, Durr 
(Switzerland) and Tayerl (Czechoslovakia). 





The decision was not unexpected, as from the first, 
a majority of the trade unions affiliated to the Amster- 
dam International have been opposed to the idea of 
a preliminary, unconditional conference with the 
Russians. The constitution of the International 
Federation of Trade Unions was, they argued, well 
known to Moscow, and, if it were of a mind to affiliate, 
the procedure to be followed was perfectly clear. The 
hope of the Russians on the other hand, was that in a 
preliminary conference a new constitution might be 
evolved which would transform the Amsterdam Inter- 
national into a class-war organisation of the Moscow 
type. The Continental unions which are affiliated to 
the Amsterdam International will, however, have 
nothing to do with Moscow, which has proved to be, 
they say, a disintegrating, and not a unifying, element 
in Trade Unionism. It is understood that the British 
proposal is to be revived and submitted to a larger 
meeting of the I.F.T.U. during the summer; but by 
keeping the issue alive, even to this limited extent, its 
promoters here and in Russia, are obviously running 
a grave risk of wrecking the whole international 
Labour movement. 





On Saturday, a conference of representatives of the 
shipyard trade unions of Great Britain, Holland, 
Germany and Belgium took place to consider a request 
by the British organisations for an international 
campaign with the object of, as far as possible, 
equalising working conditions, wages and hours in all 
four countries. The meeting was convened by the 
LF.T.U., and, in asking it to move in the direction 
indicated, the British unions appeared to be following 
up the good work done by the Joint Committee which 
recently carried out an exhaustive investigation of 
the state of our shipbuilding industry. As a result of 
the discussion, the British organisations are to submit 
concrete proposals for the standardisation of wages 
and working hours, which the I.F.T.U. will consider 
in conjunction with the International Federation of 
Woodworkers and, it is understood, the International 
Federation of Metalworkers. This is, perhaps, a better 
way of going about the business than if the various 
trades had got into touch with the Internationals 
embracing their own callings; but in its consideration 
of the matter the larger body is unlikely to be able to 
avoid the conclusion that these various internationals 
are not so completely representative of Great Britain’s 
organised workers as they might reasonably be. Only 
the Amalgamated Engineering Union and the Con- 
federation of Iron and Steel Trader are, for example, in 
the British Section of the Metalworkers Federation. 





In the latest T'rade Report of the United Pattern- 
makers Association, Mr. Findlay, the general secretary, 
says that the number of unemployed members has gone 
down by 300 odd. ‘“‘ Let us hope,” he proceeds, “‘ that 
this indicates the long-delayed turn of the tide that 
we have been watching and waiting for, and that by 
the end of the month our prospects will be still brighter. 
All the prophets are on the side of the angels for once, 
so perhaps we may be forgiven if we re-echo these hopes 
—that 1927 will be the forerunner of a more prosperous 
period for our industry.” 





Members of the National Union of Railwaymen who 
have criticised the action of the Executive Committee in 
imposing a levy of 3d. per member per week to replenish 
the funds of the organisation, are severely rebuked in 
their own organ, the Railway Review. “ At the end 
of the year 1925,” it is stated, ‘‘ the National Union of 
Railwaymen had at its disposal in the General Fund the 
sum of 727,019/. This fund is the source from which is 
paid the administrative expenses of the union, unem- 
ployment pay, and strike pay to members. During 








ENGINEERING. 











TRANSPORT OF A _ 260-TON 


(For Description, see opposite Paze.) 











MONOLITH. 





eee eee | 





—) 








(2011.0) 0 1 2 


= = 


pre 
: =F a 5 a Sa oa rc a wei ee tt 





eS PRI 


9 __10 Metres 








ENGINEERING” 





December resulted in 
an increase of about 
20,0001. in the weekly 
full-time wages of 
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the year the union has paid to its members the sum of 
1,750,0001., in strike pay and unemployment pay. 
This means that the General Fund has been overspent 
by the sum of 1,000,000/. This our readers will agree 
is a serious proposition. This means that the Accident 
Fund, the Disablement Fund, the Head Office Employés 
Superannuation and other funds, with the exception 
of the Orphan Fund, have been mortgaged to meet the 
calls for the Unemployment Benefit for members. 
There is no money but the weekly income of the union 
to meet the daily calls for members’ assistance. Last 
week for the first time since May the union received 
more money than it paid out. It is to re-establish the 
funds that have been pawned te pay members’ unem- 
ployment benefit that the levy has been made.” 


According to the returns of unemployed persons in 
receipt of relief in Germany, published on January 13, 
the number. increased during the last fortnight of 
December by 278,000 to nearly 1,750,000. On December 
15, the number of men in receipt of relief was 1,211,000; 
on January 1, it was 1,470,000. The number of women 
in receipt of relief increased during the same period 
from 256,000 to 275,000, so that the total increase was 
from 1,467,000 to 1,745,000. The number of depen- 
dents in receipt of allowances increased from 1,597,000 | 
to 1,963,000. | 


At a meeting in London last week of the National 
Joint Council for the Building Industry, certain recom- 
mendations of the Grading Commission were approved 
without amendment and will have immediate effect. 
Their result will be to raise the wage rates of craftsmen 
in 14 localities by $d. per hour and to add from jd. to 
fd. per hour to those of labourers in the same areas. 


The Ministry of Labour Gazette states that during the 
first three weeks of December, with the resumption of 
work at the coal mines, there was an improvement in 
employment in nearly all the principal industries, 
including iron mining, iron, steel, and tinplate making, 
and railway carriage and wagon building—all of which | 
had been specially affected by the stoppage of coal | 
production. Considerable improvements were also | 
recorded in the cotton industry, in the railway services 
and in brick manufacture. As usual, however, there 
was a seasonal decline in employment after Christmas. 
Among the workpeople (numbering approximately 
13,000,000) insured against unemployment under the 
Unemployment Insurance Acts in Great Britain and 


| though not themselves parties to the disputes) was 


nearly 150,000 work- 
people, and in a reduc- 
tion of 4,6501. in those 
of 24,000 workpeople. 
These figures are exclu- 
sive of changes in the wages of coal miners in 
certain districts which were reported last month as 
taking effect early in December and were included 
in the statistics for November. Increases in the 
wages of miners, included in the above, figures occurred 
in the Forest of Dean, South Staffordshire, and 
Warwickshire districts. Other groups of workpeople 
whose wages were increased in December included 
iron puddlers and iron and steel millmen in the 
Midlands, electrical cable makers, steel sheet millmen, 
and galvanisers and blastfurnacemen in Cumberland. 
The principal groups of workpeople affected by reduc- 
tions were coal miners in the Bristol and North Wales 
districts, iron ore miners in Cumberland, and railway 
traffic workers in Northern Ireland. 


QUARRY. 





The changes in wages so far reported to the Ministry 
of Labour for the year 1926 in the industries for which 
statistics are compiled, have resulted in net increases 
of nearly 120,000/. in the weekly full-time wages of 
nearly 420,000 workpeople,and in net reductions of over 
81,000/. in those of about 740,000 workpeople. In 1925 
there were net increases of over 80,0001. in the weekly 
full-time wages of about 870,000 workpeople and net 
reductions of nearly 160,000/. in those of 850,000 
workpeople. 

At the beginning of December about 450,000 work- 
people in the coalmining industry continued to be 
involved in the stoppage of work which began on May 1. 
During the first three weeks of December, the majority 
of these workpeople resumed work, the date of resump- 
tion varying in different cases. The aggregate number 
of working days lost by workpeople taking part in this 
dispute was about 3,000,000 in December, making a 
total of nearly 146,000,000 days lost during the whole 
period of the stoppage. Apart from the coalmining 
dispute, the number of trade disputes involving stop- 
pages of work reported to the Department as in progress 
in December, was 15. The total number of workpeople 
involved in these disputes (including those thrown out of 
work at the establishments where the disputes occurred, 


about 3,000, and the estimated aggregate duration of 
such disputes in December was about 14,000 working 
days. During the whole of 1926, 313 disputes causing 
a stoppage of work were reported to the Department. 
These disputes involved about 2,750,000 workpeople 
in a loss of nearly 163,000,000 working days. Almost 
the whole of this loss was due to the coalmining dispute 
and the general] strike. 





Northern Ireland, the percentage unemployed at 
December 20, 1926, was 11-£, as compared with 13-5 | 
at November 22, 1926, and 10-4 at December 21, 1925. | 
Among the members of those trade unions from which 
returns were received the percentage unemployed was | 
12-2 at the end of December, 1926, as compared with | 
13-2 at the end of November, 1926, and with 11-0 at the | 
end of December, 1925. In reckoning the percentages | 
for November and December, 1926, workpeople in the 
coalfields have been excluded who were disqualified 
for unemployment benefit on account of the dispute. | 

In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in | 
wages reported to have come into operation during | 





One of the matters discussed by the Executive 
Committee of the Miners’ Federation at its meeting in 
London last week related to the action of the National 
Union of General Workers in seeking to recruit new 
members in the coalfields. In the opinion of the 
miners’ representatives, persistent effort along that 
line was ‘calculated to disintegrate the Miners’ 
Federation,’’ and, accordingly, protests were registered 
which are likely to be followed up. The position of 
the General Workers is understood to be that they 
originally had many members amongst surface workers, 
and that they are merely seeking to enrol them again. 
The trouble in its essence is, however, the old one of 


industrial unionism versus trade unionism—a question 
for which even the General Council—which may be 
called on to adjudicate—has, to date, been unable to 
finda remedy. Nor is the difficulty one only of the coal 
mining industry. The broadening of the qualification 
for membership of the Amalgamated Engineering 
Union is practically certain to revive it acutely in that 
important trade. 





According to the official communication given out 
at the close of the meeting, consideration was given by 
the Executive to a report on the position created by 
“the refusal of unemployment pay in a number of the 
districts, Correspondence between the Prime Minister 
and the federation was read wherein the Prime Minister 
refused to meet a deputation from the Miners’ Federa- 
tion to discuss the question, despite the fact that there 
are thousands of men who are not receiving such pay, 
and despite also the statement made during negotiations 
by Lord Birkenhead that immediately any district 
reached a settlement the dispute was at an end in that 
district. The Miners’ Federation are still seeking an 
interview in view of the serious position in the coal- 
fields, and the Committee authorised a further letter to 
the Prime Minister pressing for an interview.” Serious 
reports were also received, it was stated, from the 
districts in regard to victimisation. ‘‘ Lodge officials 
and checkweighmen especially,” the report alleged, 
“have been victimised. Lodge officials in a number of 
cases have been refused employment at collieries, and 
hundreds of checkweighmen have been refused on 
colliery premises where they have been checkweighmen 
for a number of years,”’ 


According to the Ministry of Labour’s weekly return 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain on January 10, 
1927, was 1,432,000, of whom 1,116,200 were men, 
41,500 boys, 232,600 women, and 41,700 girls. Of the 
total number, 71,800 men, 100 boys, and 700 women 
were normally in casual employment. On January 3, 
1927, the number of unemployed persons was 1,495,839, 
of whom 1,155,872 were men, 40,014 boys, 260,467 
women, and 39,486 girls; and on January 11, 1926, it 
was 1,221,403, of whom 956,194 were men, 36,506 boys, 
193,587 women, and 35,116 girls. 


As this issue of ENGINEERING went to Press before 
the result of yesterday’s meeting of Trade Union 
Executive Councils to consider the General Council’s 
conduct of the General Strike was known, we are 
unable to make any useful comments on the proceed- 
ings. When the meeting opened, the indications were 
that the discussion would probably prove to be a 
stern struggle between the Movement’s extremists 
and constitutionalists. It is certain, however, that 
on the main issue the mind of the rank and file was 
made up long ago. Any chance of success which the 
miners’ cause had was destroyed by the miners’ leaders 
themselves, and in these circumstances it would have 
been folly on the part of the General Council to take any 
other action than they did. 





THE Taonan-TsitstuaR Ramway.—According to the 
Chinese Economic Bulletin, the Taonan-Tsitsihar Railway 
has now been completed to Anganchi on the Chinese 
Eastern Railway, a station some 160 miles west of 
Harbin Junction. The South Manchuria Railway 
Company were the holders of the contract for the new 
line, which is some 140 miles in length. Tsitsihar is some 
20 miles north of Anganchi, and, to reach the terminus 
the new line must cross the Chinese Eastern Railway. 
It is thought that there may be much discussion before 
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TRANSPORT OF A_ 260-TON MONOLITH. 
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TRANSPORT OF A 260-TON | straddling the block and having a leg on each side, 
MONOLITH The trestle was 23 ft. high, and from its top, jointed sus- 
: pending links, made from rectangular strip, were con- 
A vERY unusual example of transport work has just | nected to fixed points on to lower side of the block. 
been carried out at Oslo in connection with a large | These suspending links were made with right and left- 
sculptural group which is being executed by the | handed thread turnbuckles for length adjustment. 
Norwegian artist Vigeland. The group includes a| Below the bottom ends of each of the two legs of the 
large granite column, which the artist wished to make | trestle, a cylinder was carried by a baseplate resting 
from a single piece of stone. The necessary dimensions | on the ground. The cylinders were mounted on trun- 
for the piece were 56 ft. long, 8-75 ft. square at | nions, so that they could swing in the line of travel 
the base, and 6-4 ft. square at the top. The weight was|of the block. The legs of the trestle were carried 
260 tons. Some difficulty was naturally experienced | by the pistons of the cylinders. The arrangement was 
in finding rock lending itself to the blasting out of a| operated by hydraulic power from a pump driven by 
piece of stone of these dimensions, but ultimately | an electric motor. 
a suitable situation was found in the granite quarries of | To move the monolith, the trestle was swung into 
N. 8. Beer, near Fredrikshald in the South Eastern part | an inclined position as shown in the small inset sketch 
of Norway. After the monolith had been cut, it had to | forming part of Fig. 2,.the head being moved in the 
be taken 80 miles by sea to Oslo and then transported | direction of travel. It was possible to swing the trestle 
along a highway for a mile and a-half to the place/|in this way owing to the trunnion mounting of the 
of erection. Tenders for the whole of the transport | cylinders, to the pistons of which its lower ends were 
were called for, and ultimately the contract was let to | attached. The pump was then started and the rising 
Mr. H. Eeg Henriksen, the well-known engineer, for | of the pistons in these cylinders lifted the trestle. Asa 
the sum of 74,000 kroner (3,890/.). The highest | result the weight was gradually transferred to the 
tender received was 286,000 kroner (15,000/.). The | suspending links, and the pressure of the block on the 
monolith lying at the quarry is illustrated in Fig. 1, | ground decreased, the weight being taken by the base 
on the opposite page. | plate of the cylinders. At the same time as the block 
The sea transport of the monolith was carried out | tended to lift, so that the friction between it and the 
on a framework erected over two steel barges which | ground decreased, the horizontal component tending 
were successfully towed to Oslo. The stone in place|to move it forward increased, so that a point was 
on the barges, is illustrated in Fig. 3. Each barge | reached at which this component was greater than the 
had a capacity of 200 tons. This part of the work | friction, and the block moved forward without actually 
involved nothing of great novelty, but the method used | being lifted from the ground. The movement was 
for the one and a-half miles of road travel is of great | facilitated by carrying the stone on steel beams resting 
interest, The arrangement is illustrated in Figs. 2 and 4. | on rollers with steel rails underneath as a sub-base. The 
A steel trestle, built-up of rolled sections, was placed | direction of travel on curves was changed simply by 
approximately at the middle of the stone, the trestle | placing the rollers at an angle. At each lift, the stone 


87 
moyed about 5 ft. forward. The legs of the trestle were 
| So constructed that they could be shortened, and after 
each lift, when the cylinders had been opened to exhaust, 
the cylinders were moved forward to correspond with the 
5 ft. of travel, so that the trestle was again swung into 
| @ vertical position ready for the next step. 

This interesting method of moving a large and un- 
| wieldy weight required a crew of only six men and was 
| carried out without accident. At the time of writing 
| this account, information was not available that the 

total travel had been accomplished, so that no statement 

| about the total time required can be given. It is of 
interest to compare this Oslo monolith with the Luxor 
obelisk in Paris and Cleopatra’s Needle in London. 
The Luxor obelisk is 75 ft. long and weighs 225 tons. 
Its transport from Egypt to its position in Paris occupied 
7 years. Cleopatra’s Needle, which was moved to 
| London in 1877-78, is 69 ft. long and weighs 186 tons. 

Descriptions dealing with the transport and erection 

of Cleopatra’s Needle appeared in ENGINEERING on 
Mar. 16 and Sept. 21, 1877, and Sept. 13, 1878. Copies 
of these articles were deposited in a cavity within the 
| pedestal on which the Needle stands on the Thames 
| Embankment. 


PROGRESS IN ECONOMY OF TUR- 
BINE MACHINERY ON LAND AND 
SEA.* 


By the Hon. Str Cuaruss A. Parsons, K.C.B., F.R.S.; 
R. J. WALKER, C.B.E.; and Sranuey S. Cook, B.A. 


THE steam turbine began its history in competition 
} 





with the reciprocating steam engine which, until the 
advent of this rival, had held unchallenged supremacy 
;}as an instrument for the conversion of heat energy 
|into mechanical power. The same Jaws of steam 
| held for both and, working between the same limits, 
the same energy per pound of steam was available. 
| There was, however, a fundamental difference in the 
| method of its utilisation, the pressure energy of the 
|steam being in the turbine converted stage by stage 
into velocity energy first, and thereafter into wechanical 
jenergy. The turbine, however. because of its being 
able to utilise the last stages of the expansion range, 
and to expand the steam down to the enormous 
specific volume which prevailed with a high condenser 
vacuum, was enabled to realise much greater thermal 
efficiencies and to surpass in economy the reciprocating 
lengine. This advantage, together with the fact that 
| it was a rotary engine giving a uniform turning moment 
|and, therefore, particularly suitable for driving such 
|machinery as electric alternators and generators— 
|for which at the time there was a growing demand— 
| enabled the turbine rapidly to take first place. 

The turbine having established its superiority on 
land, its applicability for marine propulsion was 
demonstrated by the experiment carried out in the 
Turbinia in 1897. The cruiser Amethyst, in 1904, 
furnished an opportunity of making an_ exact 
comparison between turbines and reciprocating engines 
|for marine work, three sister vessels being fitted with 
engines of the latter type. The Amethyst, with 
turbines, accomplished her full speed with a coal 
consumption 30 per cent. less than the best of the 
other three, and, on the maximum fuel consumption 
allowed by the specification, attained a power 40 per 
cent. greater than her sister vessels. The results of 
these trials led to the general adoption of turbines 
for British naval vessels from the Dreadnought 
onwards. The actual steam consumption in the 
Amethyst, at full power, was 14-6 per shaft-horse-power 
hour for turbines only. Table I on page 89 is a list of 
turbine vessels of historical interest which illustrates 
the trend of progress during the last twenty-five years. 

From the Amethyst onward until 1910 improvements 
in efficiency resulted from increase of output and 
higher velocity ratios, where the speed of revolutions 
permitted it without undue increase of dimensions. 
The efficiency obtained depended, however, very 
much upon the class of vessel, since the turbine 
revolutions were the same as those of the propeller. 
Under the conditions which were thus imposed, the 
highest efficiency attained in any directly-coupled 
marine turbine was represented by a steam con- 
sumption for turbines only of 11-8 1b. per shaft horse- 
power hour with saturated steam at about 250 Ib. per 
square inch, viz., in the turbines of large battleships. 
In the Mauretania and Lusitania the steam con- 
sumption was 13-0 lb. per shaft horse-power hour for 
turbines only, whilst the Aquitania, with her two 
high-pressure turbines taking the steam in series, 
achieved 12 lb. per shaft horse-power hour. 

In 1908, to widen the field of application to vessels 
of moderate speed, a combined system was adopted 
in which the expansion of the steam exhausting from 
a reciprocating engine was continued in a low-pressure 








* Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders on January 14, 1927. 
Abridged. 
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turbine. In the Otaki the first vessel so fitted, the | toimproved economy both at full power and at cruising 
steam consumption was about 13-7 Ib. per shaft horse- | speed as well as increased facility of overhaul on account 
power hour all purposes. In several large White Star | of the smaller size of the turbine units. With the use 
liners, such as the Olympic, Britannic and others which | of additional cruising stages, it has been estimated 
have machinery of this type, the addition of the low-| that the cruising radii of naval vessels have been 
pressure turbine effected an economy of coal consump.- | increased by some 40 per cent. owing to the introduc- 
tion over that obtained by triple-expansion engines | tion of mechanical gearing. ; 
alone, of about 14 per cent. Table II. gives instances of turbines driving electric 
These early results are of interest as reflecting how | generating plant, for which accurate measurements as 
greatly the marine turbine was handicapped by its | regards steam consumption have been available ; all 
direct association with the propeller that it drove. | of the examples given in this table established records 
The change to mechanical gearing in 1910 removed that | at the time of their construction either in size or steam 
handicap and inaugurated a new era of turbine effi- | consumption. The table affords an indication of the 
ciency for marine work. The improvement in the steam | rapidity of progress in these directions. / 
consumption in mercantile vessels fitted with geared | The consumptions in the table are given in terms of 
turbines is seen from Table I, the lowest figure which | kilowatt-hours of electrical output. The corresponding 
has been accurately recorded being that of the Cairnross, | figures for consumption per shaft horse-power at the 
viz., 9-0 Ib. per shaft horse power hour turbines only, | coupling would be about 7, of these figures, 
employing steam at a pressure of 190 1b. per square inch | It will be seen that the improvements made in land 
and 200 deg. F. superheat. The installation in this | turbines in recent years have been largely due to 
vessel was of the type now recognised as the most increased steam pressures and superheat as well as 
efficient of modern arrangements, consisting of three | higher vacua. Turbine efficiencies have been increased 


Fig.1. ESTIMATED HEAT CONSUMPTION CURVES FOR ig. 3. 
TURBINE INSTALLATIONS, WITH 750°F. 
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°r more turbines in series grouped round a common | by the extended use of end 
gear wheel, through which their power is transmitted to | tightened blading, thereby 
the propeller shaft. With this type of installation the | diminishing the leakage 
turbines run at a high speed of rotation and a high | losses, and overall thermal 
relative blade speed, and are at the same time of mode- | efficiency further increased 
rate size, of rigid construction and easily overhauled. s§ | by Cascade feed-heating. 

A good example of modern geared-turbine arrange- |The use of high pressures 
ment is that which was fitted in the twin-screw Orient | was advocated by Perkins 
liner Orama, built by Messrs. Vickers Limited, in 1924. | as far back as 1824. He 
Each set consisted ot three turbines geared by single | patented at that date a 
reduction to the propeller shaft with three pinions | boiler with 1,000 Ib. per 
gearing into a common wheel. Special attention was | square inch working pres- 
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energy at either end would be thereby thrown 
away. 

Theoretically to obtain the maximum efficiency, a 
heat-engine must receive all its heat at the highest 
temperature and reject it to the lowest, an ideal which 
seems impossible of complete attainment in any practi- 
cable engine. In the steam engine, for example, heat 
is imparted to the working fluid at a variety of tempera- 
| tures ; first, the water is raised from the temperature of 
| condensation to boiling point temperature ; secondly, it 
|is evaporated at that temperature and thirdly, after 
|} evaporation, its temperature is raised by superheating 
|to the maximum value. In the internal-combustion 
engine, when gas is heated by combustion, heat is 
imparted at either constant volume or at constant 
pressure, or under conditions intermediate between 
these two, in any case at a gradually increasing tempera- 
ture. In the steam engine, however, the property of 
latent heat does enable us by means of the condenser 
to attain the ideal as regards rejection of the heat uni- 
formly at the lowest possible temperature, whilst the 
same property enables us to raise the temperature at 
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consumption for the auxiliary machinery, with the 
result that an overall fuel consumption was obtained 
of 0-785 lb. of oil fuel per shaft horse-power hour for 
all purposes. Several other vessels of similar type have 
been equipped and have realised a similarly low fuel 
consumption, 

The figures in the table do not represent the whole of 
the improvement in economy effected by the introduc- 
tion of gearing, since with gearing the propeller efti- 
ciency has been increased. In fact, prior to the intro- 
duction of gearing comparative tests of turbine pro- 
pellers were made by the Parsons Marine Steam 
Turbine Company in a vacuum tank, which indicated 
an improvement in propeller efficiency in the neighbour- 
hood of 12 per cent. with low-speed propellers instead 


directly coupled turbines, The advantages of gearing 
were not, however, confined to the vessels of slow and 
moderate speed, for which it was primarily intended. 
Its use soon became general for fast cross-channel 
steamers and even in high speed war vessels, leading 


paid in this installation, not only to the efficiency of | 
the main turbines, but also to economy in the fuel | 


of the high-speed propellers previously adopted with | 


sure, but appears to have been} before his time as 


;much trouble. Very high pressures were employed in 


| the Perkins hot water apparatus for heating houses. An | 


installation of triple or quadruple-expansion engines at 


' 400 lb. pressure was put into a Tyne river steamer, the | 


| Loftus Perkins, about 1870 to 1880. As regards the 


| advantages of higher pressures, the higher the initial | 


pressure and the lower the back pressure, the greater 
is the range of expansion available to the turbines, 
and the greater therefore the energy available for con- 
version into work. The beginning of the movement 


towards increased pressure range is found in the | 


utilisation of higher vacua in the early turbines and 
in the combination type of machinery. High range 


of expansion was laid down as a fundamental principle | 
by James Watt. It hardly needs any abstract calcu- | 
lation to demonstrate that the output of an engine | 


will be augmented by an increased pressure range. 
One needs only consider the converse proposition 
that an engine designed for a certain initia] and 
final pressure has its initial stages or its final stages 
bypassed, to realise that some part of the available 


regards boiler manufacture, the screwed joints giving | 


which the major portion of the heat is received, by 
raising the boiler pressure, and in consequence the 
temperature of evaporation. 
Fig. 1 shows the estimated effect of higher pressures 
| upon the thermal consumption of land turbines for a 
common value of the initia] steam temperature, viz.. 
750 deg. F., and a common vacuum of 29 in. mercury. 
Actual recent examples of land turbines at different 
pressures have had also different initial steam tempera- 
| tures, increase of pressure having been usually accon- 
panied by increase of temperature. Some care is 
therefore necessary in distinguishing between the effects 
of these two factors. In Fig. 2, PQis a curve of heat 
consumption per kilowatt-hour in relation to initial 
| temperature obtained from actual experiments in a 
10,000 kw. turbine with a constant admission pressure 
of 250 Ib. per square inch. This curve may be taken as 
typical of the effect of increase of temperature, whilst 
| retaining the pressure constant. The heat consump- 
tion of four other turbines of large power operating 
| at different pressures have been plotted on to the same 
|diagram. These are the spots marked A, B, C and E. 
the spot D corresponding to the performance of the 
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above-mentioned 10,000 kw. turbine at its designed 
temperature. These points have been plotted from 
actual results, making only the small corrections 
necessary to bring them to a common basis as regards 
vacuum, and leaving loss. It will be seen that there is 
a continuous approach to the line PQ as the pressure 
is increased up to 250 lb., and the general effect of 
pressure apart from temperature is shown from these 


TAB 


water-tube boilers. This type of boiler has been 
extensively used for naval work, and in some of the 
largest Atlantic liners, and will operate successfully 
over a long life provided that suitable precautions are 
taken to keep the feed water clean and free from salt. 
With the developments and improvements in the 
technique of steel manufacture during the last quarter 
of a century, there is no difficulty in providing structures 


LE I. 


























driven by electric motors with current supplied either 
from turbo-generators or Diesel generators. With 
auxiliaries driven by steam reciprocating engines, it is 
the usual practice to utilize the exhaust steam to heat 
the feed water to a temperature of about 200 deg. F. 
With electrically-driven auxiliaries, there may be no 
exhaust steam available, in which case it is best to heat 
the feed water in surface heaters by steam withdrawn 
from the main turbines at suitable pressures. It will 
| be seen, therefore, that this question of heating the 


| feed water somewhat complicates the comparison 


































































































| Type of | Boiler Steam Cons tion 
Date. Name. | ype | SH.P. | p Steam ump | between the different methods of driving auxiliaries 
| | oo | | a Ib. per s.h.p. Rous. | as regards its effect on the consumption. 
pera nese ay — | Table III. has been prepared to show as closely 
1897 | Turbinia . a Direct | 2,100 150 as possible the, overall result that may be expected 
i901 | King Edward . ” ; 3,500 | 150 | 18-0 all purposes (s.h.p. estimated). with an installation of high-pressure turbines, under 
1906 | Lusitania .| ae | 68,000 | 195 | 13-0 turbines only. the follow; . ir ipa eae 
1914 | Aquitania By i | 60,000 | 195 | 12-0 turbines only he following four different methods of driving auxilia- 
1908 a = va | oa 7 2 = purposes (hp. taken same as i.h.p. of sister vessel), | TICS :— 
1909 | Vespasian Gear RK. 1, 15 | 13-0 turbines only. 1) Entirely by ste 
1913 | Mahanada |. 7 | 3,600 | 180 | 11-3 turbines only. (1) El —— ee, = rs P 
1919 | Cairnross Geared DR. | 3,200 | 190 | 9-0 turbines only (200 deg. F. superheat). (2) Electric motors, with current supplied from turbo- 
1922 | Orama : Geared S.R. | 19,000 | 215 | 9-25 turbines only (150 deg. F. superheat). generators. 
- — Rosso, =. rp cas | 10-0 turbines only (saturated). (3) Electric motors, with current supplied from Diesel 
1904 Edun i | 7000 | 250 ~—C| generators. 
1904 | Amethyst | 15,000 | 260 | 14-6 turbines only (s.h.p. estimated). (4) Mechanically from the main engines, with the 
Leow pete = | —— | Feo | a — only. provision of suitable “‘ stand-bys.” 
1913 é a a f | 30'000 | 235 «| «13-2 se The installation of main machinery to which this 
1909 ‘s oh “ os | 70,000 | 250 | 11-8 calculation applies is that of a single-screw cargo 
5 ee : _______| vessel of 5,000 s.h.p., with an admission pressure of 
TABLE II. | TaBLe IV.—Trial Results of T.S.S. ‘‘ King George V.”* 
“| | | | | = | Nl | 
Full | —— [seg | ee } — -- Con- | —- at Boilers, Ibs./sq. | 
Jf 5 : | | essure Tem- vacuum Jon- sumption n. gauge .. rail 520 543 502 
Date. Destination. my R.PM. | ‘dp. per | perature | (Bar. | sumption | B.Th.U./ Remarks. Temp. at boiler, deg. F. . .| 815 deg. F.| 785 deg. F.| 740 deg. F. 
: | | sq. in. deg. F. | 30in.). | lb./kw.-h.|  kw.-h. | Air pressure in stokehold, | 
| | | | | in. w.g. ..| 0°765 0-745 0:43 
oy ] | ] a | Mean air temp. ‘deg. F. | 110 deg. | —- | 117 deg. 
1884 4 | 18,000 | 60 308 — | 200 201,000 | Non-condensing. | | Airtemp. beforeheater ,, | 141 deg. = 127 deg. 
1886 | Newcastle-on-Tyne 75 4,800 | 100 338 — 55 55,770 | Non-condensing. | Ait temp. after — we ee oe 
1892 | Cambridge .. 100 | 4,800 | 100 388 27-0 | 27 _ | 30,750 | First Condensing. | , 8tate, SF. | Bede | Bedeg.| eee. 
1900 | Elberfeld ‘| 1,000 | 1,500. | 150 480 | 28-40 | 18-22 | 22,000 | Tandem | Gas temp., base offunnel ,, | 616deg. | 558 deg. | 523 deg. 
’ | H | Cylinders. | Mean revs. per minute | 568-84 532°82 | 490°65 
1907 | Carville 5,000 | 1,200 | 200 508 | 29-00 | 13-19 | 16,200 | Single-cylinder, | Total shaft-horse-power  ../ 3,489 2,800 | 2,083 
1912 | Chicago 20,000 | 750 | 200 588 29-0 | 10-42 | 13,250 | Tandem | Steam pressure H.P. turbine | an | ; 
| | Cylinders. | Ib./sq. in. gauge . -| 436 365 293 
1918 | Carville 10,000 | 2,400 250 706 29-00 10-05 | 13,390 | Tandem | Steam temp. H.P. turbine | _ Ds > 
| | Cylinders. | deg. F. .| 705deg. | 755deg. 702 deg. 
1922 | Barking 15,000 | 3,000 | 350 700 29 9-49 | 12,560 | Tandem | Steam pressure, Ist I.P. tur- | ie ae 
| | Cylinders. he or oe —_ é x 
1922 | Barking 35,000 3,000 | 350 700 29-00 8-15" | 10,750* | Cross Compound. | Steam temp., Ist I.P. tur- | : Bes 
Re-heating after bine, deg. F. ..| 678deg. 632 deg. | 578deg. 
| H.P. cylinder to | Steam pressure, 2nd turbine 79°75 63°75 49°3 
700 deg. F., and | Steam temp. 2nd turbine 
| | feed-water heat- eg. -| 585deg. | 543deg. | 490deg. 
j | | ingto 250deg. F, | Steam pressure, L.P. turbine | 6-88 in. V. | 10-48 in.V.| 14-27in.V 
1928 | Chicago 50,000 |1,800H.P.| 550 | 750 | 29-25 8-38" | 10,265" | Re-heating after | Steam temp. L.P. turbine, | | 
1,800 I.P. | H.P. cylinder to|, d¢8-F. _ .. < .-| 237deg. | 226deg. | 208deg. 
720 L.P. | | 700 deg. F., and L.P. exhaust vac. (30 bar.)..| 28-8 28-95 deg. | 29-0 deg. 
| | | feed-water heat- Ps emp. .. ae) 87 deg. 85 deg. | 81 deg. 
| | | | ing to315deg.F Condenser vac. (30 bar.) | 29-04 in. | 29-24 in. | 29-08 in. 
| | | } “| Temp. circulating inlet | 49deg.F 48 deg. | 49 deg. 
— = discharge |. 69deg 66 deg. 66 deg. 
* With feed heating and re-heating. Circulating pump revs./min. | 362 354 | 303 
Air D.S./min. | 33-6 34-86 28-7 
TABLE III.—EvatvaTion or O1L-FuEL Consumptions oF 5,000 s.H.P. INSTALLATION. | Feed ” » - oe 7 = 
» — | ” ” ” | o ‘« ! ‘o 
ConDITIONs : | Forced lub. ;, * FB.| 25-6 21-0 22-9 
Initial pressure .. 500 Ib. pee Square inch (absolute). | A. | 8-6 5-9 6°3 
Initial temperature 750 deg. | F.D. ‘fan engine, revs. jmin. | $97 a } 334 
Condenser vacuum ee 29 in. ee (Bar. 30 in.). | Dynamo, volts-amps. ..| 110-100 110-101 110-102 
B.Th.U. per Ib. of oil.. 18,500. | Mean temp. of engine room | 90 deg. 9ideg. | s87deg 
Boiler efficiency 84 per cent. | L.P. feed heater discharge ..| 212 deg. _— | 212 deg. 
Ean ee eee nee ——— ee ee 
: | ‘Turbines, lbs.s.h.p./hour..| 8-01 8:38 | 8-72 
1 2. 3. 4. Auxiliaries 1 Ibs. s. in p./hour| 1-66 1-86 2°21 
Steam-driven Steam- Diesel- | Auxiliaries | All purpo .| 9°67 10-24 10-93 
| Auxiliaries. ‘ —— . Electric | ss from | Coal consumption, Ib. /s.h. p. ‘ 
| Auxiliaries. Auxiliaries. Main Engines. hour ; --| 1-085 _ 1:17 
ean Pes Stan. cs 22) eee Se mata Boiler efficiency ae sot (30% —_ 30°, 
| y B. | oie 
Turbine steam. " (Ib. /hr.) 36,000 36,000 36,000 36,000 | 36,000 | The coal used in these trials was ordinary Scotch  ‘Polmaise. 
Total steam for auxiliaries eis fe | 8,960 8,960 7,650 2,450 | 2,450 | as used for service of these vessels. Its gross calorific value was 
Available for feed-heating.. =i 7,210 7,210 5,900 850 | 850 _—| determined as 18,880 B.Th.U. per Ib 
Utilised for feed-heating .. ‘ a __ 5,800 5,800 5,700 | 4,950 | 4,950 | 500 1b. per square inch, initial temperature of 750 deg. F. 
Utilised in L.P. turbine (Ib. /hr.) pe 1.410 = a ck | condenser vacuum 29” Hg., and assumed boiler effi- 
Increase of s.h.p. .. ay: os Me ee — 98 -- — -- | ciency 84 per cent. Additional feed heating to a tem- 
Tapped off from L.P. turbine (Ib. /hr.) | se _ “one 4,100 | 4100 | —a. of 310 es . is effected by ge — d off 
Decrease of s.h.p. P fe a= = er 285 285 | from the main turbines at a suitable high-pressure 
- — |__|“ ——.| stage. 
H.P. absorbed by auxiliary machinery in (4) .. nM eberseer i ls ee 132 _| Summarized, the resulting values for oil fuel con- 
8.H.P. for propeller shaft. . 5,000 | 5,098 5,000 4,715 | 4,583 sumed per s.h.p. hour are as follows :— _ : 
—— —|——-- SS | —_————_—— Proposal 1, with steam-driven auxiliaries, 0-667 1b. 
Totals ‘some production . . ee as se +3405 S408 P5310 7 | ror Proposal 2, with motor-driven auxiliaries and turbo- 
Oil for Diesel generator i us —| — — _— 82-5 | — generators, 0-648 Ib. EAP . 
Total oil .. af dé esl 3,405 3,405 3,310 2,992°5 | 2,910 Proposal 3, with motor-driven auxiliaries and Diesel 
| P : a 
Lb. oll Ey a i cata a cae ae ar = generators, and for Proposal 4, with auxiliary 
At 215 deg. F. feed temperature ..| 0-681 0-668 0-662 0-635 0-635 machinery mechanically-driven from the main 
At 310 deg. F. feed temperature 0-667 0-655 0-648 0-62 | 0-62 engine, 0-62 Ib. 








results to be, if anything, somewhat greater than 
indicated by the theoretical curve of Fig. 1. 

The use of mechanical gearing having enabled 
turbines in marine propulsion to be designed with the 
maximum efficiency of conversion of the available 
energy of the steam, following the lead of land turbines 
it is now being sought to realise the considerable 
improvement which is attainable on further increasing 
the available energy per pound of steam, by the use of 
higher steam pressure and temperature, and by regene- 
rative heating of the feed water by previously expanded 
steam. For higher pressures it is necessary to adopt 





that will safely withstand the highest pressures, and 
builders both of boilers and turbines are confidently 
prepared to adopt the same high pressure in marine 
work as on land. There are several vessels now under 
construction with water tube boilers and increased 
steam pressure. 

Since economy in total fuel consumption is the ulti- 
mate aim, whilst the highest efficiency of conversion of 
heat into power is necessary on the part of the main en- 
gines that propel the vessel, careful choice must also be 
made of the type of machinery for driving the auxiliaries, 





A pioneer installation of high-pressure machinery 
was fitted last year in the Clyde steamer King George V.* 
having a power of 3,500 shaft horse-power on two 
shafts, a boiler pressure of 550 lb. per square inch, and 
the steam superheated to 750 deg. F. It will be clear 
that the economical effect of adopting high pressures 
would have been considerably greater in an installa- 
tion of larger power. The experiment on this vessel, 
however, was not only made in order to demon- 
strate a higher efficiency, but to explore the practical 





* This installation was described in detail in our issue 
of September, 1926, in which we ———- drawings 


and in some recent installations the auxiliaries are | both of the ship and of her machinery.—Ed 
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application of high temperatures and water-tube boilers 
to marine work, and also to ascertain what practical 


difficulties, if any, had to be overcome in this connec- | 


tion. In order to limit the variants as far as possible 
to the main engines and boilers, the auxiliary machinery 
is of the usual type. The steam for the auxiliary 
engines is taken from the superheated-steam drum 
through an internal pipe in the saturated-steam drum, 


by which means its temperature is reduced. Thence | 


it is led through a reducing valve, and supplied to the 
auxiliary steam range at a pressure of 200 lb. per square 
inch and a temperature about 450 deg. F., being thus 
only slightly superheated. These engines exhaust at 
a pressure of 5 lb. per square inch above atmospheric, 
and the exhaust steam is condensed in a feed heater 
of the surface type, thereby raising the temperature of 
the feed water to about 200 deg. F. It then passes 
to an additional high-pressure feed heater utilizing 
steam tapped off from the turbines which raises its 
temperature to about 300 deg. F. 

After the completion of the builder’s trials, in which 
the specified speed and power were easily fulfilled, the 
King George V. was put immediately on service on the 
Clyde, and ran regularly for three weeks to the end of 


the season. The vessel was then placed at the disposal | 
of the builders, for consumption trials. Calibrated | 


measuring tanks were placed on deck, and connections 
made in such a way that a measurement could be taken 


both of the steam consumption of the turbines only | 


and of the auxiliaries simultaneously. 

Table IV. gives a record of the observed data at 
various powers. 

Fig. 3 shows the results in Table IV. plotted to a 
basis of shaft horse-power. 


It should be observed that these figures agree closely | 
with the results anticipated for this vessel, bearing | 
in mind the small power per shaft and the shortness | 


of the blades of the high-pressure and first intermediate 


turbines, and confirm that in larger powers the gain | 
of efficiency claimed for higher pressures and tempera- | 


tures will be obtained. Further, the experiment has 
shown that there are no difficulties in the way of such 
installations which cannot. be met by suitable provision. 





ELECTRICAL EQUIPMENT OF TRACK 


ON THE UNDERGROUND RAILWAYS | 


OF LONDON.* 

By Artuur R. Cooper, M.Inst.C.E. 
(Continued from page 58.) 

Loss of Weight of Conductor Rails.—The appearance 
of the rail is somewhat misleading, in that the heavy 
scaling would appear to indicate a much more rapid 
wastage than has actually occurred. There are special 
places, such as in the neighbourhood of acid works, and 
no doubt near the sea, where loss of weight occurs at a 
much greater rate than in London, cases of 2 to 2} per 
cent. loss per annum having been reported. The loss 
on the Underground Railways varies from about 0-2 
per cent., under favourable conditions, to 1-2 per cent. 
under specially adverse conditions. 

Loss of weight occurs from two causes, corrosion and 
wear. Lengths of conductor rail on the District 
Railway have been taken out and weighed, with the 
object of keeping some record of the loss of weight 
taking place. The rails selected have been not only 
in the tunnel sections, where the loss would be mainly 
due to wear, but also on the outside sections where 
corrosion must have a considerable effect. 

To divide up the total loss of weight as between wear 
and corrosion, the loss in depth of head (due to wear) 
was measured by callipers and gauge, and the weight of 
this amount of wear off the head has been deducted 
from the total weight lost to give that due to corrosion. 
The exact weight of the rails when installed is not 
available and variations from the specification weight 
undoubtedly occur, although in some of the rails dealt 
with in these figures the actual weights over a period of 
some 15 years are available. 

In cases of measurement of small corrosion some 
account has been taken of the actual appearance of the 
surface of the rail, or, in other words, the amount of 
pitting that has taken p'ace. 

At first sight, the figures appear to be very misleading, 
in that, for instance, the proportion of wear is greater 
at Park Royal and South Ealing with light train service 
than at Blackfriars where the service is particularly 
heavy ; again, at Earl’s Court the loss by corrosion is 
much heavier than that at Park Royal, the rails in both 
cases being in the open. The reason for the paradox 
apparently is that the wear off the head of the rail is 
increased materially where moisture is present. It is 
suggested that a thin film of rust forms on the surface 


where moisture is present, and that this film is swept off | 


by train shoes and a clean surface left for a fresh forma- 





* Paper read at a meeting of the Institution of 
Electrical Engineers on January 6, 1927. Abridged. 


tion of rust, and that as a result a much quicker 
| corrosion effect takes place. 
With regard to the heavy loss from corrosion at 
| Earl’s Court, the case is not so clear; .it can only be 
| suggested that vibration accelerates corrosion and the 
| amount, therefore, is dependent, to some extent, on 
| train service, which is particularly heavy at Earl’s 
Court. 

The dimensions of wear of the head of tube rails 
| confirm the view that the wear is increased materially 
| where moisture is present. Tube tunnels are quite dry, 
| and readings taken at various places on the Piccadilly 
| Railway show that in the tube tunnels the wear of the 

positive rails is about 0-08 lb. per yard per annum, and 
in the open 0-66 lb., or about 83 times as much. 
| Where current is being collected, the wear of the head 
of the rail is increased. It is interesting to note that 
positive rails wear a little more quickly than negative 
| rails, and in particular where current is being collected ; 
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the difference, in fact, is a little greater than that shown, 
as the negative shoes on the District Railway are 
heavier than the positive. 

The wear on conductor rails is influenced by the 
weight of shoe, and Table IV. gives the comparative 
wear on the rails on the London Electric and Central 
London Railways under different weights of shoes, 


TABLE 1V.—Comparative Wear of Conductor Rails— 
London Electric and Central London Railways. 





LER. | C.LR. 





Weight of shoe, Ib. Bi cn ost 15 42 
| Weight of new rail, lb. per yd... “. 85 85 
| Width of contact rail head, in. me 23 44 
| Wear of rail,in. .. ae ate Wel ag 4 

Loss of weight due to wear, lb. per yd... 2-4 5:5 





| from which it will be seen that, with shoes nearly three 
| times as heavy, the wear is increased some 2} times. 
The train service on the two railways can be taken to 
| be the same. 

As above mentioned, these several results are the 
| average of a number of results, individual rails varying 
| considerably, but a review of the figures indicates the 
following conclusions regarding rails on the Under- 
ground Railways :— 


(a) The wear of the rail head due solely to the passage 
of train shoes is quite small—for a light train service 
under 0-1 |b. per yard per annum, and for frequent train 
service about 0-2 lb. per yard per annum. 

(b) The wear of the rail head is increased where 
exposed to atmospheric conditions or dampness—for 
light train service by about 0-15 lb. per yard per annum. 
and for frequent train service by about 0-4 Ib. per yard 
per annum. 

(c) The loss of weight due to corrosion, in addition 
to loss in clause (6), varies considerably, the following 
factors affecting it: Atmospheric conditions, #.e., the 
rails being in an exposed or sheltered position ; and 
the frequency of train service, the vibration causing 
the rust to flake off. In tube tunnels, where the air 
is very dry, no loss takes place ; in the District Railway 
tunnels it is very small, and on outside sections 
amounts to 0-2 to 0:45 lb. per yard per annum. 

(d) The wear of the head of the rail is increased 
where current is being collected by the train shoes. 
heavy currents increasing the amount of this wear, 
even up to 40 per cent. 

(e) The wear of the head of the rail is increased by 
heavier train shoes, but not in direct proportion to the 
increased weight. 

It is desirable to record a feature which has come to 
light in investigations as to loss of weight, and that is 
the extraordinary difference in the amount of wear that 
has taken place within the length of an individual 
conductor rail. Whilst, up to the present time, no satis- 
factory explanation has been discovered, it is interesting 
to give the information resulting from the inquiry into 
into the matter. The rail taken as an example is the 
worst one on record. It was taken out of the District 
Railway track early in 1925, and therefore after a 
| service of some 20 years. The least vertical wear of the 
head is about % in. and the maximum depth of wear 


some 20 ft. apart on the same rail, so that there can be 
no marked variation in chemical composition. Brinell 
tests taken on the sections of rail cut out at these two 
places only showed that there was slight difference in 
hardness, the piece with the greater wear having a 
Brinell figure of 99 as compared with 109 for the piece 
with minimum wear ; as a comparison an ordinary track 
rail has a figure of 266. 

Painting of Conductor Rails.—Painting as a means of 
reducing corrosion of conductor rails has been tried 
by certain companies. It is apparent that painting of 
rails in the tunnels would not be justified, little corro- 
sion taking place; from experiments carried out on 
rails of the outside sections it has been determined that 
such practice, at least under the conditions that exist 
on the Underground Railways, is not justified. The 
painting of rails before installation can be done with 
a comparatively small expenditure, but subsequent 
painting after installation, when the work has to be 
undertaken between trains or during non-traffic hours, 
entails appreciable cost. On the Underground Rail- 
ways it was found that this work on the track cost, at 
to-day’s prices, about 671. per mile of single rail, over 
90 per cent. of this amount being for labour. The work 
consisted of scraping and wire-brushing the rails and 
applying various forms of paint—some being special 
compositions of a plastic nature. It would be necessary 
to paint rails every three or four years to do away with 
corrosion and to make the life of the rail dependent 
upon wearalone. It has already been pointed out that, 
in open sections, the loss of weight due to atmospheric 
conditions is greater than that due to wear; further. 
that a proportion of this loss, possibly as much as half. 
takes place on the top of the rail. This top surface 
naturally cannot be painted, and therefore only part of 
the loss by corrosion can be saved and equated against 
the cost of painting. Effectively to stop corrosion 
by painting the rails would cost about 201. per annum 
per mile of rail, and this expenditure could not be 
justified ; the sinking fund for replacement of rails 
from wear as well as from corrosion is, after 30 years, 
less than 201. per annum. 

Gauging of Conductor Rails.—To check the height of 
conductor rails in relation to track rails, a few years 
ago a small four-wheel trolley was fitted with a drum 
driven from the axle, and a roll of paper arranged so as 
to pass over the drum. The height of the conductor 
rail was recorded on the paper by means of pointers 
actuated by rollers bearing on the rails. The usefulness 
of this record was reduced by the fact that the light 
trolley did not reproduce conditions equivalent to @ 
heavy train as regards depression of the track, which 
varies in different cases, but naturally only the differ- 
ence between the depression of the running rails and 
the current rails is of concern as regards gauging, anc 
this, from measurements taken, does not exceed in. 
A development of this method has been employed on 
the Central London Railway and overcame the 
disadvantage of the previous method. A rod was fitted 
through the floor of a motor-car in such a positio! 
that the lower end rested on the collector shoe; the 
upper end of the rod actuated the arrangement for 





1} in., as shown in Fig. 9. These dimensions occur 
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recording variation of height of the conductor rail | vibration, and maybe to some extent atmospheric 


relative to the car. 

For ordinary maintenance purposes, the height of 
the current rail is hand-gauged by the permanent-way 
maintenance gangs who are responsible for keeping it 


to the standard level, the maximum variation per- | 


mitted being } in. up or down. This is checked from 
time to time, and it is found that this standard is 
worked to in practice. 

Iron packing, in various thicknesses, with clip-ends to 
fit over the insulator caps, were at one time inserted 
between the insulator cap and the rail in order to 
adjust it to the right level, but the use of these resulted 
in a certain amount of noise and mainly for that reason 
they have dropped out of use. Wood-packings fixed 
between the sleeper and the insulator are generally 
employed to adjust the height of the current rail. 
These packings are of creosoted pine for the open 
sections, and of hard-wood for the tunnels, They are of 
sufficient size to take the insulator base and fastening 
clips, and are supplied in thicknesses from } in. to 
} in. 


Experience has shown that it is very necessary to | of a more robust nature than the porcelain or stoneware | 





| action, is largely responsible. The fractures have 


occurred with insulators having the centre lug .on the 
metal cap cemented in, as well as where a flat cap is 
cemented on to the top of the porcelain. It appears 
necessary for special attention to be given to the design 
and material used for fixing the cap to the insulator. 

It was these breakages of porcelain and the desira- 
bility of doing away entirely with the metal cap, which 
led to the introduction of composition insulators. At 
that time also they were cheaper. The composition 
insulator used has been found to be more robust than 
porcelain, although experience has shown that some 
strengthening of the head or side lips is necessary ; 
this has been provided by moulding in some metal 
reinforcement. As will be seen from the insulator 
tests given below, the insulation under adverse 
conditions is not so good as with porcelain, probably 
due to the less smooth surface. A number of insulators 
of a new composition have been in service for over a 
year, and so far the results are encouraging. There is 
room for an insulator not requiring a separate cap and 


Fig.12.SHORT-CIRCUITING DEVICE FOR CONDUCTOR RAILS. 
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TABLE V.—TEsts oF EFFECT OF DIRT ON INSULATION RESISTANCE OF NEW AND Dirty 











TRACK INSULATORS, 


Dirty as removed from 
a 


Same insulators after 





lators in the District Railway tunnels. There were 
used on the negative rail only and were dipped in hot 
insulating material. 

In tube tunnels, earthenware insulators are used 
with moulded side-clips as shown in Fig. 11. This 
material is quite suitable for such conditions and is 
cheaper, but is too absorbent for outside use; it will 
be seen that the metal cap and base have been dispensed 
with. The initial experience of the side-clip moulded 
in earthenware was not a very happy one: on the 
opening of one of the tube railways, several thousands 
of insulators broke in the first few weeks. This was 
largely due to movement of the sleeper ends causing 
motion between the insulator top and current rails, 
and also to insufficient ‘‘ crowing ”’ of the rails causing 
undue side pressure on the clip. Metal caps, as shown, 
were put in and almost stopped the breakages ; later 
the insulators were set on separate blocks in the con- 
crete road bed to avoid the vertical motion. Under the 
modern track conditions with solid sleeper ends and 
rails carefully ‘“‘ crowed,” the insulators stand up well 
without caps. 
| Insulators are installed at every third sleeper, or about 
jevery 8 ft. or 9 ft., but it is our general practice to 
| provide an insulator on each side of current-rail joints, 
| so.as to lessen the tendency for vertical motion at the 
| joint or rail-ends. 
| Some experiments have been carried out to determine 
| whether the cost of cleaning insulators is justified. 
| The tests were carried out both under working condi- 
| tions and in the laboratory. The laboratory tests are 
| summarised in Table V, the insulation resistance being 
/measured between the metal cap and a metal plate 
| upon which the insulator stood. (Where there was no 





| metal cap a lead plate was pressed down on the top 
| surface.) It will be seen from these tests that new 


insulators, either of porcelain or of composition, under 


| dry conditions, gave, for practical purposes, readings of 


infinity ; when tested wet, the insulation, in the case of 
porcelain, remained practically the same, but, in the 


|case of the particular composition concerned, it was 
|reduced to about 4 megohm. When tested after 


immersion in salt water, the insulation resistance was 
reduced to about 50,000 ohms in the case of the porce- 
lain, and to about 4,000 ohms in the case of the 


|composition, Dirty insulators were then taken out of 


the track from various places and tested under similar 
conditions, It will be seen from Table V that, when 
dry, there was little difference as compared with new 
insulators, but, when wet, the difference was very 
marked, the insulation resistance of the porcelain 








= Track, Cleaning. eS | insulator, after nine years in the track, being reduced to 

= —__—— —— — - | ——_____________—_| pe ay | 65,000 ohms and the composition, after four years in the 

Porcelain. | Composition.| Porcelain. | Composition.| Porcelain. | Composition. Cleaned). " track, to 68,000 ohms. The insulation resistance of a 

| | | | very dirty insulator was found to be reduced from 

a cu ne =i ache aa ‘a | infinity to 12,000 ohms on immersion in water, and to 

Years in service. --| ae | aa 9 ce ee ae 10 600 ohms on immersion in salt water. The dirty 
tele ee I a8 7 Infinity | Infinity Infinit y Infinity Infinity Infinity Infinity insulators were then cleaned and similar readings 
(b) In tap water for a | taken. These are also shown in Table V, from which 
few minutes ar | Infinity | 450,000 ohms} 65,000 ohms | 68,000 ohms Infinity | 751,000 ohms 12,000 it will be seen that the insulators, under both dry 

Xe) pg om ang | | and wet conditions, were practically as good as new 
when tested) —_—..| Infinity* —_ | 69 megohms* = |insulators. It was therefore only required to determine 

(7) In salt water for a | fee: | whether it was necessary to maintain such a high 
a “ley po pt i+ | ea (30D per | standard of insulation and to incur the expenditure 

Thea Ree d.c.)+ | to provide this. Asa check on these laboratory tests, 

ee Bisco tee === Serer | it was decided to make a test under working conditions, 
Insulator resistances over 200 megohms are given as infinity. | and two roads measuring about 1} miles in length were 

* Withstood 10,000 volts alternating current. + Breakdown voltage. | Selected, these roads having about the same insulation 

t Unable to build up alternating-current voltage but withstood 600 volts direct current. | value. Measurements were taken of the insulation 

: a ; | resistance under varying climatic conditions. The 

bend, by careful “crowing,” the rails installed on | of to-day, and yet possessing the smooth surface and | insulators were then cleaned, the work extending over 
curves, to ensure that they are set properly to gauge. | insulating qualities of porcelain. | a week and the cost amounting to about 71. per mile of 


In practice, it has been found that the electrical track; In doing away with the tripod base of the original ‘eel dealt @ith.  Mecaussenente ease again taken under 
equipment requires a higher standard of design — type of insulator it has been found necessary to obtain a varying climatic conditions, and only those which 
workmanship than was at one time considered to be | more even surface on the sleeper top for the insulators | relate to damp and wet weather are tabulated. The 
necessary. |to rest upon. In cases where it is the practice to use insulation resistance was measured, from the positive 
I nsulators.—The insulators originally installed on | the sleepers sawn side up or to have the top surface | and negative rails, respectively, to earth. There is no 
the outside sections of the District Railway were of | machined, there is no difficulty, but in other cases, | record of any cleaning having been carried out on the 
two materials, some being of porcelain and some of a| and where there is a rough surface, it is desirable for | j;sulators on both these roads since their installation. 
granite composition. They had a metal cap and a/ the height of the insulator to be such as to allow a} Papie yy] gives the results, 
metal tripod base, as shown in Fig. 10. The amount | piece of wood packing to be inserted, which packing | 
of insulating surface was small as compared with the | is later made use of in maintaining the height of the | TABLE VI.—Jnsulation Resistance Readings—Average of 
modern insulator, which has developed on the lines | current rail. In no case should the height of the insula- a Number Taken. 
of doing away with the metal base and, in the case of | tor be such that, with new track material throughout, |——-—-W——_____ ; 
the composition insulator, of doing away entirely with | the rail surface will be to gauge without the use of Positive | Negative 
the metal cap. Turning to the experience in main-| packing. | Earth. | to Earth. 
tenance, these porcelain insulators have given little; Glass insulators, with metal cap and metal-frame base | ________ 
cause for complaint as regards insulating qualities, but and without petticoat, were tried some years ago on the Ohms Geis 
« number of breakages have occurred almost entirely | Metropolitan District Railway. They were found to be | Per Mile. | Per Mile. 
by crushing at, or breaking away at, the jointing of the | too brittle and numerous breakages occurred. In many | With rain falling : wae . 
metal cap. In the later type of insulator, without a| cases these breakages occurred before the insulators | Seer ease cianaitine: cabbie a | 200 ae 
metal base, this weakness still exists. The insulators | were put on the track, indicating internal stresses, nO| period of one week) .. a eee 400 600 
are usually found to be broken when rails have to be| doubt due to poor manufacture. A second trial of a | Moist atmosphere : p 
removed for re-laying or for other purposes. Recently, | few glass insulators was made some years later. This | pranyt a eng St tt (ora — 
in the renewal of 1} miles of current rail near Hammer- | type was similar to the present porcelain ones and of | — SS et oh te il he ; 
smith station, out of the total of 740 insulators taken | French manufacture, and was said to be well annealed. a so 
out about one-third had to be renewed, in the majority |The results again indicated that glass was too 
of cases due to fractures near the metal cap. It can | brittle. circuit has occurred due to dirty insulators, and no 
only be assumed that the vertical motion between| The use of insulators made from wood is not favoured, | ill-effects of any account can be traced to the small 
the current rail and the insulator, with constant | althcugh good results were obtained from these insu- | leakage currents which could be reduced during wet 








Reviewing the various factors, no case of short- 
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weather by cleaning the insulators. The value of the 
current lost is not a factor of any consequence. Insu- 
lators are not cleaned on the Underground Railways 
except in some tube station platforms, from the point 
of view of appearance, and at one or two special places 
in yards, where exceptionally shallow insulators have to 
be installed. 

Taking off Traction Current in Emergency.—Reference 
to the electrical equipment of the track would be 
incomplete without a description of the arrangements 
in force for cutting off current from the track in emer- 
gency. Short-circuiting bars, as shown in Fig, 12, 
are carried on each tube train. These consist of an 
arm with a clip at one end to fit over the negative rail. 
The arm is arranged to pivot in this clip, and a conductor 
is arranged along the arm to connect to a contact so 
placed at the other end that it will fall on to the rail 
as the arm pivots; a wooden handle is provided on the 
arm. Such a device does not seem a very pleasant 
object to handle on tracks fed by sub-stations with 
circuit breakers set at 3,500 amperes, but it has been 
used on the centre of a Y-shaped section fed by three 
substations, and has been found to be effective in short- 
circuiting the rails and taking cur: _nt off; in some 
cases the contacts have welded theraselves to the rail. 
This device is now mainly used to ensure that current 
taken off in emergency is not inadvertently restored 
too soon. It is placed across the rails after current 
has been taken off by a special device for making dead 
any section of the track in tube tunnels at a moment’s 
notice. “The company’s rule with regard to having 
current taken off, or current restored if it has been off 
for any purpose, is that current will be taken off on a 
message being received from any member of the staff, 
so long as the person gives his name and grade. The 
current will only be restored on authority of the traffic 
controller, who is responsible for satisfying himself that 
all is in order for current to be restored. He obtains 
such information as may be necessary from the man 
responsible for current being taken off. 

The following is an outline description of the installa- 
tion referred to above for taking current off the tracks 
automatically. Two bare tinned-copper wires, (alumi- 
nium was tried but was found to be unsuitable) 
known as the tunnel lines, are run throughout the 
tube tunnels on insulators and at a height convenient 
for the train staff to reach. When these wires are 


short-circuited—for instance, by being pressed together, | 


or even by connecting a portable telephone across 


of hard-steel plates fitted diagonally into a holder and 
pressed down by a spring on to the rail. It was of too 
stiff a nature and caused damage to the current-rail 
equipment, especially at inclines. Later a form of 
milling cutter, free to rotate, was tried in place of the 
steel plate, but the cutting edges did not stand up to 
the work. 

On the District Railway and Watford trains, special 


by means of spiral springs. These shoes served to 
remove some sleet or ice, but soon got choked and 
‘*‘ balled up”’ with frozen snow or ice. This form of 
equipment, apart from not giving the desired results, 
is unsatisfactory in that it is in operation during the 
whole period of the running, and not for the short per- 
centage of time when it is actually required. These 
have now been discontinued. 

Oil has been used on some electrified systems to 
prevent the ice film from adhering to the rail surface 
and to render it easy to remove even by the train shoes 
alone. A car was specially fitted up for a test in the 
use of oil. It was run between two motor-cars on the 
railway between Golders Green and Edgware. The car 
carried a drum of mineral oil, as used for lubrication, 
the oil being heated electrically to keep it at a proper 
consistency. The oil was fed down to the collecting 
shoes, which spread it on to the rail surface. The 
experiment was not satisfactory. After rather a thick 
coating of oil had been spread on the rail surface, snow 
fell, and it appears to have mixed, to some extent, with 
the oil, and this mixture prevented the shoes from 
making contact. The difficulty seems to be in getting 
the correct film of oil deposited ; it must be sufficient 
to give a uniform coating and prevent it from adhering, 
but there must be no surplus to rub off. It is thought 


ice-cutting collecting shoes were fitted, the shoes being | 
made with projecting chilled portions and pressed down | 


of materials of a burn from an accidental electric arc. 
On a steel rail, the effect of an arc is practically the same 
as a nick, the burnt rail being easily fractured by a 
blow or similar shock. 

With regard to this effect on rails, an investigation 
was carried out some few years ago. A number of 
pieces were cut from the same length of rail, and in each 
case one piece was tested untreated and the other pieces 
were electrically burned and tested in various ways. 
The results show that :—({1) The strength of a rail to 
withstand impact, when the metal burnt was in tension, 
was very much reduced. (2) With the burn in com- 
pression, little or no diminution of strength occurred. 
(3) The effect of a burn was very similar to that of a 
nick. (4) Annealing after an electric burn showed a 
tendency to restore the strength, but only to a very 
limited extent. 

Test-bars cut out of a rail and tested in a Buckton 
machine as beams, confirmed conclusion (2) by the 
stress-strain diagrams, and as regards conclusion (1) 
these tests pointed to the ultimate or breaking load 
being brought down to a figure only slightly exceeding 
the yield point or limit of elasticity. When the burn 
is in tension there is, therefore, a great reduction of 
strength to withstand impact, as compared with a 
gradually applied load. 

It is generally recognised that effects such as are 
under consideration are more pronounced in high- 
carbon steel than in mild steel. This is illustrated in 
the tests sammarised in Appendix III. Tests were also 
carried out on track rails of varying hardness, but within 
ordinary ranges the result from a practical point of view 
can be taken to be the same. It is the practice on the 
Underground Railways, when finding signs of electric 
burning on a track rail, to have the rail replaced. A 
similar rule is adopted with regard to axles on rolling 





that the dilution of oil with petrol or other volatile 
spirit and an improved method of applying it to the | 
rail, perhaps in the form of a spray, would give better | 
results, and this will be tried out shortly. 

A few years ago an experiment was made for removing | 
ice by passing a heavy current through the conductor | 
rails. The test was carried out on the Hounslow | 
branch, the rails of the up and down road, positive and | 
negative, being arranged in series, forming a loop of | 
about 16 miles in length. A rotary convertor in the | 
Acton Town sub-station at the end of the section in | 
question was put across this loop. The atmospheric | 
| temperature was about 23 deg. F., and with 1,100) 





stock. 
(Zo be continued.) 








CATALOGUES. 


Chemicals.—A catalogue of dyes, colours and coal- 
tar products generally, is to hand from Messrs. F. Hulse 
and Co., Limited, Woodlesford, near Leeds. 

Telephones.—The Dictograph Telephones, Limited, 
Aurelia-road, Croydon, Surrey, have sent us a catalogue 
explaining the use of their system of internal communica- 
tion by telephone. 

Lathes.—The Jones and Lamson Machine Company, 


them—the circuit breakers at the sub-station or sub- | amperes (at 600 volts), there being little or no wind, the | Springfield, Vermont, U.S.A., have sent us an illustration 


stations relating to the section in question are opened 
automatically by relays. 

Provision is further made that the train staff, by 
attaching to these wires the portable telephone carried 
on all trains, can speak to the sub-station operator, 
giving particulars of the reason for switching off 
current. 

As forming part of the arrangement in connection 


with taking off current, relays have been installed | 


across the conductor rails to switch on automatically 
the general tunnel lighting (lamps placed at every 50 ft.) 
when the current rails become dead. The tunnel- 
lighting circuits are fed from the alternating-current 
station lighting supply, and are in general use during 
non-traftic hours for maintenance requirements. As a 
further arrangement, in each car of a train two small 


lamp; are provided, which, on the rails becoming | 


‘** dead,” automatically light up from a battery on the 
train. 

Collection of Current During Snowstorms, etc.— 
Interruptions to train working on account of ice or snow 
on the conductor rails occur on an average only once or 
twice each year, but whilst these are insignificant in 
number they are serious in effect, in some cases tempo- 
rarily suspending the train service. Snow itself does 


| temperature of the rails was raised only 2 deg. in | 
|35 mins. The current was afterwards increased to | 
2,250 amperes and the temperature of the rails was | 
raised nearly 8 deg. in 24 mins. On another occasion | 
the tests showed that with an atmospheric temperature 
of 24 deg. F., again with little or no wind, with 1,500 
amperes, the temperature rose 1] deg.,in 58 mins., 
and with 2,000 amperes 10} deg. in 45 mins. 

The results of these tests show that heavy currents 
of 2,000 amperes or more must be used to give an 
| appreciable rise of temperature, on account of the large 
radiating surface of the current rails. Again, in exposed 
places, particularly with wind, it is doubtful if sufficient | 
current can be used to give any appreciable rise. This 
method of heating a conductor rail can only be made 
use of when electric trains are not running, and unless 
| the temperature of the air happens to be only slightly | 
| below freezing point it is probable that a film of ice | 
| would have again formed on the rail before the train 
| service was started up. The method has not been 
| proceeded with further by the Underground Railways, 
‘although some consideration was given to superim- 
| posing alternating currents on the rails whilst trains 
| are running. 

The arrangements for dealing with ice troubles on 





not prevent the shoes from collecting current, the trouble | conductor rails can be summarised as follows :—(1) A 
arising from a film of ice on the rail. Generally this | special car fitted with brushes and oil sprays is run out 
occurs from sleet falling on a rail which is below freezing | when conditions are such that trouble may be experi- 
point, but it is sometimes brought about by a fall in | enced from the formation of ice on the rails. This car 
temperature of the rail when wet from thawed snow, | is hauled by a battery car, or is run between two motor 





rain or dew. The film of ice which forms is sufficient 
to prevent shoes from picking up current, and trains 
may be entirely prevented from moving. 

Particulars are given of the several methods in use 
on the Underground Railwa,s, as well as of experiments 
carried out, but it must be admitted that the problem 
has not yet been solved. It is recognised that a change 
to under-contact collection of current, or even the use 
of a protected top-contact rail with a spring side-arm 
collector, would overcome these difficulties, but such a 
change on the Underground Railways could hardly be 
looked upon as a practical proposition. The methods in 
general use are mechanical, that is to say, the application 
of force to remove the films of ice from the rail surface. 
The most successfulform of apparatus, up to the present 
time, is a steel strip brush. These are fitted to a pro- 
portion of the motor-cars. A raising and lowering 
device forms part of the equipment. 

One of the earliest forms of apparatus used on the 
District Railway (in about 1905) consisted of a series 


cars with traction current on the rails during non-traffic 
| hours, when conditions require it. (2) Steel strip 
brushes fitted to service trains are put into action 
| when required and during traffic hours. (3) Permanent- 
| way section men are provided with ice scrapers for 
| hand-scraping the rail. (4) Long trains are run in place 
of short ones, so that with the larger number of shoes 
| there is greater likelihood of contact being maintained. 
| (5) Locomotives are fitted with brushes and are run 
on the outside section of the District Railway during 
| non-traffic hours. 
| There is greater difficulty in dealing with the situation 
with tube trains on account of their having no ’bus 
lines throughout the train, the shoes of the motor cars 
therefore not being interconnected. 

Effect of Arcs.—The use of electricity for traction 
brought to light certain features which proved of 
greater importance than was at first realised. Experi- 

;ence has shown, for instance, the need of exercising 





| particular care with regard to the effect on the strength 


of a new size of Hartness flat-turret lathe fitted for bar 
work or chuck work. 


Steam Traps.—Messrs Hopkinsons, Limited, Hudders- 
field, have issued a new catalogue of their patent Duplus 
steam trap, illustrating the action and giving particulars 
of the range of standard sizes. 


Lubricating Oils —The Henry Wells Oil Company, 
Limited, 11, Haymarket, London, S.W.1, have sent us 
a copy of the fifth edition of their useful and informative 
booklet on germ-process lubricating oils. 


Boiler Fittings.—A catalogue describing the construc- 
tion and action of the Aster-Anthony feed-water regula- 
tors has reached us from the makers, the Aster Engineer- 
ing Company, Limited, Wembley, Middlesex. 


Aluminium ’Bus Bars.—A pamphlet giving a technical 
mechanical and financial comparison between copper and 
aluminium for’bus bars and connections, is to hand from 
the British Aluminium Company, Limited, Adelaide 
House, King William-street, London, E.C.4. 


Electric Meter Testing.—A phase-shifting transformer, 
used for the calibration of alternating-current meters, 
and made by Mr. Michel Bonnier, Lyons, is illustrated and 
described in a catalogue received from Mr. Paul Dieny, 
27, Laurence Pountney-lane, London, E.C.4. 


Exhaust Silencer—The Lion Engineering Works, 
Mount Pleasant-road, Southampton, have issued a 
catalogue describing their combined water-jacketed and 
ejector silencer for marine oil engines, and also a catalogue 
dealing with a hand-operated positive rotary pump. 


Motor Locomotive.—A new locomotive for contractors’ 
and similar work, is being produced by Messrs. James 
and Frederick Howard, Limited, Bedford. The engines 
are of the petrol or paraffin type, running on four wheels, 
and an auxiliary rubber-tyred adhesion wheel is fitted 
for use on steep gradients. For the auxiliary wheel, a 
wooden track is laid between the rails. The haulage 
capacity is 60 tons on the level at 3 m.p.h., or 35 tons 
at 8m.p.h. Heavier loads can be handled by the use of 
the wheel, which is only employed at slow speeds. One 
of the locomotives is at work on a sewage scheme at 
Leicester. 





CONFERENCE ON LARGE ExtRA-H1GH-TENSION 
SysteMs.—The secretary of the Institution of Elec- 
trical Engineers, Savoy-place, Victoria-embankment. 
London, W.C.2, has informed us that the fourth 
conference on Large Extra-High-Tension systems will 
be held in Paris from June 23 to July 2 next. The 
council will shortly nominate those who will attend the 
conference as the official delegates of the institution. 
but, in addition, any member of the institution may 
attend as an unofficial delegate. Members desirous of 
attending should send their names, together with « 
remittance of 2l,. to the secretary of the institution, 
who will obtain the necessary membership cards. 
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CENTRELESS GRINDING MACHINES. | often than once or twice in the day, and only after 
q . ' this is it necessary to readjust it to the work. The 
By domme Homnms, | grinding wheel has to be retrued more often, the 

(Concluded from page 37.) 


i frequency of this operation depending on conditions 
" The Heim Machine.—The machine made by the 


and on the judgment of the operator. The diamond 
Heim Grinder Company, of Danbury, Conn., U.S.A., | truing fixtures are shown in Fig. 4. By using suit- 
is adapted either for through or spot grinding, and | able guide plates, the wheels can be trued for either 
has a capacity ranging from 3,-in. to 4 in. diameter. | straight, tapered, or form grinding. 
The wheels face each other in a horizontal plane.| The work-supporting fixture is shown in Fig. 6. 
The regulating and grinding wheels are each 16 in. | It is located between the wheels, and when it has 
in diameter, and are furnished in widths from ? in. | been adjusted for the pieces of work in hand it is 
| not disturbed. The adjustment of fixtures differs in 


to 8 in. They are readily removable on sleeves that 
fit the tapered ends of the spindles. The slides for | through grinding, and in spot or shoulder grinding. 


each wheel are operated by independent screws, | The fixtures are removable, and interchange with 
the hand wheels for these being graduated to read | a flange (Fig. 5), bolted to the bridge of the wheel 
in thousandths. The machine takes different work | housing. 

fixtures to suit the two methods of grinding. The) When lining up work for through grinding, it is 
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following is an account of the general design, as supported on the edge of the rest, the height of 
illustrated by Fig. 4. | which is adjusted by means of a wedge so that a 
A base, utilised as a water tank, carries the wheel | range of diameters may be accommodated. The 
heads, their slides, and safety housings. The | work lies between the vertical edges of two guide 
regulating and grinding wheel slides are traversed | plates as in Fig. 6. These have hardened steel 
independently of each other by means of their feed | faces, one being close to the control wheel, the other 
screws. The operating hand wheels may be seen | adjacent to the grinding wheel. The adjustments 
at the right hand side of Fig. 4, one within the | of these guides have to be made with care, using 
other, their screws are shown dotted. Two styles} the setting screws and the wedge, until the inner 
of wheel heads are supplied, one fixed, the other | faces of the guide plates and the face of the regulat- 
swivelling. The first is intended for a standard |ing wheel are at a height at which the work will 
run of cylindrical work. In this case the spindle | touch both the wheel and the guide plates, in line, 
of the control wheel is set at a fixed angle of 3deg., in | and at which it will be supported by the edge of 
the vertical plane, relatively to the grinding wheel | the rest. Unless these adjustments are made, feed 
spindle. For general utility purposes its slide has | lines are liable to appear on the work. After first 
a swivelling head with provision for varying the | adjusting the regulating wheel guide plate, the 
angularity from 0 deg. to 6 deg. This is shown in| grinding wheel plate is attended to, just enough 
Fig. 5. The arrangement permits of an extensive | clearance being left to permit of the passage of the 
range in the rate of feed of the work past the wheel, | work. The grinding wheel then is advanced by 
up to about 80 ft. per minute, the amount depending | means of its hand wheel, by trial, to obtain the 
on the amount of angle between the axes of the two | diameter desired on the work. A pointer corre- 
wheels. The control wheel runs at the work speed, | sponding with this adjustment can be set on the 
which varies with the material and diameter. The | graduated rim of the hand wheel. 
grinding wheel may run at from 5,000 to 6,000 ft.| It is advisable to take very light cuts. Two 
surface speed per minute. When the control wheel | roughing cuts are followed by one or two finishing 
has been set to the correct position the size of the | cuts, although the total amount to be removed may 
work is maintained by the adjustment of the grind-| be less than that usually allowed for grinding. 
ing wheel, to compensate for wear and truing. The} The output is very high. Valve stems. 6 in. long, 
regulating wheel does not require to be trued more | with one roughing and one finishing cut, have been 
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ground at the rate of from 300 to 350 per hour. 
If one pass only is employed, the output may be 
doubled. When roughing, about 0-006 in. is 
removed at each pass, in finishing not more than 
0°0005 in. from the diameter. Lengths not exceed- 
ing 6 in. or 7 in. are those most readily ground. 
For greater lengths, the fixtures are of a special 
character to afford the additional support required. 

For spot or straight-in grinding on shouldered 
pieces, the outside guide plates for guiding the work 
to and from the wheels are removed, only the work 
rest between the wheels remaining. An elevating 
fixture is also used, operated with a lever. The 
regulating wheel is. first brought into position 
relatively to the fixture and the work as though for 
through grinding. The grinding wheel is then set for 
diameter, and so that its edge shall have the correct. 
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relation to the shoulder on the work. A work 
| stop is brought into contact with the back end of 
| the work, and then if all pieces of the work are of the 
\same length no further adjustment with regard 
| to the grinding wheel will be necessary. Provision 
is made for adjusting the grinding wheel slide to 
give the desired diameter of work. The operation 
of the lever of the elevating fixture lifts the work 
from between the wheels, so that the finished piece 
can be removed and another inserted. The work 
of shouldering is also effected by means of an auto- 
matic attachment if the product is a large one. 
Valves, king bolts and shackle bolts made in quantity 
are treated in this way. The regulating wheel slide 
is traversed automatically, the grinding wheel 
spindle is oscillated slightly, and the fixture provides. 
automatically for lowering and raising the work 
rest and ejecting the finished articles. Similar 
methods are employed in modified form for grinding 
tapers and formed outlines. 

The method of driving the wheels is shown in 
Fig. 4. The drive is taken from the shaft on the 
right, below the grinding wheel. From this a belt 
is run up to the spindle of the wheel, tightened 
with an adjusting pulley. Another belt from this 
shaft drives the shaft below the regulating wheel, 
whence a belt passes over a tightener pulley to a 
three-stepped cone on the wheel spindle. Screw 
adjustments are provided for the tightening pulleys, 
and they are carried on telescopic arms. The main 
driving shaft runs at 560 r.pm. The grinding 
wheel spindle pulley is 7 in. diameter by 64 in. face ; 
the regulating wheel spindle pulley is also made 
with 6} in. face, both being intended for 6-in. belts. 
The spindle bearings are of phosphor bronze, in 
tapered housings. The spindles are of chrome 
nickel steel; the front bearing is 3} in. diameter 
by 84 in. long; the rear bearing is slightly less. 
The wheels are 16 in. in diameter, in widths from 
? in. to 8 in. The wheel slides move on flat and 
vee’d ways. A centrifugal pump delivers 13 
gallons of water per minute. A motor drive may be 
employed of 10 h.p., or 15 h.p., and running at 
1,200 r.p.m. 

The Coventry Centreless Grinding Machine.—The 
Coventry machine, illustrated in Figs. 7 and 8, is 
made by Messrs. B.S.A. Tools, Limited, of Birming- 
ham, and differs from others in the employment of 
a face grinding wheel, instead of one working on 
the periphery. Fig. 9, on page 95, shows the 
largest machine built, with a work capacity ranging 
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from } in. to 1} in. diameter, and a length, straight | adjustment for the angularity of the plates, which, | questions arise to which the answers must be ascer- 
through, of 8 in., and for shoulder work up to| with a range of 5 deg., imparts the feed to the work, | tained beyond doubt, and not merely assumed or 
3 in. long. The grinding wheel is 16 in. diameter, | becoming more rapid as the angle is increased. | conjectured, if the last state of the industry and of 
and the control wheel is 8 in. with 3-in. face. All| This is substituted for the more usual tilting of the | the industrial communities that depend on it, is not 





the movements are derived from fast and loose | axis of the control wheel, when both wheels operate | to be worse than the first. The scientific method 
| by their peripheries. The feed in inches per minute | that is necessary for obtaining this certain knowledge 


pulleys within the guard A, Fig. 9. These run at 
610 r.p.m. A wide pulley B, on the main shaft 
drives, with a belt shown in Fig. 7, tightened by 
means of a jockey pulley, on to a pulley C on the 


grinding wheel shaft, at a uniform speed suitable | 
for grinding, t.e., about 5,500 r.p.m. The spindle, | 
of heat-treated alloy steel, runs in long adjustable | 


phosphor bronze bearings, the front one measuring 
3} in. diameter by 6} in. long. The thrust is taken 
immediately behind the front flange, against plates 
of phosphor bronze and hardened steel. These are 
kept in contact by a spring at the rear end of the 
spindle, so that any rise in the temperature of the 
spindle will not affect the accuracy of the work 
being ground. In the illustrations the wheel is 
concealed by its hood D. 

The control wheel E is rotated at either one of 
three speeds through a belt on the cone pulleys 
F and G. These are driven by bevel gearing off the 
top of the pump spindle. The pulley G is con- 
nected by a telescopic shaft with the wheel spindle, 
& provision that is necessary so that adjustments 
of the wheel for different diameters, and for the 
wear of both wheels, may be made. Micrometric 
radial settings of the wheel can be made with the 
hand wheel and graduated disc H. The slide is 
held in opposition to the adjusting screw with 
the suspended weight J. After the slide has been 
set it is secured by knurled headed lock nuts. 

The work is supportec by plates having edges 
inclined at 45 deg., as shown at K, K, Fig. 9, and 
to be seen also in Fig. 8. The lower plate is sup- 
ported in a circular seat, so designed that the set 


| is given by the expression DrN sin. A. 
|. Where D=diameter of control wheel. 
| N=revolutions per minute of control wheel. 
A=angle between path of work and axis 
of control wheel. 
Provision is made for truing the control wheel. 
|The diamond slide, controlled by the hand wheel 
| L, is arranged so that it can be tilted to the same 
| angle as the work plate, but in the reverse direction 
| from the horizontal. In addition, in order that the 
| control wheel may be trued at exactly the same line 
| along which the work will make contact, the diamond 
|is carried in a graduated eccentric bush P (Fig. 11), 
which it is necessary to set for varying diameters 
of work. Another diamond truing slide of exactly 
the same pattern is carried on the wheel guard for 
truing the face of the grinding wheel. The adjust- 
| ment for this is seen at R. 
An ample supply of water is supplied by a belt 
| drive from the pulley M, over guide pulleys to a 
| pump in the tank N. One branch pipe goes to the 
‘face of the wheel and the work rest, swilling away 
all grit, while the other, by means of a two-way 
‘cock, can be turned on the diamonds when dressing 
ithe wheels. Bearings are oiled with sight feed 
| lubricators, and dust caps are fitted. The machine 
is carried on a large base with a deep encircling 
trough. 








THE FUEL RESEARCH BOARD IN 1925. 


AmonG the many suggestions for helping the 


may be applied to the investigation of fundamental 
| facts, as in the microscopical study of coke, or the 
|chemical examination of the differences in com- 
| position of by-products according to the temperatures 
| at which they were formed. It is no less necessary 
|in the trial of new processes on an industrial scale. 
| It can be omitted without serious risk only when the 
|cost of a mistake is not serious. In problems, on 


the other hand, that are of fundamental consequence 
| to great industries, the gamble involved in neglecting 
| scientific method at any stage of the inquiry is 
| indefensibly extravagant. 

| Animportant part of the duty of the Fuel Research 
| Board is to provide in detail any links that are 


| missing in the knowledge of fuels, and not likely to 
| be supplied through other agencies. This, in itself 
| is a comprehensive and various business, which suc- 
| cessive Governments have adopted a wise policy in ex- 
tending. During the past year, however, the Board 
| has had to exercise more particularly the duty of 
| viewing the technical position and possibilities of the 
| industry as a whole, which for national reasons could 
afford neither to miss an opportunity of improv- 
| ing its position, nor to plunge itself into a disastrous 
|speculation. The reference to the Coal Commis- 
| Sioners included the question of what improvement 
|could be obtained in the material position of the 
| industry by technical means, and the Fuel Research 
| Board through its Director of Research, Dr. C. H. 
Lander, as assessor had to advise the Commission on 
'this important branch of the reference. It is not 
| surprising that with this addition to the Director’s 


of the edge of the plate in relation to the axis of | coal industry out of its troubles is the one that coal | labours in the early part of last year, the issue of 


the control wheel can be varied in order to obtain 


| should no longer be burned raw. By now, indeed, 


| the Board’s report and his own for the year 1925 has 


different rates of traverse. The plate also can be | this is perhaps a little hackneyed. Everyone, from} had to be delayed. It has, however, now been 
adjusted vertically in order to bring the centre line | the Coal Commission downwards, knows that coal | published,* and will be found to be unusually worth 
of the work a quarter of its radius above the centre| contains many valuable products, and that the} the attention of those who are interested in its 


line of the control wheel. The top plate, which is 


also adjustable, forms a steady for the work, which | the root of all evils in the coal trade, could be | 


is revolved and traversed by the control wheel E. 
The speed of the latter can be varied by means 
of the three-stepped cones F and G, already 





absence of money, which may almost be said to be 


| made good readily if these valuables were extracted 
and industry carried on happily with what was left. 


| The only difficulty is how to do it; and when this 


| subject matter. 


In a sense its most important part is contained in 





* Department of Scientific and Industrial Research. 
Report of the Fuel Research Board for the year 1925, 


: . : ae oe | with Report of the Director of Fuel Research, H.M. 
referred to. The hand wheel L, Fig. 10, provides | necessary stage of inquiry is reached, a number of | Stationery Othe. (Price, 1s. 3d. net.] 
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two appendices, each of which formed part of the 
matter prepared for the information of the Coal 
Commission. One of these deals with the utilisation 
of coal, and was intended to assist the Commission 
in determining whether a greater demand for coal 
can be found either by stimulating existing carboni- 
sation industries, or by carbonisation or other 
conversion in plants worked by colliery companies 
and presumably situated near the pit mouth. It 
was, in fact, not written for publication ; but, being 
submitted to the Fuel Research Board for observa- 
tions before it was sent on to the Commission, some 
of its contents appeared to have too general an 
interest to be kept unpublished. It is composed of 
facts the majority of which are already known to 
most of our readers, but, nevertheless, it may be 
commended to them no less than to others, as 
containing the best-balanced outline of the position 
and possibilities of the coal industry that has yet 
appeared. In the critical circumstances of the Coal 
Commission, it is not less than a piece of national 
good fortune that the Commissioners should have 
been advised so clearly and so sanely on the many 
aspects of the technical situation with which they 
had to deal. The other appendix describes the 
scheme of observations by which a physical and 
chemical survey is being made of the coal resources 
in this country. Except perhaps for recording that 
during 1925 three more voluntary local committees 
were formed for collecting the desired data, dealing 
respectively with the Scottish, North Staffordshire, 
and Nottingham and Derbyshire areas, this appendix 
also consists mainly of matter that is already well 
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known ; but here, again, it is the best account of 
the scheme which has yet appeared. An incidental 
part of the work of this survey is to find standard 
methods for the sampling and analysis of coal. An 
interim report on analysis has led to the provisional 
adoptionof analytical methods proposedasstandards, 
and a revised edition is said to be in preparation, 
but in the more difficult problem of sampling, matters 
do not seem to be so far advanced. The subjects 
continue to be investigated by a special sub- 
committee, and, both for large users of coal and for 
exporters, a successful and generally accepted solu- 
tion of both problems is much to be desired. If, 
indeed, it is not reached in this country, it seems not 
unlikely that at least foreign buyers will impose 
something of the sort on their own purchases. 

It will be remembered that until the report pub- 
lished in 1925, the Board had issued only special 
reports on individual subjects, and the report for 
1924 dealt, therefore, generally with the whole of 
its work since its institution in 1917. The present 
is, therefore, its first purely annual report, and 
doubtless in future years, less exceptionally strained 
than 1926, it will be published more promptly. 
Part of its contents have, of course, a permanent 
value, but part at least of such reports is intended 
to give a correct summary of proceedings, and may 
soon get out of date. In a publication of this year, 
it reads oddly to hear about what the Board did 
at Wembley in 1925, and still more so to learn that 
it hopes to start a new plant for one purpose by 
last February, and for another by the autumn of 
1926. The present report, however, bears certainly 
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no sign of obsolescence, and, indeed, seems to 
include more new matter than is sometimes found in 
such compilations. In addition to the subjects to 
which we have already drawn attention, the report 
of the Board selects a few pieces of work for special 
rematk, notably the enrichment of coal gas by 
the injection of oil into the retorts during car- 
bonisation, and the use of cast-iron vertical retorts 
for low-temperature carbonisation under external 
firing. The latter plants, built with full-size retorts, 
have been chosen not because they are necessarily 
preferable to others, but because retorts with internal 
heating are already the subject of adequate experi- 
ment, with which close touch is kept. Their suc- 
cessive design and installation has disclosed defects 
and difficulties from various tauses, which have done 
much to define the further qualities required, and 
possibly may lead to obtaining them. Part of the 
trouble is due to growth and warping of cast-iron 
under high temperatures, and the experience gained 
in the endeavour to overcome this may be valuable. 
The research is being continued with every hope 
of further progress and the possibility of ultimate 
success. In these columns further particulars of 
trials which have been made may be postponed until 
fuller data are available. For the present it will be 
sufficient to refer shortly to a few of the more 
important investigations that have been undertaken. 

The establishment of the Department’s National 
Chemical Laboratory has enabled more intimate 
research to be begun into the constituents of tar 
produced under definite conditions found in low 
temperature carbonisation, and their cheapest and 
most efficient conversion into motor spirit and 
other desired products, the work being divided 
between this laboratory and that of the Fuel 
Research Station as may from time to time be 
found advantageous. Among the subjects under 
investigation at the Station on a technical scale 
are the purification of coal by washing and other- 
wise, the relation of steam raising by coal to produc- 
tion of smoke, and the behaviour of various fuels 
for internal combustion engines in an experimental 
Ricardo engine with variable compression. 

The work at the Royal Naval Cordite Factory 
on the production of power alcohol from cellulosic 
materials by bacterial action is being continued in 
several directions, and progress has been made in 
particular in selecting pure cultures of rapidly- 
fermenting thermophilic bacteria for the direct 
fermentation of cellulose without prior treatment 
by inorganic acids. A by-product of these investi- 
gations has been the preparation from straw and 
other vegetable substances of a binder for use in 
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THE DESSOUK RAILWAY BRIDGE OVER THE NILE. 
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briquette making. The process is analogous on the 
bacteriological side to the manufacture of artificial 
stable manure, which is being developed elsewhere 
for agricultural purposes, and a binder of this type 
has already been developed to some extent by the 
Pulp Binders Development Company, of South 
Africa. The preliminary laboratory experiments 
are promising, and if present expectations are borne 
out by further experience, the process may have a 
very important bearing both on the low-temperature 
carbonisation problem and on the manufacture of 
artificial fuel from coal dust. Arrangements have 
been made for accommodation at the Building 
Research Station, in which experiments on domestic 
heating will be made on a full scale and with 
greater accuracy than has been possible hitherto. 

The large scale trials have involved considerable 
analytical and other laboratory work, but the ex- 
tensions of the Station laboratories and the increase 
of its staff has enabled more time to be given to 
special laboratory research work. A small con- 
tinuously working plant is to be supplied for the 
hydrogenation of coal, in regard to which close 
touch is being kept with the experimental work 
done for the British Bergius Syndicate. Various 
analytical methods have been developed, and, in 
collaboration with the United States Bureau of 
Mines, the methods used in each country for de- 
termining the melting point of coal ash are being 
compared 

An investigation is being conducted, in con- 
junction with the Fuel Economy Committee of the 
National Federation of Iron and Steel Manufacturers, 
into the reactivity of coke, especially to carbon 
dioxide. 


proceeds, tending, however, to a constant figure. 





|plants for low-temperature carbonisation, which 





| 


One interesting result obtained is that | decided to demolish the old bridge and build a new | 
the reactivity is found to decrease as the reaction | one. 


| 


are made on request under the Government scheme. 
This work includes the investigation of spontaneous 
combustion of coal on board ship, a member of the 
staff now accompanying the Board of Trade Inspector 
wherever possible on all visits to ships arriving in 
this country with a fire in the coal bunkers or holds. 
Results of interest are being accumulated in regard 
to the circumstances of the bunkers in question, 





and incidentally to questions of coal shipping and 
sampling. 








THE DESSOUK RAILWAY BRIDGE, 
EGYPT. 


THE bridge which we illustrate in Figs. 1 to 13 has 
two distinct points of interest, apart from its actual 
construction. The first lies in its history, the second 
in the novelty of the process of erection as well as 
the rapidity with which this was carried out. 
The point at which the bridge crosses the River 
Nile is Dessouk, about forty miles south-east of 
Alexandria. The line it carries connects the 
northern part of the Delta with Damanhour, a 
station on the railway between Alexandria and Cairo. 
A considerable amount of traffic passes over this 
line, in fact, much more than was ever anticipated, 
and the original bridge, built in 1895, eventually 
proved too light for the heavier rolling stock which 
accompanied the increase of traffic. Accordingly, 
for some time, the tedious expedient was adopted of | 
stopping the trains at the end of the bridge, and then | 
taking them over by a light engine at the rate of | 
one carriage at a time. Finally, in 1925, it was | 





The existing piers had, however, apparently al 


The carbonisation of fine coal particles is being | margin of stability, so they were tested before the 


further investigated. 


It has already been shown | old bridge superstructure was interfered with, to 


that such particles dropped down a heated tube are |see if they could carry the weight involved in the 
carbonised in a few seconds, yielding coke in the new and heavier bridge without signs of settlement. | 
form of hollow spheres (cenospheres), and it is hoped | A strong wooden platform, extending right round | 
that further light will be thrown on the process of each pier, was suspended from it by five heavy | 
carbonisation. The results may possibly have direct | | chains passing over the cap. On this platform was 
practical applications to t.e production of pulverised | piled a large quantity of old steel rails, while others | 
coke, for use under boilers instead of pulverised| were also placed on the cap wherever there was | 


coal, in this way facilitating the recovery of the | space. 


volatile products of carbonisation. 


Other investigations have dealt with the use of | new bridge was in position. 


The combined weight was equal to the extra | 
load the pier would be called upon to bear when the | 
There was no evidence | 


solid adsorbents, instead of oil washing, for extracting | of settlement in any of the old piers, and they have | 
spirit from coal gas, the limit of accuracy of pyro- | therefore been retained, though they have been | 
meters and of CO, recorders of various types, and the | re-capped to accommodate the new wider bridge. | the whole construction having been completed in a 


X-ray examination of coal for mineral impurities and | 
for its various constituents. Special work continues 
to be done from time to time on Colonial coal and | 


| 


The general features of the bridge are shown in 
Figs. 1 to 3, and from these it will be seen that it 
consists of 10 spans with a total length of 2,010 ft. | 


'little over thirteen months. 
‘involved consisted of the dismantling of the old 
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by four spans of 200 ft. 8 in., a hand-operated swing 
span of 194 ft. 6 in., and a short span of 177 ft. 6 in. 
between the swing span and the shoreon the 
Dessouk side. The disposition of the whole ten 
spans is shown in Figs. 2 and 3. Figs. 4 to 7 show a 
portion of one span, while Figs. 8 and 9 give part 
cross-sections. The gauge of the railway is the 
standard of 1-5 metres centres of rail, and the bridge 
is a single track one, but outside the main girder on 
each side is a cantilever roadway of a total width of 
about 11 ft. for pedestrian and vehicular traffic. 
The bridge is designed to comply with the require- 


| ments of the Egyptian State Railways, and to carry 


the heaviest rolling stock which is likely to be used 
in the future. 

The girders are of the Warren type 30 ft. 3 ins. deep 
and 17 ft. 14 in. between centres. The top members 
are 2 ft. 6 in. deep of double web, plated over on the 
top, Fig. 6. The bottom members, also of double 
web, are of the same depth, but open. The railway 
stringers are single web 2 ft. 6.in. deep, with a top 
plate 1 ft. 6 in. wide, Fig. 7. The portal members 
are double web, 2 ft. 6 in. deep, with angle lacing on 
the underside. The diagonal members are of H 
section with plate webs, the vertical members are of 
double angle each side, with flat lacing between. 
Cross bracing, of angles, is provided in both top and 
bottom members. This is shown in Figs. 6, 7 and 8. 
The portal bracing appears in Fig. 5 and the sway 
bracing in Fig. 8. 

The construction of the roadway will be clear from 
| Figs. 8and 9. This is carried on cantilever brackets, 
/across which run four stringers of channel section. 
The roadway, of reinforced concrete, is built directly 
| on to these and has a net width of 8 ft. 74 in., with a 


| sidewalk of 2 ft. 3$ in. from the edge to the centre of 


the handrail. The space between the handrail 
stanchions is filled in with } in. steel wire 
mesh. 

As may be inferred from our remarks about the 
; amount of traffic on the line, it was of the utmost 
importance to get the new bridge in working order 
|as soon as possible after the old one was closed. 
|When tenders were called for there was a very 
general response from Continental firms and the 
length of time required by them for completion was 
from 24 to 3 years. The contract was awarded to 
Messrs. Dorman, Long and Co., Limited, of London 
| and Middlesbrough, and was signed on November 21. 
1925. Work was commenced on the site the follow- 
|ing day, and the bridge is now ready for traffic. 


The work actually 


| bridge, the re-capping of the existing piers, and the 


allied material for the Government or Department | | | The river at the point of crossing is divided into two | | design, manufacture, transport, and erection of the 


concerned. 


channels by an island, of the width indicated in | 


A variety of work has been undertaken outside | Fig. 1, the western channel being bridged by four | 
the station, in addition to the tests of industrial | spans of 200 ft. 8 in. each, and the eastern channel | and Co. for this organisation, particularly seeing 


/new superstructure. Considerable credit is due to 
the bridge department of Messrs. Dorman, Long 
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that for seven months out of the thirteen a 
heavy handicap was imposed by the coal 
strike. 

As has been seen, rapidity of erection was 
an essential, while it was also necessary to 
avoid any method likely to be interfered with 
by the inevitable Nile flood, so a scheme of 
building out the girders from each side of the 
piers was adopted. This enabled work to be 
carried on at four points simultaneously, that 
is, two in each channel. The method is shown 
in Fig. 10, which illustrates one pair of points. 
After the removal of the old bridge super- 
structure the re-capping of the piers was 
commenced. A wooden staging was_ built 
near the top of the pier, and from this the 
new cap, of reinforced concrete, was laid, the 
reinforcing bars radiating from the centre of 
the piers and being turned upwards near the 
edge of the capping. The finished caps are 
both thicker and wider than the old ones, 
Fig. 12 shows the operation of re-capping the 
pier for the swing span in progress. 

When the particular cap selected for the 
starting point was completed, a couple of 
piles were driven on each side of the pier, 
and the first lower members laid across them 
and the pier. On these as a base the first 
cells of the Warren girders which form the 


excess == bridge were built. When the top member of 


each adjacent span was in position they were con- 
nected to one another by a temporary tie, the point 
of junction of which is seen in the top left-hand 
corner of Fig. 4. The method adopted will be clearly 
grasped from an inspection of Figs. 10 and 13. A 
third trestle was constructed of piles, and used 
to check the reactions at that point as the work 
progressed by carrying the load on jacks. As soon 
as there was sufficient of the top member of each 
span to carry it, a travelling derrick crane was 
mounted on the top of each, which lifted the 
material direct from barges floated underneath it. 
Erection thus proceeded outwards from the pier, 
the precise order in which the members were put 
in place being determined by careful calculation, se 
that the balance should be preserved and the load 
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on the temporary pile trestles kept within. definite 
maximum and minimum limits, which were checked 
by the jack weighings. The weighing trestles were 
only put in at the starting points, and were not, of 
course, required for those spans subsequently built 
out from a completed span. All the piles were with- 
drawn on completion of the work. It will be noticed 
in Fig. 13 that the overhanging portion of each 
span is exactly the same in amount. When the 
spans extended beyond the trestles they became of 
course, cantilevers, maintained in position by the 
temporary links between the top members. Fig. 11 
shows very clearly this condition, the span to the 
right having almost reached the next pier, the 
vapping of which is nearly completed. 

Of course, the whole weight of a finished span 
is not involved, as it will be noticed that the 
cantilever brackets which carry the side road- 
ways are not in place on this overhanging span, 
though they are erected on the completed spans. 
Against these, however, may be set the weight of the 
working platform suspended underneath the bridge 
and the load imposed by the travelling crane, parti- 
cularly when this is at the extreme outer end. In 
Fig. 10 this crane happens to be on one of the 
completed spans, and its position serves to mark the 
temporary link under tension from the weight of 
the unfinished span. Following the top member 
along the bridge shorewards, it will be noticed that 
the temporary link is removed at the junctions of 
the next three spans. This was effected by cutting 
away the projecting part of the gusset plate shown 
in Fig. 4. 

The ends of the spans are carried on roller chocks 
of ordinary pattern, which were, naturally, not 
constructed to carry the thrust caused by the weight 
of the overhanging span. During construction 
this thrust was met by packing the space between 
the ends of the spans with a solid filling, so that 
the bottom members of adjacent spans were actually 
opposed to one another. On the completion of a 
span—that is, when the whole of its weight was 
taken by the piers—this packing was removéd. 

Every member had been marked at the works 
with a number denoting the exact period of the 
erection at which it was to be fitted. This prevented 
any accident arising from one span proceeding more 
quickly than the other, and so overbalancing its 
shorter neighbour. This rigid numbering system 
may have accounted for the fact that erection was 
slow to begin with. Once the gangs had become used 
to it, however, the rate improved to a point. beyond 
all expectations. The swing span could not, of 
course, be erected exactly in this manner, but a 
modification of it was adopted. It was erected in 
its open position—that is, parallel to the course of 
the river—by a floating crane situated at the centre, 
the members being added first to one side and then 
to the other to preserve the balance. When com- 
pleted it was swung round to its closed position by 
its own operating gear, which is of the hand-winch 
type. The roller track is of the usual pattern, 
consisting of a cast-steel path 17 ft. 3 in. in diameter 
and 36 steel rollers held in position by radial arms. 
The total weight of the steelwork and other metal 
parts amounted to approximately 3,800 tons, and 
was manufactured by Messrs. Dorman, Long and 
Co., Limited, at their Middlesbrough works. 








INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 2Ist inst., at Storey’s Gate, Westminster, the 
chair being occupied by the President, Mr. William 
Reaveil. 

ELECTION oF OFFICERS. 

The minutes of the previous meeting having 
been read, the Secretary presented the list of 
Members of Council retiring together with the 
nomination list. The latter was as follows :—As 


President, Sir Henry Fowler; as Vice-Presidents, 
Sir Gerard A. Muntz and Mr. William Taylor ; 
as Ordinary Members of Council, Mr. Cecil Bentham, 
Wing-Comdr. Cave-Brown-Cave (Associate Member), 
Mr. C. Day, Mr. H. N. Gresley, Mr. L. A. Legros, 
Mr. R. E. L. Maunsell, Mr. David Roberts, Sir 
John E. Thornyeroft, Mr. W. A. Tookey and Mr. 





|to 800 deg. C. 
| posed to use progressive feed heating right up to the 
| boiler temperature or pressure. 
| was theoretically possible, he did not think it 
| could be done without the aid of some form of heat 
|pump. Saturated steam at 1,000 lbs. pressure had 





Richard Williamson. No addition to or modification 
of the list having been made by the meeting, the 
President announced that the names submitted 
would constitute the nomination list for the election 
of officers at the next Annual general meeting. , 


Usr anp Economy or HicH PRrEssurRE STEAM 
PLANTS. 
The paper taken was entitled ‘‘The Use and 


Economy of High Pressure Steam Plants.” It was 
by Professor A. L. Mellanby and William Kerr, 


and was presented, in abstract, by Professor | 


Mellanby. It is reprinted in an abridged form on 
page 117 of this issue. 


The President, in opening the discussion, remarked | 


that the paper presented an interesting and fairly 


complete summary of the position and prospects | 


relating to the use of high pressures and superheats. 
There had been a certain slow progress for some years. 


He felt that the rapid progress in the development | 


of the Diesel marine engine had supplied a stimulus 
to the steam engineer to endeavour to improve upon 
the average efficiencies. 

Mr. H. M. Martin said that there were two ways 
of approaching the problem discussed in the 
paper. One was to consider what was technically 
possible, and the other what was commercially 
practicable. The authors had devoted their atten- 
tion to what was technically possible, and he felt 
they were justified in doing so, because the conti- 
nuous improvement in manufacturing methods was 
ever lessening the gap between the two points of 
view. In 1912 the best turbines had an efficiency 
ratio of 70 per cent., whereas now over 80 per 
cent. was being recorded. The gain was, no doubt, 
in part due to increase of knowledge, but more largely 
to changes in the financial aspects of the question. 
A generation ago the thermal efficiency of 16 per 
cent. was considered high, but he believed the great 
Parsons turbine of Chicago would have a thermal 
efficiency of the order of 30 per cent., as measured 
at the switchboard. It was interesting to note that 
the authors, as a result of their elaborate and 
comprehensive study, considered that an efficiency 
of 42 per cent. was not beyond the bounds of what 
was technically possible. The paper suffered from 
the drawback that only those who had been engaged 
in similar work could appreciate the immense amount 
of tiresome and tedious arithmetic required to 
arrive at the results, which, in the end, were repre- 
sented by a few simple curves. 

On a recent visit to Sweden, he had been told 
at the de Laval works that the turbines which the 
company had exhibited at the Stockholm Exhibi- 
tion of 1897 working at a pressure of 1,600 lbs. per 
square inch, gave no trouble whatever, but the 
boilers behaved so badly that it became necessary 
to revert to more moderate pressures. Recently, 
however, the de Laval firm had supplied two 
turbines of 400-500 kw. capacity to work with 
steam, at 1,400 lb. pressure, per square inch, supplied 
from Blomquist boilers. He had also during his 
stay in Sweden, been informed that one Swedish 
maker was supplying two kinds of special steel, one 
of which, it was stated, was reliable up to 600 deg. 
C., whilst the other still maintained its strength up 
In the paper the authors had pro- 


Although this 


a temperature of 447 deg. F. If that were super- 
heated to 900 deg. F. and then expanded adiabatically 
down to 447 deg. F., its pressure would only be about 
173 lb. per square inch instead of 1,000 lb., and 
some sort of pump would be required to use that 
steam for any effective feed heating. 

Mr. I. V. Robinson remarked that he had produced 
curves with two or three variables, which enabled 
him to confirm Mr. Martin’s appreciation of the large 
amount of tedious work involved, but which was 
so simply represented in the end. The two-fold 
title of the paper referred to the use of high-pressure 
steam plants and their economy. But attention 
had been largely confined to the economic factor. 
Engineers were fairly unanimous as to the economy 
of using higher pressures than had so far been 
customary, but very little had been published up 








till the present on the actual practical details. He 
regretted that that aspect of the matter had not been 
dealt with more fully. He agreed that it was 
difficult to secure information, at any rate, in this 
country. American station-engineers were very 
liberal in giving such information, and he would 
direct attention to the Prime Movers’ Committee 
Report, published by the National Electric Light 
Association, which contained a lot of valuable in- 
formation on power station design. 

He understood that a corrugated steel ring was 
in use for pipe joints. The question of suitable 
flanges and joints was a point of practical everyday 
|importance, as unless the joints were tight it was 
impracticable to live in such stations. There was a 
| tendency now-a-days to put in a small high-pressure 
unit and exhaust from it into the steam mains. 
| That introduced the question of the division of the 
|load between the high-pressure plant and the low- 
pressure plant. If all the power in the station were 
developed by high-pressure units and such low- 
pressure units as would absorb the whole of the 
steam passing from the high-pressure units, the 
feigena would be simpler. But he believed that, 
at present, in all stations, there was in use a small 
high-pressure unit of 2,000 or 3,000 kw. exhausting 
into what might be called a “ bus” steam main. 
The pressure in this main had to be kept constant, 
and great care was thus required in apportioning 
the load between the high and low-pressure units. 
With regard to the curve in Fig. 7, illustrating 
the variation of stage efficiency throughout the 
turbine, he suggested that with large modern 
plants the efficiencies shown by the authors for the 
initial and the high-pressure stages were much 
too low. They indicated about 65 per cent., but 
with large units most turbine builders would be 
able to secure an efficiency of 75 per cent., or more, 
perhaps, even for the high-pressure stages. Whether 
this remark would apply to the ultra-high pressures 
given by Dr. Mellanby was more doubtful, but he 
| was inclined to believe that the efficiencies assumed 
were rather too low. 

There were no really high-pressure installations 
in this country. There was one working at 450 lb., 
but that was not high pressure in the sense 
that the authors used the term. He had 
lately had an opportunity of going over the 
Bradford power station and seeing the lay-out 
suggested for the super-pressure plant which 
Mr. Thomas Roles was about to instal there. The 
boiler was to generate steam at 1,100 Ibs. pressure, 
which was delivered to a small turbine, of 2,000 or 
3,000 kw., exhausting into the ordinary mains at, 
he believed, 250 lb. or 275 lb. pressure. The 
turbine was to be of the high-speed pattern (5,000 
or 6,000 r.p.m.), driving an ordinary generator, 
passing about 93,000 lb. of steam per hour. This 
steam, on being passed on to the low-pressure 
set would generate in it about 7,500 kw., so that the 
over-all estimate was for 10,000 kw. from 93,000 lb. 
of steam supplied at a pressure between 1,000 and 
1,100 lb. In installing these high-pressure plants, 
engineers had to consider that in putting in a 
high pressure unit, consisting of boiler and turbine, 
| they put out of commission a corresponding amount 
| of capacity of the low-pressure boilers, so that they 
| were not justified in making that installation unless 
| they actually required further capacity. 

One other thing he would like to ask. In 
getting at the efficiency of a turbine operated with 
stage feed heating, it was necessary to determine the 
adiabatic heat drop. Could Dr. Mellanby devise 
some simple formula for arriving at this directly, 
taking into account the fact that at different 
points steam was tapped off to the feed heaters, 
and only a fraction of the total supplied reached 
the condenser. To get a figure comparable to the 
efficiency ratios which Mr. Martin had mentioned 
it was necessary to fix the equivalent adiabatic 
heat drop. If Dr. Mellanby could give a simple 
formula for this, engineers would be very grateful. 

Engineer Vice-Admiral Sir Robert Dixon said 
all engineers would agree that the future of the 
steam engine lay in the use of higher pressures and 
temperatures. It seemed to him that the most 
important part of the paper was that section 
dealing with the conditions of the boiler-heating 
surface. With regard to the creep curves, his own 
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experience had been that the strength was much less | on both faces with sharp-edged serrations 4,-in. | Mr. Parsons, in concluding his remarks, said that 
than was shown on the figures given in the paper | pitch and ys-in. deep, was inserted between the | the turbine it was proposed to use at Langerbrugge 


for the temperatures represented. He doubted, 
for instance, whether the nickel-chrome alloy 
would stand the creep stress shown on the curve at 
the temperature given. With 





regard to the! the holes. 


flanges. The bolts were reduced in section for that | 
portion of their length actually in the holes, the ends | 
and middles being of full diameter and fitted to | 
The joints were put together with a | 


differed from that now in use, which was an im- 
pulse machine with two wheels.*. This was rated 
at 2,000 kw., whereas the new machine was to 
develop 6,600 kw., running at 800 deg. F. and 


methods given of indicating the probable margin | graphite preparation, although probably the device | 800 lb. per square inch, exhausting at 300 lb., with 


of strength under various conditions, these were 


interesting; but he thought more emphasis might | 
have been laid on the fact that the results were| the paper. 


really an estimate based on an uncertain factor, 
namely, the amount of heat radiated in the furnace, 


or the area of the receiving surface. He had not |minutes. Now they used Pyrex, which was fused 
observed in the paper an account taken of the value | gijjca. 


of the heat transferred by direct convection, which | for a month. Messrs. Dewrance had also produced 


he estimated to be in the region of 30 per cent. 
He differed strongly from the authors as to the 
necessity of dual condensers with high-pressure 
plant. The 8.S. King George V, it was true, had 
dual condensers, but that was merely a case of 
playing for safety, and, with the modern condenser 
tube, there did not appear to be any real need for 
any other than the ordinary condenser arrangement. 
As regards scaling of the boilers, this could be easily 
avoided as nothing was simpler than the elimina- 


was provided for in most modern plants. Oil in feed 
water was much more dangerous and no means of de- 
tecting small quantities of this in boilers existed. A 
high-pressure boiler must be in a highly stressed con- 
dition, and the presence of the slightest film of oil in 
the tubes would most certainly lead to overheating. 

Mr. R. H. Parsons, who spoke next, after some 
preliminary remarks said that there was a point 
in connection with Figs. 1 and 2, on which hé would 
like some explanation. In the case of the nickel- 
chrome alloy in Fig. 1, zero strength reduction was 
shown at about 800 deg. F. The same alloy, at 
the same temperature, in Fig. 2 had a direct strength 
of 46 tons and a creep strength of only 34 tons, or 
about 25 per cent. reduction in strength. 

With regard to high-pressure boilers generally, 
the first question was the construction of the drums. 
The Langerbrugge boilers, which were working 
at 800 lb., had riveted drums (1? in. plates), but 
general practice tended towards solid forged drums, 
even for pressures much below 800 Ib. Between 
1922 and 1925 Messrs. Krupp supplied 322 drums of 
this type; half of these were for boilers. Another 
process would be used, he thought, as soon as the 
boiler inspectors would sanction,it. This consisted 
in manufacturing the drums by welding. He had 
seen the process, and would not hesitate to employ 
a welded drum. 

There was nothing very astonishing about the 
method, which was carried out years ago by 
Pigotts, of Birmingham, on thinner material, also 
by Thiessen. The thickness of the drums he had 
seen was, say, 90 mm.,or3}in. After being welded, 
the drums were rolled to get them clean and round. 
Then, after a preliminary test at a high pressure in a 
proper tube-testing machine, they were put under a 
pressure which strained them above the elastic limit, 
and they were then annealed in a furnace. A 
drum which would stand that treatment should be 
fairly satisfactory. The price of these drums was 
about two-thirds of the price of thesolid forgeddrum. 

Turning to the tubes, the question of temperature 
effects, and a possible danger from decomposition of 
the steam, he believed no power station in the world 
worked at higher temperatures than Langerbrugge, 
which, day in day out, ran at 450 deg. C. Everyone 
knew that superheats fluctuated. In reply to a 
direct question Mr. Herry had said that no tempera- 
turedifficulties of any kind bad been experienced, and 
had given him a piece of a superheater tube that had 
run for 5,000 hours at 840 deg. F. (normal working 
temperature) and under a pressure of 800 Ib. per 
square inch. The temperature in this case had, in 
fact, exceeded 1,000 deg. F., when starting the plant 
up. Nothing, however, had happened, there being 
no failure at that time. The tube was in quite a 
satisfactory state, notwithstanding the conditions 
named, There had been no trouble with pipe joints 
at Langerbrugge, not a single one having been made 
since the station started up a year ago. 

Mr. Parsons then sketched on the blackboard 
the design of pipe joint on the Babcock and Wilcox 
boiler. A mild steel ring about } in. thick, turned 








|ordinary steam in it. 
7 na-| temperature was pushed up so high at Langer- 
tion of salt from feed water, the detection of which | prugge. 





would work as well without it. 

No mention of gauge glasses had been made in | 
These were a serious matter. At} 
Langerbrugge all kinds of glasses had been tried, 
the life of which had been almost a question of 


These were quite cheap and would run 


a high-pressure gauge glass in which the glass 
was protected by mica. 

The authors had referred to reheating. Neither 
Mr. Herry nor Mr. Roles had gone in for this. 
Mr. Herry had put up the temperature to 840 deg. F. 
simply to avoid reheating, so that after the 
steam exhausted the high-pressure turbine, it entered 
the main at about the same superheat as the | 
That was why the initial | 





Mr. Roles only used a temperature of 
800 deg. F., but with this nearly all the superheat 
was lost by the time the steam reached the medium- 
pressure mains. The whole question of reheating 
in turbines was difficult, because of the trouble of 
taking steam into the boiler room, heating it up, 
and then bringing it back into the turbine room. 
If the steam were passed through a Venturi tube 
there was little loss of pressure, and in an ideal 
case there would be none. At the throat of the 
Venturi, the pressure and temperature of the steam 
would be less than at entry or delivery. Hence, 
if this throat were jacketed with steam at the 
initial temperature and pressure, heat would be 
transferred from the jacket to the steam passing 
through the Venturi. A number of these could 
be used in succession, and in this way it would 
be theoretically possible to get the steam hotter 
and hotter without returning it to the boiler house. 
In practice, however, there would be no gain, 
but the reverse, since some thermodynamic loss 
was inherent in every self-acting process. 

Mr. Parsons then read a translation of some notes 
on the Langerbrugge installation which Mr. Herry 
had given to him, and of which the following is 
a summary: The plant had now been running 
for a period of more than 5,000 hours by day, and 
three months day and night since it was started 
up about twelve months ago. The only compulsory 
stoppages had been due in one case to alteration 
of a feed pump, and in the other to inspection of 
the alternator. As regards the boilers the only 
trouble had been with the superheater tubes, one 
of which had burst before the normal pressure 
had been reached. This accident had been repeated 
three times afterwards, probably due to air pockets 
and to too rapid firing at starting up. The trouble 
had been stopped by circulation of steam through 
the superheater at an early stage. The steam 
tightness of the joints, valves, and pipe lines had 
been perfect. There had been some leakage from 
the steam drum and the safety valve. Accidental 
superheats up to over 500 deg. C. (932 deg. F.) 
had beenregistered—on one occasion even 560 deg. C. 
(1,040 deg. F.)—but the material was apparently 
uninjured. It was thus shown that the operation of 
installations of 800 lb. pressure and 840 deg. F. super- 
heat presented no special difficulty, and that higher 
pressures and temperatures were possible. The 
question of economical running was the deciding 
factor at the Langerbrugge installation. The power 
relative to the area required for plant at 14-5 kilos 
(226 lb. per square inch) had been doubled. The 
useful power had been quadrupled. Larger sets 
would show relatively greater economy. The fuel 
saving had been very marked, and the Centrales 
Electriques de Flandres had tentatively decided 
that the next increase of the Langerbrugge power 
station should consist of a 6,600-kw. turbine 
working at 50 atmospheres pressure, and 450 deg. C. 
temperature, and also of three boilers each with a 
capacity of 45,000 kilograms (99,000 lb.) of steam 
per hour at a pressure of 56 atmospheres and 450 
deg. C. temperature. 





very high superheat. 

Few seemed to be aware that quite a number of 
super-pressure plants were at work. In addition to 
the Langerbrugge set, others had been installed at 
Messrs. Sulzer Brothers (1,565 lb.), Messrs. Schmidts, 
of Cassel (853 lb.), Borsigs (1,420 lb.), Hanomag 
(1,500 lb.), and three or four other firms. The 
Atmos Company had two boilers, now finished at 
Mulhouse, one of a capacity of 8,600 lb. per hour, 
just in service, and another of 22,000 lb. per hour 
ready for service shortly. The Humboldt Company 
were developing turbines for those pressures. Re- 
search work was proceeding ; it was not laboratory 
research, but the making and testing of actual plants 
—the best manner of carrying out research. 

Mr. A. J. H. Fitt, who spoke next, said that last 
year, when on the Continent, he had been struck by 
the tremendous advance, in the use over there, of 
high pressures and temperatures. He had inspected 
the works of one of the most notable Continental 
turbine firms and had been informed that a machine _ 
was actually running at 2,000 kw. capacity, with 
55 atmospheres pressure and a.rated superheat of 
425 deg. C. He was assured the machine was 
running perfectly satisfactorily. One very attrac- 
tive field in the high-pressure range was that for 
process plants, namely, the smaller turbines running 
possibly as back pressure or pass-out units. In 
those cases the gain from the higher pressures was 
very great. One of the great difficulties, apparently. 
in the utilisation of high-pressure steam for process 
work consisted in the fact that many users did not 
appreciate the necessity for keeping the steam free 
from scale, oil, or any other foreign matter. Particu- 
larly was this the case where the pressure steam was 
used for evaporators or distilling plant. These 
were subject to leaks, and thus foreign substances got 
into the steam, with consequent trouble in the boilers 
and elsewhere. It was most important with high 
pressures that the feed should be pure. Where 
water was treated with lime, &c., it was necessary 
to filter it efficiently. He had known cases where 
this had been neglected, with very serious results. 
In connection with process work, another field for 
the use of high pressures was where a considerable 
amount of steam was wanted and all the electrical 
energy generated could not be used locally. There 
were actual industrial plants of this nature running 
which were linked up to the main supplies of the 
city or district where they might be operating. 
He disagreed from the authors in regard to the 
stage efficiencies for very high pressures. He knew 
there was windage, disc friction and leakage to deal 
with, but still he felt that the stage efficiencies 
given were too low. The paper had not said much 
about wetness loss, but this was an important point, 
and one about which turbine users were much con- 
cerned. The loss was known to occur, but no one 
knew why. It might be due to friction or something 
else, but users were still in the dark. With regard to 
pipe joints for high-pressure work, the serrated pipe 
joint was quite effective as far as he had had experi- 
ence of it. Welded pipes were coming to the fore, 
and might be the standard of the future. Professor 
Mellanby had emphasised the necessity for flexible 
pipe connections for turbines, and this was essential 
in the case of high pressures. Reference had been 
made in the paper to losses in blading, and in this 
connection he might say that when turbines were 
designed and proportioned with various widths of 
blade (4 in. to 1} in.), the general conclusion was that 
with narrow blades the resulting efficiency obtained 
was not so good as where the blades were wider. 
Probably curvature of the blade had a considerable 
influence. 

Dr. Mellanby reserved his reply to the discussion, 
which was adjourned until the next general meeting. 
He desired, however, to refer to Mr. Robinson’s 
wish for more details of actual station practice and 
on various points of design. He would himself have 
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liked to have dealt with these had it not been 
necessary to limit the compass of the paper. He 
had felt that many people would be able to give 
specific information from actual experience, while 
he confined himself mainly to theoretical points, 
work which he was better capable of doing. With 
regard to Mr. Parsons’ remarks, he had hoped that 
the meeting might have heard more speakers of his 
kind, since Mr. Parsons had given details of things 
actually accomplished. 

The Secretary announced that for Tuesday, 
February 1, a visit had been arranged to the 
Fuel Research Station at East Greenwich. On 
February 4 next there would be an informal meeting 
at 7 p.m., at which the subject of ‘‘ Engineering 
Salesmanship ” would be introduced by the Presi- 
dent. The conversazione would be held on February 
17 at 8.30 p.m. at the Natural History Museum. 

On Friday, February 18, at 6 p.m., the annual 
report of the Council for 1926 would be presented, 
following which the paper on “The Use and Economy 
of High-Pressure Steam Plants”? would be further 
discussed, as also would be the paper on ‘‘ The Eco- 
nomic Value of Increased Steam Pressure,” read by 
Mr. H. L. Guy at a meeting of the North Western 
Branch, on November 4, 1926, at Manchester. This 
paper was given, in an abridged form, on page 643, 
of volume exxii of ENGINEERING. 





LETTERS TO THE EDITOR. 


BOMBAY BACK BAY RECLAMATION 
SCHEME. 


To THE EpiTor oF ENGINEERING. 

Str,—With reference to the article in your issue of 
January 21, I shall be grateful if you will permit me 
to comment on some of the findings of the committee, 
particularly those in respect of the dredging plant, and 
the nature of material in the harbour. 

In the first instance, I would point out that I was 
asked in 1919 to report upon a definite scheme prepared 
in 1912 by Mr. Kidd, of the firm of Messrs. Lowther and 
Kidd, engineering contractors. There were no great 
engineering difficulties in conhection with constructional 
work, but dredging operations were contemplated on 
a very large scale, the crux of the project being removal 
by dredging of some 25,000,000 cubic yards of material 
from the bed of the harbour, and pumping this through 
pipe lines across the peninsula to the reclamation 
site, 

Mr. Kidd had taken some 1,300 borings over an area 
supposed to be available for dredging, and he reported 
that the character of the deposit was almost uniformly 
similar throughout, viz., silt overlying a deep bed of 
blue clay. He considered that, for the purpose of 
filling, the mud was sufficiently suitable, and the clay 
eminently so, and he said it had been completely 
established that there was available more than three 
times the quantity of material required. He proposed 
a type of dredger which would be capable of removing 
2,000 cubic yards of blue clay or silt per hour. 
Mr. Kidd’s scheme was approved by the Government 
of Bombay, who said his investigations had been most 
carefully made and might be accepted as exhaustive. 
For reasons I need not touch upon here, the project 
was not sanctioned by the Government of India, but 
it may be noted that it received the approval of the 
recent Committee of Inquiry, who expressed regret 
that it had not been carried out at the time. 

In my report on the scheme, I said that, on the 
assumption that Mr. Kidd’s borings and surveys were 
correct (and I saw no reason to doubt their accuracy), 
I accepted his conclusions both in respect of quality 
and quantity of material. 

A great deal of time was occupied by the committee 
in discussing the quality of the material in terms of 
hard, soft, unctuous, and so on, but the method in 
which Mr. Kidd took his borings really afforded 
sufficient evidence that the material was not hard. 
The system adopted was not “ boring,” as generally 
understood by the term, but a method known as wash 
borings, which originated in America, where it was used 
for the combined operations of suction dredging and 
reclamation. 

Mr. Kidd was a witness at the recent inquiry, and in 
describing how his borings were taken he stated that 
it would be understood that they were incapable of 
penetrating any material too hard for efficient cutter 
pump dredging. He further stated that the proposed 
dredging material was the same throughout the har- 
bour, viz., mud and blue clay of varying thickness 
superimposed on murum and basalt rock. Mud and 
blue clay was the material used by the Bombay Port 





Trust in the Sewri reclamation—a fact clearly brought 
out in Mr. Kidd’s evidence. 

The performances of the Port Trust dredgers having 
been questioned, Mr. Kidd remarked that one of them 
had done her best work in the blue clay, having dredged 
and discharged through 4,365 ft. of pipe line at the rate 
of 1,480 cubic yards per hour. The Kalu and Jinga, 
built by Messrs.Wm. Simons & Co., Ltd., were specified to 
cut soft clay, and I consider I was justified in accepting 
the proposal of the same builders to adopt a similar 
specification for the Back Bay dredger. 

The Committee of Enquiry have implied that as the 
Jinga and Kalu were failures, I should have taken 
warning accordingly, but there is no recorded evidence 
that the two dredgers were failures. Difficulties met 
with in the Sewri reclamation have been referred to, 
but these difficulties related to the occurrence of large 
boulders of quarried rock dumped over the dredging 
area in former years. This rock, entering the suction 
pipes, caused many breakdowns; I believe 5 shafts 
were broken, but obviously these breakdowns cannot 
be taken as evidence that the dredgers were inefficient. 
When the question of their inefficiency was suggested by 
the Committee to Lord Lloyd, that gentleman remarked 
as follows: ‘“ As regards the point made about the 
failure of the Jinga and Kalu and the performance of 
these dredgers at Sewri. the fact remains that the 
reclamation was successful and the actual cost was 
within 5-47 annas per square yard. Whether they 
failed or succeeded the work was done within 5 annas 
of the estimated cost.” 

Mr. Messent, an intimate and lifelong friend of mine, 
who as chief engineer to the Bombay Port Trust 
carried out the Sewri reclamation, made a record of 
some results of the work done by the dredgers Jinga 
and Kalu on the completion of the work. 

This record shows that the reclamation was carried 
out in leisurely fashion, as, indeed, there was no need 
for hurry; the dredgers were never worked to full 
capacity, but worked from 5 to 7 hours per day 
throughout. Their performances never equalled their 
trial performances, but the record and the fact (as 
pointed out by Lord Lloyd) that work was done prac- 
tically within the estimate show clearly that it was not 
intended to equal those performances. It is not dis- 
puted that at severe trials, conducted in Bombay under 
Port Trust supervision, both dredgers performed work 
greatly in excess of specification, and that on these 
results, the dredgers were taken over. I do not accept 
the Committee’s verdict that the dredgers were failures ; 
had they been, it would not have remained for the 
Committee to bring this to my notice; Mr. Messent 
would have told me years ago. 

When at length the work on the Back Bay Reclama- 
tion Scheme began, it was discovered that the Bombay 
Government had not taken the trouble to ascertain 
if the area selected, with their approval, by Mr. Kidd 
for dredging operations was in fact available for 
dredging, and the objections of the Port Trust and the 
Royal Indian Marine so limited the area as to cause a 
complete change of programme. The prohibited area 
contained the maximum quantity of blue clay, and my 
fear was that the silt overlying the clay in the remaining 
area would by itself be too soft. The dredgers admittedly 
gave a very poor output in the three seasons’ work 
dealt with in the Committee’s report, but there were 
reasons, which consideration of your space prevents 
my describing in detail. I think, however, that the 
assistant dredging master, who gave evidence, put the 
principal reason in a nut-shell. Asked why dredging 
elsewhere differed from work done in Bombay, he 
replied—*‘ One is run by a private company and they 
want their pound of flesh. If you do not turn over the 
percentage you have to make room for someone else.”’ 

Mr. Kidd had something to say which bore on this 
same point. ‘I have sometimes wondered,” he re- 
marked in evidence, “‘ whether the magical effect of a 
bonus would not have procured much better results.” 
He then went on to describe how, when his firm 
hired a bucket dredger from the Port Trust, they 
obtained results much in excess of any recorded Port 
Trust results. One further remark of Mr. Kidd’s was : 
‘Tt may be much more a question of the men who are 
working the machine than of the machine itself.” 

In my evidence before the Committee, I maintained 
throughout that there was nothing the matter with 
the dredger or the material. It is worthy of note that 
the Committee in their report state: ‘‘ We assume that 
during the current season a much greater output will be 
realised by all the dredgers,” and this is confirmed 
by the Chief Engineer in Bombay, who lately reported : 
“the dredger has been doing excellent work this season, 
the results and output having been far more encouraging 
than those achieved previously.” 

In the matter of my responsibility to the Government 
of Bombay, a question arises which will interest all 
consulting engineers. The Committee admit that I 
had no responsibility in connection with the execution 
of the work, and then proceed to hold me responsible 





because I did not insist on seeing that the mistakes 
made by the Government in the execution of the work 
were remedied. In this connection it is necessary 
briefly to review the relation of engineers with their 
clients. In ordinary circumstances, an engineer’s 
duties to his clients consist, in the first place, in 
preparing plans, specifications and estimates of cost, 
and, if these are approved, it is usual to invite tenders 
for the execution of the work. When a tender has been 
accepted, it is the duty of the contractor to make all 
arrangements for the execution of the work and make 
drawings for all temporary works and structures. These 
general arrangements are usually subject to the approval 
of the engineers, who have to satisfy themselves that 
they are suitable for carrying out the work within the 
specified period, but otherwise they are only concerned 
with the carrying out of the permanent work in 
accordance with their drawings and specifications. To 
represent and assist the engineers there is appointed a 
resident engineer and staff of assistants, who are under 
the direct orders of the engineers. There is no dual 
control, and the duty of the resident engineer is to 
carry out the engineers’ orders and to see that the 
work is executed in accordance with plans and speci- 
fications, and to measure up the work done from time 
to time in order that the engineers may issue certificates 
for payment to the contractors. If the contractors are 
not carrying out the works properly or with sufficient 
speed, it is generally within the power of the engineers 
to take the work away from the contractors and make 
other arrangements. The engineers also have power 
to order the removal from the works of any employee of 
the contractors who, in their opinion, is incompetent. 

In the Back Bay scheme, however, the Bombay 
Government decided to carry out the work themselves. 
They formed a special department, with a director who 
represented the contractor, a chief engineer and staff, 
who represented the contractor’s staff, and who were 
directly under the orders of the director. 

Detailed estimates for the execution of the work 
were submitted by the chief engineer direct to the 
director for sanction, and the whole of the arrangements 
for the execution of the works were dealt with as 
between the chief engineer and the director. 

I was an adviser who visited the works once a year, 
but I had less power and authority than I should have 
had if the work had been carried out by contract. I 
was unable to remove any officers or workmen. I 
never knew what the works were costing at date, and 
although I could and did advise on matters such as the 
necessity for keeping proper cost accounts, the 
economical use of plant, the necessity for working 
double shifts on the dredger and paying bonuses for 
successful work, I had no power to enforce my views, 
and therefore I had no responsibility. 

In the matter of my original estimates of 1919, I 
expressed my willingness to submit them to any 
independent tribunal of engineers and to accept their 
judgment. My offer was not accepted. I claim that 
these estimates reflect conditions as they existed in 1919, 
when prices were fluctuating to such an extent that no 
contractor could give a firm offer for work. The 
Committee in their report have expressed a contrary 
view, but as they had no practising civil engineer either 
on the Committee or assisting them in their delibera- 
tions, their view will, I think, carry little weight with 
the profession generally. 

I am, Sir, 
Your obedient servant, 
Gro. C. BUCHANAN. 
16, Victoria-street, S.W. 
January 25, 1927. 





THE ANALYSIS OF SHIP SPEED 
PERFORMANCES. 
To THe Eprror or ENGINEERING. 


Str,—I have read with interest the editorial notice 
in your last week’s issue of the paper I recently read 
before the N.E.C. Institution. In view of the points 
you raise may I offer a few further observations 
ad seriatim ? 

1. Ballast Performance.—The difficulty attached to 
this analysis is not intrinsic, but is essentially due to the 
lack of vital information on draught aft, trim and 
displacement. When this information is available, the 
problem is no more difficult than that of the loaded 
performance. 

2. Propeller Power Calibration.—In my paper I 
gave several methods of securing this calibration ; 
the first is fundamental and shows the relation between 
shop, quay ballast and load trial performance. Assump- 
tions as to shaft transmission efficiency only become 
necessary when any of the last three trials have not 
been sufficiently extensive to obtain the data I premise. 

3. Engine Efficiency—Your remarks on engine 
“tightness "’ are extremely interesting. So far, this 
type of discrepancy has not occurred within my experi- 
ence. If present in the comparison of two sister ships, 
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it will, however, at once show itself in the fact that the 
pressure line corresponding to the same mean slip in 
the mean-pressure-revolutions-squared diagram will not 
be identical, but will be displaced vertically, and, hence, 
remain mutually parallel. This parallelism also holds 
good between mean indicated pressure and mean brake 
pressure. This is the case, for example, with the 
Dolius and is the clue to the initial error of the torsion- 
meter readings in this vessel. It is also, of course, 
simultaneously the confirmation that, apart from the 
initial error, the torsionmeter readings are reliable. 

In this connection I may mention that a much more 

'‘ probable explanation than engine “ tightness” is the 
error represented by referring the mean pressure 
indicated on the cards, and taken at momentarily 
higher revolutions than averaged on the run, to these 
average revolutions. This type of error is frequent, 
and can only be ruled out when the average pressure 
taken from a number of cards on the run support the 
alternative explanation of ‘ tightness.”’ 

4. Tidal Variation.—As you observe, my method of 
investigating this variation is restricted to fine weather 
trials. This restriction is absolute, so far as any 
physical interpretation of tidal velocity is concerned. 
In heavier weather the changes in the revolutions per 
knot values are due both to weather and tide. In such 
cases, the tidal velocities obtained by my method, 
whilst no longer physically genuine, nevertheless still 
serve the major purpose of detecting when any pair of 
runs have been, owing to a change in the direction of the 
tide, both with or both against the current. The ship 
speeds obtained by the application of my method can 
be used to calculate the mean apparent slip of all runs, 
and this, referred to the average mean pressure line, 
enables the power diagram to be constructed, without 
the errors in each speed (which are alternatively plus or 
minus) affecting the generalisation. From the power 
diagram we can now reconstruct the evidence and 
determine the separate influences of weather and tide. 


Knowing the power and revolutions on each run, we | 
can at once read off from the diagram the ship speed | 
at which the power was absorbed. These speeds can | 


be compared with the apparent speeds, and the 
differences plotted to a base of time represent the true 
variation in tidal velocity irrespective of weather. It 
may be mentioned that inspection of the mean-pressure 
diagram will at once show if the weather effect 
should be investigated. In such cases, the revolutions 
per minute on the runs against wind are consistently 


less than those with the wind for the same mean referred | 


pressure. The method does not require continuity of 
weather, but does require the tidal variation to be 
continuous, 

Indicator Cards.—Your comments in this connec- 
tion are of peculiar interest since, curiously enough, 
logs have just been received to-day from the vessel 
i) instanced as showing agreement within 4 per cent. 
between card powers and chart powers. The logs 
refer to a passage made with considerably higher 
powers than any previous. Using the mean of the 
jog and observed speeds on the days cards were taken, 
together with the revolutions when the cards were 
taken, the power by the chart is 1970, whilst by the 
cards it is 1970-91. 
intrinsically, is, of course, fortuitous, but it illustrates 
the accuracy which is possible with reliable indicators. 
With unreliable indicators the error may be anything. 
In this connection I may mention that by far the 
greatest insistent discrepancy within my experience is 
found in the H.P. cylinders of superheated steam jobs. 
With internal-spring indicators, the error is usually 
traced to a softening of the spring, but with external- 
spring indicators other causes appear to be at work. 
The diagram factors of the cards are usually impossibly 
high, and whilst in some cases this has been clearly 
caused by indicator piston friction, in other cases the 
visual evidence of this friction is not so obvious. 


However, the interesting fact in this connection is | 


that when, as is usual, one and the same indicator is 
used for all cylinders only the H.P. cards show evidence 
of friction. It would appear, therefore, that a special 
high-temperature lubricant is essential for the indicator 
when taking H.P. cards. Your readers’ experience on 
this point would be greatly appreciated. 


Fouling. —Your remarks cn this point are not quite | 
So far as fouling produces increased head | 
resistance its effect will be to increase the apparent | 


correct, 


slip, a change which the diagram automatically allows 
for, since, if the same revolutions are maintained and 
the ship speed decreased, the power must obviously 
increase. If, however, what you have in mind is the 
possibility of wake change brought about by fouling, 
then the effect would be contrary to that you suppose. 
If fouling does induce greater wake on the ship, then 
the consequent reduced speed of flow into the propeller 
will act as a brake upon the propeller and slow down 
its revolutions necessary to absorb a given power. 
Hence, so far as this aspect of fouling is concerned, 
the apparent slip will be reduced. It is extremely 
unlikely of course that it will be reduced more than 


This spectacular agreement, | 


‘the ahead resistance of fouling will cause it to be ‘DOUBLE- ACTING BEARDMORE-TOSI 


increased. Whilst I have investigated a good number 
of cases where fouling was present, I have as yet 
received no indication that a wake change has been 
induced, since in all cases cards and charts have 
checked. It is perhaps necessary to state here that I 
have as yet investigated no worse case of fouling than 
that which has increased the total resistance of the 
ship by more than 27 per cent. With worse cases 
it may turn out that the wake is affected. 

Weather Analysis.—I submit that the difficulties of the 


ENGINES WITH HYDRAULIC COUP- 
LING; M.S. ‘*WULSTY CASTLE.”’ 


Tuat the early difficulties associated with the 
design of double-acting Diesel engines have been 
successfully overcome is evidenced by the fact that 
engines of this type are becoming increasingly regarded 
| as standard practice for the largest marine installations, 
It will be sufficient to quote, by way of example, 
the 10,000 brake-horse-power engines of the Asturias, 


subject are more apparent than real, particularly after | described on page 45 of our issue for July 10, 


the performance diagrams I published in substantiation 
of my submission. Nevertheless, I do not conceal 
example, in reviewing my analysis work for various 
vessels, I have found several occasions on which two 
or more vessels have been making the same passage 
more or less simultaneously. 
no possible doubt that the weather intensities deduced 
from the logs are in substantial agreement. I am 


| 1925, and the similar engines of the Carnarvon 
| Castle. These engines were of the Harland-Burmeister 


my own surprise at the success of this analysis. For | and Wain type, and double-acting engines of large 


| size have now also been built of the North-Eastern 
| Werkspoor, North British and other leading types. 
|The latest development in this direction has been 


In these cases there is | the construction by Messrs. William Beardmore and 


in collaboration with 


|Co., Limited, of Glasgow, 
of four-stroke 


| Messrs. Franco-Tosi, of Legnano, 


convinced, therefore, that the personal errors of | cycle, double-acting engines of the Beardmore-Tosi 
weather judgment by ship’s officers is definitely small | type. Two of these engines have been ‘fitted in 


and certainly of but little practical importance. 


Messrs. Beardmore’s Wulsty Castle, the installation 


General.—The subject I have dealt with is not one | being described in a paper read on January 11 by 
which can yet be said to have been exhaustively | Mr. R. Love, before the Institution of Engineers and 
investigated. Especially is this so with regard to | Shipbuilders in Scotland, from which we have drawn 


service analysis. 


necessary experience, however, to discuss the validity 
of these methods I trust they will not hesitate to 
publish their findings. My own experience in the 
practical routine of this subject is extensive ; and in 
| offering the general indictment that ‘ each full-size 
|experiment contributes but little to the science of 
ship propulsion ”’—to which statement you object— 
|there is no doubt that the statement is sufficiently 
|true generally to dispense with the specific enumera- 
| tion of occasional exceptions, 
E. V. TELFER. 

5, Nicholas Buildings, Newcastle-upon-Tyne, 

January 24, 1927. 








'ROYAL METEOROLOGICAL SOCIETY. 


| THE annual general meeting of the Royal Meteoro- 
| logical Society was held on Wednesday, January 19, 
|in the Society’s house, 49, Cromwell-road, S. Kensing- 
ton, Sir Gilbert Walker, C.S.I., F.R.S., President, 
| being in the chair. The Report of the Council for 
| 1926 was read and adopted, and the Council for 1927 
| duly elected, Sir Gilbert Walker retaining his seat 
|as President for a second year of office. The Buchan 
| Prize, which is awarded biennially for the most 
|important original paper contributed to the Society 
during the previous two years, was presented to 
Mr. C. K. M. Douglas. 

Sir Gilbert Walker then delivered an address on 
“The Atlantic Ocean,” in the course of which he drew 
attention to the value, when studying the movements 
of the atmosphere, of an understanding of oceanic 
circulations, and also described the conditions of tem- 
| perature, salinity, and density revealed by recent 
measurements in the Atlantic down to a depth of 
10,000 ft. or more. These threw light on the general 
character of the oceanic circulation, and indicated 
| that though prevailing winds might set up surface 
| currents, they probably produced no significant effect 
}at a depth exceeding 700 ft. Icy water from the 
|arctic, and especially the antarctic, flowed towards, 
| and even beyond, the equator at great depths, and as 
| the air temperature was largely controlled by that of 
the sea, variations in the general circulation might 
provide the explanation of some of the big seasonal 
changes which occurred in equatorial as well as in 
| temperate regions. 














| Iron Ore In America.—According to a statement 
| issued by the U.S. Bureau of Mines, the iron ore extracted 
|in the United States during 1926, exclusive of material 


, containing 5 per cent. or more of manganese, amounted 


| to 67,693,000 tons, an increase of 9 per cent. over that 
| mined in 1925. More than half this total was extracted 
| in the State of Minnesota. 

FLIGHT CADETSHIP AWARDS TO AIRCRAFT APPREN- 
ticks.—The Air Ministry informs us that aircraft 
| apprentices F, C, Sturgiss, J. D. Rutherford, and W. R. 
Beaman, from No. 1 School of Technical Training, 
Halton, and aircraft apprentice T, Shelley, from the 
Electrical and Wireless School, Flowerdown, have been 
selected for cadetships at the Royal Air Force Cadet 
College, Cranwell, on the results of the examinations held 
on completion of their three years’ training as aircraft 
apprentices. Of the two Sir Charles Wakefield Scholar- 
ships, valued at 75l. each, awarded recently, one has been 
granted to flight cadet F. C. Sturgiss and the other has 
been gained by flight cadet J. G. W. Weston on the 
result of the recent competitive examination for entry 
into the Royal Air Force Cadet College. The Hyde- 
Thomson Memorial Prize, valued at about 33/., has 
been awarded to flight cadet T. Shelley. 





To many, therefore, my methods | in the description given below. 
may appear speculations, When they have had the!on to a single screw through Beardmore-Vulcan 


| 


| 


Both engines drive 


hydro-mechanical gearing. The arrangement, shown 
diagrammatically in Fig. 1, has all the advantages 


| 
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Fig. 1. | 
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of twin-screw machinery, it being possible to propel 
the vessel with only one engine in operation. Either 
engine may be disconnected by simply emptying its 
coupling, and the propeller can then be operated by 
the remaining engine at a propeller speed which will 
absorb the available power from the one engine—that 
is, slightly under half power. The advantages of the 
arrangement in cases where space is restricted, and 
where the height of a direct-coupled engine would 
encroach on valuable deck space, needs no comment. 
Various views of the engines and transmission are 
given in Figs. 6 and 7 on Plate IV, and in Figs. 2 to 5 
and 8 to 11 on pages 103, 104. and 108. It will be recalled 
that the Wulsty Castle was previously equipped with 
turbo-electric machinery, the set being constructed 
by the British Ljungstr6m Marine Turbine Company, 
Limited. This installation was fully described in our 
issue for May 3, 1918, page 489, and in subsequent 
issues. The vessel has a length between perpendiculars 
of 356 ft. 3 in., an external breadth of 48 ft. 9in., anda 
moulded depth of 25 ft. 11 in. She is of the three- 
island type, with poop, bridge and forecastle, and the 
present propelling machinery, which has replaced the 
turbo-electric installation, is accommodated amidships. 
The deadweight of the vessel is 6,500 tons. A longi- 
tudinal section and deck plans were given on page 48S 
of our issue for May 3, 1918, and may be consulted 
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in connection with the present description. 

Before the engines for the Wulsty Castle were put 
in hand, a single-cylinder double-acting experimental 
unit was constructed by Messrs. Vulcan-Werke, Ham- 
burg, and was subjected to exhaustive tests. This engine 
had a cylinder bore of 510 mm., and a stroke of 620 mm., 
the running speed being 240 r.p.m. The tests included 
a 15 days’ non-stop run on full power, during which 
an average output of 300 brake horse-power was 
maintained. The output from the lower half of the 
cylinder was practically equal to that from the upper 
half, and the performance of the engine as a whole 
was so satisfactory that the construction of the multi- 
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cylinder engines for the Wulsty Castle was at once 
proceeded with. 

The general arrangement of the propelling machinery 
and auxiliary units is shown in the longitudinal and 
cross sections of the engine-room, Figs. 2 and 3, 
and in the plan, Fig. 4 on this page. We donot propose 
to describe the auxiliaries in any detail, except in so far 
as they are associated with the Diesel engines and 
transmission unit. When making the conversion from 
turbo-electric to Diesel propulsion, much of the existing 
steam auxiliary machinery was retained, and is shown 
in the plan, Fig. 4. The auxiliary boiler is shown 


on the starboard side of the main engines in this ! 


figure and in Fig. 3. As regards the ancillary plant 
for the propelling units, the auxiliary compressor is 
shown on the port side of the main engines in Figs. 3 
and 4, the starting-air reservoirs can be seen above 
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this set in the first of these figures, the blast-air 
bottles are shown in plan on the bulkhead forward of 
the Diesel engines, in Fig. 4, and the exhaust silencers 
are visible in the fidley in Figs. 2 and 3. 

Turning now to the main engines, the port engine 
is shown on the test bed in Fig. 8, page 108, while a 
side elevation and cross-section are given in Figs. 6 and 
7onPlateIV. As willbe clearfrom the illustrations, the 
engine has three double-acting cylinders, operating on 
the four-stroke cycle, the bore being 510 mm. (20% in.) 
and the stroke 620 mm. (24% in.). Both engines are of 
the reversible type, running at 240 r.p.m., and together 
give an output of 1,600 brake horse-power to the 
propeller. The engine embodies many of the charac- 
teristics of previous Beardmore-Tosi single-acting 
engines, and the illustrations may be compared with 
those of a six-cylinder engine of this type for the 
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M.S. Pinzon, described in our issue for April 21, 1922, 
page 488. The detail construction will be clear 
from Figs. 6 and 7, from which it will be seen that 
the entablature, forming the lower part of the 
cylinders, is in the form of a stiff box girder, sup- 
ported on eight cast-iron columns. Through steel 
tie-bolts, not shown in the illustration, extend from 
the cast-iron bed plate to the top of the entablature, 
and serve to take the load due to the firing pressure. 
The cylinder liner is in two pieces, the bottom part 
being fitted in the entablature, and held in position 
by the bottom cylinder cover. The top part of the 
liner is supported in a separate cast-steel cylinder 
section for each crank. This section is bolted to the 
top face of the entablature, and the two sections of 
the cylinder liner register with each other, leaving a 
space of approximately 1 mm. between them. It is 
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stated that no trouble has been experienced with the 
piston-rings passing over this space, due, no doubt, as 
suggested by Mr. Lowe in his paper, to its small width 
after the liners are heated up. 

The usual Beardmore-Tosi director valve arrange- 
ment is fitted to both the upper and lower cylinder 
heads. It will be recalled that, with this arrangement, 
the main valve serves for both inlet and exhaust, a flap 
valve being employed to direct the exhaust gases out 
from the cylinder and the induction air into the cylinder. 
The advantages of this arrangement are particularly 
marked in the case of the lower head, as it allows a 
comparatively simple combustion-chamber pocket to 
be arranged in the bottom cover. This pocket is shown 
in Fig. 7, which also shows the single camshaft 
employed for operating the valves in both the upper and 
lower cylinder heads. The combined inlet and exhaust 
valve in the lower head is arranged vertically, with 
the fuel valve at an angle above it. The bottom half 
of the cylinder works on the normal Diesel cycle, with 
a compression pressure of about 470 lb. per square inch. 
Due to the bottom combustion space being formed as 
a pocket, remote from the piston-rod gland, the rod 
is kept comparatively cool, and no trouble has been 
experienced with the packing. The camshaft also 
carries the eccentrics for operating the director valves, 
and is driven from a vertical shaft, with bevel gearing 
top and bottom, at the after end of the engine. 
Reversing is effected by moving the camshaft, which is 
fitted with duplicate cams, fore and aft in the usual 
way. The servo-motor for performing this operation 
is shown in Fig. 6, at the forward end of the engine. 
As the latter has only three cylinders, special 
starting arrangements are employed. Only the top 
halves of the cylinders are used for this purpose, 
the bottom halves being thus in a condition to be 
immediately placed on fuel. There is one starting 
inlet valve and one starting outlet valve in each top 
cover, the valves being operated from cams on the 
camshaft so as to give one air impulse per revolution. 
The two-stroke cycle is.thus utilised for the starting 
air, and has proved very satisfactory in practice, 
giving a certain and rapid start. A special feature of 
the design is that four guide slippers are fitted to 
each crosshead. This arrangement was adopted to 
secure ready access to the small-end bearings, but it also 
ensures that ample surface is available for both ahead 
and astern running. The three-stage compressor for 
supplying injection air is integral with the engine, and 
is driven from the forward end of the main crankshaft, 
as shown in Fig. 6. The fuel pumps can be seen in 
the same view forward of the air compressor. 

With some of the designs of double-acting engines 
at present on the market, accessibility has had to be 
sacrificed to some extent, but this feature has been 
given particular attention in the Beardmore-Tosi 
engine, with the result that all the important parts 
can be examined and overhauled with a minimum of 
dismantling. Fig. 5, on page 103, is a section through 
the engine with the upper cylinder section and head 
removed, an operation which offers no difficulty. As 
already mentioned, there is a separate upper cylinder 
section for each cylinder, and these, with the heads, are 
of such a size that after removal from the engine they 
can be conveniently handled for examination and 
overhaul of the head, liner, and valves. If the piston 
is moved to the top of its stroke after the upper 
cylinder section and head have been removed, as 
shown in Fig. 5, the whole of the piston is outside 
the cylinder, and can therefore be readily examined 
with each ring in position. The bottom liner can 
also be examined when the piston is at the top of 
its stroke. Special guide bars are supplied for piloting 
the piston and rings in and out of the bottom half 
of the liner, when carrying out the above operations. 
In concluding our description of the engines, it may 
be mentioned that the pistons are cooled by circulating 
lubricating oil through the interior in the usual way, 
although the telescopic piping for this purpose is not 
shown on the drawings. 

The Beardmore-Vulcan transmission unit is shown in 
Fig. 9 on page 108, and in Figs. 10 and 11 above, but be- 
fore describing it, reference may be made to the Vulcan 
hydraulic drive of the M.S. Vulcan described on pages 
92 and 369 of ENGINEERING, vol. cxviii. In the case of 
the Vulcan, the engines were not specially designed 
to work in conjunction with the hydraulic drive, but 
consisted of two six-cylinder submarine engines 
operating on the four-stroke cycle, and running at 
a reduced speed of 300 r.p.m. In this case, the engines 
were not of the reversing type, and the installation 
therefore differs from that of the Wulsty Castle in 
that astern clutches were fitted. 

Referring now to the illustrations of the Wulsty 
Castle transmission, the complete unit, with the 
cover for the gearing removed, is shown in Fig. 9, while 
Fig. 10 is a section through the coupling and gearing 
on the centre line of one of the engines. The engine 
shaft is shown on the right in this view, and it will be 
noticed that it is coupled to a short shaft carrying a 
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rotor, and extended through the hollow pinion shaft. 
The rotor is shown separately to the left of Fig. 11. 
As will be clear from the latter illustration, there are a 
number of radial passages in the rotor, the general 
appearance being very similar to that of a Heenan- 
Froude brake. Referring again to Fig. 10, it will be 
seen that there is a second rotor of the same type 
mounted on the end of the pinion shaft, the faces 
of the two rotors being close together, but not 
actually in contact. The casing covering the driven 
rotor is bolted to the driving rotor, and _ there- 
fore revolves with it, the whole driving unit acting 
to some extent as a flywheel for the engine to 
which it is coupled. The pinion gears with a large 
wheel on the propeller shaft, as shown in Fig. 9. 
The pinions and wheel are of the single helical type, 
this form of tooth being suitable because the axial 
thrust can be approximately balanced by the oil 
pressure in the clutch. Any out-of-balance thrust is 
taken by a small thrust bearing of the Michell type 
on each pinion shaft, as shown in Fig. 10. On the 
left-hand end of the engine shaft, as viewed in the 
illustration, is mounted a bevel wheel, which drives 
an oi] pump through a vertical shaft, as shown in the 
same figure. This pump is for the purpose of filling 
and emptying the rotor casing. 

The medium employed in the rotor chamber is 
lubricating oil, which is pumped from a sump in the 
chamber to a tank mounted on the deck at the after 
end of the engine-room. The emptying and filling 


of the two casings is controlled from the starting plat- | oil is returned by the pumps through oil coolers, 


|form by a ring valve in the circumference of the rotor 
| attached to each engine, which opens and closes ports 
| in the circumference of the rotor. The mechanism for 
operating this valve is visible in Fig. 10. The shaft 
passing through the rotor, and shown in a vertical 
position in the illustration, terminates in a disc at the 
bottom. Mounted eccentrically in this disc there is 
a pin engaging with a collar on the engine shaft, the 
collar being actuated by a rod passing through the 
centre of the shaft. The rod is coupled at its after end 
to the link gear connected to a servo-motor controlled 
from the starting platform. In addition to the ring 
valve, there is a piston valve, shown to the right of, 
and above, the pump in Fig. 10, which opens or closes 
the connection to the deck tank. Both ring and piston 
valves are operated by the same gear, and are arranged 
so that when the ring valve is open, the piston valve 
is closed, this being the position for emptying the 
coupling. Immediately the ring valve opens the ports, 
the oil in the coupling is thrown out by centrifugal 
force and falls into the sump, from which it is pumped 
back to the deck tank. On moving the control lever 
to the position for filling the coupling, the ring valve is 
closed and the piston valve opened. Oil then flows 
| into the coupling from the tank, and the rotor attached 
| to the pinion shaft commences to revolve in the same 
| direction as the engine-driven rotor, and this action con- 
| tinues so long as the coupling is full of oil. A certain 
amount of leakage takes place to the sump, but this 
loss is replenished from the tank, to which the -_— 
The 
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leakage of oil is regulated in such a manner that the 
temperature of the oil in the coupling is kept at a 
predetermined figure. 

In addition to the engine-driven pump at the after 
end of each coupling, two electrically-driven pumps 
are fitted at the after end of the engine-room. One 


engines are turning at 240 r.p.m. The difference in| already in service, and has been found to be over 
speed, or slip, between the driving and driven side of | 97 per cent. A further advantage of this type of 
the coupling is not greater than from 2 to 3 per cent. | gearing is that the coupling exerts a damping action 
under full-power running conditions. The overall | on oscillations set up by the engine torque variations. 
efficiency of the hydraulic couplings and mechanical| The control gear for the two engines and the couplings 
gearing has been measured in a number of installations | is arranged at the forward end of the engine-room, 


TABLE I.—RESULTS OF OFFICIAL TRIALS OF PORT ENGINE ON TEST BED. 


(Engine Coupled Directly to Water Brake. Air Compressor and Lubricating-Oil Pump on Engine.) 











































































































































































































¥ | | 
| | Indicated Output. | Fuel Measurements. | Temperatures, Deg. F. Pressures, Lb. per Sq. In. 
ae, | 
tegen Water.| Meet | | $$ $$$ $$$] 
Cylin-| > Brake | pe. | | ‘ool , 4 , ; 
iia to e M.I.P., Lb. | LHP | Effi- | | Lb. Lb. | Cooling Water. Piston Exhaust 
lime. | der | R. M.| per Sq. In. | ——: ; Out- | ciency,| Lb. | _ per per | Cooling Oil. Gases. Cool- | Piston- | Lubri- 
|| | | put, | per | per FP Ber? CC ing |Cooling | cating} Blast. 
| | man Saee ieee |B.H.E | Cent. | Hr. | per per | Discharge |Discharge}_ |) ~+| ~~) ~~ ~—~«| Water.) Oil. Oil. 
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eet eal I oe | | ee eee = 
| | 
(| Xo} 85-5 | 86-8 | 202| 187 | | ; | | 74 74 | 
10.30 J | No. 2 87-1 | 86-5 | 206] 186 | | | 78 78 
am. ) | No.3 87:5 | 85-1 207 | 183 78 74 
\ 242 615 | 556 l1,171 | 865 | 73-8] 376 | 0-321 | 0-435 | 60-8 100 | 130 673 | m5 4#6| (#17 45 14 | 1,020 
( No.1 | 85-0] s7-1 | 202| 189° | | | 78 74 | 
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TABLE II.—Pressures in Pounds per Square Inch. 





— | Port. 








Starboard. 
Main compressor, L.P. Stage na 40 | 2 
‘ I.P. Stage re 220 | 200 
99 H.P. Stage | 1,100 | 1,100 
Blast Air a We | 1,050 | 1,050 
—— ' l 
Cooling water ae ee ne ay “e ure 17 
Piston-cooling oil. . ne a Se a me 2 
Lubricating oil, engine bearings “ae re oe 16 
Hydraulic coupling, Oil-pump discharge a wit 52 
” > Engine-driven oil-pump discharge 12 
»” és Oil to coupling bearings ae ( 
Oil to propeller-thrust bearings... 2°5 


of these pumps is required for manceuvring, and 
is in use during the running of the plant, the 
other being a stand-by unit. As already mentioned, | 
the control gear is operated from the starting 
platform by an oil servo-motor, and is very rapid 
In action. Stand-by hand-operated gear is also 
litted. As the complete mechanism of the coupling 
operates in lubricating oil, wear is reduced to a mini- | 
mum. The helical gearing has a ratio of 2-88 to 1, | 
and this gives a propeller speed of 80 r.p.m. when the 


and comprises three main control levers, one for revers- 

|ing both engines for ahead or astern running, one for 

TasLe III.—Temperatures in Degrees Fahrenheit. _| controlling both engines for starting air, or fuel, and 
ae one for controlling both couplings. All gears are 
— | Port. | Starboard. | interlocked, so that it is impossible to move any lever 

a _ we rrr serene Ds | | ss unless the gear is in the correct position. Either engine 
| can be cut out of action in a few minutes. Manceuvring 








: y . | | 
| ee ~~ 110 | 105 is extremely simple, the speed being regulated on the 
a ee i | 110 | 408 fuel control, and the order ‘“‘ stop” on the telegraph 
9 No.2—Top_.. ++} 105 | 110 | only calls for the emptying of the couplings, the engines 
No. ——— se aa be pe | being left running light on the governor. If the follow- 
4 » —Bottom el 106 116 |ing order from the bridge is for the ship’s motion in 
Exhaust Gas— | the same direction as before receiving the order to stop, 
ee ae a . a = = the clutches are again filled. Only when an order 
7 No. — oat a0 ioe for motion in the reverse direction is received is it 
» Bottom .-| 700 750 |necessary to stop and reverse the engines. It will 
i Es ah 810 830 be seen that a considerable saving in starting air is 

Bottom re 710 | 750 | : ‘ : 

| possible with this arrangement. 
i it dala — | Trials of the port engine were carried out on the test 
a oo | bed, the results being given in Table I, above. The 
~naae pistons (average) % ss ce * 439 | corresponding indicator diagrams are shown in 
Lubricating oil— | Fig. 12. The results hardly require particular com- 
ee: "ss 4 | ment, as they are clearly set out in the table, but it may 
H “sce - i A | be mentioned that, after the six hours run under test was 
Oil from pinion bearings... 2 "7 .. 117 | completed, the load on the engine was increased to 1,000 


Wheel bearings - . . -- 119 | brake horse-power, and this output was maintained for 
Common return oil inlet to coolers oF aa 112 yo pgae a 7 ; ° der “ 
oj] outlet from coolers ot "490 | 15 mins. Following this, the engine was run under “no 
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load ’’ condition on the governor at 276 r.p.m. The 
behaviour of the engines was entirely satisfactory under 
both these conditions, and a minimum speed, under 
no-load conditions, of 87 r.p.m. was attained. The 
test included both ahead and astern running. The 
exhaust, which was carried through 130 ft. of piping, 
was colourless throughout the trial. Diesel oil was 
used, having a specific gravity of 0-87, a gross calorific 
value of 19,600 B.Th.U. per lb., and a sulphur content 
of 0-23 per cent. The average power taken by the 
compressor was 100 i.h.p. The exhaust-gas analysis 
gave a carbon-dioxide content of 6 per cent. from the 
top half of the cylinder, and 6-2 per cent. from the 
bottom half; the corresponding figures for oxygen 
were 11-5 and 11-2 per cent. 

Sea trials were carried out in the River Elbe on 
August 16 and 18, 1926. These included preliminary 
and manceuvring trials, and an official twelve-hours’ 
trial. The orders carried out during the mancuvring 
trial are plotted in Figs. 13 and 14 on page 105. The 12- 
hours’ trial commenced at 8 a.m. and finished at 8 p.m. 
on August 18. The vessel was in ballast condition, the 
draught forward being 7 ft. 6 in., and the draught aft 
15 ft. 6in. The displacement of the vessel was 4,300 tons, 
the speed 11-5 knots, and the propeller employed was a 
one-piece iron casting, 16 ft. 6 in. in diameter, and 15 ft. 
pitch. Theshaft horse-power, measured by the Féttinger 
torsion-meter, was found to be 1,688, and the indicated 
horse-power 2,371. The average revolutions per minute 
of the engines were 245, and of the propeller 81-5. 
The fuel consumption for all purposes worked out at 
8-45 tons per 24 hours. Pressures and temperatures 
for both engines and couplings were taken throughout 
the trial, typical readings, taken at 3 p.m., being given 
in Tables II and III, on page 105. Throughout the 
trials the machinery ran entirely satisfactorily, including 
all auxiliaries. The consulting engineers commented 
in particular on the smooth working of the couplings 
and reduction gears, and the entire absence of drumming 
or rumbling from the latter. It is interesting to 
note that subsequent to the trials, when the vessel sailed 
to Galveston in ballast, severe weather was experienced, 
resulting in some damage to the engines due to racing. 
Temporary repairs were carried out before the return 
voyage, but it was necessary to return with one end of 
one main cylinder out of action. Severe weather was 
again experienced, but in spite of this the return 
voyage was made without serious mishap. The 
recorded speed was 8-5 knots, with an average fuel 
consumption of 7-95 tons per day. 





THE WILDERMAN SEPARATOR FOR 
ACCUMULATOR PLATES. 


A VERY interesting example of mass production was 
demonstrated at the Northampton works of the 
Electrical and Chemical Ebonite Company, Limited, 
Bush House, W.C., on Tuesday, January 25. The 
article manufactured was the Wilderman separator for 
accumulators, and it is characteristic of modern ideas 
regarding specialisation and speed of production that a 
number of machines of a very special nature have been 
installed to ensure accuracy at a low cost for one part 
only of an apparatus in common use. 

The employment of a wooden separator in an electrical 
storage battery is not unattended with drawbacks; for 
example, the resistance is high, and it is not uniform, 
while, if the material is at all soft, it is possible for 
buckling and bending of the plates to occur. The 
Wilderman separator is a thin diaphragm of porous 
ebonite carried on a stiff non-compressible frame of 
solid ebonite. The thickness of this frame, in an 
example made at the Gemonstration, is about . in., and 
its width is ~ in., the outside dimensions being about 
6 in. by 5{ in. The top and bottom strips have a 
number of shallow grooves, situated alternately on 
either side, to provide for the escape of the gases 
generated in the cell. The diaphragm is much thinner 
than the frame, being about 0-9 mm. thick, and is placed 
nearer to one side of the frame than the other so that 
there is more solution on the positive side than on the 
negative side. This ensures the correct degree of acid 
concentration, and the con‘lition is maintained by the 
rigidity of the separator, which prevents the distortion 
of the electrodes. The separators are, of course, 
unaffected either by the electrolyte or the evolved 
gases. 

In appearance, the diaphragm is impervious. It 
has a smooth hard black surface, and is quite opaque, 
but that it is effectively porous is attested by the fact 
that the speed of percolation through it is about 
40,000 to 100,000 times as great as through a wooden 
diaphragm of the same thickness. Compared with 
the porous pot of a Leclanché battery, the speed 
is 5,000 times as great, while it is about 1,000 times 
as great as that of a threaded-rubber separator after 
this has been in water or acid solution for a few days. 
This high degree of porosity permits the Wilderman 
separator to be stored dry and put dry into acid, or 








even into an only partly filled battery, and it also 
postulates a very low resistance. Thus, Wilderman 
separators, after 4} days immersion in acid, had a 
resistance one fourth of that of a non-treated wooden 
separator, in the proportion of 1 : 2-8 in comparison 
with a treated separator of wood and of 1 : 2-2 
compared with one of threaded rubber which had 
reached its permanent minimum resistance. 

A discharging test of two similar batteries, one fitted 
with Wilderman separators and the other with treated 
wooden separators, gave the following results :—The 
original voltage was 2-07, and both batteries were dis- 
charged down to 1-8 volts. The figures for the Wilder- 
man separator battery were 46-63 ampere-hoursand 92-7 
watt-hours in 70 minutes, and for the wooden separator 
battery, 40-93 ampere-hours and 80-66 watt-hours in 
61 minutes. At 68-7 minutes from starting, the 
voltage of the last-mentioned battery had fallen to 1-12, 
while that of the former was 1-82 volts. Other experi- 
ments showed that recuperation was also quicker and 
more complete with the Wilderman separator, a fact 
due no doubt to the more effective circulation of the 
electrolyte permitted by the porous diaphragm. 

The material of which the diaphragm is composed 
was applied to the frames in a very finely divided state 
by an ingenious machine which spread it evenly and 
precisely into the spaces provided. The filled frames, 
fitted between metal plates, were then put into the 
vulcaniser. Some remarkable examples of ebonite 
covering of steel containers were also to be seen at these 
works. 
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THE PuHysicaL AND OpticaL Societies EXHIBITION, 
Geryk Pumps: Erratom.—An obvious misprint was 
overlooked in the notice of the vacuum pumps of the 
Pulsometer Engineering Company, Limited, on page 52 
of our issue of January 14. The single stage Geryk 
rotary vacuum pump gives a vacuum of 0-02 mm., not 
1-02 mm. as was erroneously printed. We regret the 
mistake for which we apologise ; fortunately it is fairly 
clear that there would be no point in speaking of a 





vacuum limit of 1-02 mm. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is continued acute 
scarcity of Cleveland pig-iron, with the result that 
prompt prices are very firm. Customers compelled to 
buy in the open market do not hesitate to pay the rates 
named, and they complain of much difficulty experienced 
in obtaining supplies urgently needed. Hope is enter- 
tained that one or two more blast-furnaces will be 
re-kindled before long, but movement in that direction 
cannot be made until coke becomes more plentiful. Idle 
furnaces have been re-started with surprising rapidity, 
but further addition to the number blowing now threatens 
to be delayed. For carly delivery, No. 1 Cleveland pig is 
90s.; No. 3 g.m.b., 85s.; No. 4 foundry, 84s.; and 
No. 4 forge, 83s. ; but for supply over periods extending 
to the end of June, half-a-crown below these figures is 
accepted, 

Hematite.—There is, a rather firmer feeling in the 
East coast hematite branch. Customers are clamouring 
for deliveries against old contracts and are unable to 
secure supplies approaching their requirements. Any 
parcels of mixed numbers that become available for dis- 
posal are promptly taken up at 90s. 

Foreign Ore.—Conditions do not admit of extensive 
business in imported ore, and transactions are confined 
to sales of spot cargoes. Best rubio is put at 22s. c.if, 
Tees. 

Blast-Furnace Coke.—Continued scarcity of Durham 
blast-furnace coke keeps values on too high a level to 
suit the views of local consumers, but supplies are urgently 
needed, and further contracts have been arranged. Good 
average qualities run from 25s. to 27s. 6d., delivered 
here. 

Manufactured Iron and Steel.—Producers of finished 
iron and steel have a lot of work on hand, but new 
business is not coming forward so readily as was antici- 
pated. A further reduction of 5s. has been made in the 
quotation for galvanised corrugated sheets, but values 
of other descriptions of material are maintained. Common 
iron bars are 12/. 5s.; iron rivets, 121, 15s.; iron ship 
castings, 12/7. 10s.; steel rivets, 137. 10s.; soft steel 
billets, 77, 12s. 6d.; medium steel billets, 81. 2s. 6d. ; 
hard steel billets, 81, 12s. 6d. ; steel ship plates, 81. 7s. 6d. ; 
steel angles, 7/1. 17s. 6d. ; steel joists, 7/. 17s. 6d. ; heavy 
steel rails, 8/7. 10s.; and galvanised corrugated sheets 
(No. 24 gauge, in bundles), 161. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Signs are already visible that the 
steel and engineering trades are steadily recovering the 
ground lost during the past year. Optimism is increasing, 
while inquiries for all classes of steel products tend to be 
more numerous, and in many instances are resulting in 
actual business being placed. Prices of raw and semi- 
finished materials for use in the steel and engineering 
branches have not yet reached the stage at which forward 
contracts can be booked freely. The famine in cheap 
coke continues to react adversely, but the abundance of 
small slack has resulted in more coke ovens being put 
into operation, while rod, bar, and cogging mills show 
renewed activity. All the big steel-producing furnaces 
in and around this district have’ partially resumed 
operations. Business in ship steel, forgings and castings, 
which have long been a depressed section, is now picking 
up, and the district hopes to benefit indirectly from the 
contracts recently placed with shipyards in the North. 
Automobile steel manufacturers maintain a_ strong 
position, while more business is coming forward in 
connection with electrical machinery and equipment. 
Agricultural machinery and implements are stronger on 
home account, while British collieries are purchasing 
mining gear and equipment more freely. The building 
trades are still good customers of the light foundries 
in connection with castings and general household 
ironmongery. Road-development schemes are respon- 
sible for an increased call for picks, shovels and elevators, 
while quarry tools and plant are in better request. 

South Yorkshire Coal Trade.—Conditions generally 
show little variation as compared with a week ago, 
though, taken as a whole, the demand for most classes 
of fuel tends to expand. Export requirements, however. 
are slowly broadening. There are still large supplies of 
foreign fuel to be disposed of. Industrial fuel is finding 
a better market, but the dearth of wagons is resulting in 
operations at pits being impeded. Good deliveries of 
steel coke continue to be made at round about 40s. 
per ton. The recent outputs of house coal are main- 
tained, and an improvement in the demand is antici- 
pated in the near future, 








Prersonat.—Mr. James Railton, of Messrs. Topham, 
Jones and Railton, public works contractors, has 
joined the board of Messrs. Stothert and Pitt, Limited. 
Bath.—The address of the Institution of Public Lighting 
Engineers, which has hitherto been Public Lighting 
Office, Guildhall, E.C.2, has now been changed to General 
Buildings, Aldwych, W.C.2.—Mr. J. A. L. Waddell has 
formed a partnership with Mr. S. Hardesty, and the new 
firm will be known as Messrs. Waddell and Hardesty, 
consulting engineers, 150, Broadway, New York City, 
U.S.A.—Mr. I. M. Tweedy, B.Sc., late assistant works 
manager at the Neptune Works of Messrs Swan, Hunter 
and Wigham Richardson, Limited, Newcastle-on-Tyne. 
has now joined the board of directors of Messrs. Dow- 

ing’s Machine Tool Company, Limited, Bush House, 
Aldwych, London, W.C.2. 
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NOTES FROM THE NORTH. 
GuLascow, Wednesday. 

Scottish Steel Trade.—There has been little change in the 
state of the Scottish steel trade over the week. Although 
only @ portion of the regular plant is in operation in the 
heavy steel works the output is very satisfactory, but 
there is still a scarcity of ship plates. In this connection 
the shipbuilders are being hampered in their work. The 
fuel position is dominating business on all sides, and, 
until it becomes much clearer, the expansion of trade will 
remain difficult. Old contracts are being worked off side 
hy side with some of more recent date, but consumers 
on the whole are not placing much in the way of fresh 
business at the moment, preferring to await developments 
with regard to prices. These continue very firm, and the 
associated makers have again decided to make no altera- 
tions meantime. In the black sheet trade there is no 
evidence of a falling off in the demand, and active condi- 
tions continue all round. The following are the current 
market quotations: Boiler plates, 11/. per ton; ship 
plates, 82. 7s, 6d. per ton ; sections, 71. 17s. 6d. per ton ; 
and sheets, under ¥ in. to } in., 127. 10s. to 131. 10s. per 
ton, all delivered Glasgow stations, 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade a slight improvement is noticeable, 
although it will require to be much more decided to 
make any impression on the industry: The turnover is 
better, and this is particularly so in the steel re-rolling 
branches where active conditions are very general. There 
has been no change in the current price of “‘ Crown” 
bars, which is 11/. 15s. per ton delivered at Glasgow 
stations, ¥ 

Scottish Pig-Iron Trade.—The output of Scottish pig- 
iron is gradually increasing, and practically everything 
on offer is rapidly cleared. The high price of fuel is a 
serious factor yet, and is responsible for the inability of 
producers to bring prices down to the level which 
consumers would like. There are more furnaces in blast 
and the home demand is good, while the export demand 
also shows signs of expansion, Current quotations are as 
follows : Hematite, 90s. per ton delivered at the steel 
works ; foundry iron, No. 1, 95s. to 100s. per ton ; and 
No. 3, 92s, 6d. to 95s. per ton, both on trucks at makers’ 
yards, 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, January 22, was only 791 tons, 
Of the total, 687 tons went overseas and 104 tons coast- 
wise. For the corresponding week of last year the figures 
were 1,204 tons to foreign destinations, and 70 tons 
coastwise, making a total shipment of 1,274 tons, 

Increase in Wages in the Pig-Iron Trade.—Messrs, 
James C, Bishop and Owen Coyle, joint secretaries of the 
Board of Conciliation for the Regulation of Wages in the 
Pig-Iron Trade of Scotland, have received the following 
intimation from Messrs. Kerr, McLeod and Macfarlane, 
C.A., Glasgow : ‘“* In terms of the remit, we have examined 
the employers’ books for October, November and Decem- 
ber, 1926, and certify that the average net selling price 
is 41. lls, 11d.’ This means that there will be an increase 
in the wages of 9 per cent. in basis rates. 

Clyde Shipbuilding.—One or two new contracts have 
come through this month and the latest is the placing of 
an order by the Carron Company, Falkirk, for a high- 
class cargo steamer with the Clyde Shipbuilding and 
Engineering Company, Limited, Port Glasgow. The 
machinery and boilers will be supplied by the builders, 





CALENDARS,—We have received monthly tear-off calen- 
dars from Messrs. Petters, Limited, 758, Queen Victoria- 
street, E.C.4, and from the Consolidated Pneumatic Tool 
Company, Limited, 170 Piccadilly, London, W.1. 

TrrAL Trip or THE SS. ‘ Kenton.’”’—On Friday, 
January 21, trials were carried out of the single-screw 
cargo steamer Kenton, and during a continuous run of 
several hours duration a speed of over 10} knots was 
attained, A description of the vessel, which has been 
built to the order of Messrs. Arthur Stott and Co., of 
Newcastle-upon-Tyne by the Tyne Iron Shipbuilding Co., 
Limited, will be found on page 662 of our last volume, 
published at the time of her launch, 








Conrracts,—Messrs. United Water Softeners, Limited, 
Aldwych House, London, W.C.2, have, amongst others, 
received orders for the installation of the Lassen-Hjort 
lime-soda system from the Sudan Government Railways 
and the Great Indian Peninsular Railway, and also from 
the Great Southern Railway of Ireland for their main-line 
depots at Inchicore, Ballybrophy, Limerick and Cork.— 
Messrs. The Westinghouse Brake and Saxby Signal Co., 
Limited, 82, York-road, King’s Cross, N.1, have lately 
received two orders of interest ; one from Messrs. The 
Metropolitan-Vickers Electrical Co., Limited, for 232 
motor-driven air compressors, and 232 air-pressure 
xovernors, for motor coaches for the Southern Railway ; 
and the other from the Warwickshire Coal Co., Limited, 
for equipment for the operation and control of air lock 
(loors at their empty and full-tub air locks.—The General 
Electric Co., Limited, Magnet House, Kingsway, W.C.2, 
have received an order from the London Electric Railway 
for the complete motor and control equipments for 
64 motor coaches and 48 trailer coaches, total orders 
trom the Company now comprising motors and control 
equipment for 159 motor coaches, 78 driving trailer 
coaches and 103 trailer coaches.—The Great Western 
Railway Company have recently placed, with Messrs. 
Joseph Kaye and Sons, Limited, Lock Works, Leeds, a 
large repeat order for this firm’s latest pattern of 
automatic carriage-door wedge locks, complete with 


NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 


trade remain as unsatisfactory as ever. New business 


being shipped is on account of old contracts. Prospective 
buyers continue to reduce their requirements to a 
minimum, with the result that many collieries are com- 
pelled to effect temporary stoppages, because of the 
shortage of empty trucks due to thousands of wagons 
being held up under load. Many consumers, parti- 


foreign coal, and are not in a position to accept fresh 
deliveries, and are contenting themselves with taking 
the balance of contract supplies which should have been 
delivered months ago. Notwithstanding the loss of 
output caused by stoppages, free supplies of large 
are excessive, with prices very irregular on the basis of 
23s. 6d. per ton f.o.b. for best Admiralty large, and 
from 21s, to 22s. 6d. for Monmouthshires, Small coal 
is, however, comparatively scarce, because of the fact 
that collieries use a proportion of the reduced output 
under their own boilers, and prices range from 12s, for 
cargo sorts to 15s. for the best bunker descriptions, 
though, if bought in conjunction with large, discounts 
of 3d. to 6d. are obtaimable. The Egyptian State 
Railways contract for 100,000 metrical tons of large 
coal, has been placed with Messrs. J. Rolo and Co., 
Limited, of Alexandria, who are acting in conjunction 
with Messrs. Instone and Co., Limited, for Welsh coal, 
at 3ls. 1ld. per metric ton c.i.f. delivered at Alexandria 
over February, March and April, despite the fact that 
north-country coal was offered at a lower figure. Exports 
of coal last week amounted to 439,000 tons, compared 
with 542,780 tons in the corresponding period of last 
year. Shipments to Algeria in the past week totalled 
10,150 tons, to Argentina 40,460 tons, to Atlantic Islands 
16,280 tons, to Brazil 20,450 tons, to Egypt 21,600 tons, 
to France 58,320 tons, to Italy 27,400 tons, and to Spain 
18,800 tons. Imports of coal on the other hand amounted 
to 30,480 tons, of which 22,700 tons came from the 
United States, and 7,780 tons from France. Exports 
of patent fuel totalled 18,525 tons, and of coke 180 tons. 
Workmen, numbering 5,000, employed by the Cambrian 
Combine collieries were on strike all day on Monday as 
a protest against alleged victimisation and discontinu- 
ance of custom. The men subsequently decided to 
strike every Monday until their alleged grievances are 
righted. What action the management will take in the 
matter, however, remains to be seen. Resolutions have 
been adopted by workmen at other collieries also to 
adopt a one-day strike policy. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained on application to the Department at the above 
address, the reference 'number given below being quoted 
in each case :—The South African Railways and Harbours 
are inviting tenders for the supply of the following :— 
(1) One or more motor lorry chassis of a capacity of 
7,000 lb. (2) One or more motor lorry chassis of 8,000 Ib. 
capacity. (3) One or more motorlorry chassis, rigid six- 
wheeler type, capacity 8,000 lb. or more. (4) One or 
more motor lorry chassis, of the tractor semi-trailer type. 
(Tender No. 3/1/2.) Local representation is in practice 
essential. Tenders must reach Johannesburg by March 17. 
The specifications and general conditions may be seen on 
application to Room 49, until January 31. (Ref. No. 
AX 4156.)—There are two separate calls for tenders from 
the Electricity Department of the Municipal Council of 
Sydney, Australia :—(1) For the supply, delivery and 
erection at the Council’s Bunnerong Power Station, 
Botany Bay, of one travelling jib crane and 
self-propelling luffing type. (Contract No. 1073.) 
Tenders to reach Sydney by April 4. (Ref. No. AX 
4148,.)—(2) For the supply. delivery and erection of ash- 
handling plant at the Council’s Bunnerong Power 
Station, Botany Bay. (Contract No. 1055.) Tenders to 
reach Sydney by March 21. (Ref. No. AX 4152.)— 
There are two separate calls from the Victorian Railways, 
Australia, tenders for both of which must reach Melbourne 
by February 9 :—(1) For the supply of approximately 
11 tons of steel blooms. (Contract No. 40130.) (Ref. 
No. AX 4149.)—(2) For the supply of 40 tons of mild 
steel equal angles assorted. (Contract No. 40,127.) 
(Ref. No. AX 4150). Specifications and conditions of 
contract may be seen on application to Room 48, until 
January 29.—The Commercial Secretary at Madrid has 
forwarded a specification relative to a call for tenders, 
published in the Madrid Gazette, for the supply of 35 
motor coaches for use on various railways. Tenders 
to reach Madrid by February 26. (Ref. No. AX 4160.)— 
The Argentine Ministry of Public Works are calling for 
tenders for a tank vessel, a tug and four hopper barges. 
Tenders for the first two items will be received in Buenos 
Aires up to March 28, and for the last item up to March 30. 
Local representation is essential. (Ref. No. 4168.)— 
The Postmaster-General’s Department, Melbourne, Aus- 
tralia, are calling for tenders to be presented by April 5, 
for cordless switchboards. (Schedule C. 159.) (Ref. 
No. BX 3184.)—The Directorate-General of Navigation 
and Ports of the Argentine Ministry of Public Works is 
inviting tenders for the supply and delivery of machinery 
and spares for a floating steam rock-drilling plant to be 
used for removing submarine rocks. Tenders should reach 
Buenos Aires by March 3. (Ref. No. AX 4166.)—A 
company at Winnipeg, Canada, desires particulars and 
prices from British manufacturers of gas-operated 
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The Coal Trade.—Conditions in the Welsh steam coal 


NOTICES OF MEETINGS. 


THE Junior InstrTuUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘‘ The 





is exceedingly quiet, and practically the whole of the coal} Design of High-tension Sub-stations,” by Mr. C. E. 


Atkinson. Friday, February 4, at 7.30 p.m. “‘ The 
Theory of the Gyroscopic Compass,” by Mr. P. R. 
Jackson. 

Tue Institution oF ENGINEERING INSPECTION.—- 
To-night, at 7.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ The Manufacture and 


cularly the railway companies, still have large stocks of | Uses of Arsenical Copper,” by Mr. H. L. Taverner. 


Tue InstrTuTE oF British FouNDRYMEN: BIRMING- 
HAM, COVENTRY AND West Mipitanps BRANCH.— 
Saturday, January 29, at 6.30 p.m., at the Engineers 
Club, Waterloo-street, Birmingham. ‘‘ Modern Gas- 
fired Annealing and other Furnaces,” by Mr. T. 
Teisen, 

THE Royat Society or Arts.—Monday, January 31, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘“ Recent Progress in Optics’ (Lecture III), 
by Professor L. C. Martin, D.Sc. Wednesday, February 2, 
at 8 p.m. Ordinary Meeting. ‘‘ Chemistry and the 
Supply of Drugs,’”’ by Mr. Norman Evers, B.Sc. 

Tue INstiruTION OF AUTOMOBILE ENGINEERS.— 
Tuesday, February 1, at 7 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. Joint Meeting 
with the Royal Aeronautical Society. ‘‘ The Super- 
charging of Aero Engines,” by Mr. A. H. Roy Fedden. 

Tue Institute or Metats: BrrmincHamM Loca 
Section.—Tuesday, February 1, at 7 p.m., at the 
Engineers’ Club, Waterloo-street, Birmingham. Joint 
Meeting with the Birmingham Metallurgical Society 
and the Staffordshire Iron and Steel Institute. “‘ Corro- 
sion,” by Dr. G. D. Bengough. 

Tue InstiruTe or Metats: Norru-East Coast 
Locat Srection.—Tuesday, February 1, at 7.30 p.m., 
at the Armstrong College, Newcastle-on-Tyne. ‘‘ Methods 
of Measuring Temperatures,’ by Mr. C. E. Pearson. 
THE INSTITUTION OF Mrn1NG ENGINEERS.— Wednesday, 
February 2, at 11 a.m., at the Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. Annual General 
Meeting. At 7.30 p.m. Dinner at the Whitehall Rooms, 
Hotel Metropole, Whitehall-place, S.W.1. 

THe LiveRPooL ENGINEERING SocieTy.—-Wednesday, 
February 2, at 6 p.m., at the Temple, Dale-street, 
Liverpool. ‘‘ Notes on Steel Weights in Ships, by 
Mr, E. Sutton. 

Tue INstITUTION oF CrviL ENGINEERS.—Wednesday, 
February 2, at 6.30 p.m., at Great George-street, S.W.1. 
Students’ Meeting. ‘‘ Escalator Tunnels and other 
Works at Piccadilly-circus,” by Mr. J. L. Hunt. 

Tue Institution oF ELECTRICAL ENGINEERS: SOUTH 
MiptaNnp CEenTRE.—Wednesday, February 2, at 7 p.m., 
at the University, Edmund-street, Birmingham. Wire- 
less Section Meeting. Lecture. ‘‘' Transatlantic Tele- 
phony,” by Lieut.-Colonel A. G. Lee. 

Tue Royat InstituTIon.—Thursday, February 3, 
at 5.15 p.m., at Albemarle-street, W.1. < Acoustical 
Problems.—Aeolian Tones ”’ (Lecture I), by Sir William 
Bragg. Friday, February 4, at 9 p.m. “ Wireless 
Transmission and the Upper Atmosphere,” by Professor 
E. V. Appleton. 

Tue InstTITUTION OF 





ELECTRICAL ENGINEERS.- 
Thursday, February 3, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. ‘‘ Some Recent Advances 
in Alternating-current Measuring Instruments,” by 
Lieut.-Colonel K. Edgeumbe and Mr. F. E. J. Ockenden. 
Tue Society or CuEmicAL INpusTRY: CHEMICAL 
ENGINEERING Grovup.—Thursday, February 3, at 
6.30 p.m., at the University, Woodland-road, Bristol. 
“The Production of Power from Town’s Refuse,” by 
Mr. J. W. Reber and Mr. A. Scott. 

Tue INstriTuTION oF MECHANICAL ENGINEERS : 
NortH-WeEsTERN BraNncu.—Thursday, February 3, at 
7.15 p.m., at the Engineers’ Club, Manchester. ‘<3 Machine 
Tools for Wheel and Axle Production,” by Mr. E. W. 
Tipple. 

THe InstiruTION oF MECHANICAL ENGINEERS : 
GLascow AND WEsT oF SCOTLAND Brancu.—Thursday, 
February 3, at 7.30 p.m., at the Royal Technical College, 
Glasgow. ‘‘ Use and Economy of High-Pressure Steam 
Plants,” by Professor A. L. Mellanby and Professor 
W. Kerr. 

Tue Instrrurion or MEcHANICAL ENGINEERS.- 
Friday, February 4, at 7 p.m., at Storey’s-gate, S.W.1. 
Informal Meeting. ‘ Engineering Salesmanship. Intro- 
duced by Mr. William Reavell. 

Tue Institution oF LocomotiIvE ENGINEERS: 
Norru-East CreNnTRE.—Friday, February 4, at the 
Hotel Metropole, Leeds. ‘The Working of Light 
Traffic on Railways and the “ Sentinel’? Engine,’”’ by 
Mr. J. W. Beaumont. 

Tur INSTITUTE OF TRANSPORT: YORKSHIRE SECTION. 
—Friday, February 4, at 7 p.m., at_the Town Hall, 
Leeds. “ British Aviation,” by Mr. Handley Page. 





Tue FARADAY MEDAL oF THE INSTITUTION oF ELEC- 
TRICAL ENGINEERS.—The Council of the Institution of 
Electrical Engineers has made the sixth award of the 
Faraday Medal to Professor Elihu Thomson, of Boston, 
U.S.A. The medal is awarded not more frequently than 
once a year, either for notable scientific or industrial 
achievement in electrical engineering, or for conspicuous 
service rendered to the advancement of electrical science, 
without restriction as regards nationality, country of 
residence, or membership of the Institution. 
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BEARDMORE-TOSI DIESEL MARINE ENGINES WITH HYDRAULIC COUPLING 
CONSTRUCTED BY MESSRS. WILLIAM BEARDMORE AND CO., LIMITED, ENGINEERS, GLASGOW. 
(For Description, see Page 102.) 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, — 
We desire to call the attention of our readers 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
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SUBSCRIPTIONS, HOME AND FOREIGN. 
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POWER PLANT PROGRESS. 

Tuat history is made by the man rather than 
by the many, is as true in science and technology 
as experience has proved it to be in sociology and 
politics. Few, indeed, would contest the claim 
that the remarkable improvement effected during 
the past 30 years in steam practice, both afloat 
and ashore, is in the main to be credited to Sir 
Charles Parsons. The interesting and instructive 
paper, due to himself and two of his colleagues, 
which was read on January 14 last before the 
North East Coast Institution of Engineers and 
Shipbuilders, and reproduced in our last issue, 
enumerates the successive steps by which the 
4-kw. turbine of 1884, with a steam consumption 
of about 200 lb. per kw.-hour, was developed into 
the great 50,000 kw. unit supplied to Chicago 
last winter. This was. described in detail in 
our issue of March 5 last, and from the figures 
given in the paper above referred to, it appears 
that a thermal efficiency of some 30 per cent. 
at the switchboard has been recorded with it. 
In some regards the figures given in the same paper 
for the King George V are still more remarkable. 
As Dr. Ferranti was the first to point out, the 
steam turbine is essentially a large unit machine. 
Yet the twin screw turbines of the new Clyde boat, 
developing only 3,500 h.p., or 1,750 per shaft, 
showed a thermal efficiency of 26 per cent. The 
observed heat rate was equivalent to about 
13,200 B.Th.U. per kw. which is equal to that 
of the 10,000 kw. units installed at Carville in | 
1922. Of the land station machines tabulated in | 
the paper, the figure cited is surpassed only by the | 
last three, which are from six to twenty times as 
large. ‘Taking in account steam for all purposes, 
the thermal efficiency was 214 per cent., or about 
that attained at the great Barton power station 
where the principal units develop 27,500 kw. 
The over-all performance of the relatively small 
plant supplied to the King George V. is the more 





remarkable in that the auxiliaries were of the 
ordinary steam-driven type, and moreover, the 
provision made for stage feed heating was not 
in use during the trials; with this in opera- 
tion it is calculated that the test figures would 
have been improved by 2} to 3 per cent. With 
larger plants such as would be required for the 
larger class of single-screw tramp, and still more 
for liners requiring some 20,000 to 30,000 h.p., 
it is probable that the figures already recorded 
would be materially bettered, but in any case the 
results of these trials seem to demonstrate in a 
practical fashion the claim made by Sir John Biles 
last winter that even in the case of cargo steamers 
the turbine could compete successfully with the oil 
engine. There seems, moreover, little prospect 
of materially raising the thermal efficiency of the 
latter machine. 

There is, no doubt, reason to hope that the use of 
dopes may make it practicable to raise the efficiency 
of the petrol engine. The Diesel engine, however, 
works on a different cycle, and it seems improbable 
that the use of dopes would make it possib.. to 
adopt higher effective pressures. 

As will be seen from the table given on page 89 
of our last issue, the steam rate at Barking with 
but 350 lb. pressure, was 8-15 lb. per kw. hour, 
as compared with the corresponding rate of 8-38 
lb. per kw.-hour recorded at Chicago, with a steam 
temperature higher by 50 deg., and with 550 lb. per 
square inch at the stop valve, and with a better 
vacuum. This illustrates a minor difficulty which 
has arisen owing to the introduction of progressive 
feed heating. This always increases the steam rate, 
although it improves the thermal efficiency, and if 
the Chicago turbine had been designed to work on 
the ordinary cycle its steam rate would have been 
some 13 per cent. below the test figure. Direct 
comparison between power plants working under 
different conditions has thus been complicated, 
and even thermal efficiencies, unless they include 
the boiler as part of the cycle, may be misleading, 
since the more heat there is transferred to the 
feed by the heaters the less is there left for con- 
version into work. 

This difficulty was touched upon by Mr. I. V. 
Robinson in his remarks on the paper by Professor 
Mellanby and Professor Kerr, read at the last 
meeting of the Institution of Mechanical Engineers. 
No method, at once simple and satisfactory, has 
yet been suggested for fixing the efficiency ratio 
when the turbine is tapped for progressive feed 
heating. The proposals made by the late Captain 
Sankey were certainly inadequate, the more par- 
ticularly as his basis of comparison contemplated 
the progressive heating of the feed right up to the 
boiler temperature by means of steam tapped 
from the turbine in a condition in which it was 
still superheated. Whilst this is not technically 
impossible, it is not practicable with any type of 
feed heater now on the market. 

With the present tendency to stress the overall 
efficiencies of power stations, the wheel of progress 
has swung full circle. It was the late Peter Willans 
who, more than any one else, impressed on engineers 
the necessity of determining the individual effici- 
ences of the elements of the complete power plant. 
A high coal consumption might be due to a bad boiler 
or a bad engine, and by popularising the term 
efficiency ratio he relieved the engine-maker from 
the liability to be debited with the sins of the boiler- 
maker in addition to his own. To-day the term 
efficiency ratio has lost much of its significance, since 
the introduction of the new cycles has diminished its 
value as a basis for estimating the merits of a turbine. 
Indeed, the term was not wholly satisfactoerv even 
under the older conditions, since a poor turbine 
operated with highly superheated steam might 
yield as good an efficiency ratio as a better turbine 
run with “dry saturated steam ”’ under nominally 
similar conditions. 


A somewhat similar difficulty seems likely to 


|arise in connection with super-pressure plants, in 


part because there is no general agreement as to 
total heat of steam at very high pressures, and in 
part because at these pressures steam, which the 
thermometer indicates as having a considerable 
superheat may still be heavily charged with water 
particles. In this matter of super-pressures the 
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Centinent seems to have taken the lead—as it did | 
in the matter of high superheats, which were used | 


by continental turbine builders in quite the early 
days of the industry. This led to efficiency ratios | 
being recorded on test, which, to the surprise of the | 
turbine designer, were not duplicated when the 
turbines were sent to stations, where moderate 
steam temperatures were the rule. 

One of the difficulties encountered here, in intro- 
ducing super-pressures, is the reluctance of those 
ordering the plant, to shoulder any part of the 
risk involved in these new departures. The un- 
fortunate maker is not infrequently required to give 
guarantees of the most comprehensive character, and 
the penalties for non-compliance with these are 
commonly strengthened rather than relaxed. The 
fact that so many large stations are municipal 
property aggravates this difficulty, not merely 
because each experiment or innovation is apt to 
become a question of party politics, but also 
because official auditors discourage each and every 
departure from the safe but depressing policy of 
sticking to the beaten path. In one case a cor- 
poration was severely reprimanded because it had 
ventured to instal a type of turbine which though 
it turned out to be exceptionally satisfactory and 
efficient, was undoubtedly a bold departure from 
established practice. 








SUPER-TENSION CABLES. 

One of the electrical sights of Berlin is the end 
of a 110 kv. transmission line, by which electricity 
is supplied from the Golpa-Zschornewitz station, 
near Bitterfeld, to the centre of the city, a distance 
of about 85 miles. Its interest lies not in its operat- 
ing pressure nor in its design, but in the fact that 
it runs through a district, which is crowded with 
traffic and population. British engineers, who express 
surprise at this arrangement, are politely informed 
that it has caused no trouble. Such an example is, 
however, for many reasons, unlikely to be followed 
in this country. Indeed, opinion in Great Britain, 
in France, in the United States, and even in 
Germany is gradually hardening in favour of the 
extended use of underground cables in urban 
areas, though in more sparsely populated districts 
the overhead line has both technical and economic 
advantages, which more than outbalance its draw- 
backs on the score of operating efficiency and public 
risk. While, however, it is generally admitted that 
underground transmission must be used within 
towns, the provision of suitable cables for this 
purpose is a problem, which has not yet been 
completely solved, owing to the fact that pressures 
of the order of 33 kv. and higher must be used. 
One of the main reasons of this is that of space. 
Mr. J. 8. Highfield has recently pointed out the 
physical difficulty of finding room in the ground 
for the feeders outgoing from a 500,000 kw. station. 
For a given amount of power this difficulty naturally 
decreases the higher the transmission voltage em- 
ploved ; and manufacturers are therefore faced with 
a demand for a cable, which shall be capable of 
operating reliably at some pressure at or above 
33 kv. At the moment the maximum pressure used 
on cables in this country is 66 kv. But, even in 
England, this is not likely to be the permanent upper 
limit, while elsewhere the employment of higher 
pressures for underground transmission only awaits 
a cable, which is capable of withstanding them. 

The problem, which cable manufacturers have had 
to face, in order to supply a product which shall 
comply with these demands, is not easy to solve. 
To the investigator, whether he be a theoretician 
or a practical man, it has, however, the advantage 
that it necessitates researches of the greatest 
interest ; and it is perhaps well for the ultimate 
development of knowledge of the subject that, 
even after a great deal of work has been done, 
opinion about the best solution to employ is by 
no means unanimous. During the past few years 
a considerable body of literature on cable design has 
been published, which, if it does nothing else, 
contravenes the two accusations that cable makers 
are content to sit with folded hands, except when 
dividends come to be collected, or alternatively are 
combining to maintain secrecy about matters which 
should be made public for the general benefit. 





Reviewing the position in general terms, it may be 
said that until a few years ago the standard cable 
for alternating current transmission was of the three- 
core type, in which all three cores were protected 
by a common lead sheath and armouring. In it, 
only a portion of the necessary insulation surrounds 
the individual cores, the remainder being common to 
ali three. Recently, however, it has become 
increasingly evident that the use of three-core 
cables for pressures higher than about 22 kv., leads 
to the introduction of undesirable factors. Cables 
of this type working at a pressure of 33 kv. have, in 
fact. given considerable trouble in practice, even 
after they have passed stringent factory tests. 
It is interesting to note that these breakdowns have 
generally occurred at times of light load. The most 
probable explanation is that tangential stress occurs 
in the outer layers of the core dielectric at places 
where the space, which should be filled with oil, 
contains air. Under such conditions an electrical 
discharge may take place over the surface of the 
paper, which will result in the slow destruction 
of its fibres and the ultimate total failure of the 
cable ; hence, although there is some justification 
for the counter claim that the modern 33 kv. cable of 
the ordinary, three-core type is a sound product, it 
is obvious that its limit of usefulness is being 
approached. Indeed it has been stated that its 
continued employment on a 66-kv. pressure is an 
impossibility. This seems to imply that the present 
methods of manufacture cannot continue to be used. 

Research has therefore been directed to the dis- 
covery of a suitable alternative, and more than one 
solution has been suggested. Hochstiadter has pro- 
posed covering the individual cores with a metallic 
tape or metallised paper, so as to level up the distri- 
bution of potential in the direction of the layers ; 
and cables of this type have been used to some 
considerable extent in Germany and the United 
States, while their manufacture under license has 
recently been begun by more than one firm in this 
country. The peculiarity of the Hochstidter cable 
is that all the insulation is round the three individual 
conductors. Chase, in the United States, has 
suggested a cable lapped with a thin metallic tape 
slit at frequent intervals to reduce eddy currents, 
while other ideas are to apply a metal coating to the 
surface of the wormings and centre packing before 
assembly, or to fill the worming spaces with con- 
ducting material in the form of powder. In all cases, 
the three cores are covered with a common lead 
sheath, over which armouring can be wound. 

Yet another suggestion is that due to Captain 
P. Dunsheath, who proposes a three-core cable in 
which each core, after being provided with a metal 
tape whipping, is separately lead-covered, the 
whole being subsequently armoured in the usual 
way. The properties of, and the results obtained 
with, this type of cable were discussed fully in a 
paper, which the inventor read before the Institution 
of Electrical Engineers on Thursday, January 20, 
but before dealing with the contents of this communi- 
cation, it may first be as well to consider certain 
arguments that have been advanced against making 
any radical change in cable design, such as the use 
of any of the new types, which we have described, 
would necessitate. 

A possible solution is to use single-core cables. 
The reasons against this course were given by 
Mr. P. V. Hunter a few years ago in an address 
delivered to the Vereeniging van Directeuren van 
Electriciteitsbedrijven in Nederland. Nevertheless, 
the general concensus of opinion is that as long as 
the cables are kept close together and the armouring 
or protection embraces all three, the main disadvan- 
tages disappear. Asa matter of fact, single-core lead 
sheathed cables have been adopted on the 60-kv. 
network in Paris, and have proved quite satis- 
factory, both from the point of view of dielectric 
loss and temperature rise. Quite recently, Mr. G. H. 
Nisbett has taken up the argument in favour of the 
older type of three-core cable or, perhaps it would 
be more correct to say, against certain of the claims 
advanced in favour of the Hochstidter or screened 
type of cable. Mr. C. J. Beaver has also made the 
suggestion that the root of the matter lies not in 
the design of the cable, but in its manufacture ; 
from which we may be forgiven the deduction that he 
thinks it might be wiser to concentrate on improving 





a product, which has given good service at lower 
pressures, rather than to transfer allegiance to 
something new, with which after all, experience 
has, comparatively speaking, been neither long nor 
profound, It is necessary to insist on these points, 
because a great deal has been claimed for the 
Hochstadter cable and because Captain Dunsheath’s 
paper gives results, which, he argues, prove the over- 
whelming superiority of the S.L. (separately lead 
covered) cable. 

Captain Dunsheath has himself explained that this 
cable arose out of a conviction that potential 
grading was useless. Admitting this, an extra 
high-tension three-core cable, in which each of the 
cores was separately lead covered and the whole 
armoured, could be produced, and thus objection to 
the absence of armouring could be overcome. Four 
years ago, when he first mentioned this cable, he 
claimed that its flexibility and uniformity of 
temperature more than compensated for its some- 
what larger losses. The results of the tests given in 
his latest paper are so good that these claims are, 
perhaps naturally, repeated with some emphasis. 

It may be mentioned that the 8.L. cable is made 
in two patterns. In one of these, the three separately 
covered lead cores are laid up with packings to a 
circular formation for taking two coats of steel tape 
armour, while the longitudinal strength is increased, 
without reducing the flexibility, by laying up steel 
reinforcing strands in the spaces between the cores. 
In the second type, the place of the reinforcing 
strands is taken by reinforced pilot wires, which are 
therefore laid up under one common armouring with 
the main core. In each case there is a light whipping 
of copper tape between the core paper and the 
lead, as in the Hochstadter cable. This is done to 
provide mechanical support for the paper. It also 
enables the cores to be strengthened and kept 
circular without depending on any restraining effect 
of the lead tube. The advantages claimed for this 
design are that it avoids the use of large diameter 
lead tubes, that, owing to the greater mass of metal 
surrounding the individual cores, the cooling effect 
and current carrying capacity are greater, and that it 
renders possible the employment of the longitudinal 
steel reinforcing strands already mentioned. On 
the other hand, neither the lead nor the armouring 
are as well supported as in the ordinary cable. 

Such a design, of course, gives rise to currents in 
the lead sheaths and, if these sheaths are insulated 
from one another, dangerous voltages may exist 
between them, resulting in sparking across and 
pitting of the lead. This can be overcome by 
bonding. But this in turn results in the circulating 
currents that arise causing a loss of energy and 
heating, and reducing the current-carrying capacity 
of the cable. The tests, however, show that these 
sheath losses are negligible and in fact the separate 
sheaths, instead of increasing the temperature rise 
and cutting down the current-carrying capacity of 
the cable, have the opposite effect. 

A second series of tests showed that, if three 
single-core cables were laid up closely to form a three- 
core cable of the S.L. type and the sheaths were left 
unbonded except at one end, the losses due to the 
sheath would be about 3 per cent. only of the copper 
loss. As regards the comparative heating of 
ordinary three-core and S.L. cables, the tests indicate 
that, in spite of eddy current losses in the sheaths, 
the temperature rise in the S.L. cable is less than in 
the belted three-core cable or, expressed in terms 
of the current-carrying capacity, the new type of 
cable has an advantage of 12 per cent. over the old. 
The heating due to the losses that occur in the 
bonded sheaths of the S.L. cable is, in fact, more 
than counterbalanced by the improved cooling 
effect, with the result that the temperature rise of 
the cable for a given current is much less than 
that of the equivalent belted three-core cable. 
Further heating tests show that the S.L. cable 
compares favourably, not only with the plain three- 
core, but with the Hochstidter cable. 

As the S.L. cable is intermediate between the 
single core and the three-core cable, and as its 
advantages over the latter are so marked, the 
question naturally arises whether still further 
advantages would not be obtained by using single- 
core cables such as the practice in Paris, already 
referred to above. Captain Dunsheath thinks not. 
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For while he admits that, if they could be laid in 
triangle formation close together, there is no reason 
why the losses in three single-core lead covered 
unarmoured cables should be any greater than those 
with the S.L. cable, he brings forward the protection 
difficulty as an argument in favour of the latter 
type. Single-core cables must be individually 
armoured or otherwise protected, and armouring 
not only adds considerably to the losses on alter- 
nating-current circuits, but reduces the current- 
carrying capacity, as a series of comparative tests 
show. It is concluded, therefore, that the use of 
single-core armoured cables is impracticable; both 
from the point of view of losses and of current- 
carrying capacity. On the other hand, some protec- 
tion is necessary, and the use of an earthenware or 
concrete open-topped conduitissuggested. Fromthe 
practical point of view the S.L. cable can be easily 
laid and jointed and Captain Dunsheath, therefore, 
claims that he has made out an unanswerable case 
for its use, as a solution of the 33 kv. cable problem. 

The general position with regard to super-tension 
cables then appears to be this. Some engineers 
adhere to the view that the three-core cable can 
successfully fulfil the increasing demands which will 
be placed upon it, especially if attention is directed 
to certain points in its manufacture and laying. Up 
till now practical experience lends a certain amount 
of support to this claim, but the increasing bulk of 
the cable as the pressure rises, and the consequent 
increasing difficulty in the way of securing homo- 
geneous insulation, and safe transport and laying, 
indicates that a limit must soon be reached beyond 
which it will be unwise to employ this type of cable, 
unless some very radical change in its manufacture 
takes place. There are many designs of sheathed 
cable, the Hochstidter type being perhaps the 
best known and most used. It has many advantages, 
but it is on the whole more expensive than both 
three-core and single-core cables, a fact which may 
outweigh the other savings which it allows. There 
are also difficulties in installing and repairing it. 
Next there is the S.L. cable, which is, of course, one 
form of sheathed cable. Of its electrical properties 
we have already spoken. It is also claimed that it is 
easy to handle, to joint and maintain. Significantly 
nothing is said about its cost, though on the face of 
it, there seems to be no reason why this should put it 
out of court. Finally, there is the single-core cable 
which Col. Mercier has used on the 66 kv. Paris 
network. He states that no advantage would result 
in replacing it by any type of three-core cable. He 
isnot alonein that opinion. A very interesting stage 
in cable design and practice has therefore been 
reached. It is, of course, too early to make a 
definite decision to take any one of the many courses 
available. But experience will assist in crystallising 
matters, and fresh ideas may not be without 
their influence. 


THE POLITICAL LEVY. 


THE case of Forster v. NatIonaAL AMALGAMATED 
Union oF Soop Assistants, &c., in which Mr. Justice 
Eve gave judgment last Friday, raised a question of 
considerable interest in relation to the expenditure 
of Trade Union funds on political objects. The 
decision of the learned judge, which was in favour 
of the Union, has been hailed as a triumph by the 
Trades Union Congress ; but when closely examined, 
the judgment is not quite so satisfactory from their 
point of view as some people seem to imagine. The 
action was brought by the plaintiff for an injunction 
to restrain the Union (of which he is a member) 
from applying any of their general funds in the 
furtherance of political objects to which Section 3 
of the Trade Union Act, 1913, applies, and in 
particular from paying any contributions or sums 
to the Trades Union Congress so long as the body 
xpends its funds or part thereof in the furtherance 
of such political objects. The defendants generally 
(lenied the allegations made by the plaintiff, and 
f urther pleaded that the matter was res judicata, the 
plaintiff having, in 1925, complained to the Registrar 
of Friendly Societies, who decided that the Union had 
committed no breach of its rules which had been 
a pproved by him (the Registrar) ; and the defendant 
Union now pleaded that the determination was 
binding and conclusive on the plaintiff. 








In the course of the plaintiff’s case, it was alleged 
that considerable sums, being part of the affiliation 
fees paid by the defendant Union, had gone to 
support the Daily Herald and to other objects said 
to be political. It was contended that although 
the action was brought to obtain relief because of 
a breach of the rules, the plaintiff was entitled to 
show that there had been a breach of the statute, 
and in the course of the case leave was sought to 
amend the statement of claim by alleging that the 
defendant Union had acted in contravention of the 
statute, in that payments for political purposes 
had been made otherwise than out of the political 
fund of the Union, and should be restrained. Counsel 
for the defendants refused to consent to the amend- 
ment, and the learned judge refused to allow it. 
He pointed out that the defendants had throughout 
taken this line—that rules having been made by the 
Union and approved by the Registrar, the statutory 
restrictions were no longer subsisting. “If,” he 
said, “I allowed the amendment, they (the defen- 
dants) might be put in peril in regard to many of 
the matters disposed of by the Registrar.” 

In the course of his judgment he said: ‘‘ Accord- 
ing to the construction which I put on Section 3 (2) 
of the Act, the Legislature contemplated that the 
matter, dealt with as it has now been dealt with 
by the rules, should be determined by the tribunal 
indicated in that subsection (i.e., the Registrar), 
and did not contemplate that it should be open to 
the member, after he had submitted the matter to 
the Registrar, and having failed to convince the 
Registrar, to resort to the courts. Whether the 
subsection left him entitled to elect whether he 
would go to the Registrar or to the court has not 
been argued; but, assuming that there was such 
an election, it appears to me that this plaintiff 
adopted an attitude which showed what his election 
was, and that it is not open to him, having failed 
before the Registrar to proceed by action in this 
Court. That does not arise on the pleadings as 
they stand.” Two points are plain from this 
decision. In the first place, the learned judge has 
not decided whether the payments made in this 
particular instance were payments made to political 
purposes within the meaning of the Act. In the 
second place he has not decided whether the mere 
fact that the Registrar has held that certain rules of 
a union are in order, necessarily prevents a member 
of a trade union from seeking relief in the Courts. 
Both these questions may be canvassed on a future 
occasion. 

If it be the law that the Registrar of Friendly 
Societies is the sole judge—from whose decision 
there is no appeal—of the questions (a) whether (i) 
a rule complies with the statute and whether (ii) 
there has been a breach of the rule, there is no need 
to emphasise the gravity of the situation. How many 
members of the trades unions will have the courage 
or the means to conduct proceedings before the 
Registrar in order to show that the rules which are 
virtually forced upon them are invalid, or that, by 
the officials of the union adopting a certain course, 
those rules are being violated. 

“ But,” it will be said, ‘‘ the trade unionist who 
objects to political levy has another remedy.” That 
is true enough. The Act provides that any number 
may, by appropriate notice, claim and obtain exemp- 
tion from any obligation to contribute to the political 
fund, and to put it shortly no prejudice, disability 
or disadvantage is to attach to the non-contributing 
member or any person intending to become a 
member, by reason of his claiming that exemption. 

There, no doubt, is a remedy duly prescribed by 
statute. But is it of any practical value? In the 
Times of January 22, Dr. Shadwill writes: ‘‘ The 
complaints respecting the levy that I have most 
frequently heard from aggrieved trade unionists 
are that exemption forms cannot be obtained from 
local secretaries, that forms obtained elsewhere are 
refused, that other conditions are imposed, that the 
names of exempted men are invidiously paraded, 
that contributions are exacted from them in other 
ways in spite of exemption, and that non-payment 
is entered against them as arrears with loss of bene- 
fit.” He gives a number of instances in which men 
have been virtually denied exemption, and refers 
to a device to which recourse is had in Durham 
where an objector is bound to appear individually in 





person at a special lodge meeting summoned to 
“* hear a statement of objection to the political levy.” 
What working man will have sufficient hardihood 
to undergo such an ordeal ? 

We fear that it is almost as difficult to prevent 
by legislation a levy upon trades unionists for 
political purposes, as it is to prevent picketing, 
whether peaceful or not. Just as a statute may 
roundly proscribe certain forms of picketing, 
so it may interdict the political levy; but just as 
no statute can prevent those uglier and more cogent 
forms of picketing and intimidation which go on 
within the home, so it cannot be so framed as to 
wholly prevent a political levy in all conceivable 
circumstances. The powers of the legislature are 
limited. 


‘* How small of all that human hearts endure, 
The part that kings or laws can cause or cure ! ” 


This much, however, has emerged from the 
decision of this case by Mr. Justice Eve. It is clear 
that at present the settlement of the questions 
relating to the political levy is (or may be) entirely 
in the hands of the Registrar of Friendly Societies. 
With the greatest respect to that learned official 
than whom, we are sure there is no more honest or 
fair minded civil servant, it would be better if such 
questions fell to be determined in open court by His 
Majesty’s Judges. This is a matter which those who 
are dealing with the proposed amendment of the 
Trades Disputes Act might well take into considera- 
tion. Any doubt which there may be should be 
set at rest. The working man who objects to the 
contribution wrung from his hard-earned wages 
being devoted to political purposes, with which he 
has no sympathy, ought to be able to seek the redress 
of his grievance in a court of law. 





THE TERCENTENARY OF ROBERT 
BOYLE. 


In the history of science there is no more important 
chapter than that dealing with the work done in 
England during the latter part of the seventeenth 
century. The publication of the “ Principia” of 
Newton alone marks an epoch, but Newton counted 
among his contemporaries such mathematicians 
and astronomers as Wallis, Wren, Halley and 
Flamsteed, and such experimentalists as Hooke and 
Boyle. The senior of Newton by fifteen years, 
Boyle has been called the ‘“‘ Father of Chemistry,” 
but he was also one of our greatest natural philo- 
sophers. Born on January 25, 1627, just three 
hundred years ago, he was a student from his early 
boyhood and a student he remained. With certain 
reservations he might be called the Cavendish of 
his age, and six folio volumes attest his industry. 
His father was Richard Boyle, “the great Earl of 
Cork,” a man of affairs second to none, but of him 
Boyle saw but little. In a family of fifteen, Boyle 
was the fourteenth child and was born at Lismore 
Castle in the south of Ireland. Sent at the age of 
nine to Eton, two or three years later with his 
brother, under the guidance of a French tutor, he 
set out for a tour of the Continent, and from twelve 
to seventeen he was either at Geneva, Florence, 
Rome or other city in Switzerland, France or Italy. 
The year of his return home, 1644, saw the battle 
of Marston Moor, where the young astronomer 
Gascoigne was killed, but in the subsequent troublous 
events Boyle took but little part. His father already 
dead, he found himself in possession of the manor of 
Stalbridge, and though he visited Ireland and 
Holland, he found his most congenial society in the 
rooms of Gresham College, London. At the age of 
twenty-seven he removed to Oxford and it was 
there, sometimes at his lodgings, sometimes at those 
of Wilkins, the meetings were held which eventually 
led to the foundation of the Royal Society. After 
the Restoration he came to London, took up his 
residence with his sister, Lady Ranelagh, in Pall 
Mall, and lived there the remainder of his life. 

To every student, Boyle’s name is associated with 
the important law connecting the density of air 
with its pressure, his work in this direction being 
the outcome of the discovery of the pressure of the 
air and the principle of the barometer by Torricelli. 
These were among the first fruits of that appeal to 
experiment to which we owe the greater part of our 
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understanding of natural laws. In 1600 Gilbert 
had published his famous work on the magnet ; 
the laws of falling bodies had been unravelled by 
Galileo, and then came the invention of the telescope, 
ushering in a vast extension of our knowledge of 
the heavenly bodies. The same period witnessed 
the work of Napier and of Briggs on logarithms and 
the enunciation of the laws of planetary motion by 
Kepler. Mathematical and astronomical studies in 
England had received a great impetus through the 
founding, first of the Gresham College in London, and 
secondly of the chairs of mathematics and astronomy 
at Oxford by Sir Henry Savile. 

When abroad, Boyle had become familiar with 
several languages and was therefore able to keep 
himself informed of scientific progress. The year he 
settled in Oxford saw the striking experiment of 
Otto von Guericke before the assembled princes at 
Ratisbon, when sixteen horses failed to pull asunder 
the two halves of a sphere exhausted of air. Guericke 
was the inventor of the air pump, and in this Boyle 
made considerable improvements. We also owe 
improvements in the barometer to Boyle, and it was 
he who coined that word. Just as Pascal carried a 
barometer from the base to the summit of the Tour 
de St. Jacques in Paris, so Boyle made experiments 
on the floor and the roof of Westminster Abbey, being 
able to detect the difference of atmospheric pressure. 
Boyle’s studies, however, were not confined to 
pneumatics, but treated of light and colours, radiant 
heat, the propagation of sound, freezing mixtures 
and other matters. He was the inventor of the 
hydrometer, and it was he who explained a chemical 
reaction as being due to the substitution of an atom 
of one kind for an atom of another kind in the 
original compound. 

There was another side to Boyle’s work. Like 
Pascal he was much influenced by his sister, a pious 
and saintly woman, to whom he was devoted. 
Though he passed through the experience of con- 
version, this did not lead to the same asceticism as 
in Pascal’s case. He was, however, extremely 
strict in his interpretation of scripture and it was his 
aversion to taking an oath which prevented him in 
1680 from accepting the presidency of the Royal 
Society. He wrote various theological works and 
was instrumental in spreading the Bible abroad. 
By his will he founded the Boyle lectures in defence 
of Christianity. However strict he was towards 
himself, he was yet tolerant towards others, and 
few men of science have been more generally 
admired and respected. His death took place 
December 30, 1691. His sister had passed away a 
week before, and Bishop Burnet preached their 
funeral sermon. They were buried side by side in 
the chancel of the old church of St. Martin’s-in-the- 
Fields, which was pulled down in 1721. Inquiries 
were set afoot a few years ago by the late Sir William 
Tilden with a view to discovering the grave of Boyle, 
but all inquiries proved unsuccessful. ‘To-day 
neither tombstone nor monument recalls to the 
visitor that such a man as Boyle ever lived. 





RECENT PROGRESS IN OPTICS. -—II. 


In the second of the series of Cantor lectures on 
the above subject, detivered on Monday last, the 
24th instant, at the Royal Society of Arts, the lec- 
turer, Dr. L. C. Martin, stated that whereas in his 
previous lecture* he had referred mainly to the 
workshops of the optical industry, he then proposed 
to confine his attention principally to the office and 
the testing room. Considerable developments had 
taken place in optical testing and experimental work, 
and he wished to interext his audience in the 
advances made during the !ast 10 years or so. He 
first described a simple form. of interference appara- 
tus which could be used for experimental purposes 
in the laboratory and is illustrated by the diagram, 
Fig. 1. It comprises a wooden frame supporting a 
plane-glass reflector R, set at an angle of 45 deg. 
with the vertical axis. A divergent beam of light 
from a monochromatic source M is thrown downwards 
by the reflector, collimated by the lens Land directed, 
with normal incidence, on to a piece of plane-parallel 
vlass G, from which two beams are returned, one 
from the upper face and one from the lower. Parts 


* See page 81 ante, 


of these beams are transmitted through the reflector 
Rand brought to a focus F where interference effects 
can be seen. 

To explain the effects, reference may be made to 
the diagram, Fig. 2. From this it will be understood 
that two parts of a disturbance reflected from the 
top and bottom surfaces of a piece of glass will have 
a considerable path difference. Reckoned from the 
point of incidence P to the line AB, which is perpen- 
dicular to the two reflected rays, the optical path 
difference can be shown to be given by 2Nd/cos r 
where r is the angle of reflection inside the plate, d 
the plate thickness and N is the refractive index of 
the glass. With normal incidence, the path differ- 


: . A + r 
ence is 2Nd, and if at any place 2Nd = (2n + 1) = 


that is if the optical path difference is an odd 
number of half wave lengths, there will be destruc- 
tive interferences, and consequently darkness, in 





fringes will appear to open out from the centre 
if the path difference increases, and vice versa, since 
any one ring corresponds to a definite path difference. 
This effect enables the variation in thickness of the 
plate to be investigated, although the process is 
obviously slower than when the lens is used. A 
contour map of the plate is then seen, so that it is 
possible to say at once in which direction the thick- 
ness increases or diminishes. 

Coming to the subject of interferometers, the 
lecturer first described the Michelson instrument 
and afterwards the modification of it due to Mr. F. 
Twyman, known as the Hilger interferometer, which 
is illustrated diagrammatically in Fig. 4, from which 
its principle will be understood. The instrument, 
which was first used by Messrs. Hilger for testing 
and correcting optical parts, had proved of the 
greatest utility and convenience. The interferences 


produced were of the type represented in Fig. 3, 
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this region. In the case of the apparatus shown in 
Fig. 1, if the plane-parallel plate possessed perfectly 
plane surfaces inclined at a slight angle, so that the 
thickness of the plate is uniform along lines parallel 
to one direction, we may expect to observe a set of 
parallel interference fringes, but the question arises 
where they will be formed. 

The two reflecting surfaces may be considered to 
return two sets of wave trains with the wave fronts 
inclined at a small angle, the conditions being 
represented in Fig. 3. In this, the full lines represent 
wave crests, and the dotted lines troughs. Along 
the lines 1, 3 and 5, where crests coincide with crests 
and troughs with troughs, there will be a double 
displacement, while along lines 2, and 4, crests 
annul troughs, and vice versa, so that there will be 
no displacement. These conditions exist between 
L and G in Fig. 1, and this is thé region in which the 
interference effects occur. If the lens L in Fig. 1 
is removed, so that the light reaching G is no longer 
parallel but is incident at various angles, interference 
effects will still be seen by an eye viewing the plane- 
parallel plate. Under these conditions, only one 
point N on the plate is illuminated by normally 
reflected light, but the eye sees other points 
apparently covered by the image of M which is of 
finite size ; thus the light from a circle with centre 
at N will have had equal finite angles of incidence. 
Consequently the relative path difference of the 
reflected light depends simply on the distance of 
the point of reflection from N, and the interference 
fringes are seen as circular rings surrounding that 
point. If the plate is moved, the thickness at the 








foot of the perpendicular changes, and the circular 
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and could actually be detected by a screen or 
photographic plate placed in the space where the 
two beams left the plate M;. If a slightly wedge- 
shaped plate of glass were placed between M, 
and M,, the thickness at the ends of the plate 
being ¢, and ¢,, respectively, the optical path 
difference, the lecturer said, would be 2(N — 1) 
(t, —t,) and the number of resulting fringes 
2 (N — 1) (t, — #,) 4, where A is the wave-length 
of the light employed. The difference in thickness 
could thus be determined. Prisms could also be 
dealt with in a somewhat similar manner, but the 
use of the instrument was by no means confined to 
the examination of plane surfaces. The more 
interesting developments, in fact, were concerned 
with its use for investigating lens systems. 

For this purpose it was necessary to employ a 
convex mirror, as shown in Fig. 5, to reflect the 
convergent beam from the lens back along its own 
path, the mirror being placed so that its centre of 
curvature coincided with the focus of the lens. 
With this arrangement, if the foci of all regions 
were not coincident, the resulting interference 
pattern would indicate the differences of the optical 
paths of the disturbances from various regions. 
Large instruments, the lecturer stated, were now 
available for testing photographic lenses, not only 
for axial aberrations, but also for oblique aberra- 
tions such as coma, astigmatism, curvature of field, 
and distortion. The great merit of the instrument 
as a lens-testing device was that it could be used 
to give physical measurements of aberration, so 
that more intelligible criteria were obtained for 
assessing the performance of lens systems than 
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were afforded by qualitative tests and personal 
judgment. 

The lecturer next proceeded to outline the methods 
in use in the preparation of optical designs and the 
allowable tolerances for aberration, referring particu- 
larly to the methods employed in the Technical 
Optics Department of the Imperial College. As 
evidence of the success of these methods, he exhi- 
bited a ;':-in. oil-immersion microscope objective 
designed by a student in the department having 
no knowledge of optics before commencing his 
studies there. The objective was capable of 
working quite up to its theoretical limits of resolu- 
tion. After dealing briefly with the testing of 
microscope objectives, the lecturer proceeded to 
consider the probable sources of error in the testing 
of lenses with the interferometer arranged 
as illustrated in Fig. 5. The chief source of 
possible inaccuracy, he said, was the convex mirror. 
The step from the centre of one dark fringe to the 
other in the interference pattern would correspond 
to a total difference in the path of one wave-length 
produced by two passages through the lens and 
one reflection at the mirror. If, then, the pattern 
consisted of a dark centre with one dark surrounding 
fringe, the darkest parts of which were respectively 
at the centre and the extremé periphery, the change 
of path would be continuous from the centre to 
the edge. If the mirror were perfect and in the 
correct position, the optical path difference due to 
a single transmission through the lens would be 
half a wave-length. Any inaccuracy in the figure 
of the mirror, however, caused a doubled change of 
optical path, so that the greatest possible accuracy 
of manufacture was .essential in this component. 
In testing microscope objectives by this method, 
the reflecting surface was provided by a minute 
globule of mercury, the surface tension of which 
was sufficient to maintain a fairly spherical form 
in spite of the effect of gravity. 

Another class of work taken up at the Imperial 
College, and referred to by the lecturer, had reference 
to the properties of the human eye itself. Instru- 
ments like range finders, photometers and polari- 
meters, he said, depended directly upon the visual 
capacity of the eye in various ways. Although it 
was not so widely recognised, the proper setting of 
an optical sight, as in the use of a theodolite or spec- 
trometer, was dependent upon visual acuity, which 
was itself a complicated function of the photo- 
visual action, or differentiation of action, of the sensi- 
tive elements of the retina. To study the detection 
and recognition of objects at very low illuminations, 
near the so-called threshold of vision, the lecturer, 
at’ Professor Cheshire’s suggestion, had carried out 
in the Technical Optics Department a series of naked- 
eye tests as a guide to the selection of proper types of 
telescope systems for use in different conditions. 
The results obtained proved helpful in the prepara- 
tion of specifications for binoculars and observation 
telescopes for the military services. In the naked- 
eye tests, it was found that the adaptation of the eyes 
to faint light might considerably affect the results. 
The illumination necessary just to perceive a certain 
series of test objects was found both with dark- 
adapted eyes and with eyes faintly stimulated in the 
peripheral regions of the retina. It was found that 
the foveal region of the stimulated eye was more 
sensitive than the dark-adapted eye, an object just 
below the limit of visibility in the latter being brought 
into view by the stimulation of the outer part of the 
retina. The stimulation, in all cases, was followed 
by an increase in the contrast sensitiveness, but, 
as the strength of the outer field increased, the first 
increase in sensitiveness was followed by a decrease 
which occurred much more quickly with the longer 
wave lengths. With a wave length of 0-48y, the 
brightness of the outer field might be increased to 
nearly three times that of the centre part before a 
rapid decrease in sensitiveness set in. Many aspects 
of these problems, the lecturer said, were still very 
obscure and he pointed out that great care must be 
taken in all experiments in physiological optics to 
standardise the experimental conditions. 

In conclusion, Dr. Martin described a form of 
spectro-heliograph developed by Professor Hale and 
used at the Pasadena Solar Observatory, showing 
on the screen a number of photographs of the sun’s 
(lise and of solar prominences taken with the 





instrument in monochromatic light. He also ex- 
plained how, by means of the Doppler effect, it was 
possible with the spectro-heliograph to see in which 
parts of the solar surface the gases were ascending 
and descending, respectively. 
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IV.—TExtTILE MACHINERY. 





Av the beginning of 1926 it was possible to foresee 
a troubled year for the textile machinery industry. 
Leaving aside the possibility of a coal stoppage, the 
poor demand and the rapid intensification of 
competition from Germany and United States were 
sufficiently good reasons for predicting that the 
measure of improvement which took place in 1925 
would soon be checked. Actually, 1926 has proved 
a little worse than 1924, which was a period of 
profound depression, nor can it be said that the 
new year holds out any certain prospects of a 
brighter nature. In the absence of a census of 
production, or of any official employment statistics, 
no separate figures for the textile machinery industry 
being published by the Ministry of Labour, it is 
necessary to rely upon the results of an investigation 
by sample of employment in the principal manufac- 
turing districts. The results of this investigation 
have been found a reliable indication for the textile 
machinery industry in past years and for other 
branches of the engineering industry, and it is 
thought that a considerable degree of confidence 
may be reposed in it. 














TaBLeE I. 
Numbers employed in 
— Textile Machinery In- Index 1914 
dustry in 10 Districts. = 100. 
1024. =e. Pat a 29,393 100-0 
1918 me aa 16,582 56-4 
1920, May . =e 25,326 86-2 
1923, first half- -year ae 20,218 68-8 
1923, second half-year 22,362 76-1 
1924, first half-year .. 18,939 64-4 
1924, second half-year 17,664 60-1 
1925, first half-year .. 21,234 72°2 
1925, second half-year 21,399 72-8 
1926, first half-year .. 19,631 66-8 
1926, second half-year 19,000 64-6 





The relapse which can be deduced from Table I, 
though no greater, perhaps, than might be expected 
in view of the events of the year, implies a very 
unsatisfactory condition. The fact that the falling 
off was not greater may, perhaps, afford grounds 
for the belief that there will be improved employ- 
ment in 1927, but with so much leeway to make 
up as compared with 1913, the return to anything 
like prosperity must be a slow and uphill task. 

As a result of the surplus textile productive 
capacity in this country, and of the increasing 
tendency for the younger industrial countries to 
manufacture their own requirements, the export 
element is one of great importance. It is, there- 
fore, to be expected that the export position should 
follow closely that of production as a whole. 


TABLE II.—United Kingdom Exports of Textile 
Machinery. 
(Volume in Tons. Value per Ton in £.) 





























Monthly r Index Value per Index 
Average. Volume. | 1913-100.) ‘on. |1913—100. 
| 
1913 | 14,840 100-0 46-5 100-0 
1922— 
1st quarter 4 16,706 112-6 141-8 304-9 
2nd a =e 6,317 | 42-6 166-5 358-0 
3rd | 12,987 | 87:5 139-1 1 
4th | 15,455 104-1 124-3 “3 
1923— 
Ist quarter .. 13,901 93-7 22-0 2-4 
2nd A | 11,768 79°3 116-4 “3 
3rd ..| 10,554 | 71-1 105-5 9 
4th = ..-| 10,045 67-7 106-2 3 
1924— | 
Ist quarter .. 8,257 | 55-6 105-2 226-2 
2nd fs wal 8,800 | 59-3 105-1 226-0 
3rd mt ae 8,532 57-5 102-8 221-1 
a |. (fel 8,987 | 60-4 105-0 225-8 
1925— 
1st quarter .. 9,358 | 63-1 103-7 223-0 
2nd ,,_~—S—i--|_-—«*210, 055 67°7 101-2 217-6 
3rd ‘i ..| 10,569 | 71-2 97-4 209-5 
4th ,, ..| 11,054 | 74:5 | 78-6 201 -2 
1926— | ¥ 
1st quarter .. 9, 390 63-3 | 95-5 205-4 
ee 7,536 50°8 98-8 212-5 
3rd és os 8,174 55-1 97 +3 209-5 
4th = ae 8,747 | 58-9 100-8 216-7 











The most nana feature about- these exports 
has been a strong revival of the Russian demand, 
which accounted for one-eighth of the total value 
of exports. Without this fillip, which was largely 
the outcome of the delegation which visited this 
country in 1925, the position would have been 
disastrous. The value per ton, which broke after 
the return to the gold standard in 1925, seems to 
have found a new level at about 108 per cent. above 
pre-war. Although each of the last two quarters 
has shown an improvement on its predecessor, the 
month of December was worse than October and 
November. Too much hope cannot be placed on a 
steadily progressive increase, nor can it be certain 
how long the Russian orders will last. 

Apart from slackness of demand in the home 
market, there have been disquieting features during 
1926 in the matter of textile machinery imports, 
the course of which will be seen in Table ITT. 


TABLE I1J.—Imports of Textile Machinery. 
(Volume in Tons. Value per Ton in £.) 


























Monthly Valais Index Value Index 
Average. me. | 1913=100. | per Ton. |1918=100 
| | 
1913... -$ 411 100-0 71-6 100-0 
1922— 
1st quarter .. 191 «| = 46-5 162-8 227-4 
2nd ,, * 189 46-0 197-6 276-0 
3rd_s,, ae 163 39-7 230-0 321-2 
4th ,, ai 168 40-9 204-8 286-0 
1923— 
1st quarter .. 208 50-6 278-0 
2nd ,, es 154 37-5 268-2 
3rd_sy, us 192 46-7 266-5 
4th i » 194 47-2 264-7 
1924— 
Ist quarter .. 253 
2nd ,, Fe 256 
3rd, - 310 
4th ,, aa 344 | 
1925— 
Ist quarter .. 301 243-2 339-7 
2nd ,, Ka 257 f 233°7 326-4 
3rd_,, mH 331 80-5 192-6 269-0 
4th ,, : 344 83-7 234-3 326-2 
1926— 
1st quarter .. 401 97-5 215-0 300-3 
2nd xs 485 118-0 162-4 226-8 
3rd_s,, --| 413 100 -6 145-4 203-2 
4th ,, ool 569 138-6 | 156-2 218 
\ | 











Hitherto the British industry had been supreme 
in the home market, and imports of textile machi- 
nery since the war had been less than in 1913. 
For the first time, the volume of imports in 1926 
rose above the 1913 figure, and the last quarter of 
the year witnessed an increase of no less than 
38 per cent. At the same time, the value per ton 
broke in the second quarter to a low figure and 
descended still further in the third quarter, while 
in the last quarter it remained far below its usual 
level. Last year attention was drawn to the 
extremely high value per ton of imported textile 
machinery, and the suggestion was made that these 
were largely speciality products. It would appear 
that these high-value imports are not only composed 
of spinning and weaving machinery, the staple 
products of the British industry, but of hosiery 
and knitting machines. 

The low-value imports in the second and third 
quarters are too low to be in any of the three above 
categories, and are, no doubt, special machinery for 
the newer silk industries. The fact remains that 
over one million pounds sterling has been lost to the 
British industry through these imports of high- 
grade products, and it is to be hoped that the gap 
will be filled before foreign competitors gain a firmer 
hold on the market. 


TaBLE 1V.— World Exports of Textile Machinery— 
_ Declared Values in £ + Sterling. (000 omitted.) 











“a | 1913. is 1924. | 1925. | 1926.* 
| 

Great Britain. 8,282 | 10,831 12,157 9,957 
Germany . . 5,255 5 5,566 6,593 6,950 
Switzerland : 564 | 1,446 1,642 1,339 
ee 404 1,981 2,380 2,128 

Fience re 89-5 921 799 703 
Total .. : 14,594 | 20,745 | 23,571 21,077 








* Estimate based on incomplete Returns. 


Outside the British market, 1926 has also been a 
year of increasingly severe competition. In TableIV, 
the aggregate declared values of textile machinery 
exported from the United Kingdom and her principal 
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competitors are expressed in sterling converted 
at the average daily rate of exchange for each year. 
It would at first sight appear that there has been | 


NOTES. 
Sm Isaac NEwTon ANNIVERSARY. 
March 20 this year will be the two-hundredth 


a decrease in world demand, and this is probabl : : 

the case, although it is impossible to Prt the | ae of = = of a. pr Newton, 
quien suming. to the ay ene ’ volan. g0r an ae tate at of Wools. 
ton of different types of textile machinery noticed lias ah eel eens initia "el gg 
above. In aay anne, Se wee . sanidlasiengisigi ae Christmas Day, 1642, and the boy, who was lazy 
ay ns ane: Sy Siena, ane: ee according to the school records, became the most 


formidable pre-war competitor. It is, indeed, 


famous pupil of Grantham Grammar School. 


regs nang persyenaed ba poate on inttagges ep ig It is, therefore, fitting that the Yorkshire branch 
the British exports have been seriously ellental by of the Mathematical Association should arrange 
the stoppage in the coal industry, both by the inter- for pig oe pine P ery _ = 
ruption of supply of materials and the drying up cea dl en ee es the Process The 
of overseas inquiries through fear of non-delivery. Mayor of Grantham will receive participants at 


If so, it is to be hoped that there will be some re- 


the Guildhall on the Friday evening. A bicentenary 


action in 1927, with the removal of this handicap. siecle suncting wilh tov lhl in the GOA Sane, 

The foregoing statistical picture is a very gloomy King’s School, Grantham, on Saturday morning, 
— and ig bo without some qualification, err On| under the presidency of Dr. J. H. Jeans, Secretary 
the side of pessimism. At home, the prolonged | of the Royal Society, at which Sir J. J. Thomson, 


stoppage not only reduced the production of the 
textile industry through lack of fuel, but also cur- 
tailed the purchasing power of the general public, 
the effect of which has probably not yet been fully 
worked off by the dissipation of stocks. As and 
when the process is completed, a slight return of 
activity to the textile industry may be expected to 
infuse more life into the home demand for textile 
machinery. The record American cotton crop has 
already resulted in cheaper cotton, and Egyptian 
prices have declined in sympathy, while the master 
spinners have decided to abandon organised short 
time. A movement is also afoot to ‘ rationalise” 
the British cotton industry, and conferences have 
been held to consider suggestions by Mr. Keynes, 
which, if put into practice, would seem to hold out 
better prospects for the future of the industry. 
There has been some improvement at least in the 
psychological tone of the woollen and worsted 
industry since the end of the strike, though it can- 
not be said that much material improvement has 
resulted as yet. On the whole, however, it may 
be hazarded that the new year will show some 


as Master of Trinity College, Cambridge, (of which 
Newton was a Fellow), the Astronomer Royal. Sir 
Frank Dyson, Dr. Horace Lamb, and Professor 
G. H. Hardy, will deliver addresses on Newton’s 
work in physics, in astronomy, in mechanics, 
and in pure mathematics. A pilgrimage to Newton’s 
birthplace is to be made on Saturday afternoon, and a 
celebration dinner at the George Hotel, Cambridge, 
is to follow in the evening under the presidency 
of Sir J. J. Thomson, O.M. Professors H. H. Turner 
and E. T. Whitaker, and the Bishops of Birmingham 
and Lincoln, will speak at the dinner. On Sunday at 
11.15a.m., at a bi-centenary service at the Grantham 
Parish Church, an address will be delivered by Dr. 
E. W. Barnes, Bishop of Birmingham. Members of 
the branch and others interested are invited to attend 
this celebration, which seems to be planned on 
lines that would have appealed to Newton himself. 
The number attending has, however, to be restricted, 
owing to the limited accommodation available at 
the George Hotel, and applicants are requested to 
send in their names, not later than January 31, to 
Mr. Arthur B. Oldfield, Rydal Villas, Crawshaw- 


improvement in home demand for the staple textile | | vonue Pudsey, near Leeds. 


products and, therefore, for textile machinery. 
British exports also were undoubtedly affected 
by the coal stoppage, both by interruption in the 
supply of materials, and by the cessation of over- 
seas inquiries through fear of being unable to get 


HicH-SPEED VESSELS. 
The James Watt anniversary lecture of the 
Greenock Philosophical Society was delivered on 
Friday, January 21, by Mr. Harold E. Yarrow, 


delivery from this country. To the extent that the|C.B.E., who chose for his subject the “ Develop- 


decrease was attributable to these causes, their 


ment of High-Speed Vessels.” Mr. Yarrow, who 


removal may be expected to lead to a corresponding | dealt principally with ships of the torpedo-boat 
improvement in 1927. In addition to trouble at | destroyer class, illustrated their development with 
home, the political disturbances in the Far East | the aid of a large number of lantern slides, so that 
have had a disturbing effect upon the textile | it is only possible for us to give a brief summary 
machinery exports. These markets, captured by | of the lecture. He pointed out that it had formerly 


the Americans during the war and since partly 


been the practice to design the under-water hulls 


regained with much difficulty, are now in a hazard | of such vessels largely by guess work, the shape 
which defies analysis. It is clear, however, that} of a model being considered satisfactory if it 
the bulk of our lost export trade in 1926 fell into} appealed to the eye. It was natural, in these 
two categories, firstly, trade lost to the German} circumstances, that quite unexpected results were 
industry in European markets, and, secondly, that} obtained on trials. In more recent years, the 


Jost to the American industry in South American 


experimental tank had enabled problems of hull 


markets. Exports to the United States itself are| design to be solved with accuracy, and valuable 
also rapidly declining. These would appear to be} data had also been obtained from the tank in con- 
the more serious anc more permanent features of | nection with the manceuvring of ships, the effect 


the situation. 

The prospect for the year 1927 would seem to be 
at the worst an improvement on 1926. It is certain 
that the British industry will be faced with fiercer 
competition both in the home market and overseas 
than hitherto. But there is a possibility of a dis- 
tinctly better world demand during the course 
of the year. More than any other type of machinery, 
the life of textile machinery and its components is 
short. It is probably due to this that sudden mani- 
festations of increased demand for these products 
arise, which it is impossible to forecast. 








of waves, and the efficiency of screw propellers. 
With speeds of 40 knots, which had been attained 
by destroyers, the air resistance of the parts above 
water was appreciable, and, in this matter, ship 
designers could learn much from research work in 
aeronautics. Advances in metallurgy had also 
contributed largely to the development of high- 
speed vessels, the safety of such craft in a rough 
sea being dependent upon uniform strength and 
elasticity throughout the structure. The lecturer 
mentioned that bending, to the extent of 8 or 10 
in. in the length of a destroyer, occurred several 
times a minute in a rough sea, showing that the 


structure was elastic and therefore safer than a 


THERMOMETER For RooM TEMPERATURES.—Messrs. | more rigid construction. With regard to the pro- 
Negretti and Zambra, of 38, Holborn Viaduct, E.C., have pelling machinery for vessels of the class referred 
sent us & specimen of their indoor Impervo thermometer. to, the lecturer stated that the main problem was 


It is a simple thermometer, filled with coloured alcohol, 
with a range from 40 deg. F. to 70 deg. F. It is mounted 


to obtain the greatest power with the least weight. 


in @ raised cast-metal casing in such a way that the bulb is| This consideration, for the present at any rate, 
nearly } in, away from the wall on which the thermometer ruled out the Diesel engine, which had a weight 
is suspended vertically, i i bo : ; 

is suspen vertically, and so that the air can circulate of about 500 Ib. per horse-power, as compared 


through ports in the casing and through the perforated 
cap over the bulb. 





with about 25 Ib. per horse-power for steam- 


turbine machinery, including boilers and all auxili- 
aries. Water-tube boilers, which were employed 
in all high-speed vessels, had the advantage of low 
weight with high evaporative capacity, but, until 
recently, the steam pressures and temperatures 
used in marine installations were much below those 
employed on land in modern electric power stations, 
Pressures exceeding 250 lb. per square inch and 
temperatures over 600 deg. F., were rarely employed 
at sea, although in the Clyde steamer King George V, 
the propelling machinery of which represents the 
latest development in marine engineering, the 
boiler pressure adopted was 575 lb. per square inch 
and the steam temperature 750 deg. F., the object 
being, of course, to obtain higher efficiency and 
therefore reduced fuel consumption. Full particu- 
lars and illustrations of this vessel and her machinery 
will be found on page 321 of our last volume. 





LABOUR NOTES. 


The conference of trade union executive council 
representatives, to review the conduct of the general 
strike by the General Council of the Trades Union 
Congress, ended pretty much as it was expected to 
end. A proposal, submitted by the Miners’ Federation, 
that the report of the General Council and the statement 
of the Miners’ Federation should be referred to the 
affiliated unions, was ruled out of order by the Standing 
Orders Committee, and a resolution approving the 
General Council’s report—in other words, its conduct 
of the general strike—was carried, on a card vote, 
by 2,840,000 to 1,095,000. In the General Council’s 
statement, and also in that of the Miners’ Federation, 
as well as in most of the speeches delivered during 
the two days on which the conference sat, there was 
a good deal that might profitably have been left 
unsaid, but if everybody concerned is now agreeable 
to forget the long-drawn-out wrangle and its recrimina- 
tions, the rank and file—who have suffered most— 
will, no doubt, be content. 





Two facts of the matter are, however, worthy of 
note. It was clearly understood when the trouble 
began in the early summer, that the Miners’ Federation 
had handed over the conduct of their dispute to the 
General Council. Apparently they did—or believed 
they did—nothing of the kind. In any case, from the 
first they flatly declined to be disciplined by the General 
Council, and that was one of the rocks on which their 
movement split. The other fact is that many of the 
executive councils who gave the General Council 
authority to call for a national stoppage had not 
themselves the power to order a strike without first 
balloting their members. The Standing Orders Com- 
mittee, in ruling out the miners’ proposal—to refer the 
reports to the affiliated unions—took the ground, 
according to the official account of last week’s con- 
ference, that ‘‘ the body which gave the General Council 
their mandate for the general strike was the body which 
must receive the reports and decide upon them.” The 
truth is that many of the executives had no mandate 
either to call the strike or to call it off, and most of them 
clearly showed that they were well aware of that by 
merely passing on the General Council’s orders to stop, 
instead of ordering the stoppage themselves. Any 
repetition of action of that character is certain, it is 
believed, to find strong objectors amongst  level- 
headed members of the rank and file. 





Mr. Justice Eve’s decision in the case of Mr. Forster 
against the National Amalgamated Union of Shop 
Assistants, Warehousemen and Clerks, leaves the 
question of whether the Trades Union Congress is, 
or is not, a political body practically where it was. 
Many of its objects are, of course, purely political ; 
but the Trade Union Act of 1913 clearly defines the 
political objects to which a union may not contribute 
out of its general fund, and the activities of Congress 
are not amongst them. Moreover, in this particular 
instance the union did not do more than it was entitled 
to do under its rules, which did not have effect until 
they were approved by the Registrar of Friendly 
Societies. Mr. Forster had already appealed to the 
Registrar, who had decided against him. We deal 
with Mr. Justice Eve’s decision in this case at con- 
siderable length in an article on page 111 of this 
issue. 





Mr. Thomas McKenna, the general secretary of the 
National Union of Blast-furnacemen, suggests in an 
official report to members that, in view of the general 
suffering brought about by sectional disputes, it was 
time that they, as trade unionists, devised some system 
by means of which they should share not only in the 
sufferings brought about by a strike or a lock-out 





in another industry, but also in the consultations, 
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In view of the attention now being directed to the 
equipment of the proposed super-power stations, the 
diagram reproduced above is of very considerable 
interest. It is a revised edition of one prepared for 
The Electrician in 1921 by Doctor G. Stoney, F.R.S., 
and shows in the clearest possible way how practice 
has developed since 1892, when the first condensing 
steam turbine was set to work at the Cambridge 
power station. This had a rated capacity of about 
100 kw. The steam pressure was 140 lb. per square 
inch (gauge), and the superheat. 50 deg. F., whilst 
the efficiency ratio was about 44 per cent. It is 
curious to note that the curves representing output and 
initial pressures run nearly parallel to each other, and 
as yet convey no hint that a limit is being approached 
in either respect. On the other hand, the vacuum has 
evidently about reached the maximum _ possible. 
The temperature curve, which for some years ran 
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nearly parallel to the pressure curve, is represented 
as having now become horizontal. This probably 
means that any large increase beyond the limit shown 
will be rendered possible only by the use of special 
steels. In this connection it may be noted that, as 
stated in Professor Mellanby’s paper, certain careful 
experiments made at the Royal Technical College, 
Glasgow, showed that if steam at 900 deg. F. were 
passed through steel tubes there might be dissociation 
and consequent oxidation of the metal. The experi- 
ments in question were, however, made with steam 
at atmospheric pressure, and as is well known dissocia- 
tion is checked by an increase of pressure. There is 
thus no real conflict between the observation quoted 
and the results of practical experience here and 
abroad, which indicates that with high pressure steam 
there is little danger of oxidation, even at higher 
temperatures than that quoted. 








responsibilities, and considerations arising out of such 
disputes and, at least, have a right to advise in the 
conduct of any negotiations. For his own union, he 
could declare that they desired industrial peace, and 
would, use all their influence in order to bring about 
the establishment of reason and goodwill. 





At the end of December 27,942 members of the 
United Society of Boilermakers and Iron and Steel 
Shipbuilders were signing the books, as compared 
with 29,638 at the end of November. The number 
of members drawing superannuation benefit remained 
at 4,184, while the number on the sick fund decreased 
from 2,744 to 2,649. The expenses for December 
were 147,607]. lls. 7d., whereas in November they 
were 122,965/. 6s. 5d. The larger total, however, 
includes five weeks’ outlays. 





According to the general secretary, the improved 
state of the shipbuilding industry warrants an increase 
of wages. ‘‘ For over twelve months,” he says, “‘ the 
price of plain cargo vessels stood at 7/. per ton and, 
within a month or so, there has been a steady rise, the 
price to-day being 91. per ton—a rise of 28} per cent. 
Shipbuilding workers have been complimented on 
the quiet way in which they accepted the unparalleled 
wage reductions of 1921-22. These reductions never 
helped the industry. They only made the pace for 
reductions in all industries at home and abroad, with 
a consequent fall in the world’s purchasing power, a 
loss in markets and an all-round slump. .. . 
What is the duty and obligation of employers who 
have had an advance of 28} per cent. for work now 
on hand? I should like to be able to compliment 
them on giving a 10 per cent. advance of wages with 
the same quiet resignation as the workers accepted 
bigger reductions. A voluntary gesture at this 
time on the part of employers in the shape of a general 
wages advance would do more than anything else to 
ensure goodwill and prosperity in the industry.” 





Mr. Hill is, of course, entitled to his opinions and 
also to express them, if he chooses, in this particular 
way. When, however, the matter comes up for 
formal consideration by the appointed representa- 


tives of the Shipyard Trade Unions and the Ship- 
building Employers’ Federation, the basis of his argu- 
ment that new ship prices have increased by 28} per 
cent. is practically certain to be challenged. Contract 
prices since the war have never reached the low level 
of 7/. per deadweight ton. That was the realisable 
value of a 7,500 ton plain cargo steamer, but no builder 
ever dreamed of taking a contract at the price. The 
improvement which has taken place in the realisable 
value of cargo boats has gone some way to improve 
the position from the point of view of the shipbuilder, 
but before endeavouring to estimate the extent to 
which he has benefited it will be necessary to know 
how much of the increase in the cost of new tonnage 
has been absorbed by the steelmaker. The proba- 
bility is that in conference the employers will be able 
to make out a very strong case against any increase of 
labour costs. 





At the annual general conference in Birmingham last 
week, of the General Federation of Firemen, Examiners 
and Deputies Associations of Great Britain, a proposal 
was submitted from Scotland to discontinue member- 
ship of the British Trades Union Congress. After some 
discussion, however, it was withdrawn for further and 
fuller consideration, and the general secretary was in- 
structed to prepare a pamphlet giving the arguments for 
and against affiliation with the Trades Union Congress, 
the pamphlet to be submitted to the committee for its 
approval or otherwise, and then laid before the whole 
membership of the federation. 





The directors of Messrs. J. & E. Hall, Limited, the 
well-known refrigerating engineers of Dartford, recently 
entertained no fewer than 134 employees, all of whom 
have a record of over 25 years’ service with the com- 
pany. Seventeen have over 40 years’ service to their 
credit. 





According to Industrial and Labour Information, the 
disproportion between the wages of an ordinary 
labourer and the wages of a skilled worker is giving 
some concern to the authorities in Soviet Russia. 
The scale adopted by the All-Russian Central Council 
of Trade Unions provides that the ratio between the 
lowest rate and the highest rate should be that of 1 to 








4-2. In practice, the difference between the wages of 
an ordinary labourer and of a skilled worker is, on an 
average, twice as great—about 1 to 8 (between 1 to 6 


|and 1 to 10, according to the industry). Trade union 


leaders consider this disproportion to be both unjust 
and dangerous. Piece-workers gain the most, whereas, 
in trades where piece-work is not possible, the worker 
has to be content with a fixed rate, which, in view of 
its inadequacy, is generally balanced by production 
bonuses. At the same time, the increase in question 
does not exceed, on an average, 28 per cent. of the 
basic wage, whereas the piece-worker earns 68 per cent. 
above his fixed wage. 





Further, the organ of the International Labour Office 
goes on to say, the shortage of skilled workers compels 
undertakings to pay comparatively high wages to this 
class of worker, in order to prevent them from leaving. 
It will be extremely difficult to regularise this position 
and to reduce the disproportion between the wages of 
skilled workers and ordinary labourers. The All- 
Russian Central Council of Trade Unions proposed that 
the first step in this direction should be taken in the 
form of an increase for wage-earners paid on the lowest 
scale, with no changes in the wages of those on a higher 
scale. Certain trade unionists propose that the scale, 
which at present includes 10 classes, should be reduced 
by the abolition of one or two of the lower classes, 
and by the automatic transfer of labourers in such class 
or classes to a higher class. The expectation is that 
the question will give rise to considerable discussion at 
the next Trade Union Congress. 





The Ministry of Labour states that on January 17, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,391,000, of whom 1,086,400 were men, 41,600 
boys, 220,700 women, and 42,300 girls. Of the total! 
number, 70,600 men, 100 boys, and 700 women were 
persons normally in casual employment. On January 
10, 1927, the number of unemployed persons was 
1,432,014, of whom 1,116,221 were men, 41,496 boys, 
232,563 women, and 41,734 girls; and on January 18, 
1926, it was 1,215,875, of whom 955,470 were men, 
35,750 boys, 189,083 women, and 35,572 girls. 





Discussing the proposed Factory Bill in the January 
issue of Man and Metal, the organ of the Iron and 
Steel Trades Confederation, a writer suggests that 
so far as the Labour movement is concerned, the 
greatest opposition to the measure will centre round 
the clauses dealing with the hours of employment. 
**On the question of overtime the Government’s 
proposals are,’ he says, ‘“‘ actually worse than the 
existing law. In non-textile industries the Government 
Bill permits a maximum of 150 hours’ overtime for 
women as against a maximum of 100 under the present 
law. Under the present law departure from the 
legal hours of overtime is only permitted in special 
circumstances, such as in dealing with perishable 
goods or seasonal pressure of work; but in the 
Government’s Bill overtime up to 100 hours a year 
may be worked in any factory, and an additional 
50 hours in special cases. It will be noted,” he adds, 
“that this makes 100 hours overtime per annum a 
normal feature of all industry.” 





At a meeting in Manchester, on Saturday, the joint 
executives of the trade unions concerned rejected 
the proposal of the employers in the dyeing and 
finishing industries of Yorkshire, Lancashire, Cheshire, 
Derbyshire and Scotland, to remove the Mackenzie 
award of 1924. Under the Mackenzie award, the 
wages of men operatives were increased by 2s. per week, 
and the wages of women operatives by ls. 6d. per 
week. It had been suggested to the employers that 
the matter might be referred to an arbiter, but they 
had declined to take that course, claiming that the 
state of the trade warranted the withdrawal of the 
increases. About 80,000 workers are involved. 





The French General Confederation of Labour 
recently organised mass meetings in Paris and the 
larger provincial towns, for the purpose of re-affirming 
the determination of the workers to defend the eight- 
hour day and obtain the ratification of the Washington 
Hours Convention. A resolution was adopted in 
identical terms at all the meetings, declaring that 
“the federated unions, which are as much interested 
as the employers in the problem of production and 
the general well-being which is dependent on it, are 
not opposed to the examination of any new methods of 
work which might improve output, but insist that 
such methods should be applied only within the 
framework of the eight-hour day, and that the trade 
unions should be invited to participate in the study 
of the methods and the supervision of their operation.” 

The General Council of the British Trades Union 
Congress no doubt mean well, in persisting with their 
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efforts to bring about a meeting of the Amsterdam 
International and the Red International, but they 
nevertheless run a grave risk of disrupting the Inter- 
national Labour movement instead of consolidating it. 
Despite the set-back which their representatives got 
at Amsterdam recently, they have decided to place 
before the Executive of the I.F.T.U., in March, a request 
that they attend a conference called under the auspices 
of the General Council of the British Trades Union 
Congress, with the object of promoting Anglo-Russian 
unity. If the I.F.T.U. accept that invitation, there 
will almost certainly be wholesale secessions on the 
Continent. 

The Industrial Court has issued its award in the 
application of the senior foremen in the Constructive 
and Engineering Departments at Portsmouth, Devon- 
port, Chatham and Malta dockyards for an increase of 
wages from—exclusive of the Civil Service cost of 
living bonus—4001.-450/. to 4501.-5501. The Court state 
that they hold the strong opinion that an agreement of 
recent date should not be lightly disturbed, but they 
feel that owing to the circumstances of its creation by 
the Inchcape Committee in 1913 the grade in question, 
‘* whose existence seems scarcely to be justified,” stands 
in a peculiar position. They, therefore, award a scale 
of pay rising from 4001. to 480/. by increments of 201. 





YEAR BOOKS AND ANNUALS. 


The ‘* Mechanical World” Electrical Pocket Book.— 
The 1927 issue of the ‘* Mechanical World” Electrical 
Pocket Book contains a number of new features. 
Foremost among these will be found the section dealing 
with alternating-current commutator motors, in which 
the principles of construction of the various types are 
illustrated and described. Other important sections 
are those devoted to electric signs, flashers and 
dimmers, and time switches. Recent developments are 
touched upon, and a good deal of information regarding 
the installation of equipment of this type is given. 
Interesting data on the subject of electric pumping, 
and electric lighting and power in villages, have also 
been included, The other well-known features of the 
book, which cover most of the subjects of interest to 
the electrical engineer, have been revised and, where 
necessary, brought up-to-date. Generally speaking, 
the information given is written in simple and succinct 
language, and the diagrams included are neat and 
clearly printed. A diary and memoranda pages for 1927 
are given at the end of the book. The volume comprises 
about 350 pages; it is strongly bound and of handy 
pocket size. The publishers are Messrs. Emmott and 
Co., Limited, ** Mechanical World’’ Office, 65, King- 
street, Manchester, and the price is ls, 6d, net. 

The South and East African Year Book, 1927.—The 
thirty-third edition of ** The South and East African 
Year Book and Guide,” that for 1927, is fully up to the 
high standard set by previous annual issues. As before, 
the book is divided into three sections: Part IL is 
devoted to South Africa ; Part Il to East Africa ; and 
Part III deals with the fauna of South and East Africa, 
big game and game laws, and gives other information 
of a general nature. As a gazeteer for office use, the 
work will prove invaluable to merchants and 
shippers ; the index contains over 2,000 place names. 
Furthermore, the imports and exports of the various 
dominions, protectorates, and colonies, the steamship 
and railway communications, the various means of 
locomotion in the interior, the weights, measures and 
currencies in use, and other matters of interest to the 
manufacturer, are dealt with in considerable detail. A 
section of special interest is that which describes the 
latest phase in South African development, namely, the 
rapid growth in manufacturing activities. The work 
also contains much useful and practical information 
regarding immigration, acquisition of land, land laws, 
agriculture generally, live-stock rearing, dairy farming 
and other data useful to intending settlers. Some 
space is also devoted to the various mining industries, 
and the laws by which prospectors and miners are gov- 
erned, The volume may also be used as a guide-book 
by travellers; a large number of tourist routes are 
set out and fully describec, and many historical and 
other notes are included. The volume contains nearly 
1,000 pages, and an excellent atlas, comprising 64 
maps in colour, by Messrs. George Philip and Son, 
Limited, is embodied. The book is edited, for the 
Union-Castle Mail Steamship Company Limited, 3, 
Fenchurch-street, London, E.C.3, by Messrs. A. Samler 
Brown and G. Gordon Brown. The publishers are 
Messrs. Sampson Low, Marston and Co., Limited, 100, 
Southwark-street, London, S.E.1, and the price is 
hs. net, or, post free, 5s. 6d. 





The Motor-Ship Reference Book for 1927.—First 
published in’ 1925, the third annual issue of The 
Motor-Ship Reference Book has just become avail- 


able. Perhaps the most attractive feature of the 
volume is that it gives illustrated descriptions of all 
the well-known types of motorship propelling machinery 
in use at the present time, all new marine Diesel 
engines produced during 1926 being included. Tabu- 
lated details of every motorship completed during 
1926, together with data regarding ships under con- 
struction, are also given. These lists, when taken in 
conjunction with others contained in the book, which 
give particulars of all motorships built up till the 
end of 1925, furnish information concerning every 
vessel of this type afloat or under construction. The 
statistical sections of the work are carefully pre- 
pared, and are completed by a brief chapter dealing with 
motorship development in 1926. Another useful 
feature, from the point of view of the shipowner, is 
the list and brief description given of the most important 
oil-fuel bunkering stations throughout the world. 
Compiled by the staff of The Motor Ship, the book is 
published by Messrs. Temple Press, Limited, 7 to 15, 
Rosebery-avenue, London, E.C.1; the price is 5s. 
net, or 5s. 6d. post free. 

Clubs, 1927.—Edited by Mr. E. C. Austen-Leigh, 
M.A., the 1927 issue of ‘‘ A List of English Clubs in All 
Parts of the World,” has just been published by 
Messrs. Spottiswoode, Ballantyne and Co., Limited, 
New-street Square, London, E.C.4. As the title 
implies, the book contains a list of some 3,950 social, 
political, sporting, and other clubs frequented by 
English people in all parts of the world. In all cases 
the full designation and address of the club are given, 
together with the date of its establishment, the number 
of members on the roll, the entrance fee and subscription, 
and the secretary’s name. In all instances in which the 
information is available, the objects for which the 
club was founded are stated. The book is divided into 
three sections, the first comprises the London clubs, 
the second, the Provincial clubs, and the third, the 
clubs frequented by English people in the British 
Empire overseas and in foreign countries. The book 
is clearly printed and is handsomely bound in red 
cloth ; the price is 7s. 6d., or 7s. 10d. post free. 





The British Journal Photographic Almanac, 1927.— 
Although this is the sixty-second issue of this almanac, 
the contents indicate steady improvement in the 
selection and arrangement of its material, whilst the 
32 photogravure plates form a most interesting supple- 
ment. The principal article by the editor on the mani- 
fold uses of the reflex camera, as well as other contribu- 
tions, and old, tried and new formule and hints, 
combined with notices of new apparatus, &c., make 
this volume even more valuable than any of its pre- 
decessors. The book is published by Messrs. Henry 
Greenwood and Co., Limited, 24, Wellington-street, 
London, W.C.2, price 2s. net in paper cover, and 3s. 
net in cloth. 





RoyaL Institute oF British ARcHITECTS.—The 
annual award of the prizes and studentships of the 
Royal Institute of British Architects was published 
recently. These include: The Tite Prize to Mr. E. B. 
Cumine, the Victory Scholarship to Mr. H. T. Dyer, 
the Royal Institute Silver Medal, for measured drawings, 
to Mr. B. S. Tempest, the Pugin Studentship to Mr. 'T. M. 
Ashford, the Owen Jones Travelling Studentship to 
Miss Ruth Ellis, the Henry Saxon Snell Prize to Mr. G. R. 
Dawbarn, the R.I.B.A. (Alfred Bossom) Travelling 
Studentship to Mr. KE. W. Lewis, the Grissell Gold Medal 
to Mr. KE. C. P. Allen, the Godwin Bursary and Wimperis 
Bequest to Mr. J. M. Easton, and the Ashpitel Prize 
(1927) to Mr. L. W. T. White. 

THE INSTITUTION OF MrInING ENGINEERS.—The annual 
report of the Council of the Institution of Mining 
Engineers, for the year ending July 31, 1926, which will 
be considered at the thirty-seventh annual general 
meeting of the Institution, to be held in London on 
February 2 next, states that the number of members on 
the roll is 3,140, a decrease of 156 as compared with the 
previous year. The Council regret to have to record the 
death of a number of prominent members of the Institu- 
tion, among whom are’'Dr. J. B. Simpson, Sir Charles 
Seely, Mr. Arthur Hassam, and the Rt. Hon. the Earl 
Manvers. The Mavor and Coulson Travelling Scholar- 
ship for 1926-27, particulars of which will be found in our 
issue of May 28, 1926, page 628, has been awarded to 
Mr. W. E. 8. Peach. In recognition of his distinguished 
services to the Institution and also for his work in the 
scientific, educational, and professional advancement of 
mining engineering, the Institution Medal has been award- 
ed to Sir John Cadman, K.C.M.G., D.Se. By the unani- 
mous wish of the Council, Dr. J. 8. Haldane has consented 
to nomination for re-election as president for the ensuing 
year. The Empire Council of Mining and Metallurgical 
Institutions, of which the Institution is one of the con- 
stituent bodies, has accepted an invitation conveyed 
through the Canadian Institute of Mining and Metallurgy 
to hold the second (triennial) Empire Mining and Metal- 
lurgical Congress in Canada, in August and September 
next. The statement of accounts of the Institution, to be 
submitted along with the report of the Council, shows the 
income for the year to have been 6,049/,, and the expendi- 
ture 6,0137, 








INDEPENDENTLY-HEATED CATHODE 
WIRELESS VALVE. 


In the course of our account, on page 69, ante, of the 
exhibits at the Physical and Optical Societies Exhibition, 
we made a brief reference to a new type of thermionic 
valve for wireless-receiving apparatus, shown by the 
M.O. Valve Company, Limited, Hammersmith, W.4. 
The experimental work leading to the development of 
this valve, which is known as the Osram K.L.1, has 
been carried out in the Wembley Research Laboratories 
of the General Electric Company, Limited, who have 
since supplied us with some further particulars which 
we give below. 

The valve, as already stated, is of the independently- 
heated cathode type, the cathode consisting of a small 
metal cylinder closed at the end and coated with alkaline 
earths from which the electron discharge is emitted. 
Inside the cylindrical cathode, but completely separated 
from it, is a heating element formed from a tungsten 
filament supplied with a current of 2 amperes at 3-5 
volts from the secondary of a transformer, the primary 
of which is connected directly to alternating-current 
power or lighting mains, In an ordinary valve, of 
course, the cathode is in the form of a thoriated-tungsten 
filament, heated directly by the passage through it of a 
current from an accumulator. It is essential, with this 
arrangement, to provide a steady current, as any trifling 
fluctuations in the current, by affecting the temperature 
of the filament, would cause corresponding fluctuations 
in the emission and thus give rise to noises in the 
receiving apparatus. In addition, there is the difficulty 
of maintaining steady grid-biassing voltages. With 
the independently-heated cathode, on the other hand, 
the heat capacity of the cathode is sufficient to 
maintain it at a constant temperature irrespective 
of any cyclic variations in the current supply to the 
heating element. The cathode is surrounded by a 
helical grid and a cylindrical anode, all of which 
are set at an angle of about 30 degrees with the 
axis of the bulb in order to prevent heat radiated 
from the heater from being received directly on the 
pinch and raising the temperature of the latter too 
high. Any stray electronic emission from the heating 
filament, which would not be controlled by the grid, is 
confined by a metal shield extending from the heater 
and is thus prevented from reaching the anode. 

Quite apart from the fact that the valve can be 
operated from the mains as described, the design has 
the important advantage that the large emission surface 
provided enables the impedance to be reduced without 
reducing the amplification factor. The latter is given 
as 7-5 and the impedance as 5,500 ohms, so that the 
valve would be well adapted for low-frequency ampli- 
fication with transformer or choke coupling. Its high 
efficiency is indicated by the exceptionally steep slope 
of the curve connecting anode current and grid voltage, 
the slope amounting to 1-36 milliamperes per volt, as 
compared with about one milliampere per volt, which is 
a very good figure for an ordinary dull-emitter valve 
suitable for low-frequency amplification. 

The K.L.1 valve is connected in circuit in the usual 
manner, except for the fact that a separate terminal is 
provided on the cap for the connection to the cathode, 
the four pins on the base being used for the connections 
to the heater, anode and grid. The grid-bias battery 
necessary for low-frequency amplification is connected 
between the cathode terminal and the grid, and a 
certain small grid-bias voltage is also desirable if the 
valve is used for high-frequency amplification. When 
used as a devector, with a grid condenser and leak, the 
latter is also connected to the cathode terminal. I* 
should also, perhaps, be mentioned that it is desirable 
to shunt the secondary of the transformer supplying the 
heater by two condensers in series and to earth the 
connection between the condensers, in order to eliminate 
all traces of hum. 

Although at present the valve is intended for use on 
alternating-current circuits only, and a certain amount 
of care is necessary in applying it, its production appears 
to be a distinct advance in valve manufacture, and one 
which may lead to important improvements in wireless- 
receiving apparatus in the future. The valve is now 
being made at the Hammersmith Works of the M.O. 
Valve Company, Limited. 








THE LRON AND STEEL InstituTE.—The annual meeting 
of the Iron and Steel Institute will take place in the 
hall of the Institution of Civil Engineers, Great George- 
street, London, S.W.1, on May 5and 6next. The annual 
dinner will be held, on the evening of May 5, at the 
Connaught Rooms, Great Queen-street, London, W .C.2. 
Members are reminded that, in March, the Council is 
prepared to consider applications for grants from the 
Carnegie Fund, in aid of research work on some subject 
of practical importance relating to the metallurgy of iron 
and steel, or allied subjects. Special application form 
can be obtained from the office of the Institute, 28, 
Victoria-street, London, S.W.1. The results of the 
research must be communicated to the Institute in the 
form of a report. 
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THE USE AND ECONOMY OF HIGH- 
PRESSURE STEAM PLANTS.* 


By Proressor A. L. MELLANBY, D.Sc., and PRoFEssoR 

; Wituram Kerr, Ph.D. 

High-power Land Plants—In the larger power 
plants on land a mere decade has seen the progression 
of boiler pressures from 250 lb. through 400 Ib. and 
600 1b. per square inch to actual, though isolated, 
cases of 750 lb. and 1,200 lb. per square inch, with 
projected attempts at 1,500 Ib. and even 1,800 Ib. 
per square inch, and experiment beyond even these 
values. The same period has marked the increase 
of temperature from about 600 deg. F. to a present 
fairly definite level of 750 deg. F., but with a few 
foreign stations displaying a high courage and utilising 
temperatures in the region of 800 deg. F. to 900 deg. F. 
The power unit output has grown from an average 
of roughly 15,000 kw. to sets of 50,000 kw. and 
60,000 kw., while reports in the technical Press indicate 
that a turbine generator unit of 208,000 kw. is under 
process of construction by the General Electric 
Company at Schenectady, for the State Line Generating 
Company on the Lake Michigan shore. Boilers have 
developed at more than a relative rate. A generation 
of 300,000 lb. of steam per hour is neither impossible 
nor untried, and condensers and condensing equipment 
have easily kept abreast of all these requirements. 

There have been several estimates of the probable 
growth in electrical power demands in this country 
within the next ten or fifteen years. The prophecies 
vary around a threefold or fourfold increase. Obviously 
water power can have little say in the attempts to 
meet any such enlargements. Even in America, so 
well provided with the bounties of nature, the present 
developed one-third proportion of the potential 
water power represents only about one-quarter of 
the total present demand, and the demand will 
assuredly grow at a greater rate than the exploitation 
of the remaining water power. 

Hence only the steam plant can really offer the 
prospect of satisfying the call. The internal-combustion 
engine is @ relatively small power unit confined to 
other fields. The internal-combustion turbine looms 
up as a vague hope; but, even if that were satis- 
factorily achieved, it cannot possibly have the 
economical qualities of its reciprocating progenitor, 
and is, therefore, the less likely ever to prove a really 
strong competitor of the steam plant. Further, the 
very factor of materials, that really limits the ultimate 
boundaries of the steam plant, seriously restricts the 
first development of the internal-combustion turbine. 

But the questions of fuel economy are supposedly 
mixed up with those of costs.and fuel charges. The 
thermal gains are only considered justifiable in so far 
as they lead to a reduction of the charges. Sir John 
Snell has stated that the fuel and capital charges 
in an up-to-date plant are about equal at 40 per cent. 
each of the total. In American stations it is highly 
probable that the capital charges may exceed those 
for fuel. If the demands of fuel conservation are 
allowed to intrude into this, some degree of delicacy 
is created. For, if financial costs represent always the 
controlling factor, it would be no easy matter to 
justify the elimination of many obsolete plants which 
have been fully written off in the course of time. 
It is also probably true that in the first stages of 
development, many pioneering stations of the new 
order may not prove highly successful in the financial 
sense. Is fuel economy to be stayed by such con- 
siderations, or is financial gain to be limited by thermal 
measures of excellence ? 

The various questions are still further confused by 
the problems of load factor ; and the main steps towards 
commercial improvements must, no doubt, be in the 
increase of this important value. Whether it can be so 
increased by the large idea of full interconnection of 
power plants, or by such lesser ideas as that of, say, the 
“all-electric house,” remains to be seen. If the lesser 
idea mentioned is assumed to be a permissible method, 
the question of fuel economy might again be introduced 
by the query as to whether house heating by processes 
strictly circumscribed by the second law of thermo- 
dynamics is really to be reckoned efficient, or ideally 
profitable, 

The authors are aware—from past experience—that 
studies of the kind in hand are liable to be considered 
nullified in meaning or value by the casual introduction 
of questions of cost. In anticipatory defence, therefore, 
they submit the point of view that, in land power 
development on the large scale, the ultimate aim must 
be the achievement of the highest thermal economy 
©pen to engineering skill and consistent with plant 
reliability; and limited by these only. In this view, 
the large field of the central station power plant 
becomes, even in the absence of any really notable 
competition from other types, the best and most 





- * Paper read before the Institution of Mechanical 
-ngineers, January 21, 1927. Abridged. 





appropriate field of effort for the ardent exploitation of | the achievement of a higher overall thermal economy, 
any virtues inherent in the high-pressure steam plant, | the test of success is by comparison with Diesel per- 
and the one in which its promise of thermal economy | formances. In this respect it is necessary to realise 


has the highest application, meaning and value. 


| that the grades of fuel differ ; and hence it is not essen- 


Industrial Power and Process Plants.—In the case of the | tial that the same absolute thermal efficiency should 


smaller industrial installations, there are two different 


| be attained. Steam conditions and practices, well 


kinds of circumstances. Either the industry has waste | below the severe standards attempted in land work, will 
heat—as in iron and steel works—from which it may | probably be quite sufficient, and the full development 


develop its own power through the medium of steam 
plants ; or it demands steam for process work—heating, 


evaporating, &c.—and may utilise the steam for power | 


of re-heating elaborations and numerous feed-heating 
extractions will be unnecessary. 
Sir John Biles has recently* carried out a very 


development before passing it to the essential duties. | detailed comparison of relative values employing steam 
The former provides the combination of the ordinary | figures easily within the bounds of immediate endeavour. 


turbine with the special waste-heat boiler; while 
the latter presents the conjunction of the ordinary 
boiler with the special bleeder turbine. 

The conditions in process plants are extremely 
varied. But given the proved success of high-pressure 
working, they could actually reach higher relative gains 
than with pure power plants. The economies of high- 
pressure steam increase, relatively, as the plant back 
pressure rises ; and since all heating systems are back- 
pressure systems, the margins for power production 
are correspondingly enlarged. 

In the process plant, steam must be generated in any 
case, but usually its main function requires only low- 
pressure generation. The difference between this low 
functional pressure and the high values envisaged in 
power practice is therefore directly available for the 
development of by-product power. Again, with 
the high-pressure plant, steam could be tapped from the 
power unit over a much wider range of conditions ; and 
even processes requiring much higher temperatures and 
pressures than the usual, could be served from what 
would really be the lower turbine ranges. Also, if 
higher steam conditions than are now customary can 
be utilised in established lower-pressure methods, the 
size and cost of the process plant might be considerably 
reduced. 

The question of costs will always exercise an impor- 
tant influence in industrial plants. But the relation of 
thermal economy is here entirely different from that 
which has been emphasised in connection with primary 
power plants. Since the heating process is the essential 
function, high fuel economy is really assured, by the 
utilisation of the latent heat, in the performance of that 
essential. The use of high pressure is, therefore, a 
mode of increasing an already high figure; and the 
assessment of the merits of any such procedure involves 
& proper accountancy, which will charge the heating 
plant with a gain through the production of augmented 
power, rather than consider the power plant as losing 
through heavy extraction for process operations. 
The accountancy requires a clear view both of thermal 
and commercial factors; but in this type of plant in 
particular, the arbitrary judgment of the individual, 
and the existence of fully depreciated plants, introduce 
factors that tend to confuse the thermal and simplify 
the commercial aspects. 

The industrial plant may, then, prove rather slow to 
benefit; and because of the many and confusing 
conditions it is unlikely that it will ever utilise the 
highest pressure values and their accompanying plant 
elaborations. But although the effort has hardly 
commenced, the scope is quite clear, and the promise 
conspicuous. 

Marine Steam Plants——In marine work, the 
situation is again quite different; but even from this 
different standpoint the opportunity for the high- 
pressure steam system is obvious and far reaching. 








The marine plant is essentially a power unit ; but the 
individual installations vary over a wide range of 
capacity, the relatively small unit, as in the cargo | 
vessel, being the more general. But the condition of | 
affairs is highly complicated, so far as the steam plant | 
is concerned, by the existence of a strong competitor 
in the form of the Diesel engine. The strength of the 
latter lies in its high thermal economy; while under 
ordinary steam conditions the steam plant scores in | 
its easier adaptation for high-powered ships. There 
can be no claim that under such conditions it equals 
its opponent in efficiency. 

The situation, however, is liable to rather an abrupt 
change if the present-day practices in steam operation 
should prove fully effective. The steam system will, by 
the mere repetition of the special and advanced features 
of the modern land plant, obtain a new grip on the field 
which it originally created, and an enhanced strength 
of opposition against its rather determined supplanter. 
The only method whereby the steam plant can achieve 
this lies in its economical improvement to a pitch at 
which it ison open andobviousequality with the internal- 
combustion engine. This equality is promised by 
high-pressure conditions, and the certainty that the 
tendencies in land plants would be rapidly copied and 
tried in marine work is amply demonstrated by the 
recently completed Clyde steamer King George V, 
with its unique, and apparently successful, 550 lb. per 





square inch system. 


While the task before the marine steam plant is | 


With all factors included, his results are highly impres- 
sive, as showing the margins of advance readily open to 
the steam plant, and how easily it may be brought 
abreast of the Diesel engine drive, even in the case of 
cargo boats, wherein the latter is supposed to have very 
special merits. 

The capital charge factor is definitely in favour of the 
steam vessel, even with the additions due to the more 
expensive arrangements for high pressure. This has a 
strong bearing on running costs which will always 
provide a leading criterion of choice. Sir John Biles’s 
results show that the running costs of the Diesel engine 
and the oil-fired turbine boats are very much alike, with 
the latter operating on moderately high pressures. The 
Diesel equipment shows a slight superiority in the 
matter of long runs, although the length of run at 
which the critical change occurs increases very rapidly 
with tonnage. 

In the other primary requirement in marine practice, 
of the highest degree of plant reliability, the steam 
system will probably always score; and after a few 
initial difficulties in the application of higher pressures 
and temperatures—such as engine-room ventilation— 
have been overcome, its superiority in this respect will 
be fully apparent. Further, the ultimate developments 
in marine practice must raise the question of the ability 
of any primary power system to work satisfactorily in 
conjunction with transmission devices; and in this 
respect the fundamental superiority of the steam- 
turbine over any reciprocating engine type, entailing 
essential irregularities of action, must be admitted. 

In all, therefore, it is possible to conceive the whole 
of this important power field being open to successful 
exploitation by the high-pressure steam system. The 
difficulties are those of keen competition, rather than 
achievement; and of poorness of opportunity rather 
than lack of promise. The partial eclipse of the Diesel 
engine by the steam plant, following rapidly on the 
partial eclipse of the steam-plant by the Diesel engine, 
may prove a somewhat spectacular event, and may 
leave a single generation of marine engineers in more 
confusion of thought and method than the aggregate 
difficulties of the marine past could show on total 
summation. 

The Steam Locomotive-—The steam locomotive bears 
at present somewhat the same relation to the marine 
plant, that the power side of an industrial process scheme 
bears to the central station outfit. It is, in general, a 
much smaller power unit employing high back-pressure 
conditions. Consequently, it is definitely open to gains 
by the adoption of high-pressure and high-temperature 
working. To a certain extent superheating has always 
been employed in this connection ; and total tempera- 
tures of the order of 600 deg. F. to 700 deg. F. are not 


‘unknown. In this respect, then, practice may be said 


to utilise a feature of the modern scheme; but high 
pressures are rare—although occasionally used—and 
the other refinements of the present-day steam cycle 
are unknown. 

Locomotive design has, however, proved extra- 
ordinarily conservative, and by far the largest propor- 
tion of new engines follow moderate pressure conditions 
with atmospheric exhaust. Such methods are open to 
attack in several ways, and both electrification schemes 
and internal-combustion engine arrangements make 
fair headway. Yet it must be admitted that the old 
type steam locomotive displays a remarkable tenacity, 
in spite of its obviously wasteful methods and the 
competition of these other systems. ; 

The application of the full scope of high-pressure 
steam methods is, however, not so easy or direct in this 
connection as in the other fields mentioned. The 
primary problem lies in the adaptation of the steam 
turbine to the requirements of the type, and this at once 
brings into the situation the questions of suitable 
condensing and satisfactory transmission systems. 
The condenser problem alone is serious, but has really 
nothing to do with high pressures. Many types have 
been tried—air types, film types, spray types, &c.— 
but development shows a strange inertia that seems to 
betoken fundamental difficulties. While, therefore, the 
high-pressure gains are, in the main, open to the 
locomotive, the low-pressure economies are quite 
untouched, and there is no other type of steam plant 





* “The Relative Commercial Efficiency of Steam 
Turbine and Diesel Machinery for Cargo Vessels,” 
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in use to-day confronted with such strong potentialities 
of increased economy. Hence the development and 
application of higher pressures—that are directly 
possible—may confer the additional advantage of 
directing a closer attention to low-pressure conditions 
and the means of achieving the benefits that lie therein. 

The Main Influences of High Steam Conditions ; 
Materials.—In all attempts to reach extreme pressures 
and temperatures the problem of materials exercises 
a controlling influence. It represents the main factor 
limiting the boundaries of ultimate achievement, and 
the main difficulty restricting advance thereto. Higher 
pressures and superheats, through stress action and 
the weakening influence of temperature, increase the 
severity of the conditions inflicted on the materials 
in a sort of double progression. The boilers and turbines 
are concerned, in differing degree ; and it is essential 
to appreciate how the strength and usefulness of metals 
are affected, if any genuine estimate of the difficulties 
of advance is to be formed. 

The quality of the resistance offered by a material to 
corrosive and erosive influences will always arise in 
steam-plant applications. Whatever degree of excel- 
lence this resistance may attain under moderate 
conditions of working must be maintained at the 
higher values. This aspect of the subject of materials 
raises wide issues not capable of reasonable treatment 
here ; but it is fairly clear that the steady development 


of modern materials can meet the requirements satis- | 


factorily. Both Sir Charles Parsons and Sir Robert 
Hadfield have referred to the excellence of the newer 
materials—presumably nickel-chrome steels and alloys 
—in this respect, and are apparently satisfied with 
the promise. In any case, corrosion is not purely 
an effect of higher steam-pressures. It is present 
and troublesome to some extent in normal conditions ; 
and the natural tendency to greater care in the elimi- 
nation of impurities and occluded gases in the feed water 
will probably reduce the difficulties to reasonable limits, 
even at higher temperatures. And, in any case, the 
matter takes a secondary place in comparison with the 
waning strength of metals as the temperature increases. 

But one side of this matter might be referred to 
in passing, as it is not fully appreciated. It has been 
shown* that a hot boiler tube, above a certain tempera- 
ture, produces some slight dissociation of the steam 
with evolution of free hydrogen—and presumably 
oxidation of the metal. The effect is just of reasonable 
magnitude at or above a metal temperature of 900 deg. 
F. with ordinary boiler tubes, and increases rapidly 
thereafter. If this should prove fundamental and 
general with all metals, a limitation of some moment is 
introduced ; but it is perhaps probable that special 
materials will delay the critical condition. 

The reduced strength of metals at high temperatures 
is, however, the primary and most definite effect to 
be considered ; and in this connection the notable work 
of recent years on the phenomena of ‘‘ creep ”’ takes on 
a special significance. It provides, as it were, a 
new and more stringent basis for judgment of the appli- 
cability of metals in the higher temperature ranges, 
and certainly displaces the strength figures, commonly 
determined by direct test, as the criteria of value. 

A metal subject to stress over a period of time at a 
temperature above some moderate and characteristic 


limit will fail, by creep, at a much lower stress than | 
that indicated by a straightforward break after heating. | 


This feature has been adequately demonstrated ; 
and Professor Lea’s papert before this Institution 
two years ago provides a very clear exhibition of the 
effects. 
mate fracture depends on the time ; 
finally reached below which failure will not occur. 
This is the ‘“ creep limit ’’ for the metal at the tempera- 
ture of investigation; and when determined for a 
series of values the * creep limit curve ” is obtained. 
This curve must take the place of the usual strength- 
temperature diagram. 

Thus, taking the direct strength under a * quick 
break” at any temperature as the basis figure for 
that temperature, Fig. 1 shows the percentage reduction 
of this apparent strength by creep effects, for a few 
different materials. 
relation between the direct-strength and creep-limit 
curves for the carbon steel and the nickel-chromium 
alloy of Fig. 1 ; the forme: representing the effect for an 
ordinary material and the latter displaying the highest 
creep limits that, have so far been reached. It will be 
appreciated from these diagrams that the effect is 
quite extraordinary. In view of it, non-ferrous materials 
of the brass or bronze type practically cease to have any 
real value in the high temperature field. 3 

The consequences of the fact of creep failure simply 
amount to the degeneration of what is commonly 
understood as a factor of safety, on a stress basis, into 





* “On the Production of Hydrogen by Steam in a Hot 
Boiler Tube,” Porter, Journal of the Royal Technical 
College, December, 1925, page 14. 

t ** Effect of Low and High Temperatures 
Materials."’ Proceedings I.Mech.E., December, 1924. 


on 


For any temperature, the stress causing ulti- | 
but a limit is | 


Fig. 2 shows, in another way, the | 


bs mere margin of safety, on a temperature basis. 
| Thus the carbon steel of Fig. 1, if subject to a stress of, 
say, 7 tons per square inch at 900 deg. F., would 
have an apparently ample factor of safety as based 
on direct strength, but would have no real margin 
of safety on temperature considerations. While, in 
general, the first method of judgment might be as 
good as the other when it was certain that the tempera- 
ture value would not be exceeded, it ceases to have any 
merits when—as in boilers—the metal temperatures 
are not necessarily confined within narrow limits. 

The general order of creep effects, and the type of 
relationship between creep-limit and direct-strength 
curves are fairly similar for different metals; and it 
has been shown* that the time, e hours, that will 
elapse before fracture occurs, under a stress S tons per 
square inch at temperature 0, is expressible in the 
form 


ae a1 (89 — 0) +2 : 
1 — (60 — ) (81 + B2.8/8) 

| where @ and 8 denote coefficients that can be deter- 

|mined by experiment; and 4 is’the temperature at 
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| which the stress S would produce practically immediate 
| failure. 

| If equation (1) gives a negative result the conclusion 
| is that failure will not take place under the conditions 
jemployed. The point falls on the safe side of the 
| creep-limit curve ; and the degree of security is then 
|measured by the temperature margin, A@, which 
| may be read from a “‘ creep-strength ’’ curve, such as 
in Fig. 2, or, in the notation of equation (1), is expressed 
| by :-— 


| “0 


| 
} 
| 


1 
A 6 = (09 — 6) — —______ « oz 
| ae y 
If the temperature is liable to a fluctuation exceed- 
| ing this, the security vanishes. 
|  Boilers.—Many notable changes have occurred in 
| boiler practice. The idea of high unit powers seems to 
| have created the ambition of a single boiler-turbine- 
| condenser system and, although this is not actually 
| achieved, the advance in the mere dimensional aspect 
| of boilers has been most striking. But such an advance 
was really always open. It is not a necessity of high 
| pressure. It is only an outcome of the more intensive 
| development in all directions that has accompanied, 
lor has been prompted by, the movements towards 
| higher economy. 
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The most direct effects of the call for higher pressure 
on boiler design are exemplified by three new methods 
of steam generation that have reached the stage of 
full scale trial within recent years. These are the 
Benson “ critical pressure” boiler; the Atmos “ re. 
volving-tube * type, and the Léffler system. Each 
endeavours to overcome in a different way the troubles 
incidental to steam formation by violent ebullition. 
All have been fully described in the technical Press ;* 
but information on which to base judgment of values is 
rather meagre. 

These new methods are ingenious and are, in a sense, 
more notable developments of the period than are 
exhibited by the elaborations and perfection of standard 
practices. But they have hardly yet affected boiler 
methods ; and with probably the single exception of 
a large plant for Czechoslovakia on the Léffler system 
all the major installations are of well-established types, 
To a critical view, although unsupported by full 
evidence, the Benson and Atmos methods would 
appear rather extreme attempts to overcome moderate 
difficulties ; and the Léffler process, wherein the com- 
bustion gases are wholly concerned with superheating, 
promises to express all boiler difficulties in terms of 
superheater difficulties, and to create extreme condi- 
tions not less onerous than those of radiant type super- 
heaters. 

Our immediate concern is the hindrances to pressure 
advance ; and none of these new methods can really 
promise immunity from the essential difficulties, 
These difficulties are clearly displayed by the para- 
mount requirements of pure feed-water and the relia- 
bility of materials, 

The feed-water problem is of increasing seriousness 
as the operating pressures and temperatures rise, The 
solubility of those substances that produce scaling 
decreases with rise of temperature ; and they must be 
reduced or eliminated by suitable treatment. Even 
although evaporator make-up alone is used, a slight 
condenser leakage is sufficient to cause trouble. The 
employment of a double condenser arrangement in 
marine work, as in the King George V, would appear 
a necessary safeguard in such application in order to 
permit of immediate attention if salinity of the water 
should be detected; and to permit this without 
stoppage of the plant. 

The pre-treatment of feed-water to remove the hard 
scale-forming bases, by methods that do not produce 
harmful gases in the steam, is a chemical problem of 
some magnitude, On the other hand, the proper 
de-zration of the condensate to remove oxygen and 
other gases that may aid corrosion is an engineering 
operation largely met by the adoption of closed feed 
systems and de-xrators. The conjoint employment of 
all such methods appears to lead to satisfactory results. 
And it is highly probable that any required degree of 
perfection to safeguard the boiler elements and the 
turbine expansion passages, can be attained for any 
pressure and temperature within the limits at which 
the materials difficulty takes precedence of all others. 

This materials problem may be set as a consideration 
of the metal wall temperatures as the operating con- 
ditions become more severe. The high-pressure boiler, 
as it appears to be developing, may be taken as com- 
posed of a radiant-heat absorbing section—water walls 
and lower tube rows—a first boiler section, an inter- 
mediate or “ interdeck ’? superheater element, a second 
boiler section, and an air pre-heater. The economiser 
promises to disappear as its direct function is so well 
performed by stage feed-heating; and its beneficial 
influence in “ flattening’? out the boiler efficiency 
curve is adequately performed by the pre-heater. Any 
inclusion of steam re-heating elements within the main 
boiler setting only raises the same problems as of the 
primary superheating section. 

The tubular furnace walls receive heat by direct 
radiation. There is little real knowledge of the magni- 
tude of this effect; but it appears to be reasonable 
to assume that the total heat received is a proportion 
of the total furnace heat depending on the ratio of 
the heat developed to the absorbing surface presented. 
Several American writerst have recently dealt with 
data of the kind from the large boilers now in use, 
and present the results in this order. A more elaborate 
study of the matter might be possible, but would be 
fruitless at this juncture, and for the simple purpose 
in view, since it would depend on those data that 
seem already well met by the method mentioned. 

It follows that the heat absorbed per square foot of 
radiant surface is expressible by 


Q=n.C.FxX . (3) 





* “The Benson Boiler, Power, May 22 and 29, 1923 ; 
The Engineer, February 22, 1924; ‘The Atmos High- 
Pressure Boiler,” The Engineer, February 27, 1929; 
ENGINEERING, October 30, 1925; ‘The Léffler System 
of High-Pressure Steam Generation,’”” ENGINEERING, 
April 17, 1925. ; ; 

+ “Radiation in Boiler Furnaces,” Broido, Mec/. 
Engineering, February, 1926. 
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where 
Q = heat per sq. ft. radiant surface per sec. 
C = coal per sec, 
X = surface in sq. ft. 
F = heat per Ib. coal. 
For » Orrok* has given the expression 
1 
/Ojx 
NU 
1+L—y 
where L is air per lb. of coal; and in this form the 
radiation equation merely represents an adaptation | 
of an old formula of the kind. 

No matter how the tubes receive their heat extern- 
ally, the transmission of this heat to the fluid within 
is by convection; and a rough estimate of the order 
of the wall temperature may be made by convection 
methods. 

In the fully convective transmission of heat from a 
yas at temperature T, through a metal wall at @, to an 
internal fluid at ¢, the heat per square foot per second 


18 


= (4) 








Ay (Ti — 01) = Ay’ (01-4) =A (Ti—h). (5) 
in which h, is the transmission coefficient, gas to metal ; | 





hy’, the coefficient for metal to fluid; and hj, the usual 


| 


Fig.3. TEMPERATURE STRESS EFFECTS 
sin IN WATER-COOLED WALLS. 
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overall experimental coefficient that ignores the 
wall temperature. The suffix 1 merely denotes that 
this is the first case of the kind here. These hj’s are 
really approximate representations of the Reynold’s 
coefficients and, therefore, the ratio of hi’ to hi, may 
be taken as 
hy’ sis 8’ pi’ vy’ 
hb apt 
where s, p, and v are respectively specific heat, density, 
and speed of the fluid. Strictly, such a ratio should 
have a correction factor, acting through viscosities and 
conductivities, to allow for the effects of the viscous 
tims; but, in view of the controversial and relatively 
small nature of such corrections, together with the 
essentially simple and general guidance sought, elabora- 
tions of this kind may be excluded. 
From (5) and (6) it follows that 


hy’ = hy (11 + 1) 
and, since in this case hi(Ty —t)=Q 


=f] . F - (6) 


there follows 


Q 
= 2 A 
P hy (1. +1) . 


The quantity hi (ri: + 1) is roughly constant and 
for gas-metal-water conditions may be of the order 
6-43. But with water walls the outlet fluid may be 
practically saturated steam and with a specific heat 
ratio, water to steam of, say, two to one, the quantity 
hi(r, + 1) may be taken as 0-22. 

According to the radiation data available a figure 
of 30 for Q would represent a fairly high value, com- 
mensurate with a rather small radiant-heat surface. 
Sut since, even with large surfaces, the heat absorbed 
may vary at different parts, and in any case, when the 
side walls are not water-cooled, the lower tube bank 


(7) 








_* “* Radiation in Boiler Furnaces,” Orrok, Mech. 
Engineering, Marth, 1926 | 


| presents only a moderate surface to the furnace, the 
| value may be taken as reasonable. It is impossible 
| to meet all the probable conditions without losing the 
| desired simplicity ; and it may be assumed that for 
| any arrangement there is always some forcing rate at 
| which this transmission is possible. 

Hence it would appear that the radiant-heat metal 


| surface may be, roughly, about 140 deg. F. above the 
| temperature of the steam. Many steps in elaboration 
| of the analysis are obvious which would lead to a more 


complex order of change with steam pressure ; but all 
of them are rendered inconclusive by inadequate data 
at some essential point. 

The simple result obtained leads to the metal tem- 
peratures shown in Fig. 3. Even up to the highest 
pressures, the temperature does not appear excessive. 
It should be appreciated, however, that internal 
scaling of these tubes is a critical matter. Owing to 
the dependence of the radiation on the fourth powers of 
the temperatures, even a considerable rise of the metal 
temperature would hardly affect the heat absorbed, and 
a very moderate scale formation might easily lead to 
prohibitive temperatures. 

But even without such an effect the metal wall 
temperature in this case provides no real basis of judg- 
ment. It is the temperature margin on the creep limit 


Fig.4. TEMPERATURE STRESS EFFECTS 
IN SUPERHEATER TUBES. 
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that should be employed ; and for this the stresses are 
required. 

For a tube subject to an internal pressure, P Ib. per 
square inch, and transmitting heat, Q B.Th.U. per 
square foot per second, from the outside inwards, the 
maximum stress in pounds per square inch is given by 


E.c.Q.b {2 loge + \ (8) 


1+ 22) 
fh=P{ say x 
ae Oa ad 


li — a2) 
in which 
b = external radius, in inches. 
w« = internal radius/external radius. 
E = modulus of elasticity in lb. persq. in. 
ec = coefficient of expansion per deg. F. 
k = coefficient of conductivity in B.Th.U. per sec. 
per sq. ft. per in. 
o = Poisson’s ratio. . 

Taking a tube 4 in. in external diameter and } in. thick 
—as used in the Hell Gate Station boilers* in America— 
the stresses are as shown in Fig. 3. It should be noted 
that the assumption of the same tube thickness for all 
pressures is quite ‘legitimate, since any attempt at 
thickening to meet the pressure stress in the first terms 
of (8) would increase the temperature stresses given by 
the second term. 

By means of the wall temperatures and stresses so 
obtained and the creep limit data of Fig. 2, it is easily 
possible to determine the temperature margins shown 
by the upper curves of Fig. 3. 

It will be observed that at the highest pressures the 
security, in the case of ordinary steel, has practically 
vanished ; and that to obtain thereat the same margin 
of safety as this material provides at the lowest pressure 





* “Water-lined Furnace Walls for Power Station 
Boilers,”” ENGINEERING, January 16, 1925; ‘‘ Water- 
Cooled Furnace Walls,” by H. D. Savage, Year Book 





of the Amer. i. and S. Inst., 1925, page 114. 


would necessitate the employment of special metals. 
It should also be remarked that the use of fins on 
these tubes may easily produce high local temperatures 
and stresses, that would render the margins displayed 
in Fig. 3 rather generous in their allowance. 

The lowest tube rows of the boiler are in much the 
same condition as the side walls. But the superheater 
tubes above the first boiler section deserve a little 
consideration, and the corresponding treatment for this 
case may be briefly outlined. 

The heat transmission here is purely by convective 
processes and the corresponding equation to (5) may be 
| written 
he (Tz — 02) = he’ (02 — ta) = ho(T2— tz) . (9) 


| 
| 
| and with 
ho’ 
he 


there follows 


T2—& 
02 = (—2 to . . «Gl 
2 = 5 ) +t (10) 

To serve the present purposes a value of 25 may be 
taken forr,. This corresponds to a rate of combustion 
gas flow of about 3 lb. per second per square foot of 
flow area, and a steam speed within the tubes of about 
50 ft. per second at the lower pressures. While the 


Fig.5. TEMPERATURE STRESS EFFECT, 
“RADIANT TYPE SUPERHEATER. 
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latter may be high for low pressures, the employment 
of a constant rg value probably renders the corre- 
sponding value low at the high pressures; and this 
may somewhat exaggerate the rise of 02 with steam 
temperature. It may also be assumed that by the time 
the combustion gases reach the superheater tubes they 
have been cooled to, say, 2,000 deg. F. The value of tg 
can be taken as the total steam temperature in any 
case, as with a counter-flow arrangement the inlet gases 
first meet the outgoing steam. 

With these various conditions applied to equation (10) 
the metal wall temperatures of Fig. 4 are obtained, as 
based on total steam temperature. These are naturally 
higher than the radiant water-cooled surface tempera- 
tures of Fig. 3; but the stresses are not now so severe. 
For these the similar equation to (8) is 


1 + 22 Ne ho (To — 1 } 
ho P {ie} + ae [2toge; | 
: “ | 5-1 J 
1— 2® 
. . (11) 
in which the only change is the substitution of h, 
(T. — t,) for Q. 

With tubes 2 in. in external diameter and 0-15 in. 
thick, the stresses shown in Fig. 4 are obtained. In this 
procedure, pressure and total temperature have been 
allowed to progress together in such a manner that the 
superheat is practically the same at all pressures. 
Owing to the relative smallness of the temperature 
stresses in this case, it would be possible to counter the 
effect of pressure to some extent by tube thickening, 
but the stresses are not very severe and the correction 
need not be made here. 

With the metal temperatures and stresses established, 
the temperature-margin curves are obtained as before ; 
and it will be seen that the conjunction of higher tem- 
perature and lower stress in the superheater tubes leads 
to much the same degree of security—or insecurity— 
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as the combination of highe 
temperatures in the radiant heat surfaces of Fig. 3. 

For radiant type superheaters the procedure would 
be a combination of the two cases already studied. If 
it be assumed that the radiation per square foot is the 
same in such an arrangement as has been taken for 
the side walls, severe issues are raised. The calculation 
for wall temperature, @,, would be by 


63 — oe ++ 


he (r2 + 1) 


and for stress by equation (8); for Q = 30 and tubes 
of 3 in. external diameter and 0-20 in. thick, this would 
lead to the conditions shown in Fig. 5. 

It is obvious that the employment of this type of 
element would be seriously restricted by pressure and 
temperature advances ; and it may be presumed that | 
this limitation will affect its use with ordinary boilers | 
at high total steam temperatures, and will exercise 
the main restraining influence on the maximum tem- 
peratures open to the Léffler system. 

Air pre-heater tubes are not subject to any severe 
stress action, and the wall temperatures will not be 
high except in the event of considerable advance in 
combustion air temperatures. It is sufficient to notice 
that the tube temperature in such cases is practically | 
the mean of the air and gas temperatures, owing to the | 
similarity of the fluids and their conditions of flow on | 
the two sides of the tube wall. Hence, with, say a | 
200 deg. F. difference between the chimney and inlet-air | 
temperatures, and a counter-flow arrangement for the | 
gases, the maximum tube temperature would be roughly 
100 deg. F. above the final combustion air temperature. | 
This leads simply to Fig. 6, which shows the growth of 
the wall temperature consequent on any attempts to 
exploit higher air temperatures, on the assumption, of 
course, that the boiler surfaces are arranged to suit. 

The conceptions that have been formulated, and 
the facts that have been portrayed, in this study of 
metal temperatures are admittedly approximate. 
The methods have been kept within quite moderate 
bounds, however; and the results are by no means 
the worst that are possible in a boiler not in the best 
condition and subjected to forcing. The net conse- 
quence of the points that have been made must be | 
recognised as the simplified issue of the materials | 
question arising in any progress towards high pressures | 
and temperatures; and any steps in such progress | 
that do not fully contemplate such influences must be | 
deprecated. | 

Turbines.—Under moderate steam conditions there | 
has always been, with large turbine units, the outlet- | 
end problem of the leaving loss. The employment | 
of high pressures introduces an inlet-end difficulty | 
also, The exhaust end demands the adequate accommo- 
dation of huge steam volumes ; at the inlet end there 
arises the question of the efficient guidance of very | 
dense steam in small passages. The outlet problem | 
has led to the subdivision of the end stages in double | 
flow or “ multi-exhaust ”’ systems; and the high- 
pressure end difficulty leads likewise to the separation 
of the turbine sections so that the high-pressure 
conditions may be dealt with apart, in a small compact | 
cylinder suited in size and design to the extreme | 
densities and temperatures at inlet. 

The material of such a unit will have to be capable | 
of withstanding fair stress at considerable tem- 
perature ; but, generally, the proposed temperature of | 
operation is a sufficiently clear indication of the severity 
of the conditions, since it should be possible to design | 
for the same stresses at all pressures. With high | 
temperatures, the likelihood of casing distortion may | 
require special consideration, and the necessity for | 
symmetrical design and the avoidance of extraneous | 
steam-pipe thrusts is obvious. Owing to the small | 
clearances allowable, distortion must not occur, and, | 
with anything approaching small temperature margins 
on the creep limit, there is absolutely no security. 
But as only a relatively small portion of the turbine 
material is subjected to the highest temperature of 
the steam, it is possible to employ special metals for 
these parts. ' 

In such circumstances, the main influence of high 
steam conditions on the tu~bine is measured by the 
effect on the stage efficiencies, and the modification of 
these characteristic values by pressure ad vances requires 
consideration. r 

The authors have elsewhere* developed their main 
arguments in this connection, but a brief recapitulation 
may be permitted for the sake of clearness. The neces- 
sary employment of a separate casing for the high- | 
pressure end permits the adoption of the best speed— 
by gearing or by separate drive—and a definite guidance 
to the proper speed relationship between the special 
and ordinary turbine sections is afforded by the con- 
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* “The Limiting Possibilities in Steam Plants,” 


Proc. N.E. Coast. Inst. Engrs. and Shipbdrs., February, 


1925. 
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| where V = specific volume, 

u = blade speed, 

D = diameter, 
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Fig.6. AIR-PREHEATER WALL 
19.0. AR 
































EMPERATURES. 
Bevo 
oot 
so —_ 3 
By f 
i 
» 5700 
> 
as 
“300 400 S00 600 700 800 
919) Combustion Air Temp Degrees Fahrenhat 
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(P; and V;) may be taken as constant and the speed 
of the high-pressure section is then 
Re /Pi 

Hence the disc loss for any stage at volume V is 
given by 

1 
P,V- 

The same argument does not, of course, apply to 
the normal pressure range of the machine. Below, 
say, a pressure of 200 lb. per square inch, the speed 


is unaffected by initial pressure, and then 


1 
a ° . . (14) 
The scheme so developed would result in an approxi- 
mation to constant efficiency conditions if this type 
of loss were alone active. But having settled the 
speeds and, therefore, diameters, the variation of 
other loss factors must be accepted as a consequence. 
It may be advanced that this process of establishing 
the order of effects by the primary assumption of 
constant disc loss is not general enough, since it is 
hardly of direct significance in the case of the reaction 
turbine. But this type must also seek small diameters 
at high speeds in the endeavour to obtain the maximum 
blade heights with increasing steam densities, and 
the order of variation established by consideration 
of a characteristic impulse type loss serves the purpose 
as well as any other method that might be devised. 
The nozzle and blade losses, or steam-way losses 
generally, must contain a large factor simply dependent 
on the steam-flow energy, which is, therefore, a constant 
effect with equal heat allocation per stage under 
different initial pressure conditions. Hence say 


z2=C - (15) 


But a portion of the steam passage influences must 
reflect the size factor also, and hence will have a 


> 


zoe . (13) 
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The blade speed may be 
| maintained constant by allocation of the same heat | 
| per stage at all pressures ; and since, then, the diameter | 
| varies inversely as the revolutions, the disc loss 


where R represents speed of rotation. If z; is constant, 
| R must vary inversely as the square root of the steam 
The product of initial pressure and volume 


| 
r stresses with lower | dition of constant disc friction loss. To effect this the | variable effect. This is rather difficult to assess 


lowing to the lack of knowledge of the component 
| factors in flow losses, but it might be simply imagined to 
| be proportional to passage length and inversely as the 
| square root of flow area A. The area may be taken 
| directly as the specific volume V, while the length, 
| which will hardly reduce so rapidly as the diameter, 
| may be allowed a variation as the square root of the 





| diameter. Hence 
D 
230K sa 
| ‘ ms Vv 
and with 
| i ao 
De Rand Re J/Pi 
there follows 
230 — 1 = ra (16) 
Pyt . V* 


|and, for the range below 200 lb., not concerned with 
| the speed changes, 
1 


JV 
| ‘To allow for leakage effects the simple assumption 
jis permissible that minimum and constant working 
| clearances, to a large extent unaffected by diameter— 
at least where leakage is important—can be established 
and maintained. Hence the leakage losses vary with 
the ratio of the diameter to the steam volume or, 
by the introduction of the speed relation, there is 
obtained 


. (17) 


23 « 


1 





an. . (18) 
V /Pi 
and, as before, for the non-variable speed range 
zy! oe + . (19) 


On the basis of a gear drive for the special high- 
pressure unit, all stages within this unit should be 
charged with the gearing efficiency’ «; and, again, 
all stages working in the wet field should be corrected 
by a factor which is sufficiently represented by the 
dryness fraction q. 

To change the proportional statements for losses 
into specific values, it is necessary to establish standard 
losses. Suppose that the condition of dry steam at 
100 Ib. is taken as a standard, and that the respective 
loss fractions thereat are represented by Zi, &c. 

Since the stage efficiency is 

n=q.€(1— 22) 
above 200 1b. pressure, and 

n =q(l—=2’) 
below that limit, then, by introduction of the known loss 
factors, and with due recognition that the standard 
stage lies in the fixed speed range, there follows 





in a. ee. 2S 63 Z4 ), 
n y (1 C) Ey Vv T pit vi Pi.v y q.€ 

d . (20) 
an 

i ae f te (= Zi be | Z3 4°5 Za 1 


When allowances such as the following are made, viz., 
C = 0°10, Z; = 0°03, Z3 = 0°07, Z4 = 0°03 

as suitable for the 100-lb. standard stage, the value of 
7, can be calculated for any assumed conditions. To 
show the nature of the variation of the stage efficiency 
for a high-pressure plant equations (20) and (21) have 
been used for the case of an initial pressure and 
temperature of 1,500 lb. and 900 deg. F. respectively, 
with re-heating to the initial temperature at 250 1b.. 
and exhaust at0-51b. The results are shown by Fig. 7, 
which gives an indication of how the stage efficiency 
will vary along the expansion line. 

The normal range efficiencies of Fig. 7 are not 
impossible of achievement, but it would be difficult to 
say whether the fall in the higher pressure regions is 
excessive or under-estimated. But the general order 
of variation seems to be rational, and the equations 
derived may be allowed to give a fair indication of how 
efficiency is affected by pressure. In thermal efficiency 
considerations of different pressure cycles, such an 
effect must be included, otherwise the conclusions are 
too strongly in favour of the highest pressures. 


(Zo be continued.) 





Tue InstrtuTE oF Metats.—The annual general 
meeting of the Institute of Metals will be held on March 
9 and 10, in the hall of the Institution of Mechanical 
Engineers, Storey’s-gate, Westminster, London, 8.W.1, 
commencing each day at 10 a.m. Seventeen communi- 
cations are expected to be submitted. The annual dinner, 
which will be followed by a dance, will take place on the 
evening of March 9, at the Trocadero Restaurant, 
Piccadilly Circus, London, W.1. The annual autumn 
meeting will be held in Derby early in September. The 
plans for the meeting are being made under the direction 
of Sir Henry Fowler, who has just been appointed a 








vice-president of the Institute. 
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DOUBLE DECK BASCULE RAILWAY BRIDGE; NEW YORK. 
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[DOUBLE DECK BASCULE RAILWAY 
| BRIDGE ; NEW YORK. 


IN connection with the Manhattan Subway railway 
service across the Flushing River to Long Island, an 
interesting bascule bridge has recently been built at 
Roosevelt Avenue, New York. This is one of the 
largest of its kind in the world, being double decked and 
accommodating on the top deck three lines of railway 

| track, and on the lower deck a wide road for vehicular 
traffic. The bridge is illustrated in Figs. 1 and 2, 
annexed. It has been erected at a cost of rather less 
than 2? million dollars, the weight of each leaf being 
| about 1,700 tons. Each leaf is 152 ft. long. The 
leaves are counterbalanced so that four motors of only 
| 80 h.p. capacity are required to open and close the 
bridge in 45 seconds, in a 25 m.p.h. wind. The clear 
| height of the bridge above water level is 25 ft. 7 in., 
and tug traffic can therefore pass beneath it when 
closed. 

In operation, a definite sequence has to be followed, 
and unless one step is correctly completed, another 
movement cannot be started. When it is desired to 
open the bridge for the passage of a ship, the operator 
signals to the man in control of the railway traffic 
who sets all signals against the trains. This can only 
| be done when all traffic is clear of the bridge and its 
approaches. This movement automatically energises 
| the bridge circuits, which can then be dealt with. The 
| operator next starts two motors which withdraw the 
| locking bolts, each of 400 lb. weight. This concluded, 
| the tail locking struts at the inboard ends can be 
withdrawn, after which the leaves can be lifted. In 
| closing, the same sequence is followed in the reverse order, 
and not until the locks are set can clear signals be 
given for trains. The operator is informed of the 
correct behaviour of all parts by indicator lamps on his 
| desk, and, if a jam should occur, everything is locked 
| automatically. The last few inches when lowering 
| out are taken at greatly reduced speed. All gear has 























oe 
- 
bo 








I22 


ENGINEERING. 


[JAN. 28, 1927. 











been installed in duplicate to ensure uninterrupted 
operation. - 

The bridge has been built by the McClintic-Marshall 
Company and was erected by the Arthur McMullen 
Company. The Westinghouse Electric and Manufac- 
turing Company, of East Pittsburgh, supplied the 
operating and protective gear, which was worked out 
in conjunction with the engineers of the Department 
of Plant and Structures, of the City of New York. 








ELECTRICAL EQUIPMENT OF TRACK 
ON THE UNDERGROUND RAILWAYS 
OF LONDON.* 

By Artaur R. Coorrr, M.Inst.C.E. 
(Continued from page 92.) 

High-Tension Cables.—In the section dealing with the 
adoption of the insulated return for the electrification 
of the District Railway, reference was made to such a 
system lessening the liability of interference with out- 
side interests. The adoption of the insulated return has 
undoubtedly also reduced the likelihood of injury to 
cables, in particular those in the railway tunnels. 
Breakdowns on the high-tension cables have been very 
few and, in the majority of cases, have been caused by 
mechanical damage rather than by an internal electrical 
breakdown or damage to the lead covering by electro- 
lysis. Some of the cases of failure have been due to 
men engaged on new works or alterations inadvertently 
driving a wedge or pick into the high-tension cable. 
No case has occurred where the man responsible for 
causing the damage has received any injury, the 
instrument causing the damage in all cases providing a 
good connection with the lead sheathing. No system 
of marking on the site the presence of underground 
cables has been adopted, reliance being placed.on the 
rule that, before any work of opening up is undertaken, 
the staff responsible for the high-tension and low-tension 
cables are to be consulted. 

The high-tension cables for the District Railway 
tunnels were originally laid in sheet-steel troughs 12 ft. 
long, these being supported at each end on cast-iron 
brackets fixed to the tunnel walls. The mechanical 
protection afforded by the thin (4 in.) sheet-steel 
trough was not thought to be of very real practical 
value. Its maintenance with the several small attach- 
ments was expensive; in fact, it appeared to be 
cheaper to let the troughing deteriorate until entire 
removal was necessary, rather than attempt to take it 
down periodically, paint it and replace it. It was 
decided, with the concurrence of the Board of Trade, 
to take down this troughing entirely and to put up two 
additional intermediate supports, providing a bracket 
support every 4 ft. Some of this troughing has now 
been replaced with these supports for a period of 
ten years, and no ill-effects of supporting an old 
unarmoured high-tension cable at 4-ft. centres has been 
experienced. 

In the open sections, unarmoured lead-covered cables 
were originally laid in earthenware ducts a few feet in 
the ground, the ducts being surrounded with concrete. 
Some defects have taken place due to subsidence of 
these ducts, as well as from electrolysis in wet places 
and from the presence of impure water. Cable on 
posts is free from the effects just referred to, and capable 
of ready inspection and maintenance ; it is also con- 
venient for addition and diversion. The cost of 
armoured cable run on posts has been found to be, in 
most cases, about equal to unarmoured cable in ducts. 

Cables in ducts, in several cases, have had to be 
removed and erected on posts, due to subsidence or 
other fault. In being unarmoured these cables do not 
accord with the general practice on railways, but our 
experience, extending over a number of years, does not 
show any iil-effect. {t is our practice on outlying 
sections to run all new cable armoured, but this 
additional expenditure (about 20 per cent.) is not 
considered to be justified where the cables are to some 
extent protected.and free from trespass. 

Cables over bridges were originally carried in 4-in. 
wrought-iron pipes, no special steps being taken either 
to earth the lead covering of these cables or to insulate 
them from metallic structures. Some replacement of 
the cables has been necessery on account of cracks in 
the lead sheathing caused by vibration. The pipes 
are gradually being taken oat, and, where the cable is 
serviceable, it is supported on raw-hide hangers provided 
at about 3 ft. spacing. Where the cable is defective, 
single-layer wire-armoured cable, (hessian taped both 
inside and outside the armour) supported on brackets 
4 ft. apart, is being used. Similar injury to the lead 
covering of unarmoured cables has also been found on 
viaducts where the cables have been carried on hangers 
on the parapet walls; this also was evidently caused 
by vibration. Some relief was found by putting felt 
pads between the cable brackets and the lead. 





* Paper read at a meeting of the Institution of 
Electrical Engineers on January 6, 1927. Abridged. 





On the tube railways, the high-tension cables are 
not armoured, but are supported from the iron tunnel 
lining on cast-iron brackets at 3 ft. 4 in. centres. On 
the railways where the insulated return has been 
adopted, no bonding either of the cables to the tunnel 
iron, or of tunnel iron to tunnel iron to make it con. 
tinuous, has been carried out, and no steps have been 
taken to keep the lead separate from the tunnel lining 
by means of insulation. Speaking generally, some 
slight fusing of the lead covering has occurred on these 
lines due to its carrying currents at times of heavy 
short-circuit, though this fusing has not been of such a 
nature as to cause failure of a cable. 

On the lines where an earthed return is in use, bonding 
has been provided at cross-overs and at other places 
where the tunnel lining is not continuous, but no 
bonding of cables, either to the lining or to one another, 
has been carried out. On these lines, some pitting of the 
lead has taken place, and greater attention has had to 
be given to bonding to overcome this injurious action. 

The lead coverings of all high-tension cables coming 
into the power house are bonded together and earthed, 
the earth being formed by the main turbine condensers. 
At all manholes where a feeder leaves a group the lead 
coverings are bonded together; they are also bonded 
at all substations. 

Insulation tests are carried out on all cables which for 
any reason have been worked upon, but experience 
shows that there is little value to be derived from 
carrying out these tests as a matter of regular routine. 
Exposed cables—those on brackets or posts and in 
manholes—are subject to periodical inspection, at the 
present time‘every four months. These inspections, 
however, do not relate to the armoured cable, but are 
particularly directed to detecting whether there are 
any cracks, pinholes, or signs of pitting in the lead 
covering ; where. in any case there is reason to 


the necessary means for quick attachment to the 
conductor rails should a failure occur with the cables 
between the substation and the conductor rails, 
Every endeavour has been made to avoid switching 
arrangements outside the substations. It has, however, 
been found necessary to provide isolating switches or 
links at each cross-over road, so that a defective section 
of the track, or a section containing a defective train, can 
be cut out and the fullest use made of the roads under 
the circumstances. These isolating switches are 
placed as shown in Fig. 14, and provide for the cross- 
over being used in either direction. They are only 
operated when current is off. These switches are of 
special design, a cam being operated after closing so as 
to — the contact. They are operated by means of 
a pole. 

These links were originally installed on the tube 
railways on the side of the tunnel, and on outside 
sections on posts alongside the track. Recently, 
however, these switches have been put directly on to the 
conductor rail, and are usually in the form of a link 
which can be entirely removed, rather than hinged at one 
end. Such an arrangement undoubtedly has the 
advantages of simplicity and of being less costly. 

Special Instrumenis.—There are two special items of 
electrical equipment installed on the track to which 
reference should be made. They are to some extent 
particular to tube railway speed restrictions, but the 
future will probably reveal a wider sphere of application. 

The first is a machine (speed recorder) to record the 
speed of all trains passing over some predetermined 
point, and is used to check the proper observance of 
speed restrictions. It will be realised that it is more 
difficult to check speeds in tunnels, and in particular 
tube tunnels, than on outside sections. The speed 
recorder can be fitted up for use at any place. 

The second is a machine (speed indicator) to show 





Fig. 14. STANDARD POSITION OF SECTION SWITCHES ON CROSS-OVER. 
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suspect leakage current, tests are made to detect 
whether current is flowing in the lead covering. In 
the early stages of the working, a number of such cases 
were found and were dealt with by various methods, 
such as the removal of the cables from the ground to 
adjacent walls, the introduction of an insulated gap on 
the lead, or additional bonding. 

Maintenance Work.—Maintenance work on _ the 
conductor rails, so far as the tunnel sections are con- 
cerned, is necessarily carried out in non-traftic hours, but 
on the outside sections the routine work is carried on in 
the day time. The conductor rails and insulators were 
for some years under the charge of the electrical staff, 
but are now looked after by the permanent-way section 
men, the work of the electrical department being 
limited to maintaining the bonds and cables. As every 
section length is patrolled daily by the permanent-way 
men, the visits of the electrical staff are infrequent, 
their attention being called by the permanent-way men 
to electrical defects. The routine visit of the electrical 
staff takes place about every three months in the tunnels 
and two months on the outside sections, and, as 
already mentioned, periodical tests of insulation and 
conductivity are carried out. There are comparatively 
few failures on the electrical equipment of track, but 
with the very frequent train service prompt attention 
is very necessary ; call men are stationed at certain 
points where, with one exception, they also do ordinary 
maintenance work. At one central depot there are 
three shifts to allow call men to be available at all times, 
but at other depots only one or two shifts are worked 
to cover the busy hours. 

These maintenance and call depots are provided with 
all necessary tools, cables, fittings and instruments for 
testing out and making temporary connections in regard 
to current supply. The company’s breakdown arrange- 
ments provide, in the Engineering Department, for a 
heavy motor lorry and two light motor vans fully 
equipped with the necessary tools and material for 
dealing with all classes of breakdown. The equipment 
is kept at Lillie Bridge depot. A breakdown gang is 
always on duty, and can be supplemented at short 
notice by men in the neighbourhood. False calls are 
made to check the efficiency of these arrangements, and 
a record is kept of the actual turn-out times of these 
lorries ; they leave the yard within a few minutes of 
the call being received. 

At points where substation feeder cables are con- 
nected to the rails, short jumper cables are kept, with 
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the motorman the actual speed at which his train is 
travelling over a particular place just in the rear of 
where the indicator has been installed. For main line 
trains on the Continent, the use of speed indicators is 
fairly general, their installation on locomotives being 
compulsory in some countries. So far as the under- 
ground lines are concerned, the supply of speed 
instruments at all driving points did not appear 
feasible owing to the large number required, nearly 
half the cars being motor cars and a large number of the 
trailer cars also being equipped for driving. 

The speed recorder provides a record from which the 
speeds can: be read with the aid of a scale, the results 
being compared with the speed permitted on the 
portion of the line in question. The drivers concerned 
have to give an explanation of any excessive speeds. 
The action of the apparatus is as follows: Two pairs 
of electric contacts are clamped to the track rail 
about 50 ft. apart at the point where the speeds are 
to be recorded, and are operated by the passage of 
the train, The first contact starts up the pointer of 
the recording instrument, and the second causes marks 
to be made on the chart as the train wheels pass. 
The record is made on a paper strip 6 in. wide driven 
at 6 in. per hour by mechanism which also moves the 
timing pointer, this timing pointer consisting of an 
arm passing across the paper once for each train 
recorded, Some difficulty was found in getting a 
mechanism for driving the recording device at a 
| sufficiently constant speed, mainly owing to the 
intermittency, as it only comes into operation during 
the passage of the train. This difficulty was overcome 
by using a small electric motor to drive the recording 
arm, the motor being constructed to run in synchronism 
with an electrically-driven tuning fork; the arrange- 
ment is accurate to about 4 minute in 24 hours. As 
the recording arm moves over the paper, a mark is 
made at the passage of each wheel over the contact 
already referred to. Difficulty was also found in 
getting a marking device sufficiently rapid to give a 
well-defined record, and finally a high-tension electric 
spark was adopted to puncture the record paper. 
To read these marks accurately, separate scales are 
required for cars of varying wheel bases, but, so far 
as the underground is concerned, the maximum error 
introduced by the use of only one scale, and allowing 
|for other companies’ trains passing over the lines, 
| does not exceed } of 1 per cent. either way. 
| The speed indicator consists essentially of a disc 
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timing device, which is electrically released to rotate 
during the passage of a train over a measured section. 
The disc is pierced near the edge with numbers in 
decreasing order, and when the disc stops, as the 
train leaves the measured section, a lamp lights up 
and, by means of a small optical lantern arrangement, 
shows on a board an image of the number to which 
the disc has rotated and which naturally corresponds 
to the speed over the section. The measured section 
is about 180 ft. long, the indicator being placed about 
200 ft. beyond this section. The rotation of the disc 
is carried out by a gravity arrangement, assisted by 
a spring in order to increase the initial speed and 
thus allow of the numbers being evenly spaced round 
the discs. The rotation of the disc is controlled by 
the damping effect of the electric currents generated 
in it by its rotation between suitably placed magnets. 
The disc is returned to normal by a simple electric 
motor device. 

Both the devices are worked from ordinary accu- 
mulators and, being portable, are frequently moved 
from place to place; in fact, the recorder instrument 
is generally moved after 24 hours on a section. The 
use of these two instruments has resulted in a much 
better observance of speed restrictions. 

Conclusions.—The practice. of the Underground 
railways and the conclusions arrived at, so far as 
matters dealt with in this paper are concerned, can 
be summarised as follows :— : 

(1) The insulated return is more complicated in 
operation than the earthed return, as it requires special 
arrangements to prevent fusing and rises of potential. 
It is very unlikely that any electrification in the 
future, except the extension of existing systems, will 
employ the insulated return. 

(2) Special attention should be given to obtaining 
good conductivity in conductor rails, both by suitable 
chemical composition as well as by favourable methods 
of manufacture. 

(3) The flat-bottom rail section best meets the 
several requirements of a conductor rail. Old bull-head 
rails are suitable for use as conductor rails in sidings. 

(4) The conductivity of conductor rails should be so 
maintained as to give 95 per cent. of that of the 
continuous rail. 

(5) Protection against accidental contact with con- 
ductor rails is only necessary at certain places, and 
one outside plank is sufficient. 

(6) The anchoring of conductor rails, in order to 
prevent displacement of the rails and straining of 
jumper cables, can be satisfactorily carried out by the 
use of strain insulators, together with proper attention 
to the rail joints. 

(7) Track jumper cables without lead covering should 
be laid in wooden troughing on the top of the sleepers. 
Stainless steel set-screws are preferable to gun-metal 
set screws for attaching these cables to the rails. 

(8) The loss in weight of conductor rail varies from 
0-2 lb. to 1-2 lb. per yard per annum, in accordance 
with the several causes referred to. The painting 
of conductor rails to prevent corrosion is not justified. 

(9) There is need for an insulator made of a material 
giving a smooth surface and sufficiently robust to 
dispense with a metal cap. The cleaning of insulators 
is only justified in exceptional cases. 

(10) Satisfactory methods for avoiding interference 
from ice on the conductor rails have not yet been 
obtained. Steel-strip brushes fitted to motor bogies 
at present give the best results. 

(11) Itis desirable in the interests of safety to change 
sae rails or axles which have been affected by electric 

urns, 

(12) High-tension cables should be exposed to view 
as far as possible, and need only be armoured where 
subject to damage. 

(13) Local track-switching and all connections to 
conductor rails should be kept strictly to a minimum. 


(To be continued.) 





THE British InpustRieEs Farr.—At a luncheon on 
the 19th instant, arranged by the organisers of the Fair 
Sir Philip Cunliffe-Lister, replying to the toast of His 
Majesty’s Government, proposed by Sir Hugo Hirst, 
stressed the particular need for advancing British in- 
dustries at the present time, and expressed the opinion 
that the Fair would be of the utmost value for this pur- 
pose. Sir Charles Higham, representing the organisers 
of the Fair, spoke ot the value of the work of the Depart- 
ment of Overseas Trade, and paid a warm tribute to the 
action oi the Government in again devoting a sum of 
25,0007. to the purpose of advertising the Exhibition. 
It was announced at the luncheon that the buildings at 
Castle Bromwich, in which the engineering exhibits 
are housed, has been considerably extende:| since last year, 
as the demand for exhibition space tuis year is con- 
siderably in excess of that of twelve raonths ago, when 
the existing buildings were filled to their utmost capacity. 
The total space occupied by stands at the Fair, which 
opens on February 21 next, will be 120,000 sq. ft., as 
compared with 80,000 sq. it. at last year’s Fair. 
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LAMP-LIFE TESTING AT THE 
BUREAU OF STANDARDS. 


THE specifications of 1923, under which electric lamps 
supplied to the United States Government are pur- 
chased, require the determination of mean light output 
and mean efficiency during life and impose much more 
laborious testing than did the previous method of 
obtaining only the life in hours at a specified light- 
output level. The advantages of the revised specifica- 
tions proved, however, so marked, that the chief problem 
became the simplification of the procedure and the 
avoidance of repetition work. This has been obtained 
by the use of computing scales and other accessory 
equipment, as much as by a modification of the method. 
The procedure adopted is explained in Technologic 
Paper No. 325 of the Bureau of Standards on Recent 
Development in Lamp Life-Testing Equipment and 
Methods, drawn up by Messrs. J. F. Skogland and R. P. 
Teele, Jr. (price 15 cents.). Although all lamps are 
rated and tested on the basis of total light output in 
lumens and efficiency in lumens per volt, vacuum 
tungsten lamps known to conform to standard values 
of spherical reduction factor are measured on a hori- 
zontal photometer bar; the average. value of mean 
horizontal candle power multiplied by the spherical 
reduction factor then gives the spherical value, which is 
proportional to the light output in lumens. Other 
lamps (mill type, carbon, and gas-filled lamps) are 
measured in an integrating sphere, 30 in. in diameter, 
or in a sphere of 88 in. diameter. All the photometers 
are fitted with slide-rule devices for the semi-automatic 
computation of the observation. The scales are 
logarithmic, and transformation of inverse square and 
logarithmic relations is obtained by means of a cam 
and a scale carriage, due to B. 8. Willis. The equipment 
further comprises a logarithmic percentage scale and 
other auxiliary devices, which have been included in 
order to make the evaluation as easy as it was on 
the former method. The lamps are burned at con- 
stant voltage and are supplied with alternating 
currents from transformers; after each predetermined 
period based upon the anticipated test-life, the lamp is 
removed from the test rack and tested on the photo- 
meter to determine electrical input and light output. 





FLaME-Proor ENCLOSURES FOR ELECTRICAL APPAR- 
atus.—A British Engineering Standards Association 
specification, No. 229-1926, has lately been published 
covering flame-proof enclosures for electrical apparatus 
and machinery as used in mines and other places where 
an explosive atmosphere may be encountered. Defini- 
tions of tests which apparatus of this class must with- 
stand are also included. These have been compiled 
with the intention that certificates should be issued 
only when the apparatus conforms to a British 
standard specification, where such exists. There is 
need for further specifications relating to control gear. 
Use is already being made of these tests in the prepara- 
tion of specifications for mining motors, switchgear, 
and controllers for use in mines. The new publication, 
which only defines the performance required from a 
flame-proof enclosure, consists of six clauses, the first of 
which is a definition of a flame-proof enclosure (including 
explosion-proof) for electrical apparatus, the remaining 
five specifying the tests for the various classes of 
apparatus, which are liable to modification if testing 
under short-circuit conditions is found to be essential. 
This specification may be procured from the Association’s 
Publication Department, 28, Victoria-street, S.W.1, 
price 2s. net. 

Tue M.S. ‘ Mopavia.’’—Built by Messrs. Vickers 
Limited, to the order of the Donaldson Line, Limited, 
the motorship Modavia was launched recently from the 
Naval Construction Works at Barrow-in-Furness. The 
vessel is a sister ship of the M.S. Moveria, which was 
built by Messrs. Vickers and delivered to the Donaldson 
Line in January, 1925. She is designed for the Canadian 
cattle trade, and also for the carriage of refrigerated 
and general cargo. The Modavia has an overall length 
of 398 ft., a breadth moulded of 53 ft. 6 in., and a depth 
moulded to the upper deck of 38 ft. Her draught when 
loaded will be 26 ft. 4 in. She is framed generally trans- 
versely, but the double bottom is constructed on the 
Vickers-Wingate longitudinal-frame system. The vessel 
has three continuous decks, with a fourth deck in Nos. 
2 and 3 holds, and seven transverse water-tight bulk- 
heads. Nos. 1 and 5 holds are arranged for general 
cargo, but have a centre-line bulkhead fitted for grain 
cargo. The ’tween decks above these are arranged for 
either cargo or cattle. Nos. 2, 3 and 4 holds and ’tween 
decks are insulated for the carriage of chilled meat. The 
propelling machinery consists of a single four-stroke 
single-acting oil engine having eight cylinders, and 
capable of giving the ship a speed of 114 knots. The 
cylinders have a bore of 30 in, and the length of the 
piston stroke is 45 in, The engine develops 2,700 
brake horse-power at 110 r.p.m. Steam required for 
various auxiliaries is provided by two boilers, 11 ft. 
9 in. in diameter; their double furnaces are fitted for 
oil-fuel firing. The boilers are installed at the after end 
of the engine room. Steam steering gear, of the Wilson- 
Pirrie type, is fitted in a steel house on the after end of 
the upper deck; it is controlled from the bridge by 
means of a telemotor. 


| CATALOGUES. 


| Machine Tools.—A list of new and second-hand 
|machine tools and woodworking machinery has been 
received from Messrs, Scott Brothers, Keighley, Yorks. 


Electric Cables.—The construction of their H-cables, 
for high and extra-high pressures, is dealt with in a special 
catalogue recently issued by Messrs. Siemens Brothers 
and Co., Limited, Woolwich. 


Oil Engines.—A catalogue of paraffin engines from 
2} h.p. to 18 h.p., made in stationary, portable and 
semi-portable types, is to hand from the Hamworthy 
Engineering Company, Limited, Poole, Dorset. Specifi- 
cations, illustrations, and prices are given. 

Steel Driving Bands.—The Steel Band Conveyor and 
Engineering Company, Limited, Barker-street, Parade, 
Birmingham, have sent us illustrations of several installa- 
tions in which steel belts have been fitted in place of 
leather belts and rope drives with successful results. 


Truck Wheels.—A catalogue of solid rubber-tyred 
wheels for trucks, trolleys, &c., is to hand from Messrs. 
H. M. C. Wheels, Limited, 23, Penn-street, London, N.1. 
There are 12 standard diameters, ranging from 4 in. to 
16 in., and plain or roller bearings are fitted. Prices are 
stated, 

Machine Tools.—A list of machine tools stocked at 
Welwyn Garden City by the United Machine Tool 
Company, Limited, 14, Holborn Hall, Gray’s Inn-road, 
London, W.C.1, includes a complete range of all the 
standard machines made by a number of the leading 
German firms, 

Small Tools.—Messrs. Lehmann, Archer and Co., 
Limited, 5, Farringdon-road, London, E.C.1, have sent 
us a catalogue of C.A.V. hand tools, gauges and measuring 
instruments, and of the Wade lathes and drilling machines 
for model makers and small work. All the items are 
illustrated and priced. 

Mine Conveyor.—An electrically-driven shaker conveyor 
for underground operation is described in a circular 
issued by Messrs. Mavor and Coulson, Limited, 47, 
Broad-street, Mile End, Glasgow. Four different ways 
of applying the driver to the troughing are described 
with the aid of line drawings. 


Electric Motors.—We have received from Messrs, E. 
Brook, Limited, Huddersfield, a catalogue of their single- 
phase, two-phase and three-phase motors, which are 
made in the usual types required for various conditions 
of operation. Tabular lists of capacities and dimensions 
are given, together with a detailed specification. 


Lifting and Conveying Appli —We have received 
from Messrs. Herbert Morris, Limited, Loughborough, 
copies of a folder illustrating several applications of 
mechanical conveyors, a circular explaining their hand- 
operated lifter for stacking, and a catalogue of chain 
slings and hooks with shock-absorbing springs. 


Piston Rings.—A catalogue of accurately-finished 
piston rings for cylinders ranging from 2 in. to 24in. in 
diameter, and suitable for motor-car and heavy gas and 
oil engines, is to hand from the British Piston Ring 
Company, Limited, Coventry. Much useful information ~ 
is given about the material, construction and fitting of the 
rings. 

Lathes.—Catalogues of their 64-in. and 7-in. centre 
capstan lathes are to hand from Messrs. Pollock and 
McNab, Limited, Bredbury, near Stockport. The smaller 
size takes bars up to 1} in. in diameter and the larger up 
to 2-in, in diameter. Both are equipped with many 
automatic devices for accurate high-speed repetition 
work. 

Accumulators.—A catalogue of accumulators, and of 
replacement parts made to interchangeable standards, 
is to hand from the Tungstone Accumulator Company, 
Limited, St. Bride’s House, Salisbury-square, London, 
E.C.4. These accumulators are suitable for motor-cars, 
wireless apparatus, house lighting and similar purposes. 
Prices are stated for all items. 


Mining Switchgear.—Messrs. Johnson and Phillips, 
Limited, Charlton, London, 8.E.7, have sent us a leaf 
catalogue describing a new design of unit switchgear 
fully protected for use in mines and factories and con- 
forming with the requirements of the Factories and 
Mines Acts and the Home Office regulations. The gear 
is suitable for pressures up to 3,300 volts. 

Boiler ' Water-Level Indicator.—An instrument for 
indicating the water level in boilers in which the steam 
and water line is high, is described in a catalogue received 
from Mr. O. N. Beck, 11, Queen Victoria-street, London, 
E.C.4. A float chamber parallel with the water-gauge 
glass contains a float, the height of which is indicated on 
a scale at the level of the furnace doors, 











LAUNCH OF THE S§.S. “ AraBIsTAN.”—The steel screw 
steamer Arabistan, which has recently been built to 
the order of Messrs. Frank C. Strick and Co., Limited, of 
London, was successfully launched from the shipbuilding 
yard of Messrs. John Readhead and Sons, Limited, 
South Shields. The vessel, the dimensions of which are 
length, 400 ft., breadth, 55 ft., and depth, 28 ft. 3 in., is 
of the shelter-deck type, and is designed to carry about 
8,810 tons on a light draught. The propelling machinery, 
which has also been constructed by the builders, is of the 
triple -expansion type, with cylinders 27 in. 44 in. and 
73 in, in diameter, and a piston stroke of 48 in., steam 
being supplied by three large steel boilers working at a 
pressure of 180 lb. per square inch. Ten steam winches 
and 11 derricks are fitted for the handling of the cargo, 
&c., and the crew’s accommodation is provided in steel 
‘houses on deck amidships, 
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2-8-0 TYPE 3-CYLINDER LOCOMOTIVES; BUENOS AIRES 


CONSTRUCTED BY MESSRS. SIR W. 


G. ARMSTRONG, WHITWORTH AND CO., 
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T-C-Q T-C-Q 


11-19-0... Total Tender 24-15-0 
615-0... » ” 
T-C-Q 


51-7-0 


Total Weight Engine and Tender,Empty 91-16-0, in Working Order 124-16 -0 


2-8-0 TYPE THREE-CYLINDER LOCO- | The spring gear is equalised for the drivers. The bogie 
MOTIVES FOR THE BUENOS AIRES | °f the swing bolster type. 


on the engine, operated in conjunction with the vacuum 
The vacuum brake is worked by | 


GREAT SOUTHERN RAILWAY. 


We illustrate in Figs. 1 to 3 above a type of locomo- | 
tive of which Messrs. Sir W. G. Armstrong, Whitworth | 
and Co., Ltd., have recently supplied 35 to the Buenos | 
Aires Great Southern Railw ay (5-ft. 6-in. gauge) in the | 
Argentine. These locomotives are of the three- cylinder 
type, the cylinders having a diameter of 174 in. and | 
the stroke being 26 in. The driving wheel diameter i is | 


4 ft. 74 in. and the boiler pressure 180 Ib. per square | 


inch. At 85 per cent. boiler pressure, the tractive 


effort works out at 32,900 lb., and with a weight of | 


60-8 tons on the coupled wheels the ratio of adhesion to 
tractive force works out at 4-14. 

The boiler barrel has a maximum internal diameter 
of 4 ft. 114 in., the distance between the tube plates 
being 14 ft.9}} in. The firebox is of the Belpaire type, 
with inner box of steel, the water-space stays being of 
steel also. The front row of the crown stays are 
flexible. The engines are fitted with superheaters of 
latest type of the Superheater Company, Limited, and 
with balanced regulators. The engines are fitted for 
oil firing, the ‘* Best” system being adopted, with the 


burner fitted in the throat sheet of the firebox directing | 


the flame towards the rear. The box is lined with 
firebrick. The tender, of the double-bogie type, 


carries 4,000 gallons of water and 8} tons of oil fuel, | 
7 tons of coal, the oil being carried in | 


or alternatively 
a tank occupying the usual coal space and removable, 


if it should be necessary to change to coal burning. The | 


fuel oil is heated in a well at the front end of the tank, 
and is conveyed to the engine by flexible metallic pipes, 
passing through a steam reheater and strainer on its 
way to the burner. 

The cylinders are all fitted with Walschaert valve | 
gear. The outside pair drives on to the third coupled | 
axle, while the inside cylinder drives on to the second. | 





| brake on the tender. 
| means of a W: estinghouse ejector. 


A steam brake is fitted 
| resumed operations during the month. 


| S.W.1, the number of blast-furnaces in operation at the 
lend of December, 1926, was 78, 71 furnaces having 
The number of 
furnaces in blast on the eve of the stoppage was 147. 
| The production of pig-iron during December totalled 
8,000 tons, compared with 12,700 tons during the 


The following list gives some of the principal parti- | | previous month, and 539,100 tons during April. The 


culars of the engine :— 


| Locomotive : 


Cylinders (3), diameter we SGM. 
Stroke <o3 Gans 
Wheels, drivi ing, diameter ... 4 ft. 7} in. 


Wheels, bogie, diameter 3 ft. 5 in. 
Heating surface— 
firebox oe 136 sq. ft. 
superheater flues ... ... 488 sq. ft. 
tubes ye = ws tahkequ ft. 
total ia. ee .» 1,348 sq. ft. 


370 sq. ft. 


Superheater surface ... 
28 sq. ft. 


Grate Area 
Boiler Pressure - oes 
Wheelbase, driving ... .. 15 ft. 5} in. 
Height from rail to wiied of 


chimney . 14 ft. 43) in. 
Height of boiler c entre above e 
rail level i duet RE, 
Width overall 10 ft. 5 in, 
| Tender: 
Wheels, diameter 3 ft. 2 in. 
Wheelbase 15 ft. 9 in. 


Locomotive and Tender : 
Wheelbase, total 
Weight in working order 


50 ft. 5 in. 
124 tons 1s ewt. 


These engines were shipped from the Scotswood 


Works, Newcastle-upon-Tyne in a fully-erected condi- | 
| tion. 





180 Ib. per square inch | trical Company, Limited, Trafford Park, Manchester, 


| Abadesa, a distance of 106 km. 
is 1,500-volt direct current, with overhead conductor. 


| stations. 


|motors of the Metropolitan- 
series-wound type, each pair of motors being con- 


| output of steel ingots and castings during the month 
under review amounted to 319,300 tons, while the pro- 
/ duction during November and April totalled, respec- 


| tively, 97,500 tons and 661,000 tons. The pig-iron 
| output for the year 1926 was 2 
| with 6,261,700 tons in 1925, and 10,260,300 tons in 


,441,500 tons, compared 


1913. Corresponding figures for steel ingots and cast- 
ings were, ‘3,560,600 tons in 1926, 7,385,400 tons in 1925, 
and 7,663,900 tons in 1913. 


RAILWAY ELECTRIFICATION IN Spatn.— In connec- 
tion with an important electrification scheme for two 


|main-line sections of the Northern Railway of Spain, 


near Barcelona, Messrs. Metropolitan-Vickers Elec- 


have received an order for 104 motors of 230-h.p. for 
motor coaches. The first sections of line to be electri- 


| fied are from Barcelona to Manresa, a distance of 64 


kilometres, and from Barcelona to San Juan de las 
The system adopted 


Power will be purchased from a hydro-electric power 
company and transformed in rotary-converter sub- 
The passenger stock will comprise 26 train 
units, each consisting of one motor coach and one 


| trailer coach, and providing seating accommodation 


for about 200 people. The mechanical parts of the 
coaches will be manufactured by the Sociedad Espaiola 
de Construccién Naval, which is associated with the 
Metropolitan-Vickers Company, at its Bilbao works. 
Each motor coach will be equipped with four 230 h.p. 

Vickers self-ventilated 


THE Propuction oF Pia-IRon AnD STEEL.—Accord- | nected permanently in series on the 1,500-volt supply. 


ing to the monthly statement issued by the National | 


The field supply of the motors is arranged for weak- 


Federation of Iron and Steel Manufacturers, Caxton field control, thus giving additional economical running 


| House (East), Tothill-street, Westminster, London, 


| notches on the controller. 


GREAT SOUTHERN RY. 


LIMITED, ENGINEERS, NEWCASTLE-ON-TYNE. 
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TWIN SURFACE CONDENSERS AT 
THE VALLEY ROAD POWER 
STATION, BRADFORD. 


SrncE 1907, some 1,865,000/. have been expended 
in the improvement and development of the Bradford 
Electricity Undertaking. The whole of the work 
involved has been carried out under the direction, and 
to the plans and specifications of Mr. Thomas Roles, 


1,000 kw. unit it has replaced. 


issue of October 15, last. 
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In Top Half Plate 2785 Tubes 
InBottom» ~ 2785 


M.I.E.E., the city electrical engineer. Much of the | 
above total expenditure has been required to meet | 
the ever increasing demand for electric current, 
but, as elsewhere, expensive plant installed originally 
in the belief that it would remain in service for a 
substantial fraction of a century, has had to be 
ruthlessly scrapped, because although still as 
effective as when first erected, it had ceased to be 
efficient in the economic sense of this term. In 
all power stations of even moderate age, the obsoles- 
cence factor has, in fact, assumed an importance 
unprecedented in past industrial experience. The 
extraordinary improvement effected within the 
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Limited, of Bradford, to whom we are indebted for 
the drawings and photographs reproduced on Plate 
V above, and on the following pages. 

A special interest attaches to this installation 
since, as in the case of the other main components 
of the new unit, Mr. Roles had specified that an 
exhaustive test of its performance should be made 
by an independent authority. These tests were 
accordingly carried through by Mr. W. M. Selvey, 
M.I.E.E., in a manner which in the matter of com- 
prehensiveness and care is probably without prece- 
dent. Few thorough and complete tests of modern 
surface condensers have in fact, been made, and 








last few years is strikingly illustrated by the fact | in still fewer cases have such results, as have been 
that the 20,000 kw. turbo-generator erected at published, been accompanied by a detailed descrip- 
Valley-road in 1924, occupies just about the same | tion of the arrangement and construction of the 
floor space and weighs just about as much as the | plant. 


Hence the particulars we are now able to 


The steam turbine | give, will, we think, constitute a valuable addition 
was supplied by the English Electric Company, |to our stock of reliable and instructive technical 
Limited, Rugby, and was described in detail in our | data. 

The condensers were | 
constructed by Messrs. Cole, Marchent and Morley, |in place is represented in Fig. 1, Plate V, whilst 


A front elevation of the two condensers as erected 


| a plan and side view are reproduced in Figs. 3 and 4, 
|respectively. Fig. 2 shows the situation of the 
| three air ejectors provided, whilst the motor-driven 
|extraction pumps can be seen on the floor below. 
| The condensers are situated immediately under the 
|low pressure turbine, which is of the double flow 
type with two exhaust openings. In order to reduce 
to a minimum the obstruction of the space in which 
the condensing plant had to be erected, Mr. Roles de- 
cided to carry the weight of the turbine on a steel 
frame work, which though strong enough to take 
the whole load without extraneous aid, has never- 
theless, been encased in concrete. This covering 
is intended to reduce the risk of vibration, and 
forms moreover a permanent protection to the steel 
work. As will be seen from the drawings, a very 
open type of foundation was thus secured, and this 
not only facilitated the erection of the condensing 
| plant, but rendered it everywhere very accessible. 
| The Valley Road Power Station has to be operated 
| with cooling towers, and the specifications called for a 
| plant capable of maintaining a vacuum of 28, in. 
| when condensing 240,000 Ib. of steam per hour, with 
circulating water supplied at a temperature of 
75 deg. F. Mr. Selvey’s tests to which we shall 
refer in greater detail later on, showed that 
under the specified conditions a vacuum of 28-40 in.’ 
| was attained. This feat was accomplished, moreover, 
| without any compensating increase in the amount of 
| circulating water sent through the tubing or in the 
quantity of steam supplied to the air ejectors. 
In fact, Mr. Selvey states in his report that the plant 
shows on all points, an improvement on the guarantee 
figures. The test results were the more noteworthy 
in that the trials took place some months after the 
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plant had been definitely put on load and without a 
preliminary cleaning of the tubes. Probably 
there are few cooling tower stations where equal 
figures could have been recorded under the condi- 
tions stated. The secret lies in the quality of the 
Bradford water supply, which is used for making 
up the circulating water lost by evaporation in the 
cooling towers. This water is extraordinarily free 
from dissolved solids, so that the condensers can 
be kept in continuous operation for over a year 
without any marked loss of efficiency. Moreover, 
such deposit as does collect is so soft and inadhesive 
that the tubes are cleansed by rubber plugs, which 
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are shot through them by compressed air just as peas 
are shot from a pea shooter. These plugs do the 
work most expeditiously and effectively, but as the 
pressure used to expel them is some 50 1b. per square 


BY MESSRS. COLE, 
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|at 28 brake horse-power, and each is capable of | 
| lifting 520 gallons per minute to a height of 45 ft., | 
| which is the specified full-load duty. | 
| The two condensers are identical in design. 
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inch, and the tubes are 16 ft. long, they come out at a} Each has a cast-iron body 110 in. in diameter, 
very high velocity, and might prove dangerous | which is coupled to the exhaust port of the turbine | 
projectiles if anyone strolled carelessly into the line | above it by an adapter piece as best seen perhaps | lower half of the shell is transverse to the condenser 





of fire. 

As already stated, the condensers were required 
to dispose of 240,000 lb. of steam per hour, with 
cooling water supplied at 75 deg. F. To meet these 
requirements the makers provided the specified area 
of 35,000 sq. ft. of tube surface. The tubes are of 
Admiralty mixture, tinned inside and out. 
are } in. in external diameter, with a thickness of 
19 S.W.G., and they are 16 ft. long between tube 
plates, the risk of vibration being obviated by three 
intermediate supporis, which reduce the maximum 
effective span to 4 ft. 


The circulating water provided for was 29,500 


gallons per minute, and there were two passes, the 


designed speed of flow being 6-1 ft. per second. | 


There are three Delas air extractors arranged above 
a platform situated at about half the total height 
between the basement floor and engine-room plat- 
form, as indicated in Fig. 2. Each of these steam- 
jet pumps was designed to be capable of extracting 
at the specified vacuum. 65 lb. of air per hour, 


which was expected to be 50 per cent. of the total | 


air entering the condenser at full load. Hence | 
one of the three serves as a standby. Actually | 


owing to the care taken to check access of air to the 


feed and to prevent in-leakage at the joints and | 


glands, a single one of these extractors has proved 
capable of maintaining the vacuum required, save 
at the full peak load, and only one therefore is in 
use for the major part of the day. Two electrically- 


driven centrifugal pumps, running at 960 r.p.m., | 


are provided for raising the condensate to the feed 


tank. 
alternating current. The motors are each rated 


They | 


One is driven by direct and the other by | 





in Fig. 5. A large pipe of oval section (see Figs. | axis. The opening into the condenser gives a clear 
6 and 7) connects these two junction pieces together, | steam way of nearly 96 sq. ft., and as will be seen 
and thus ensures that the pressure in each exhaust | from Fig. 12 a clear passage way is provided for 
| port is identically the same. The necessity for | the steam around each side wall down to the level 
| this ample inter-connection was not appreciated in| of the air extraction connections, so that the steam 
| the early days of the steam turbine, but L.P. turbines | is fed to the tubes over an arc equal to some three- 
are, in general, so large in diameter that quite a | quarters of the total circumference of the tube 
| small difference in the pressure at the two exhaust | plates. 
ports implies a very heavy end thrust on the rotor,| Each condenser has two air or vapour outlets, 
and serious damage was in some cases occasioned | of which one can be seen near the bottom left- 
by the use of inadequate balance pipes. In the} hand corner of Fig. 12. These are supplied from 
present case it will be seen that this connecting | internal air ducts running along the shell from end 
piece measures internally no less than 5 ft. 8 in. by| to end, and having openings into the condensing 
2 ft. 6in. It is, moreover, jacketted so as to/ space at a number of points. These openings are 
ensure that under all conditions of working it shall} graduated in size so as to secure a nearly uniform 
expand at the same rate as the turbine body, thus | flow of air through each. The danger of local air 
avoiding any danger of distorting the latter. | pockets due to defective circulation is thus provided 
As indicated in Fig. 5, there is a difference of | for, and an even distribution of steam to all parts of 
nearly 164 in. in the distance between the centres | the tube surface is promoted. 
of the exhaust ports and the centres of the two) The tube plate is represented in Fig. 13; this also 
|condensers. This is provided for by suitably | shows the guide plates which direct the flow of the 
shaping the junction pieces, the construction of | steam so as to maintain a fair current past the tubes 
which is shown in detail in Figs. 8, 9 and 10. Cast-| even when the quantity passing has been reduced 
iron stay plates and heavy ribs and flanges support | by the condensation already effected. The relative 
the casting against collapse under the atmospheric | importance of this consideration is, however, less 
pressure. The adapter for the right-hand condenser | nowadays than formerly, when the importance of 
| carries, as shown in Fig. 1, the branch to which is| preventing access of air to the feed was less fully 
coupled up the atmospheric exhaust pipe. | appreciated. With steam truly air-free, the rate of 
The main body of the condenser is shown in plan | condensation is practically independent of its speed 
and section in Figs. 11 and 12. It is built up of} over the tubes. The guide plate shown near the 
four castings, the main horizontal joint being on} bottom left-hand corner of Fig. 13, forms the wall 
The two castings forming the | of the internal air duct already mentioned. The air 
upper half join together along the vertical central | enters it through openings which increase in size 
| plane, whilst the joint between the two forming the | the further they are from the air extraction port. 


| 


| the centre line. 
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The tubes below the partition plate are necessarily | 
air drowned to some extent, but Mr. Selvey’s tests 
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show that in no case was the partial pressure of the | 7. 7p. ory of Electricity. By G. H. Lrvens, M.A 


air as measured at the discharge port, other than a | 
small fraction of the total pressure, so that there was | 


Second Edition. Cambridge: University Press. [Price 
16s. net.] 


little reduction of the efficiency of the cooling surface | Proressor Livens’s object in this book is to 


even in this air-collecting space. 

As is now usual the condensers are mounted on | 
springs, which makes it possible to dispense with an | 
expansion joint between them and the turbine. | 
Should the temperature of the condenser rise, with | 
consequent expansion of the body, the springs yield | 
a little without much alteration in the total weight | 
they carry, and this difference of load is all that is | 
transmitted to the turbine casing. Details of these | 
spring mountings are represented in Figs. 14 and 15, 
page 125, whilst Fig. 16 shows how the springs were | 
locked during the process of erection. As will be 
seen, a rod was screwed through the upper spring 
washer, down on to the top of the adjusting screw, 
thus putting the spring out of action. 

The construction of the water boxes and end | 
covers is shown in Figs. 17 to 21, opposite. The 
inlet and discharge branches are each 2 ft. 9 in. | 
in diameter, and are fitted with thermometer 
pockets, for use in determining the temperature 
rise of the circulating water due to its passage 
through the condenser. The diaphragm casting 
which divides the water box at the front of the 
condenser into two sections is shown in Figs. 22 and | 
23, and the corresponding end .cover in Fig. 19. 
The other end cover is more deeply dished, as will 
be seen on reference to Fig. 21. They are designed | 
to carry the pressure due to a head of 45 ft. Numer- | 
ous doors for inspection and cleansing purposes are 
provided, both on the condenser body and on these | 
end covers. The joint between the water-box tube 
plate and shell is shown in Fig. 24. As will be 
seen, the right-hand main nut is covered by a cap 
nut, which is screwed down on to a copper washer, 
thus reducing the possibility of air leaking into the 
condenser body along the bolt hole. 

The total weight of each condenser is 60 tons. 
A view of one as erected complete in the maker’s 
yard is shown in Fig. 25, whilst Fig. 26 shows the | 
shell ready to receive the tube plates. 

(To be continued.) 


present the complete mathematical theory of the 
subject. The physical phenomena associated with 
the science of electricity are taken to be consistent 
with the electron theory which forms the basis of 
practically the whole of modern physical thought, 
but it should beobserved that the author’s discussions 
are in the main independent of this or any other less 
definite conception of the nature of electricity. 
In the first chapter the theory of the electric field 
is developed from the statement of Coulomb’s law 
of inverse squares. This law of force admits of no 
absolute proof, but other measurements involving 
no direct measurement of force show the statement 
to be true for all practical purposes. Gauss’s 
absolute electrostatic unit of charge is then derived 
from consideration of the dimensions of an electric 
charge. From this conception are developed the 
mathematical definitions of the electric field of a 
system of point charges, the distant field, continuous 
distributions and Green’s analysis, leading to a 
study of the characteristics of the general electro- 
static field in which force and potential are defined 
by the given integrals. Gauss’s theorem, stated 
physically, by Faraday, is discussed and leads to 


|the conception of lines of force and equipotential | 


surfaces, the fundamental physical significance of 
the nature of that analytical function called the 
potential, the energy in the electrostatic field and 
the mechanical forces on the matter in the field. 

In the following chapter, ‘“‘ Dielectric Theory,” 


Fia. 26. 


to note that Ohm’s law was anticipated by Caven- 
dish in his Electrical Researches in 1781. The voltaic 
potential difference, energy relations, Kirchhoff’s 
laws, the thermal relations (Seebeck, Peltier and 
Thomson effects), electrolysis and the conduction of 
electricity in a gas receive their mathematical signifi- 
cations. We are reminded in connection with the 
experiments on low pressure discharge through 
gases and the determination of electronic mass, 
that the term “ positive electrification’ remains 
but a method of confessing ignorance concerning the 
nature of the positive electricity in atoms. That 
other manifestation of current flow, the magnetic 
field, forms the subject-matter of the next section, 
while in succeeding chapters, Maxwell’s electro- 
magnetic theory, electromagnetic oscillations and 
waves, the electrodynamics of moving media, receive 
an equally thorough mathematical analysis. In 
appendices will befound expositions of the mechanics 
of magnetic induction and of metallic conduction. 
The work is to be commended for its scholarship, 
completeness and the admirable manner in which 
the several theorems have been correlated. 


Movable Bridges by Ot1s Etuis Hovey, B.S., C.E. 
Assistant Chief Engineer of American Bridge Company. 
In two volumes: Volume I.—Superstructure. New 
York: John Wiley & Sons, Incd. London: Chapman 
& Hall, Ltd., 1926, [Price 30s, net.] 

Tuts work, of which the first volume relating to 

the superstructure of movable bridges is now 

|available, opens with an interesting historical 
| account of the development of such structures. 

| Types of movable bridges are first outlined, with 

| remarks upon selection for particular locations, and 

statistical information relating to executed works is 





| which leads to its exact calculation. It is of interest 


Faraday’s ideas on the nature of electric action | furnished. About one-fourth part of the book jis 
between charged bodies is explainedandgiven mathe- | devoted to methods of calculation dealing more 
matical formulation. The general problem in which | particularly with the special problems needing 
the dielectric is polarised by the field imposed by an | solution in work of this class, though not professing 
extraneous electrical system is then introduced and | to give general instruction in stress determination, 
expressions are obtained for the energy in the field. | knowledge of which is assumed in the reader, or 
Faraday’s transmission hypothesis and Maxwell’s | supposed to be available from other existing sources. 


| mathematical expression of the same are set out.| Swing bridges, continuous over the mid-bearing, 


Following an explanation of the nature of an electric or semi-continuous, are treated, much attention being 
current, a definition of the electric flow is adopted | given to the mid-bearing girder layout. The 
author, it may be noted, seems to have a poor 
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opinion of the rim and roller bearing arrangement 
most commonly used in this country, an arrange- 
ment which certainly does give considerable trouble 
on occasion, and is most difficult to maintain in 
good order, or to replace if in bad condition. Many 
types of bascule bridge are described, and the 
peculiarities of their design enlarged upon, and 
lift bridges are dealt with in the same liberal manner. 
As an appendix is given a mathematical study of the 
stresses in the load-carrying discs of centre-bearing 
swing spans, followed by a discussion, based upon 
experimental work and known practice, of the 
design of treads for the supporting and segmental 
girders of rolling lift bridges, a matter demanding 
attention, as much trouble has at times been experi- 
enced by the misbehaviour of such members under 
the excessive line loading developed in the case of 
heavy bridges of this class. 

The author’s endeavour is eminently practical 
both in purpose and in accomplishment, the book 
being well-planned with a view to furnishing just 
that information which is needed by an engineer 
making choice of type, or engaged in the detailed 
design of structures of the kind dealt with. The 
advantages and disadvantages of various arrange- 
ments are described, and the precautions necessary 
to ensure success, or to avoid trouble, are indi- 
cated. Particulars of many existing bridges—chiefly 
American—are given, with details of loadings and 
of weights, and in some cases the special calculations 
required, are displayed. The study of flexures, 
end-lifting computations and other relative matters 
are fully dealt with, indicating plainly the author’s 
very complete knowledge of his subject. 

This work may be confidently commended to the 
notice of all those engaged in the design or the 
maintenance of movable bridges. Much of the 
descriptive matter has already been published, but 
is no less valuable on that account, and is here 
collected for ready reference, to the saving of much 
time and trouble. Generally, the information given 
is of that kind most likely to be appreciated. There 
are numerous illustrative figures, photogravures, 
and folding plates. The present work is to be fol- 
lowed by a second volume dealing with the power 
required to operate movable bridges, the arrange- 
ment and design of their machinery, and other 
relative matters. 





Hebe-und Foérderaniagen. By Dr.-InG. ©. H. H. AUMUND. 
Second Edition, Vol. 1. [Price 33 marks.] Vol. II, 
[Price 42 marks.] Berlin; J. Springer. 


Kran-und-Transportanlagen fiir Hiitten-, Hafen-, Werft- 
und Werkstatt-Betriebe. By Dipt.-Inc. C. MICHEN- 
FELDER. Second Edition. Berlin: J. Springer. [Price 
67°50 marks. } 

THESE two works are important contributions to 

the subject of mechanical handling of materials, 

and as such will be welcomed by those wishing to 
obtain an insight into the methods practised on the 

Continent. Dr. H. Aumund is Professor in the 

Technical High School, Berlin; the first edition 

of his book appeared in 1916. The first edition of 

Prof. C. Michenfelder’s book was reviewed in these 

columns in 1912. In common with other writers on 

the subject, the authors, instead of classifying accord- 
ing to types, classify according to trades. Thus, 
the handling appliances used in the steel and allied 
trades are given in one chapter; those used in 
shipyards are described in another, and so on. 

This method will appeal to specialists whose work is 

confined to a particular branch of the subject. 
From many points of view, more particularly 

from the German standpoint, it is to be regretted 


that, for the most part, the machinery illustrated | 


and described is of German origin. Neither the | 
American nor the British examples that are given 
are quite as recent as one could wish. Thus, in 


nevertheless, been developed which bears favourable 
comparison with machinery used in other countries 
and the study of which is commended to those 
interested in mechanical handling. For instance. 
in the design and construction of machinery for the 
winding of coal and minerals from mine shafts, 
British engineers are pre-eminent. For these 
reasons we consider that both authors should have 
devoted more space to the description of appliances 
used in other countries than their own and, by 
careful selection of matter, the additional examples 
need not have unduly enlarged either book. 

The chapters devoted to electrical equipment are 
not treated in anything like the detail which 
characterises other portions of the books, and 
additional matter on the control of electric motors is 
desirable. In Dr. Aumund’s book a method is 
given of determining the rating of intermittent 
motors which is no longer used by British and 
American engineers, and which is known to give 
ratings which may be too small for the duty. 

To the description of conveying and elevating 
machinery additional space could be given, and 
here again reference to the practice of other countries 








dealing with modern methods of coal handling on a 
large scale, one is bound to make extended reference | 
to American methods owing to their striking | 
originality. In the handling of materials, no iron- | 
master in Europe can afford to ignore the methods 
practised in the United States, and in the handling | 
of grain most Port Authorities in the Old World can | 
profit by the lessons taught in the New—particularly | 
in Canada. Although engineers in this country are | 
said to have been slow to take advantage of modern 


would be advantageous. Another criticism we have 
to offer is in connection with the bibliographies in 
the preparation of which, judging from their extent, 
a good deal of time must have been spent. It is to 
be regretted that in neither work is reference made 
to very many important articles and papers that 
have appeared ; nor do the authors refer to several 
of the standard works on the subject. Such 
omissions are readily understandable, however, 
when one remembers the language difficulty. 

Some of the above are matters which can be 
easily remedied in the next edition. Both authors 
are to be complimented on books which form useful 
additions to the literature on the subject, and a 
feature of both works worthy of special mention 
is the uniform excellence of the many line drawings 
which illustrate the text. From the production 
standpoint, also, the books leave nothing to be 
desired. 


Commercial Air Transport. By Lieut.-Col. Ivo Epwarps, 
C.M.G., and F, Tymms, M.C., A.F.R.Ae.S. With a 
foreword by Air Vice-Marshal Sir SEFTON BRANCKER, 
K.C.B., A.F.C. London: Sir Isaac Pitman and Sons, 
Limited. [Price 7s. 6d. net.] 

Sir Serron Brancker, in his foreword to this 
volume, expresses the belief that it is “the first 
real textbook on air transport.” It has 
hitherto been necessary for the student to have 
recourse to articles in the technical press and papers 
read before learned societies to obtain access to the 
recorded experience gained in the course of eight 
years of commercial flying. Even in this form 
the material is remarkably meagre. On aero- 
dynamics and the technical aspects of construction 
there is no lack of information, but on the operation 
of aircraft as a form of transport, there were few 
entitled to speak with authority, and none, appar- 
ently, willing to impart their knowledge. 

We owe this book to the decision of the Council 
of the Institute of Transport to include in a series 
of textbooks on transport science for which it is the 
sponsor, a work on air transport for the guidance 
of students and graduates of the Institute desirous 
of studying this subject in connection with the 
examinations held under the auspices of that body. 
This work is, therefore, comprehensive rather than 
exhaustive and, by reason of its avoidance of tech- 
nicalities, should appeal to those general readers 
whose interest in aviation has been stimulated by 
recent developments. 

Opening with an historical survey, the authors 
discuss the justification and means of payment of 
Government subsidies ; dismiss, in less than three 
pages, the subject of State versus private operation ; 
make reference to the international and national 
bodies responsible for legislation affecting the air 
transport industry ; and then plunge into the heart 
of their subject by a résumé of the general prin- 
ciples of aircraft operation. After brief considera- 
tion of the economic factors, the technique of air- 
way operation is discussed in several excellent 
chapters on ground organisation, traffic control, 
navigation and night-flying, which, without doubt, 


methods of handling, special-purpose machinery has, | comprise the section which will prove most valu- 





able. The conditions under which licences are 
issued are enumerated, an account is given of the 
organisation built up by Imperial Airways for 
dealing with passengers and freight, and the exist- 
ing Continental air routes form the subject of another 
chapter. The relative advantages of single-, twin-, 
and multi-engined machines, of biplanes and mono- 
planes, aeroplanes and seaplanes, float seaplanes 
and flying boats, and wood and metal construction, 
are considered from the point of view of com- 
mercial operation, and the same standard is applied 
to engines of the rotary or radial, and air- or water- 
cooled types. In the chapter on technical progress, 
very recent or imminent developments in aircraft 
construction, navigation and ground organisation 
are referred to, although the potentialities of the 
airship are dismissed very briefly on the ground that, 
as no post-war experience has been gained in 
commercial operation, the information which could 
be given would be merely theoretical. 

It will be obvious from the foregoing summary 
that the authors have chosen to interpret their 
function in a very liberal manner and to survey 
the whole field of civil aviation. This policy is 
justified by the narrower end which the book has 
been published to serve ; but to achieve this com- 
prehensiveness without superficiality, in a book of 
such small compass, has obviously been a difficult 
task. The authors solved their problem by giving 
no more than a summary of facts and tendencies 
where fuller information could be obtained else- 
where, and by treating in some detail those sections 
of the subject on which information is scant. 








THE IMPERFECT CRYSTALLISATION 
OF COMMON THINGS. 


In introducing his recent course of four Tues- 
day lectures at the Royal Institution on the 
Imperfect Crystallisation of Common Things Sir 
William Bragg remarked that X-ray analysis of 
crystals was leading us to an understanding of 
the internal structure of solids, and to a new 
branch of chemistry, the chemistry of solids. The 
solids had rigidity, torsional strength, elasticity, 
and electrical, optical and other properties. The 
chemical properties, studied in the liquid and 
gaseous states, could be connected with the mole- 
cules. The X-ray study of solids, in the first 
instance of crystals, helped us to connect the 
properties of solids with the arrangement of their 
particles. Crystallisation, if only imperfect, was 
far more common than had been supposed. 
Crystalline agglomerates had been discovered even 
in materials like cotton and rubber. Sometimes 
the small crystals were devoid of orderly arrange- 
ment. Frequently there was orientation, and that 
orientation must have a cause. It might be 
mechanical stress, or the conditions of electrolytic 
deposition, or of organic growth. The strength of 
a wire was believed to be connected with the arrange- 
ments of its crystallites ; the strength of stretched 
rubber might similarly be dependent upon its 
crystalline orientation. X-ray analysis disclosed 
this orientation, and its changes under stress. Most 
of this work on incomplete crystallisation had 
been done in the Kaiser Wilhelm Institut fiir 
Faserstoffchemie at Berlin-Dahlem. Sir William 
Bragg was anxious that England should not be left 
behind in these studies. Many of the radio- 
grams he was going to exhibit had been taken in 
the Davy Faraday Laboratory, but Sir William 
pointed out that he did not claim any priority, so 
far, at least, as cellulose and rubber were concerned. 

Reviewing the foundation of these researches, 
Sir William stated that the subject had begun with 
the famous diffraction experiment of M. von Laue 
in 1912, one of the great historical experiments. 
The various methods now applied, though all 
based on the same theory, gave apparently very 
different results. To understand these differences 
and their interpretations, Sir William summarised 
the conditions under which diffraction (often styled 
reflection) of X-rays by crystals took place. We 
reproduce his summary, in abridged form, leaving 
further explanation to the descriptions of the figures. 

Each point of a lattice represented a set of atoms 
having the same composition and arrangement. 
The unit cell of its structure was found, in an 
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infinite number of ways, by joining points so as 
to make a parallelopiped with no points inside it. 
A plane drawn through any three lattice points not 
in a straight line, together with a set of parallel 
planes equally spaced, contained all the points on 
the lattice; three pairs of consecutive planes of 
different sets enclosed a unit cell. A parallel 
beam of X-rays of wave-length A falling upon a 
crystal was scattered by the points in all direc- 
tions; but there was no diffracted beam in any 
direction unless the separate rays scattered by the 
various points in that direction were all in the same 
phase. If perpendiculars were drawn from any 
lattice point to the wave-fronts of both the incident 
and the diffracted (or reflected) beam, the sum of 
the two perpendiculars would differ from the corres- 
ponding sum for any other point by some integral 
multiple of A. 

All points for which the sum of these two per- 
pendiculars was the same, would lie on a plane 
equally inclined to the incident and reflected 
beams. If one such plane were taken as standard, 
then, for any point lying on the neighbouring 
parallel plane, above or below, that sum would 
differ from that for the standard plane by + A; 
for the further planes the difference would be 
+2nX, + 3nd &c.; for n = 1, the reflection would 
be of the first order, for n = 2, of the second order, 














Fie. 3. 


&c. The general relation (due to Professor W. L. 
Bragg) between A, the spacing d of the planes 
and the angle of incidence and reflection 6 was : 
md = 2d sin 6. 

When the X-ray beam was homogeneous, there 
would, in general, be no reflection unless this relation 
were accidentally satisfied ; but reflection could be 
obtained by adjusting one of the variables, A, 6, d. 
When the beam was heterogeneous, A was the 
variable, and there would be a reflection. That was 
Laue’s original method *: a single crystal was held 
in the path of the rays and each plane diffracted 
rays of the particular A which satisfied the equation, 
When a single crystal was rotated about some axis 
in a beam of monochromatic radiations, the 6 
varied continuously, and whenever the instantaneous 
value of 6 satisfied the relation, there would be a 
momentary reflection, and a spot would appear on 
the photographic plate ; but the radiogram obtained 
was quite different from the Laue photograph. Rays 
which were perpendicular to the photographic plate, 
after passing through the centre of the crystal, 
would produce a spot lying on a circle of radius 
D tan 26, where D was the perpendicular from the 
crystal on the plate. If the axis of rotation passed 
through two points P and Q on the lattice (Fig. 1), 
and if PM and PN were perpendiculars on the 
incident and reflected rays through Q, then QM 
+ QN = ni, where n was a whole number ; hence 
the angle PQN had a series of definite values. 
Whenever a plane was brought to reflection, the 
reflected rays would lie on one of a series of cones 
having PQ as axis, and the cones would be cut by 
the photographic plate in a series of hyperbole. 





* Previous articles on the X-ray researches of Lai 
Debye and Scherrer, and Czochralski, and on the Miill 





| 





| 


| 
If P and Q were consecutive lattice points along the 


axis, and the incident rays were perpendicular to 
PQ (as was usual in practice), then, for n = 0, spots 
were due to reflections from various planes through 
PQ and would lie on the straight line on the plate 
perpendicular to the axis. If QN were one wave- 
length, the spots would lie on the first of the hyper- 
bole counting from the equilateral straight line (com- 
pare Fig. 7, page 130). By single measurements it 
was therefore possible to find the angle PQN, and 
thus PQ. Three rotation photographs of a single 
crystal would give the distance between any lattice 
point and its neighbours in three directions. These 
could be chosen as edges of a cell, which might 
not be a unit cell, however, because it might 
contain lattice points. If the edges of the 
unit cell were OP, OQ, OR, and these edges were 


Fig1. p 


Fig.2. 
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divided into p, q. r parts, respectively, by parallel 
planes, and if, further, OR were the axis of rotation, 
then consecutive members of the (p, q) planes would 
pass through O and R, no matter what p and q 
were, and so the spots due to those planes would all 
be on the first hyperbola. 

Further to elucidate the important case when a 
pencil of monochromatic rays, all of the wave-length 
A, fell upon a crystal revolving about an axis at 
right angles to the pencil, the lecturer made use of 
the model of which Fig. 2 is a diagram ; it was one 
of many other devices demonstrated. The picture 
obtained when the photographic plate was also 
normal to the rays was of the type illustrated in Fig. 
7. The points O and P in Fig. 2 were consecutive 
points on the lattice struck by pencils of rays IandI,, 
each representing an enormous number of rays. 
R and R, were the reflected rays, and the model was 
such that the pairs II, and R R, could be inclined 
at any angles and be rotated about OP. When- 
ever there was reflection, the contributions from 
the points O and P must be in the same phase, and 
when PN was drawn at right angles to OR, the 
length ON must be equal to nA, where n might be 
zero or any integer; the angle between any 
diffracted ray and OP would be cos~! nA/OP. Thus 
all these rays would be on one or the other of a series 
of cones about OP as axis, and these cones would 
cut the plate in a series of hyperbole. For the 
first hyperbola, 6 would be cos“! A/OP. The 6 was 
measured and the spacing between two planes and 
the geometry of the lattice could then be calculated. 

Turning now to the examples of actual radiograms 
ziven in Figs. 3 to 13, Fig. 3 is a radiogram of 
beryl of the original Laue type. Heterogeneous 


1e, 
or | Pays passed normally through the crystal on to 


jbectroscope, have appeared in ENGINEERING, Decem- | the plate; the central dark spot marked the part 
pe Eset page 594; December 14, 1923, pages 750 ' directly hit. In some of the other photographs 
and 762; and January 11, 1924, page 46, Lectures by Sir | the central spot on the plate hid been covered 


William Bragg, Professor W. L. Bragg and others hav 
also been noticed on other occasions. 


~ by a piece of lead foil. Each spot was produced by 





reflection from that one set of planes which was 
in a condition to reflect rays of the particular wave- 
length. The size of the spot marked the intensity 
of the radiation. Sir William did not discuss 
the complex relation of this size to the atoms or 
molecules constituting the respective lattice points, 
beyond stating that a few elements gave a 
diffuse spot, while many elements gave sharp spots, 
just as a thin mist or haze produced a diffuse 
halo round the moon, and a dense cloud a well- 
defined halo. The radiogram of stearic acid, Fig. 4, 
was also produced by the Laue method, the rays 
being normal to the [001] cube face; the radial 
lines were merely drawn for reference. This method, 
as well as that of Sir W. H. Bragg and Professor W. 
L. Bragg, who reflected rays incident at the grazing 
angle on to a plate (or into an ionisation chamber) 
rocking the crystal to and fro, required a fairly 
large crystal with one perfect face. As that was 
not always available, Laue, Debye and Scherrer 
in Holland, and Hull in America, powdered their 
crystals, filled them into a fine tube of paper or 
celluloid or compressed them into a stick, and 
held the stick vertically in the horizontal beam of 
monochromatic rays. With these, a single crystal 
would not give a picture, as stated ; but in the mass 
of crystals oriented quite at random, the ray of 
wave-length A would find some plane in the correct 





Fig. 6. 


position for giving diffractive spots lying on cones 
about the ray and uniting to concentric rings as in 
Figs. 5 and 6, to which we shall refer again later. 
The rings corresponded to the different planes, but 
were not convenient for angle measurements. 

For the study of imperfect crystallisation, the 
rotation method offered advantages. Asingle crystal, 
held steadily, could not give a diffraction picture 
of monochromatic rays, except by chance; but 
it did when rotated. Fig. 7 was such a radiogram 
of a crystal of cane sugar. This showed the 
equatorial line of spots; above and below it were 
the first, second, third, etc., hyperbole, and, in 
addition, peculiar loops. As long as the wave- 
length was uniform, a spot could not move off its 
cone and circle, but the beam was rarely quite 
homogeneous, and the spot might thus be drawn out 
into a loop or lemniscate crossing the circle. A similar 
radiogram was given by a substance like asbestos 
fibre, Fig. 8, which contained small crystals having 
one direction in common, but not otherwise oriented ; 
in Fig. 8, the fibre was normal to the rays and was 
not rotated. In Fig. 9, a sugar crystal was rotated 
about an axis inclined to the incident rays. Such 
perfect photographs of crystalline aggregates, resem- 
bling single crystals, were, however, rare. Some spots 
might be missing or the spots might be opened out 
into ares, for though the spot could not move off its 
circle as long as A did not vary, the common direc- 
tion of the crystals might vary slightly and broaden 
the spot into an arc along its circle, and that would 
also happen with a single rotating crystal not turned 
through a complete revolution. 

Crystals of behenolic acid (long-chain compounds), 
were built up of thin plates, arranged like playing 
cards all put down flat on the table without any 
order, yet with one axis common ; when they were 
bent, Dr. A. Miiller observed, the crystals broke up, 
but the axis of bending might remain undistorted, 








and the flat plates change into cylindrical films, 
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as in incomplete rotation. Similarly, crystals of 
maleic acid. sliding over one another, formed into 
rolls (like wadding rubbed between two plates), 
and that seemed to be in accord with the quite recent 
observations by G. I. Taylor that the distortion of 
iron crystals was not of the nature of a slip, but 
that bundles of rolls were sliding on one another. 





Fia. 7. 


ment with strong caustic soda, the cell dimensions 
changed slightly as the mercerisation proceeded, 
finally into 8-85, 8-05, and 9-88 A.U. There were 
also lattice changes when the cellulose was turned into 
a nitrate and an acetate, and the X-ray analysis 
could decide whether, in these reactions, water 
entered into the molecule or between the molecules. 








vertically upon a base that can be swung 
round independently of the graduated dial over 
which the holder turns. A secondary vertical shaft 
projecting upward from the box carries an ex. 
changeable cam disc; against this disc bears the 
roller of an arm extending from a sleeve on the main 
shaft. Thus, the specimen can be turned or rocked 





Fia. 8. 
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Fig. 10. 


When there was no orientation whatever, the 
monochromatic radiogram was of the ring type 
as in Fig. 5, which represented powdered aluminium, 
A copper wire, forming a T with the rays, should give 
the same pattern, but it actually showed ares, 
because the wirehad been stressed in drawing. When 
aluminium foil was rolled (Fig. 6), and rotated about 
an axis parallel to the direction of rolling (in the 
plane [111]), gaps developed in the circle. The foil 
was not a single crystal, and the crystallites were so 
re-arranged by the rolling as to lie with their [112] 


Fia. 11. Fie. 12. 
The X-ray determination of the sizes of colloidal 
cellulose agreed with the results of diffusion ex- 
periments. 

As regards india rubber, Hauser found that 
unstretched rubber ribbon gave an indistinct ring 
pattern ; in the stretched rubber, the spots of Fig. 12 
appeared after exposures of hours, as in some other 
cases. The unit cell again seemed to contain only 
four molecules of C;H,, which was a surprisingly 
small number. The spots themselves did not move 





| while the rubber was being stretched, so that the 


plane and the cube diagonal in the surface ; that | aggregate seemed to remain unchanged, but the 
was the plane passing through one corner and | number of crystals formed seemed to increase ; the 
cutting the cube into two parts which were mirror | crystals disappeared on heating and reappeared on 
images of one another. A pellet of cotton wool | cooling, and there was no tendency to ring formation. 
gave the perfect ring pattern of Fig. 10 ; when, how- | Finally, Sir William showed ‘a Laue diagram 
ever, the fibre was stretched, or a bundle of ramie | (Fig. 13) of a spine of a sea urchin; the spine 
fibre was held in the beam, the photograph, Fig. 11, | evidently consisted of a single crystal or of a series 
was obtained, which showed only a few of the | of crystals all similarly oriented in every respect. 
thirty odd, partly very faint, spots produced. |The chitins (hornlike elastic organic compounds) of 
Assuming that the first hyperbola seen in Fig. 11 | many beetles, shells, &c., Hauser found to have all 
was really the first, Herzog calculated that the unit | the same structure. Gelatin, glue hairs, bones, &c., 
cell of cellulose had the dimensions 8-6, 7-78, 10-22 | similarly investigated, indicated some imperfect 
A.U. ( = 10-8 em.). The unit volume would then be crystallisation. 

680 cub. A.U., and from the mass = Mn/Np(whereM| The new X-ray spectrometer, which is used for 
was the molecular weight of cellulose C;H,,»0,; = 162, | these researches in the Davy-Faraday Laboratory, 
p its density, N the Avogadro number, 6-6 x 10%,|was constructed there by Mr. C. H. Jenkinson, 
and n the number of molecules in the unit cell), the |and may be described as a further development 
value n = 3-9 or 4 was deduced. But the apparent|/of Dr. Alexander Miiller’s instrument. The 
first hyperbola might actually be the second ; the | box of this spectrograph, which is less than a foot 


unit cell would then be bigger, and contain twice as 
many molecules, as chemists believed. Yet, in other 
ways physical chemistry had gained much by these 
researches. All celluloses from different plants, and 


|square, contains clockwork. The vertical shaft 
| bears a combination of graduated arcs to which 
|the specimen holder can be attached in every 
| position. The X-rays fall through a narrow hori- 





even artificial and natural silk, gave much the same | zontal tube on to the specimen and beyond it 
patterns. When cellulose was mercerised, by treat-|to the small camera, which is itself mounted 
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in any way desired, and the instrument can be used 
for crystal examination by any of the known 
methods. 





FreNcH LoneG-DISTANCE SEAPLANE FLIGHT.—A note- 
worthy long-distance seaplane flight was completed on 
January 14, when Lieut. Bernard alighted on the Seine 
at Paris in a Liore and Olivier boat-type seaplane, in 
which he had flown with a passenger from France to 
Madagascar via the West African coast and the Central 
African continent, returning by way of the Great Lakes, 
the Valley of the Nile and the Mediterranean. The sea- 
plane was fitted with a Jupiter air-cooled engine, which, 
we are informed, functioned perfectly throughout the 
whole journey, no repairs or replacements of any kind 
being necessary. The distance flown was about 18,000 
miles and the time occupied was three months. The flight 
was the first to be undertaken by the French naval air 
arm, and its object was to test the value of the seaplane 
as a means of communication between the French 
African colonies, as well as to discover new routes for the 
transport of passengers and mails. 


Ienit1ion PiuG For Semi-DresEL Encrines.—In our 
issue of December 24, 1925, we described a hot-wire 
ignition plug made by Messrs. Lodge Plugs, Limited, of 
Rugby. It will be recalled that this plug was arranged 
with a resistance coil in series with the heating wire. 
The same firm have developed a new plug in which the 
resistance is dispensed with, the heating unit consisting of 
a single moderately-thick wire, of a special high-resistance 
alloy, wound in a groove cut on a steatite insulator. ‘I he 
advantage of this construction is that the wire is firmly 
supported, and is not affected by rapid changes of tem- 
perature. The heating unit takes less than a minute to 
reach its full temperature of approximately 1,000 deg. C. 
The full temperature of the steatite is about 200 deg. 
lower. The heating element offers a large surface for 
igniting the oil spray, and takes 13 amperes, the battery 
voltage being 12. The terminal is of the push-on type, 
and acts as a convenient form of switch. € 
contact is ample, and the terminal is completely insulated 
so that there is no fear of accidental short circuits. 
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THE ENGINEERING OUTLOOK. 


V.—MacHINE TOOoLs. 


At the beginning of 1926 it appeared that, in the 
absence of a coal strike, the anticipated general 
improvement in the industrial situation would 
bring with it a revival in the Home demand for 
machine tools. At the same time, evidences of a 
considerable increase in world demand during 1925 
held out some hope of a share in increasing export 
trade. Although the improvement hoped for has 
not materialised, the fact that the general level of 
production and exports has been substantially 
maintained, in spite of every handicap, argues that 
these beliefs were well founded. 

As in branches of the industry already dealt with, 
statistics of employment from an investigation by 
sample in seven principal manufacturing districts 
will be used to measure machine tool production as 
a whole. Analysis of the data on which the follow- 
ing Table I is based, would make it appear that in 
individual districts fluctuations are much affected 
by the prosperity or otherwise of local industry. 


TABLE I.—Employment in the Machine Tool Industry (in 





| 





| 
2x | Numbers | Index 
Employed. | 1914 100 
| 
| | 
1913 *, ¥ re oe | 4,338 100-0 
1918 ar =e oe is 4,498 103-7 
1920, May ; <i 5,639 | 130-0 
1923— | 
ist half year .. ‘ hs 2,373 | 54-7 
2nd s re s ms 2,849 65-7 
1924—— | 
Ist half year .. a oe 2,482 | 57-2 
2nd - wi ‘ mt 3,246 74-8 
1925— | 
Ist half year .. a ~ 3,320 | 74-4 
2nd ai = ‘% a 3,334 77-1 
1926— | 
Ist. half year .. ee my 3,625 | 83-6 
2nd Sy me 6 ie it 3,258* | 75-1 





* Estimate based on incomplete returns. 


From these figures it appears that there was a 
very substantial improvement in the first quarter of 
1926, sufficient indeed not to be entirely obliterated 
in the paralysis of the fifth and sixth months of the 
year. The machine tool industry is far too sensitive 
to the general economic situation not to have 
responded to the effects of the prolonged stoppage, 
but the actual decline is less than might have been 
expected. 

In a recent address to the Royal Statistical Society 
on “Indices of Industrial Productive Activity,” 
Mr. Flux observed of the engineering industries 
engaged upon the production of capital goods 
that “ at the period of great activity in the industrial 
cycle these industries undergo an exceptional 
expansion, while in times of depression it is these 
industries which experience with the greatest 
sharpness the restriction of demand.” 

There is a close parallelism between the relation of 
engineering to other industries, and that of the 
machine tool industry to engineering. It has 
already been pointed out that the prospects of the 
electrical and motor industries for 1927 are good, 
while those of the textile machinery industry are 
better than last year. An improvement is also to 
be looked for in other branches of engineering, and 
in the aggregate the result can hardly fail to stimu- 
late Home demand for machine tools. 

British exports of machine tools in 1926 have been 
slightly less than those of 1925 in quantity, though 
considerably better than the exports of the three 
preceding years. It will be observed from the 
Table II in the next column, that slightly better 
prices have been obtained. 

Taking everything into consideration, the results 
shown in Table II are by no means unsatisfactory. 
The slight reduction in quantity is capable of 
explanation on the grounds of the interference of the 


coal stoppage. The maintenance of values per ton | defence of the home market. 


would seem to argue that the new normal price 


level has been attained and that it is fairly competi-|the British industry may be congratulated on 
tive. However, the favourable aspects of produc- | having weathered a year of industrial dislocation 
tion and exports, touched on so far, stand in need of | so well, there are certain disturbing factors. In the 
| fable IV, below, the declared values of international 

In the first place, the revival of Home demand | machine tool exports are given, converted to sterling 
must be discounted to some extent as far as its| at the average daily rate of exchange for the year 
value to the British industry is concerned, by | in question. 


serious qualification. 








the growing menace of foreign competition. In 
Table III the usual import statistics are given. 
For some years imports have fluctuated about or 
below the 1913 level, with an upward tendency. 
In 1925, this tendency was decidedly aggravated, 
while, in 1926, the movement continued until in the 
last quarter, two and a-half times the pre-war 
quantity was imported, making an average for the 
year of roughly twice the 1913 figure. Another 
remarkable feature was the very extensive drop in 
the value per ton which took place at the beginning 
of the year and characterised it throughout. This 
has brought the value per ton of imports and exports 
of machine tools to approximately the same level. 
Having regard to the productive capacity of the 
British industry, and the virtual elimination of the 
price factor, this position is at first sight perplexing. 
The explanation is partly the activity of American 
competition in highly specialised machine tools, 
the evolution of which has been made possible in 
the United States by a home market on a scale 
denied to British manufacturers. In 1925, such 
imports amounted in value to two-thirds of the 


Tasre Il.—U.K. Exports of Machine Tools. 





| Value per Index 





Monthly Volume | Index tons 
Average. | (tons). 1913=100 | ¢ ‘ 1913-100 
| | 
| | | 

1913 | 1,378 | 100-0 | 61-2 | 100-0 
1922 | 

Ist. quarter 1178 | 85-4 134-9 | 220-4 

2nd 935 | 67:8 129-9 | 212-2 

3rd 746 54-0 | 132-3 216-2 

4th 1145 | 83-0 | 110-2 181-7 
1923— | 

ist quarter 1,094 79-4 } 118-2 193-1 

nati, ee 1,243 90-1 |} 104-6 170-9 

Sd, 946 68-6 | 102-7 167-8 

4th 1,434 104-0 | 101-6 166-0 
1924— | 

lst quarter 843 6L°1 109-8 177-7 

2nd ; 959 69°5 111°5 182-1 

Sd, ..| 1,118 81-1 | 111-3 181-8 

4th. ..| 1,078 78-20 | «120-5 196-9 
1925— | 

ist quarter 1,426 103-4 | 107-4 175-4 

2nd st,, ~-| 4,326 81-7 | 117-0 191-1 

Sordi, ..| 1,046 75-9 | 108-1 176-6 

4th, och * eee 84-5 | 104-9 171-4 
1926— | 

Ist quarter 1,271 92-2 115-1 188-1 

ee --| 1,073 77°8 | 104-6 170-9 

3rd 1,170 84-9 | 112-1 183-2 

4th 7 1,040 75 +4 | 117-1 191-3 








TaRLe III.—U.K. Imports of Machine Tools. 




















| | 1 
Monthly ly - Index. | Value per | Index. 
Average. — | Volume.) 1913 im Ton. | 1913=100 
a ae ; 
1913 Ss «| $12 100-0 91-4 100-0 
1922— | 
Ist quarter | 275 | S88-% | "0-7 121-1 
Sie, | 216 | 69-2 | 111-1 121-5 
3rd ..| 382 | 106-4 | 128-9 141-0 
4th ,, ..| 251 | 80-4 127-4 139-2 
1923— 
Ist quarter --| 284 | 91:0 109-8 120-1 
2nd, ..| 320 | 102-5 | 131-3 143-6 
m6 (Ch ..| 200 | 96-1 | 118-2 129-3 
4th ” sul 316 101-2 | 38-0 151-0 
1924— 
Ist quarter ..| 198 63-4 | 179-0 195-8 
2nd ef, 189 60-2 | 182-1 199-2 
3rd 95 P| ee 102-5 | 156-3 171-0 
4th ,, -o| 287 82-3 | 166-0 181-6 
1925— | 
Ist quarter ..| 30 96-5 184-3 201-6 
ma, | 32 106-4 157-2 172-0 
a <<) 10 120-5 145-5 159-2 
4th, wef S29 168-9 149-0 163-0 
1926— | 
Ist quarter as 637 204-1 111-2 | 121-6 
2nd, -a|, SE 163-8 130-1 | 142-3 
ae .-| 625 200-5 115-4 | 126-3 
eh ..| 781 250-3 110-1 | 120-4 
total. In part also the new factor of extensive imports 


of cheap German machine tools growing up in 
1926, has raised the index of quantity and reduced the 
value per ton. The combination of the specialised 
American and the cheap German tool has tempor- 
arily created a loophole in the British industry’s 


Again, with regard to the export position, although 


The outstanding feature of Table IV, is the 
continued advance of the German industry which 
now, for the first time since the war, takes first 
place, having increased its exports substantially 
beyond the 1913 level, which was itself a record 
year. United States exports, on the other hand, 
have receded. Colonel Frank A. Scott, of the 
Warner and Swasey Company, writing in The Iron 
Age, attributes this decline to ‘‘ the lower standard 
of living of European countries which more than 
offsets America’s superior manufacturing methods.” 
In many cases this price competition is, he says, in 
copies of American products from European work- 
shops, for which patent protection is not available. 
The Swiss Industry has not only felt more difficulty 
in export. business, but has also experienced a 
contraction of the home market. France has also 
had a less successful year, and may be expected to 
fare little better in 1927, owing to the economic 
effects of the financial crisis. 

It may be concluded that the future will resolve 
itself into a more acute struggle between the three 
protagonists. Besides the initial cheapness of her 


Taste I1V.—International Exports of Machine Tools 
Declared Values (000’s omitted.) 





| 1913. | 1924. | 1925. 1926. 
Pee £ | £ | £ 
| | | 
Germany .. i 4,004 | 2,769 | 3,816 | 
USA... ..| 3,309 3,304 | 4,568 | 
Great Britain .-| 1,013 | 1,362 } 1,561 
France -+ S| @@ | 7s 
Switzerland | o7 | 488 | 486 
Total -| 8,795 8,586 } 11,214 





| } 


products, Germany is making liberal use of credit 
in extending overseas business, and has made 
special strides in the valuable Italian market. 
America’s most valuable customers are Great 
Britain, Germany, France, Canada, Italy and 
Japan in the order named ; she also has a valuable 
connection in the Far East and South America. 
The American machine tools have continued to 
lose ground in British India, but still have much too 
large a hold on Empire markets. The greatest 
attention is being paid by the United States ex- 
porter to market analysis for this branch of business, 
and there can be little doubt that the scientific 
acqusition and dissemination of knowledge of 
market potentialities is one of her greatest assets 
in competition with this country, where too little 
attention is paid to this phase of commercial 
activity. 

In short, it is only with moderate optimism that 
the prospects of the British industry in 1927 can 
be regarded. As far as present indications go, it 
would seem that there should be a slow improvement 
throughout the year, based mainly on the improve- 
ment in the home market. There is no reason 
why export business should not also improve, as 
world demand is definitely on the up grade. But 
it is to be feared that, in order to gain a greater 
share of this improvement, the British industry 
must bring its commercial organisation to the same 
perfection as that which has for so long characterised 
its production. 


WIRELESS DIRECTION - FINDING EQUIPMENT. A 
pamphlet illustrating and briefly describing their type 
R.A. 59 marine direction-finding equipment has come 
to hand from the Radio Communication Company, 
Limited, 34 and 35, Norfolk-street, Strand, W.C.2. 
In this apparatus, the Robinson system, using two 
rectangular frame aerials mounted at right angles 
to each other, but capable of being rotated about a 
vertical axis, is employed. One of the advantages 
referred to in the pamphlet is that, unlike other systems 
depending upon the observance of the point at which 
signals disappear, on the Robinson system the signal 
is always readable. The main equipment is usually 
installed in the chart room, the aerial coils being erected 
on the deck above, and a bearing is obtained by rotating 
the coils by means of a handwheel having a small free 
movement which serves rapidly to reverse the connections 
of one of the coils, the auxiliary coil, so that its current 
is added to or subtracted from that in the main coil. 
A balance can be obtained when the plane of the latter 
coincides with that including the ship and the trans- 
mitting station, and a sense device is provided to enable 
the operator to determine in which direction in the 
plane the transmitting station lies. A certain amount 
of calculation is necessary to convert the observed bearing 
in relation to the ship’s head to the true bearing. but 
this is facilitated by a dise form of caleulator supplied 








with the apparatus. 
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The first ramps, 


On the same side | This is the depth of the sunk portion. 


swivel freely in a horizontal plane, it is not designed | stages instead of one, does not put undesirable stresses | are plated over to form a gangway. 











FEB. 4, 1927.] 


ENGINEERING. 


133 








SHALLOW-TYPE RAILWAY TRAVERSER. 
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above referred to, are normally carried clear of the 
ground when traversing, and are kept in this position 
by a pair of flexible strips connected to the traverser 
body and to the bar between the ramps. When a 
vehicle is being loaded on to the traverser, the bogie 
wheels depress the ramps and then run up them, the 
height of the lift on to the traverser being only 2} in. 

These flexible ramps have already been employed 

on other designs of traverser by Messrs. Ransomes and 
Rapier, and the unique feature of the new design is the 
second ramp, the position of which is indicated in Fig. 1. 
This is situated relatively to the first ramp so that, with 
bogies of customary length, the leading wheel of the 
entering bogie does not begin to mount the second 
ramp until the trailing wheel has commenced to mount 
the first ramp. As both ramps have the same inclina- 
tion the result is that the bogie rises the remaining 
distance of 2} in. without tilting. The total lift is 
4} in., and the height from the top of the rail on the 
traverser to that of the rail on which the traverser 
runs is only 6jin. The ends of the traverser between 
the first and second ramps, being of necessity very 
shallow in construction and subjected to great stress 
by the entering carriage, are made practically of solid 
plates, on the lines of the well known Stokes traverser. 
The enlarged cross sections, in Figs. 3 to 6, show this 
construction. The bottom plates are connected to the 
side beams by strong gussets, those on the outer side 
carrying the traversing-wheel axles. The driving shaft 
on the other side is carried in bearings independent of 
the gussets. A lighter and more economical design is 
adopted for the main portion between the ramp plat- 
forms, as a greater depth is available. Fig. 7 shows 
a section through this part of the traverser. 

Fig. 7 also shows the driving and warping gear. 
This consists of a 40 b.h.p. motor running at 500 r.p.m. 
with direct-current at 500 volts. The current is led in 
near the operating cabin by a standard having a 
horizontal arm and collectors, as shown in Fig. 1. The 
motor is of the reversible type with a controller of the 
usual pattern. It is, of course, geared down, and the 
secondary shaft is fitted with a clutch by means of 
which the motor can be used to operate a small warping 
winch for pulling the vehicles on to or off the traverser. 
This winch, with two bollards in front of it for loading, 
is easily distinguished in Figs. 1, 2 and 7. Another 
bollard, used when unloading, is placed at each end 
of the traverser just above the driving shaft, as shown 
in Fig. 8, in which figure is also shown the controller for 
the motor. Reference to Figs. 1 and 2 will show that 
the winch clutch is operated from the cabin by a hand 
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THE WROUGHT LIGHT ALLOY 
‘*LAUTAL.”’ 


THE phenomenon known as the ageing of aluminium 
alloys was first discovered by the German worker 
A. Wilm some years before the war, and, as a result 
of the researches of this and of other metallurgists, 
the alloy Duralumin was developed. The advent 
of this material was followed by that of another of 
very similar composition, namely, Y-alloy, which came 
into being in this country during the war. At the 
present time these two materials are among the most 
important, and are certainly the best known of the 
wrought light alloys of aluminium. Both Duralumin 
and the Y-alloy are rendered quite soft and workable 
by heating them to a temperature in the neighbourhood 
of 500 deg. C., and afterwards quenching them. Age 
hardening begins to take place almost immediately 
after quenching, and, at room temperatures, is usually 
complete at the end of about seven days. The process 
may, however, be hastened by low-temperature anneal- 
ing. A wrought alloy termed Lautal, which also pos- 
sesses the property of age-hardening, has recently come 
into prominence. This material is, however, peculiar 
in that it does not age automatically at room tempera- 








tures; a special tempering treatment is necessary in 
order to produce the maximum tensile strength and 
Brinell hardness obtainable. This is the main advan- 
tage claimed by the originators of the alloy ; they state 
that the mechanical properties of the unaged material 
are absolutely unaffected by long storage. The ageing 
is carried out on the finished articles, after the forging 
and working operations are completed, the process con- 
sisting of heating them in an oil bath for 16 hours at 
a temperature of 120 to 130 deg. C. 

Lautal is a ternary light alloy; it contains 4 per 
cent. of copper, 2 per cent. of silicon, and the remainder 
is made up of aluminium of commercial purity, con- 
taining iron up to the usual maximum. After casting, 
the metal is thoroughly worked by rolling or pressing, 
which process imparts high strength to the resultant 
material. The alloy may then be brought up to its 
maximum strength by quenching it at a suitable 
temperature and following this up by the low-tempera- 
ture tempering treatment referred to above. The 
properties of the material have been investigated by 
Drs. V. Fuss and H. Bohner,* who state that the 
quenching temperature should lie between 480 deg. C. 
and 500 deg. C.; they further recommend that the 
heating up of the metal to this temperature should 
be carried out in @ salt-bath furnace. 





lever, while a pair of foot brakes are fitted for 
controlling the traversing and warping motions. 





The alloy Lautal is produced by Messrs. Lautal- 

Walzwerk G.m.b.H., Bonn-on-Rhine, Germany, who 
supply four grades of the material, the properties of 
each of which vary in strength and hardness. The 
“unhardened ” quality is the quenched but untem- 
pered, i.e, unaged, variety. The minimum tensile 
strength of this is given as 19 tons per square inch, 
and the maximum as 22 tons per square inch. The 
elongation varies between 18 per cent. and 25 per 
-cent., and the Brinell hardness number ranges from 
70 to 80. The “normal” quality is the quenched and 
tempered, i.e., fully-aged variety of Lautal. The 
ultimate stress of this is stated to lie between 24 and 
26-6 tons per square inch, and the yield point between 
13-7 and 17 tons. The elongation is identical with 
that of the unhardened quality, and the Brinell number 
given varies between 90 and 100. The third grade, 
of Lautal, termed the “soft annealed” quality, is 
obtained by annealing either the unhardened or the 
the normal materials to a temperature lying between 
350 and 400 deg. C., for a short time. The tensile 
strength of this variety of the material is given as 
14-6 tons, and the Brinell number as 50 to 55; the 
elongation ranges from 20 to 28 per cent. This latter 
condition is the most suitable for deep drawing 
operations; moreover, should the material become 
work-hardened, it may be softened repeatedly by 
further annealings. When the drawing operations are 
‘finished, the material may be brought into the normal 
condition by the usual quenching and tempering 
processes. Sheets of hard-rolled Lautal are also 
produced ; in this condition the material is very hard 
and brittle. The tensile strength is increased to a 
maximum of 38 tons per square inch, but at the 
expense of the elongation, which ranges between 3 
and 15 per cent. The hardness number is given as 
100 to 135. 
The hardness of the normal or aged quality of Lautal 
is stated to be due to the separation, within the 
material, of widely-dispersed, ultra-microscopic particles 
of CuAly and free silicon. In regard to corrosion, it 
would appear from tests made at the aviation testing 
station of the Berlin Technical High School, in which 
the Mylius hydrogen-peroxide and sodium-chloride 
solution was used, that the unaged quality of the 
material is highly resistant to corrosion. The deteriora- 
tion-resisting properties of the aged alloy are apparently 
equal to those of other aluminium alloys of similar 
type. The chief value of the material lies in the fact 
that it combines lightness with high strength, and the 
producers advocate its use for the structural work of 
aircraft and for the manufacture of forgings, stampings, 
and rolled products for the motor-car and allied trades. 
The sole concessionaires for the British Empire are 
Messrs. Lavino (London), Limited, 48, Fenchurch- 
street, London, E.C.3. 








DINNER In Honour oF Proressor D. A. Low.—A 
complimentary dinner in honour of Professor David 
Allan Low, Emeritus Professor of Engineering, Uni- 
versity of London, East London College, will be given 
to him by his old students, on the occasion of his 70th 
birthday, on February 9 next, at the Connaught Rooms, 
Great Queen-street, Kingsway, London, W.C.2, at 7 for 
7.15 p.m. All old students who wish to attend should 
apply for particulars to Dr. A. P. Thurston, Bank- 
chambers, 329, High Holborn, London, W.C.1, or to 
— A. G. Warren, 11, Freta-road, Bexley Heath, 
ent. 





THE Late Mr. Fanos Evenne Turrm.—The name 
of the French chemist Turpin, who died on January 24, 
at Pontoise, aged 79 years, is connected with melinite, 
the explosive which is essentially picric acid. But picric 
acid and its explosibility were known long before the 
French Army filled grenades with fused picrie acid, 
according to Turpin’s French patent of 1885. Welter 
had obtained a very bitter acid substance, known as 
Welter’s Bitter or picric acid, about 1770 by treating 
silk and resins with nitric acid. The formula and identity 
of this substance, which was also used as a yellow 
colouring material, with trinitrophenol, prepared from 
earbolic acid, (phenol) were established by Laurent in 
1843. Powders containing picric acid had already been 
described when Sprengel, and later Turpin, observed 
that picric acid was itself explosive. Turpin’s original 
melinite (called so because it stained everything yellow) 
was picric acid soaked with guncotton solution. Then 
Turpin used the acid alone, employing mercury fulminate 
and some crystals of the acid as primers. As picric acid 
was relatively stable, and could apparently be heated 
and burnt without exploding, if not in a confined space, 
the manufacture of melinite and similar compounds, 
known as lyddite in England, was not put under restric- 
tion. But several disastrous accidents happened, some 
during the war, the mass exploding after having burnt 
for a quarter of an hour or more, either because the 
gases evolved were confined, or because some of the very 
highly-explosive picrates had been formed. Thus, picric 
acid and picrates fell into disfavour, and Turpin himself, 
who tried, together with others, to make these explo- 
sives less dangerous, was discredited for a time in France, 
because some of his inventions were said to have gone 





* See Zeitschrift fiir Metallkunde, January, 1925. 
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THE PHYSICAL SOCIETY. 


At a meeting of the Physical Society, held on 
December 10, 1926, at the Imperial College of Science, 
with Prof. O. W. Richardson, F.R.S., in the chair, 
it was announced that the Council had awarded the 
Duddell Medal for 1927 to Mr. F. Twyman, F.R.S. 

A paper entitled “A Capacitance Bridge of Wide 
Range and a New Inductometer,’ was then read by 
Mr. A. Campbell, M.A. The paper described a bridge 
by which quick measurements could be made of capa- 
citances covering a range from lyuyuwF up to 30uF, 
the power factor also being indicated. The unknown 
capacitance C was put in parallel with a resistance P, 
and the effective self-inductance of the combination, 
which was approximately equal to —P*C, was read on 
a mutual inductometer forming part of the bridge. 
By giving P a series of suitable values, scale multipliers 
providing for a very wide range of capacitance were 
obtained. The inductometer used was of a new type, 
having a circular scale extending to about 260 deg., 
the percentage accuracy of reading being almost con- 
stant over the greater part of the range. This novel 
scale system allowed the lower readings to be taken with 
good accuracy. A small rheostat allowed the power 
loss in the condenser to be balanced, and enabled the 
power factor to be deduced. 

In the discussion on the paper, Mr. D. W. Dye said 
that it seemed paradoxical, at first sight, that a high 
impedance could be more accurately measured when 
diluted with a shunt, but, as in a method described by 
himself in which the impedance to be measured was 
shunted by a resistance of 100,000 ohms, the dilution 
had the effect of making an accurate measurement 
practicable. The new scale of the instrument, which 
was substantially that of a slide rule, was particularly 
valuable, and might be applied with advantage to 
other instruments. Would it be possible to make the 
inductometer astatic, in order to avoid the errors 
introduced by variation of the earth capacity of the 
telephones ? 

Dr. E. G. Rayner said that the proposed method of 
measuring power factor was particularly interesting 
in view of the importance of the power factor in deter- 
mining the behaviour of cables under high voltages. 
The volt-amperes applied to an ordinary cable circuit 
amounted to about 200 times the real power, the power 
factor being nearly zero, and in measuring 
factor a sensitivity of 0-0001 radian at 20,000 volt 
was desirable. 

Mr. Rollo Appleyard said that the instrument would 
be of great value to electricians if it could be had at 
a moderate price. The scale was that of the aneroid 
barometer, and, in effect, it wasthe same scale as that 
originally used by Cavendish when he first compared 
the capacity of a battery of Leyden jars with that 
of a small plate condenser by repeated sharing of 
charges. 

Mr. G. W. Sutton asked whether it would be possible 
to design the instrument so as to avoid the effect of 
capacity between the primary and secondary of the 
mutual inductance. 

Mr. Campbell, in reply, said that the procedure in 
his method of testing condensers was quite the same 
as that employed in Mr. Dye’s method of testing large 
self-inductances, and was probably the most accurate 
of all known methods for that purpose. The two 
methods, however, depended on quite different formul®. 
Thus, the condenser method was practically direct 
reading and independent of frequency, while in the 
self-inductance method the results had to be deduced 
by calculation involving the frequency. With regard 
to astaticism, it is not very difficult to obtain moderate 
astaticism in an inductometer of the new type, but 
he thought that astaticism almost always involved loss 
of efficiency (e.g., by increasing the weight of wire 
used). In the present model of the capacitance bridge, 
he had not found the effect of stray fields troublesome, 
so long as the generator was kept sufficiently distant. 
In reply to Mr. Sutton, he would point out that, in the 
capacitance bridge, the maximum mutual inductance 
used was of the order of 504H, and hence the internal 
capacitances of the instrument had very little effect. 
In higher-reading inductometers of the new type, the 
troublesome effects of capicitance were minimised by 
suitable design of the coils. It was interesting to 
learn from Mr. Appleyard’s remarks that the ordinary 
aneroid barometer had a scale of constant percentage 
accuracy ; this appeared to be due to its inherent law 
of working, while his inductometer scale was the 
result of design involving a great number of experi- 
ments. 

A paper, entitled “A Principle Governing the Distri- 
bution of Current in Systems of Linear Conductors,” by 
Frank Wenner, Ph.D., Physical Bureau of Standards, 
was then read by Dr. Alexander Russell, F.R.S., in 
the absence of the author. In this paper, a brief 
résumé was given of the procedures which had been 
developed for determining the distribution of direct 
current in systems of linear conductors. In this con- 


this | 





nection, reference was made to practically all the laws, 
theorems, principles and procedures generally con- 
sidered to pertain to this particular field of investigation. 
Consideration was then given to a principle which, 
when employed, usually led more directly to the solution 
of problems than did any of the procedures commonly 
used. This principle applied to systems of linear 
conductors in which the currents were proportional 
to the impressed electromotive forces. The electro- 
motive forces might be any function of time, and might 
be distributed in any manner throughout the system, 
and the branches might contain resistance, inductance, 
capacitance or any two, or all, of these in series, might 
be so arranged as to move with respect to a permanent 
magnet, thus developing counter electromotive forces, 
and might be connected by contacts, or mutual induct- 
ances, or both of these. For such a system of con- 
ductors, the current in any branch was that which 
would result if all impressed electromotive forces were 
replaced by a single impressed electromotive force, 
located in the particular branch and equal to the drop 
in potential which originally would have appeared 
across the break had this branch been opened. While 
this principle was a logical consequence of well-known 
laws, it has been used but very little and seemed 
to be practically unknown. It was shown that it 
might be used to advantage in all, or practically all, 
cases in which the conductors formed a series-parallel 
combination or a network which might be changed to a 
series-parallel combination by opening the branch in 
which it was desired to determine the current. 
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Mr. Rollo Appleyard, in the discussion, said that 
Dr. Wenner’s paper was a further elucidation of a 
theorem due to L. Thévenin (Comptes Rendus, 
vol. xevii, 1883), which had been explained and general- 
ised in relation to modern problems by K. 8S. Johnson 
(Transmission Circuits for Telephonic Communication, 
page 79). The examples given by Dr. Wenner were 
valuable testimony of the simplicity of the method. 
To obtain confidence it was useful to begin with the 
case of a circuit consisting of a battery connected to 
a shunted galvanometer. First express the current 
in the battery-branch of resistance r, as the product of 
the galvanometer current and the multiplying power 


(g + s)/s, of the shunt. Then express the same 
current directly from Ohm’s law—i.e., E/ (r + *); 
g+s 


equate these currents, and derive the galvanometer- 
current as the ratio of E [s/(g + 8] to[r + gs/(g + s)], 
which was the same as the ratio of E[s/r + s)] to 
{g + rs/(r + s)]. This was seen to be the ratio of the 
potential difference that would exist across the gal- 
vanometer terminals if the galvanometer branch were 
cut, to the resistance made up of the galvanometer 
and the shunted battery circuit when the battery 
was replaced by a resistance equal to the battery 
resistance, the electromotive force of the battery being 
imagined suppressed. By adding branches one at a 
time, a complex network could be treated in like manner, 
and assurance was gained that to find the current in a 
given branch it sufficed (1) to suppose the branch cut ; 
(2) to express the potential difference between the 
terminals of the cut branch; (3) to express the total 
resistance made up of the branch itself, and of the 
resistance between its terminals when the branch was 
cut and the electromotive forces were suppressed : and 
(4) to divide the result of (2) by the result of (3). In 
the generalisation, capacities, inductances and _ leak- 
ances could be treated as resistances by the well-known 
device. 

Mr. G. W. Sutton questioned the value of the method 
for teaching purposes. The old methods were admit- 
tedly more laborious, but it was in practice necessary 
to limit the number of principles which had to be 
explained to an ordinary physics class. 

Dr. A. Russell said that, in his opinion, the author's 
method gave certain classes of results in a tenth of the 
time taken by direct methods. 

Dr. A. Rosen said that the theorem given by 
Dr. Wenner could be stated in a slightly different form 
as follows: The current in any branch of a network 
may be determined by replacing the remainder of the 
network by a generator having an e.m.f. Vg and internal 
impedance Z,; Vg and Z, were the values measured 
at the terminals when the branch was opened, i.e., 





the generator was on open circuit. The current through 
. Inthis form, the 





the branch of impedance Z was Z Z 


case was analogous to that of a real generator, which 
helped to make it easier to remember and apply. 
The theorem was useful in the theory of telephone 
transmission, and he was indebted to Mr. R. Haemers, 
of the Belgian Post Office, for the accompanying 
diagram. The interference between the circuits Figs. 
1 and 2 was caused by a complex series of electro- 
static and electromagnetic couplings, and was measured 
by the ratio of the power in the disturbed to that in 
the disturbing circuit when the former was closed by 
an impedance equal to its own, i.e., Z,. The inter- 
ference might be expressed as an attenuation factor b, 


Pe ; . 
when - =e, It was required to find the current 


1 
in the telephone T when there was a voltage V; across 
AB. Let the p.d. at the terminals of circuit Fig. 2 when 





the branch is open be Vo. Then when closed by Z, 
the current was of . Hence Py = 7 P, = pa 
and e-% = Loe : 4 When closed by a telephone 
av; Z, 
of impedance Zt, the current was I, = Z —- 
Mo 1 &t 
2V1 / Zy —2b, 


e 
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Mr. A. Campbell said that all who were interested 
in electrical measurements were deeply indebted to 
Dr. Wenner for the many illuminating and _ helpful 
papers which he had already published ; the present 
| paper added to the list, and it was clear, from the many 
| interesting examples which he dealt with, that his 
system of working would be most useful to many 
| workers who did not care for long lines of simultaneous 
| equations. 


ELECTRICALLY-OPERATED SAFETY 
DEVICES IN THE RUBBER INDUSTRY. 


THE fact that the chief operations in rubber mills 
involve at times considerable risk for the workmen 
engaged upon them, has tended to develop and test 
many devices for the purpose of eliminating and 
minimising accidents. 

One of the chief requisites in a rubber plant is a 
safe and speedy means of bringing the mill to rest in 
the event of anything going wrong, and for this purpose 
the magnetic clutch has many advantages over its 
mechanical prototype. Besides possessing the safety 
feature that any derangement of the magnetic system 
will cause the clutch to uncouple, the magnetic clutch 
is adapted to remote and automatic control, is simple, 
as compact as a flange coupling, and can be used for 
high-speed drives, as centrifugal forces do not interfere 
with its action. The clutch parts do not slide along 
the shaft, as engagement is accomplished through the 
flexibility of steel spring-plates. The action will be 
clear by reference to Figs. 1 and 2. These clutches 
are often constructed in a split form so that they can 
be installed without removing the shafting. 

In order to engage or disengage the clutch, it is 
only necessary to make or break the electric circuit 
by the simple operation of a switch. The clutch can 
be operated from any one of several points. When 
current is sent through the electro-magnet in the 
clutch, the magnetic pull does not attain its full value 
immediately. An appreciable time interval elapses 
before the maximum pull becomes effective, and for 
this reason the clutch will not “grab” the load, 
but will accelerate gradually and start the load 
smoothly. This smooth acceleration is automatic and 
entirely independent of the operator. 

A further development of the magnetic clutch is 
the addition of a magnetically released brake, applied 
by gravity and used chiefly in emergencies for stopping 
the mills very quickly, though without shock to the 
machinery. In the magnetic clutch brake the hub 
carrying the armature parts of the clutch also carries 
the brake wheel, which is encircled by a band lined 
with a friction material consisting of woven asbestos 
and brass wire. This friction band is adapted to be 
released by means of a solenoid connected in parallel 
with the winding of the clutch, and to be applied by 
means of a weight on the end of the brake lever. When 
the winding of the clutch is de-energised by the tripping 
of one of the safety switches, that of the brake solenoid 
is also de-energised, and the brake is thus applied. 
The driving power is cut off and the brake instantly 
applied, so that the equipment is brought to rest in 
the minimum of time. 

To give some idea of the operation of these clutch 
brakes, the following example may be cited :—Three 
rubber mills (20 in. by 22 in. by 60 in.) were driven 
from a line shaft by a 200-h.p., 590-r.p.m. motor 
geared toit. The speed of the line shaft was 100 r.p.m.. 
that of the drive rolls 21 r.p.m., and that of the front 
rolls 13-23 r.p.m., giving a friction ratio of 1-45 to 1. 
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With the motor running at full speed and all the mills 
without load, the equipment was shut down by dis- 
engaging the magnetic clutch between the driving 
motor and its pinion and simultaneously applying 
the brake on the driven side of the clutch. The 
chronograph used indicated that the movement of the 
drive roll periphery, subsequent to the operation of 
the cut-off device, could be made as small as 4 in. 
This is a sufficiently quick stop for the purposes of 
safety, while it does not cause serious shock to the 
machine. With all mills operating without load and 
the brake not in operation, the chronograph indicated a 
movement of the drive-roll periphery of 86 in. With 
one mill loaded, the disengagement of the clutch 
effected a stop in 18 in. of roll travel. Stopping the 
mills by opening the motor line switch while the clutch 
was kept engaged was next tried. With the mills 
unloaded the roll travel was 376 in., or about four 
revolutions, while with one mill loaded it was 52 in. 
It may be concluded from these tests that the simple 
disconnection of the motor from the line does not 
afford any protection to the workmen, while excellent 
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protection can be secured where a clutch brake is 
employed. 

A simple double pole knife switch will often suftice 
for the control of the clutch, if remote control only is 
desired. Gradual engagement of the clutch, which is 
desirable in starting some types of alternating-current 
motors, is obtained by using an adjustable rheostat 
in the circuit of the clutch coil. If the clutch is installed 
as a cut-off coupling or safety device, the coil circuit is 
usually controlled by means of a double pole electrically- 
released switch, which is closed by hand, and may be 
opened by means of a push button or any number of 
safety switches. The latter normally have closed 
contacts. Under special conditions it is sometimes 
desirable to interlock the clutch control with the 
motor controller in order to prevent automatically the 
engagement of the clutch until the motor has been 
started. 

If the brakes are installed, individual switches are 
recommended for the clutch and brake circuits. The 
connections are then so arranged that under normal 
conditions the brake remains released, and the clutch 
only is operated by means of push buttons to start 
and stop the machinery. If, under emergency condi- 
tions the safety switch is tripped, the clutch is dis- 
engaged, and the brake is applied to bring the machinery 
quickly to rest. 

There are two types of safety switch available—the 
cradle switch and the latched-in switch. The former 
is a small enclosed drum switch whose operating shaft 
is directly connected to the supporting shaft of a safety 
cradle. It has double-pole double-break contacts 
held closed when the cradle is horizontal, A very 


slight movement of the cradle in either direction 
opens the contacts and stops the machine. 

The latched-in safety switch has spring-opened 
contacts held closed by means of a latch. The contacts 
are double-pole, quick-break and are enclosed. When 
tripped, the switch is held in the open position by means 
of a second latch, and cannot be closed again until this 
latch is released, thus ensuring against accidental 
closing. The switch is generally rope- or chain- 
operated. Where several mills are driven through one 
clutch, the use of a separate safety switch on each 
machine is recommended, the switches being so con- 
nected that the tripping of any one of them will release 
the clutch. Where safety is the primary object in 
installing the clutch, it is advisable to place the start 
and stop station at some remote point where it can be 
operated by authorised persons only, and to allow the 
workmen to operate only the safety switches: 

The screw down for rubber calenders is designed to 
overcome the objections inherent in the hand or plain 
motor-operated types. In the case of the hand-operated 
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screw-down, a considerable risk of personal injury is 





hand wheel F, the pinions B will not only revolve about 
their own axes, but will also revolve about the axis 
of E in a clockwise direction, but at a lower speed than 
A. The pinions E in revolving about their axes carry 
with them the sleeve C, on which is mounted the 
sprocket D for driving through the silent chain, the 
calendar screw-down mechanism. Should the operator, 
through carelessness or confusion, continue the operation 
of the motor after the rolls are actually in contact, the 
pinions will commence to drive pinion E, and therefore 
handwheel F, in a direction opposite to that taken 
by B, for F is prevented from rotating only through 
being restrained by the hands of the operator, and 
obviously the force which can be exerted by the 
operator is limited. 

Since the operator is required to use both hands in 
restraining F while operating the screw-down mecha- 
nism, the starting and stopping of the screw-down motor 
is provided for by a pair of control pedals, the depression 
of one causing the gear A to revolve in a clockwise 
direction, the depression of the other causing it to 
revolve in a counter-clockwise direction. 
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created for the workman in dropping the lower roll 
on changing from frictioning service to sheeting work, 
owing to the slowness with which the rolls are separated. 
This results in operators seldom dropping the bottom 
roll more than barely enough to clear the sheet which is 
being delivered from the middle roll, and the probability 
is that a careless operator will get his fingers caught 
between the bottom and middle rolls. On the other 
hand, experience with motor-driven screw-downs in 
rolling mill service has definitely shown the futility of 
gearing for high-speed operation if accurate setting and 
small movement are required, since a screw-down 
which is geared too high is almost certain to over-run 
and will be difficult to set to an exact gauge. There is 
also the danger of driving the rolls solidly together, 
thereby damaging the mechanism of the screw-down. 

By means of the device illustrated in Figs. 3 and 4 these 
disadvantages are eliminated. The screw-down mecha- 
nism, placed on one side of the'calendar, drives the screw- 
down sprocket either by gear or chain drive. The usual 
clutch for selecting top or bottom rolls is retained. 

The mechanism of the Igranic motor-operated screw- 
down is shown in Figs. 3 and 4, and consists of an opera- 
ting motor directly connected to the brake wheel J, 
which carries an internal gear A. The pinions B carried 
by studs on sleeve C mesh with the internal gear A 
and with a pinion E on the hand wheel shaft F. 

If the motor is started in, say, a clockwise direction, 
pinions B will also revolve in a clockwise direction, 
and if pinion E is not restrained it will be revolved in a 
counter-clockwise direction at a pitch speed equal to 
the pitch line velocity of the internal gear A. If, 
however, the rotation of E is prevented by holding the 
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Whenever the motor is disconnected from the line 
through the release of the control pedals, the magnet G 
is de-energised, and the brake shoe H is allowed to 
press against the brakewheel J, thus bringing the mecha- 
nism promptly to rest. Whenat rest, the brake-wheel 
J, and, consequently, the internal gear A, are prevented 
from rotating by the brake shoe H, and if any minute 
adjustments of the calendar rolls are required, they may 
be secured by rotating the hand wheel F, which revolves 
the pinion E, and, therefore, pinions B with the sleeve 
C, at a reduced speed. 

As power is available for the operation of the rolls, 
the inducement for the operator to refrain from drop- 
ping the bottom rolls sufficiently for complete safety 
is removed, and with this, one of the most considerable 
risks of personal injury associated with rubber calendars. 

An alternative form of screw-down control with addi- 
tional safety features is shown in Fig. 5. The equip- 
ment comprises a master controller J, reversing 
contactors K and L, high-speed contactor M, relay N, 
and emergency push button O. Normally, the screw 
down may be operated either by hand or by means of 
motor P, which is controlled by the drum J. If motor 
operation is desired the hand-wheel Q must be held to 
allow the drive to be transmitted through the epicyclic 
gear, Should it be desired, in the event of an emergency 
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to separate the rolls, push button O is depressed, when 
the motor P will cause roll 2 to be raised at an increased 
speed owing to the cutting out of resistance R. At the 
same time, the main motor switch is tripped or a clutch 
brake applied so as to bring the rolls to rest. A limit 
switch S is provided to prevent over-travel of the roll. 
In this case, the handwheel Q is automatically held 
by the brake T. This system combines flexibility with 
adequate protection owing to the availability of hand 
or motor drive and, in the case of emergency, of an 
extra-high speed for separating the rolls. 

In dealing with the safety devices for rubber mills, it is 
not out of place to mention automatic motor controllers, 
as these tend to prevent possible accidents to operators 
when starting up, since push buttons or master control- 
Jers, carrying shunt currents, are the only pieces of 
apparatus which need be touched. Moreover, addi- 
tional safety devices, such as limit switches, emergency 
stations and overload relays, may be added to obtain 
quick stops under various conditions. 

Apart from these important considerations, the auto- 
matic starter protects the motor against improper 
acceleration, eliminates, in many cases, the necessity 
for an attendant, lends itself admirably to remote 
control, and reduces to the minimum the time spent 
by the operator in starting the motor. Where space 
or wiring cost is an important consideration, the auto- 
matic starter presents further advantages. It may be 
mounted either in an out of the way place, since it does 
not need to be as easily accessible as the manual type, 
or directly on the motor, when only the pilot wire need 
be run to the actual starting point. 

Low-voltage release for two-wire or low-voltage pro- 
tection for three-wire control is inherent in the automatic 
starter, and ease of operation for all sizes of equipment 
is an additional advantage which this class of apparatus 
has over the manual type. 








TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case :—It is reported at Bangkok that the Siamese 
Railway Department is inviting tenders, to be presented 
by May 3, for the supply of 100 open steel goods wagons 
and 50 buffer hooks with bolts (metre gauge). A copy 
of the specification may be seen on application to room 
50 until February 9. (Ref. No. AX 4185.)—The South 
African Railways and Harbours are inviting tenders, to 
be presented by March 17, for the supply and delivery of 
20 superheater locomotive boilers for class ‘‘ 8a” 
engines. Local representation is, in practice, essential. 
(Ref. No. AX 4188.)—The Egyptian Ministry of Educa- 
tion is inviting tenders, to be presented by February 28, 
for the supply and delivery of machine tools and textile 
machinery for Demanhour Trades School, 1926-1927. 
Local representation is essential. (Ref. No. AX 4181.) 
The Ministry of Public Works, Egyptian Government, 
is inviting tenders, to be presented by March 3, for the 
supply and erection at the site of the Egyptian army flour 
milling plant at Tura, near Cairo, of two Diesel engines 
and accessories. Local representation is essential 
(Ref. No. AX 4187.)—The Victorian Railways are calling 
for tenders, to be presented by March 2, for the supply of 
one multitubular boiler complete with all necessary 
equipment. The specification can be seen on application 
to room 50 until February 9. (Contract 40248.) (Ref. 
No. AX 4191.)—The Public Works Department, New 
Zealand, is calling for tenders, to be presented by April 
26, for an electric secondary battery. (Lake Coleridge. 
Section 198.) (Ref. No. BX 3202.)}—Tenders are being 
invited by the Montevideo National Port Administration 
for the supply and delivery of a steel motor tug to tow 
vessels of 30,000 metric tons. Tenders to be received at 
Montevideo by May 23. J.ocal representation is essential. 
A copy of the specification and conditions of tender may 
be seen on application to room 50. (Ref. No. AX 4198.) 
—The South African Police are inviting tenders for the 
supply of hardware and miscellaneous stores, including 
platform weighing machines, iron-folding bedsteads, 
bicycle and motor spares, rifles, &c. Tenders will be 
received by the secretary of the Union Tender Board, 
Pretoria, until February 17. Local representation is 
essential, (Ref. No. CX 2185.)}—There are three separate 
calls for tenders from Australia and New Zealand :— 
(1) The Municipal Council of Sydney is inviting tenders 
for the supply and delivery of paper insulated and lead 
covered cable, working pressure 660 volts. Tenders to 
be received by February 21. (Ref. No. BX 3200.) 
(2) The New South Wales Government Railways, Sydney, 
are inviting tenders for the supply and delivery of one 
three-phase, oil-insulated, self-cooled, indoor type trans- 
former of 100 kv.-a. rating for 2,300 volts primary, 415 
volts secondary, and 50 cycles. Closing date for tenders 
is February 16. (Ref. No. BX 3201.)—(3) The Depart- 
ment of External Affairs, New Zealand, is calling for 
tenders for the supply and delivery of the following, which 
are required in connection with the Apia hydro-electric 
power scheme, Samoa :—(a) Transformers and lightning 
arresters, &c. (Ref. No. BX 3203.) (6) Triple braided 
cable, bare copper wire and soft-drawn bare wire for 
binding purposes. (Ref. No. BX 3204.)—(c) Three- 
core and twin-core cable with joint boxes and jointing 
material, through boxes for cables, terminal boxes, &c. 
Ref. No. BX 3205.) 
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CenTRAL Exvectriciry Boarp.—It was announced 


recently by the Minister of Transport that Sir Andrew 
Duncan had accepted the position of Chairman of the 
Central Electricity Board, constituted under the Electri- 
city (Supply) Act, 1926. 

ConTrRacts.—Messrs. Saxby and Farmer (India), 
Limited, Calcutta, who are associated with the Westing- 
house Brake and Saxby Signal Co., Limited, London, 
have received an order for the supply of Westinghouse 
semi-automatic daylight signals, and alternating-current 
track-circuiting over approximately 3 miles of double 
track, between Churchgate and Grant-road, on the 
Bombay, Baroda and Central India Railway.—The 
automatic telephone exchanges, completed during 1926, 
by Messrs. Siemens Brothers and Co., Limited, Woolwich, 
include installations at Chesterfield, Edinburgh, East 
and West Hartlepool, Albion and Newmarket (Australia), 
Winnipeg West (Canada), and Stratford (N.Z.), as well 
as in Cairo, Port Elizabeth, and Baku. Manual 
exchanges have also been installed at Bexley Heath, 
Camberley, Dumfries, Popesgrove, Seven Kings, Shipley, 
and Southend.—Messrs. Henry Simon, Limited, Mount- 
street, Manchester, have secured the contract for the 
supply and erection of the grain-handling machinery and 
electric power plant required in connection with the new 
scheme for improving the grain discharging facilities at 
Avonmouth Docks. The approximate total length of 
the conveyors to be installed will be about three miles. 
All the new main conveyor bands and elevators will be 
capable of handling 200 tons of wheat per hour, and the 
loading-out plant will have a capacity of 60 tons per 
hour.—Messrs. John I. Thornycroft and Co., Limited, 
Thornycroft House, Smith-square, London, S.W.1, 
have been commissioned to supply the designs for two 
new torpedo-boat destroyers, to be built in Italy for the 
Roumanian Government. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Scarcity of Cleveland pig 
iron is as acute as ever, with the result that prompt 
prices keep firm. Sellers, however, are keen to make 
forward contracts at below current rates, and customers 
are now hesitating to commit themselves ahead, as they 
anticipate a downward movement in values. As yet, 
however, production is not equal to needs, and very 
little iron comes on the open market, by far the most of 
the make going into direct consumption at ironmasters’ 
own steel plants. For early delivery, No. 1 Cleveland pig 
is 87s. 6d.; No. 3 g.m.b., 85s.; No. 4 foundry, 84s. ; 
and No. 4 forge, 83s.; while, for supply over periods 
extending over the first half of the year, sellers are 
offering parcels at half-a-crown below the foregoing 
figures. 

Hematite-—The_ situation as regards East-coast 
hematite shows little or no change. There is hardly 
any iron to be had for early delivery, and any prompt 
parcels that come forward readily realise 90s. Forward 
contracts can, however, be made, at a lower price. 


Foreign Ore.—New business in foreign ore is little 
heard of, but overdue deliveries are now coming forward 
freely. Best rubio is 22s., c.i.f. Tees. 

Blast-Furnace Coke.—Local users of blast-furnace coke 
complain considerably of the high prices named for that 
commodity, but they need supplies and further purchases 
are reported. Good average qualities are 25s. to 27s. 6d., 
delivered here. 

Manufactured Iron and Steel.—Finished iron and steel 
manufacturers are well sold, some firms having orders 
booked that will keep them busily employed for the next 
six months, but autumn inquiries show some falling off. 
Prices are steady. Common iron bars are, 12. 5s. ; 
iron rivets, 127, 15s.; iron ship castings, 121. 10s. ; steel 
rivets, 131. 10s. ; soft steel billets, 77. 12s. 6d. ; medium 
steel billets, 87. 2s. 6d; hard steel billets, 8/. 12s. 6d; 
steel ship plates, 8/. 7s. 6d.; steel angles, 71. 17s. 6d. ; 
steel joists, 71. 17s. 6d. ; heavy steel rails, 81. 10s.; and 
galvanised corrugated sheets (No. 24 gauge, in bundles), 
151. 15s. 

Shipments of Iron and Steel—January shipments of 
iron and steel from the Tees totalled 41,348 tons, as 
compared with 25,210 tons in December. Of the 8,178 
tons of pig iron loaded last month, 1,957 tons went abroad, 
and 6,221 tons went coastwise; of the 4,156 tons of 
manufactured iron shipped, 3,032 tons went to foreign 
ports, and 1,124 tons coastwise ; and of the 29,014 tons 
of steel cleared, 21,970 tons went overseas, and 7,044 tons 
coastwise. Scotland was the largest customer for pig- 
iron, receiving 3,381 tons ; while Wales took 2,040 tons ; 
China, 600 tons ; Cape of Good Hope, 370 tons ; and France, 
310 tons. Natal, taking 1,052 tons, was the heaviest im- 
porter of manufactured iron. The principal purchasers of 
steel were: India, 6,359 tons; Australia, 3,998 tons ; 
Argentine, 2,711 tons, and Natal, 2,126 tons. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Further evidence is available in the 
steel and engineering trades of a steady recovery of 
the ground lost during the past year. Following the re- 
starting of idle plant and the extension of the basis of 
operations in some of the heavy sections, fifteen hundred 
operatives have been re-absorbed during the past week. 
Inquiries for all classes of steel products are numerous, 
though the amount of business actually materialising 
is less substantial than was the case a fortnight ago. 
Difficulty is experienced in keeping down production 
costs, despite the enforcement of rigid economies. Pig 
iron is dearer owing to the enhanced cost of coke, and 
this in turn is forcing up steel prices at a time when 
competitive quotations from the Continent are on the 
down grade owing to the rush for orders by Belgian and 
French producers. The shipbuilding trades are likely 
to prove more valuable customers to this district in the 
early future, with resultant benefit to foundries and 
forges. Armaments departments, which have been in 
the grip of depression for several years, are showing 
signs of increased activity. Various classes of auto- 
mobile steel are in active demand, and there is a growing 
call on electrical gear and equipment.’ Agricultural 
engineers are doing rather better. More foreign in- 
quiries are to hand for rake steel, agricultural castings, 
and plough-wheel boxes. This section has still, how- 
ever, big leeway to make up owing to the loss of valu- 
able connections on the Continent. Railway steel is an 
improving line on export account. British collieries are 
ordering tools and equipment much more freely. The 
tool trades, while still showing weak patches, are, on the 
whole, making progress. The building trades and 
constructional engineers are good buyers. 

South Yorkshire Coal Trade.—A better tone charac- 
terises the market, though, until conditions become more 
settled, prices at the pit must continue to be of a nominal 
character. Export business in hard steams is gradually 
recovering, and home consumption tends to increase. 
The wagon shortage is still a vital factor in restricting 
outputs at collieries, some of which have been so badly 
hampered that they contemplate closing down. Con- 
tracts in industrial fuel are mostly being arranged on a 
short date basis. Gas coal contracts show an average 
advance of 1s. per ton on pre-stoppage prices. In some 
instances, more favourable terms have been secured. 
Business in house coal is only moderate. Slacks are 
rather weaker owing to restricted consumption at coke 


ovens. Smalls are obtainable at as low as 3s. per ton. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—Activity in the Scottish steel 
trade is gradually expanding, but it will take some time 
before all the works are in fullswing. There is certainly 
more being done in the way of fresh business this week, 
although the gross tonnage is not over heavy. Old 
contracts are being worked off, and buyers generally are 
hesitating as long as possible before entering the market, 
in the hope that prices will be easier when necessity 
forces them to fix up. The prospects in that line are 
not very rosy, however, because of the slowness with 
which raw material and fuel are coming back. Another 
factor of much importance now is the advances to be 
made in railway rates from March 1. These may not 
be very large, but practically everything is affected, 
so that the price of most commodities will have an 
upward tendency. Considering the steadily increasing 
amount of road transport, the pity is that the railway 
companies are increasing and not decreasing their 
charges. The demand for plates and sections for the 
shipbuilding industry is very urgent, and the supply at 
the moment is far from adequate. Black sheet makers 
are fully employed, and fresh business is coming in 
every week, with the result that most of the producers 
should be running full for several months to come. 
Export inquiries are very satisfactory. Prices show no 
alteration, except that sheets are 5s. per ton easier, 
and are as follows :—Boiler plates, 11/. per ton; ship 
plates, 87. 7s. 6d. per ton ; sections, 7J. 17s. 6d. per ton ; 
and sheets, under + in. to 4 in., 121. 5s. to 131. 5s. per 
ton, all delivered Glasgow stations. 


Malleable Iron Trade.——In the West of Scotland 
malleable-iron trade work is only moderate. Specifica- 
tions are not coming in very freely, and in consequence 
there is a little quietness at some of the establishments. 
The steel re-rolling departments have been doing fairly 
well, but the demand there again is not too good at the 
moment, and home prices have been reduced a little 
in the hope of increasing order books. The market 
price for Crown bars is unchanged at 111. 15s. per ton, 
delivered Glasgow stations. 


Scottish Pig-Iron Trade.—The output of Scottish pig- 
iron is not increasing, as only some twenty furnaces 
are in blast, and producers are having difficulty in secur- 
ing standard grades. The amount of foundry iron avail- 
able is not sufficient for current requirements. On the 
other hand, the supply of hematite iron is, and deliveries 
against old contracts are, quite good. New business in 
the latter is coming along very slowly. The following are 
the market quotations :—Hematite, 90s. per ton, de- 
livered at the steel works; foundry iron, No. 1, 95s. 
to 97s. 6d. per ton, and No. 3, 91s. 6d. to 94s. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, January 29, amounted to 426 tons. 
Of that total, 372 tons were shipped overseas and 
54 tons went coastwise. For the corresponding week of 
last year the figures were 717 tons to foreign ports and 
105 tons coastwise, making a total shipment of 822 tons. 


Manufactured Iron Trade Wages.—The following in- 
timation has been made to Messrs. James C. Bishop 
and Owen Coyle, joint secretaries of the Scottish Manu- 
factured Iron Trade Conciliation and Arbitration Board, 
by Sir John M. MacLeod, Bart., C.A., Glasgow :—‘“‘ In 
terms of the remit I have examined the employers’ 
books for November and December, 1926, and I certify 
that the average net selling price brought out is 111. 15s. 
8-68d.” ‘This means that there will be a fall of 2} per 
cent. in the wages of the workmen. 


Scottish Shipbuilding—While the output from the 
Scottish shipbuilding centres during the month of 
January was the lowest for the same month for many 
years, it does not mean that there is little or nothing 
doing in the industry. On the contrary, there is a fair 
amount of activity, and the outlook is good. Contracts 
on hand total quite a respectable tonnage, and during 
the past month alone over a dozen new contracts were 
reported. The supply of steel, &c., is increasing, and 
more workers are being absorbed, so that when the 
necessary material comes along in sufficient tonnage 
work in the shipyards will be very much better than it 
has been for some time back. 'The prospects are looked 
upon generally as very much brighter, and a gradual 
but steady improvement is what is most wanted. The 
launches during January were as follows :— 
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LAuNcH oF THE §&.S. ‘‘ Kintocu.”—On Tuesday, 
February 1, Messrs. Swan, Hunter and Wigham Richard- 
son, Limited, successfully launched from their Neptune 
Yard the 8.8. Kinloch, which is intended for service on 
the Great Lakes of North America and on the St. 
Lawrence, and which has been built to the order of Mr. 
Playfair, of Midland, Ontario, for the Valley Camp Coal 
Company, Limited. The vessel is the first in England to 


be built with a special self-unloading gear, by means of 
which the cargo may be discharged at any suitable posi- 
tion on the quay or into wagons. Triple expansion 
engines are fitted aft, the vessel being of the usual lake 
type, having the navigating bridge forward and a large 


number of hatchways for easy cargo handling. The 
principal dimensions of the new vessel are: Length, 
260 it., and breadth, 43 ft., and she will carry over 2,000 
tons deadweight on a draught of a little over 14 ft. 


NOTICES OF MEETINGS. 





THe INSTITUTION OF MECHANICAL ENGINEERS.— 
To-night, at 7 p.m., at Storey’s-gate, S.W.1. Informal 
Meeting. ‘‘ Engineering Salesmanship,’”’ introduced by 
Mr. William Reavell. 


THE JuNnIoR INSTITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. “‘ The 
Theory of the Gyroscopic Compass,’’ by Mr. P. R. 
Jackson, Friday, February 11, at 7.30 p.m. Honorary 
Members’ Lecture. ‘‘The Physiology of Work Under 
High Air Temperature Conditions,” by Prof. K. Neville 
Moss, M.Sc. 


Tue Royat InstitutTIon.—To-night, at 9 p.m., at 
21, Albemarle-street, W.1. ‘‘ Wireless Transmission and 
the Upper Atmosphere,” by Prof. E. V. Appleton. 
Monday, February 7, at 5 p.m., General Meeting. 
Thursday, February 10, at 5.15 p.m.  ‘* Acoustical 
Problems—Echoes ”’ (Lecture II.), by Sir William Bragg. 


THe INstTITuTION oF AUTOMOBILE ENGINEERS : 
WESTERN CENTRE.—Saturday, February 5, at 6.30 p.m., 
at the Law Courts, Cardiff. ‘‘ Maintenance in the 
United States,” by Mr. L. H. Pomeroy. 


Tue INsTITUTE OF TRANSPORT.—Monday, February 7, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. ‘* A Survey 
of Road Transport,’’ by Mr. C. le M. Gosselin. 


THE INSTITUTE OF TRANSPORT: WESTERN LOCAL 
Srction.—Monday, February 7, at 5.30 p.m., at the 
University, Bristol. ‘‘ Inland Waterways with Special 
Reference to the Severn Connections,” by Mr. 8. E. 
Manning Lewis. 

THE Socrety or ENGINEERS.—Monday, February 7, 
at 5.30 p.m., at the Geological Society, Burlington House, 
Piccadilly, W.1. Presidential Address, by Mr. D. C. 
Fidler. 

THE InstITUTION oF AUTOMOBILE ENGINEERS : BRISTOL 
CeNTRE.—Monday, February 7, at 6.45 p.m., at the 
Merchant Venturers’ Technical College, Bristol. ‘‘ The 
Supercharging of Aircraft and Motor Vehicle Engines,” 
by Mr. A. H. R. Fedden. 

THE BRADFORD ENGINEERING Socirety.—Monday, 
February 7, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. ‘The Electric Driving of 
Textile Machinery,” by Mr. R. H. Friend and Mr. A. 
Brier. 

THE INSTITUTION oF THE RUBBER INDUSTRY.— 
Monday, February 7, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W.1. ‘‘Set in Vulcanized Rubber,” 
by Mr. H. Turner, M.Sc. ‘‘ Rubber Toys,” by Mr. H. 
Standring. 


THe InstituTION oF CIviL ENGINEERS.—Tuesday, 
February 8, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. “Applications of Power on Gasworks,” 
by Mr. H. C. Smith, Wednesday, February 9, at 6 p.m. 
Informal Meeting. Subject for discussion. ‘‘ The Spread- 
ing of Overhead Costs.” Introduced by Mr. F. Turner. 


Tue InstituTE OF MARINE ENGINEERS.—Tuesday, 
February 8, at 6.30 p.m., at 85-88, The Minories, Tower- 
hill, E.l. ‘*‘ Feed Water Circuits for Marine Installa- 
tions,” by Mr. Jas. G. Weir. 


THe Instirvution oF AUTOMOBILE ENGINEERS: 
Coventry Section.—Tuesday, February 8, at 7.30 p.m., 
at the Broadgate Café, Coventry. ‘‘ The Supercharging 
of Aircraft and Motor Vehicle Engines,” by Mr. A. H. R. 
Fedden. 


THE INsTITUTION OF ELECTRICAL ENGINEERS: ScotT- 
TISH CENTRE.—Tuesday, February 8, at 7,30 p.m., at 
the McLellan Galleries, 270, Sauchiehall-street, Glasgow. 
Faraday Lecture. ‘‘ What is Electricity?” by Prof. 
W. M. Thornton. 


THe SHEFFIELD METALLURGICAL ASSOCIATION.—Tues- 
day, February 8, at 7.30 p.m., at 198, West-street, 
Sheffield, ‘‘ Valve Steels,” by Mr. F. B. Henshaw. 


Tue InstituTION oF HEATING AND VENTILATING 
ENGINEERS.—Wednesday, February 9, at 2.30 p.m., 
at the Holborn Restaurant, W.C.2. ‘The Effect of 
Weather Conditions upon the Heat Requirements of a 
House,”’ by Dr. Margaret Fishenden. 


THE INSTITUTION OF WELDING ENGINEERS.—Wednes- 
day, February 9, at 7 p.m., at Milton Hall, Deansgate, 
Manchester. ‘‘'The Welding of Cast Iron,” by Mr. P. L. 
Roberts. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: SOUTH 
MrIpLAND CENTRE.—Wednesday, February 9, at 7 p.m., 
at the Birmingham and Midland Institute, Paradise- 
street, Birmingham. Joint Meeting with the Institution 
of Civil Engineers, Birmingham Association, and the 
Institution of Mechanical Engineers, Midland Branch, 
Faraday Lecture, ‘‘ What is Electricity ?”’ by Prof. W. 
M. Thornton. 


THE BELFAST ASSOCIATION OF ENGINEERS.—Wednes- 
day, February 9, at 7.30 p.m., at the Municipal College of 
Technology, Belfast. ‘‘Ship’s Deck Machinery,” by 
Mr. W. E. Porter. 


THE INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednes- 
day, February 9, at 7.30 p.m., at St. Bride Institute, 
Bride-lane, Fleet-street, E.C.4. ‘‘The Use of Oil Engines 
for Private Installations,” by Mr. A. W. Wyatt. 


Tue Royat Society or Arts.—Wednesday, February 
9, at 8 p.m., at John-street, Adelphi, W.C.2. Ordinary 
Meeting. ‘‘The Romance of the Organic Chemical 
Industry,” by Dr. E. F. Armstrong. Friday, February 
11, at 4.30 p.m. Indian Meeting. ‘“‘ The Arabic History 





of Gujarat,’’ by Sir E. Denison Ross. 





THE INSTITUTION OF AERONAUTICAL ENGINEERS.— 
Thursday, February 10, at 6.30 p.m., at the Junior 
Institution of Engineers, 39, Victoria-street, S.W.1. 
“Flying for Air Survey Photography,” by Captain F. 
Tymms. 

THE Opticat Socrety.—Thursday, February 10, at 
7.30 p.m., at the Imperial College of Science, Imperial 
Institute-road, South Kensington, S.W.7. Presidential 
Address. ‘‘ Some Uncultivated Optical Fields,” by Mr. 
T. Smith, M.A. 


THE INnstITUTE oF MeTAts: Lonpon Locat Section. 
—Thursday, February 10, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders, Limited, 83, Pall 
Mall, 8.W.1. Joint Meeting with the Electroplaters’ 
and Depositors’ Technical Society. ‘‘ Nickel Coatings— 
Methods of Production,” by Mr. W. R. Barclay. 


THE InstTITUTION OF MECHANICAL ENGINEERS: 
YoRKSHIRE Brancou.—Thursday, February 10, at 
7.30 p.m., at the Hotel Metropole, Leeds. ‘“‘ Use and 
Economy of High-Pressure Steam Plants,’’ by Prof. 
A. L. Mellanby and Prof. W. Kerr. 

TuHE INSTITUTION OF ELECTRICAL ENGINEERS.—Thurs- 
day, February 10, at 7.45 p.m., at the Hotel Cecil, 
Strand, W.C.2. Annual Dinner. 

Tue InstirvuTtE or TRANSPORT: NorTH-EASTERN 
Locat Section.—Friday, February 11, at 5 p.m., at 
the Town Hall, Newcastle-upon-Tyne. ‘“‘ The Railways 
Act, 1921—Its Commercial Aspect, Ideals versus Practi- 
cabilities,’”? by Mr. A. C. W. Impey. 


THE Nortu-East Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, February 11, at 6 p.m., 
at the Literary and Philosophical Society, Newcastle- 
upon-Tyne. ‘* Psychology as an Aid to Efficiency and 
Economy in Industry,” by Prof. F. Smith. 


THe Institution oF MECHANICAL ENGINEERS: 
NortH-WESTERN BRrRANCH.—Friday, February 11, at 
6 p.m., at 9, The Temple, Dale-street, Liverpool. Joint 
Meeting with the Liverpool Engineering Society. ‘‘ Use 
and Economy of High-Pressure Steam Plants,’”’ by Prof. 
A. L. Mellanby and Prof. W. Kerr. 


THE ELECTROMOBILE ASSOCIATION.—Friday, Feb- 
ruary 11, at 7 p.m., atthe Royal Society of Arts, John- 
street, Adelphi, W.C.2. Informal Meeting. General 
Discussion on ‘‘ The Use of Storage Battery Type Electro- 
mobiles, including Private Passenger Cars, Public and 
Goods Conveyances, Marine Craft, Commercial and 
Industrial Trucks and Tractors,” opened by Mr. J. C. 
Elvy. 

THE InstItUTE OF METALS: SWANSEA Locat SECTION. 
—Friday, February 11, at 7.15 p.m., at the University 
College, Singleton Park, Swansea. ‘‘The Design of 
Annealing Furnaces,”’ by Mr. J. 8. Caswell. 

THe Instirure or MerTats: SHEFFIELD Loca, 
Srction.—Friday, February 11, at 7.30 p.m., at the 
University, St. George’s-square, Sheffield. ‘‘ Bronze,” 
by Mr. R. T. Rolfe. 





NOTES FROM THE SOUTH - WEST. 


Carpirr, Wednesday. 


The Coal Trade.—The new coal trimming hours, 
under which a definite night shift is worked, came into 
operation at the South Wales ports on Monday. At 
Cardiff, Penarth and Barry everything worked smoothly, 
but at Newport and Swansea some friction has arisen 
amongst the men who all along have been against the 
discontinuance of the two continuous day shifts. At 
Swansea, the men’s grievance has been met by altering 
the time of starting the shifts, which will commence 
at 8 a.m. and 9 p.m., but at Newport the matter is still 
outstanding. At the other ports work is commenced 
at 7 a.m. and 8.30 p.m. respectively, and ends at 4 p.m. 
and 5.30 a.m., with an hour’s break for food in each shift. 
It is expected that everything will be in order during 
the course of the next week. In the meantime, though 
new business appears to be on rather more active lines, 
the supply of large coal remains more than sufficient 
to meet requirements, and prices continue to fall, best 
Admiralty large ruling from 23s. to 23s. 6d., with Mon- 
mouthshires from 20s. 6d. to 22s. 6d. Smalls, however, 
are none too freely available on account of the loss of 
output caused by pit stoppages, and prices range from 
13s. for cargo classes, up to 15s. for the best bunker 
descriptions. If taken in conjunction with large, how- 
ever, concessions of about 6d. can be secured. The 
Cambrian combine workmen who recently decided to 
strike each Monday because of alleged victimisation, 
have evidently reconsidered matters, for no stoppage 
occurred last Monday. Exports of coal in the past 
week amounted to 434,650 tons, compared with 467,240 
tons in the corresponding week of last year. Shipments 
to Argentina amounted to 30,450 tons, to France 54,900 
tons, and to Italy 73,500 tons. 


Ship Repairing Conditions—For some months past 
the Bristol Channel dry dock owners have been negotiat- 
ing with the various unions representing dry dock labour 
for a revision of work conditions, Agreement had been 
reached with most of the unions, including the Amalga- 
mated Engineering Union, and efforts were in progress 
for a settlement with the Boilermakers’ Society. Unfor- 
tunately the negotiations with the boilermakers have 
been broken off because of the refusal of the men to accept 
time-and-a-half for overtime instead of double time, in 
addition to their refusal to work the night shift. In 
other districts the overtime rate is time-and-a-half, and 
the night shift is worked if required. The matter has 
been referred to the National Shipbuilding Employers’ 
Association, to which the Bristol Channel district is 
affiliated, but it will probably be some time before the 
question is brought to a head. 
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PULLMAN DINING CARS ; 
BY LEEDS FORGE COMPANY, 


(For Description, see Page 144.) 
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ENGINEERS, 


INTERNATIONAL SLEEPING CAR COMPANY, LIMITED. 
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] Y to be manufactured as a patent engine. Rastrick was | 
THE NEWCOMEN SOCIETY. an engineer of wide experience and sound judgment, 
AT a meeting of the Newcomen Society, held on | possessing unbounded energy and determination. 
January 26 at the Science Museum, two communica-| In the second communication, Mr. Jenkins referred 
tions were read. The first, by Mr. Titley, dealt with the | to the letter of Newcomen preserved in the Staats- 
single-acting expansive engine of Trevithick and| bibliothek in Berlin, which was reproduced in Vol. IT 
Rastrick, while the second, by Mr. Rhys Jenkins, | of the Transactions of the Society, 1922. When 
referred to some documents recently found at Dart- | published, doubts were expressed as to the authenticity, 
mouth, bearing the name of Newcomen. Mr. Titley’s | especially as no other specimen of Newcomen’s hand- 
paper was based on the study of a note book of John | writing “had been discovered. Recently, however, 
Urpeth Rastrick (1780-1856), whose chief monument is | Mr. Hugh Watkins, of Torquay, has been examining 
the London to Brizhton Railway. The note book, | the archives of Dartmouth and he found two deeds 
which only came to light last year, is dated 1813. It | dated December 18, 1707, both signed Tho. Newcomen, 
contains, in great detail, the particulars of a Trevithick and as these signatures agree with that on the Berlin 
engine of 6 h.p., similar to that made in 1811 for/ letter, there can be no doubt that the latter was written 
Sir Christopher Hawkins, and now preserved at South by Newcomen. It is of interest to find that at last we 
Kensington. Much of its contents, however, are in| are certain of the signature of this great pioneer of the 
cypher, to which Mr. Titley found the key. From the | steam engine, to whom industry owed so much. 
sketches and figures, Mr. Titley has made working | 
drawings. Much of the engine was designed upon a/| 
system of proportional parts, a method much used later! Lerezia Farr, 1927.—We are informed that a special 
on, and one which may have been due to Rastrick. | section for British exhibitors has been arranged at the 
When the drawing was completed, it was found nearly | forthcoming Leipzig International Industries Spring 
to agree with that accompanying the one and only Fair, which is to take place from March 6 to 12, next. 
patent taken out by Rastrick, which is dated April i, The British section will be housed in the Ring Messhaus. 











" a si, 0 The average rate 28 s is 5s. per square 
1814, and the opinion was expressed that as Trevithick’s The average rate charged for the stands is é per squa 
yatent expired in 1816, the sole obj . fe S| foot: space is limited, however. and early application 
} xpl in ISI6, the sole object of Rastrick’s| gpould be made by intending exhibitors. Skilled 


patent was to enable the Trevithick type of engine still | interpreters will be available; these may be engaged | 





Fia. 3. 


at the rate of lis. per day. The London office of tho 
Fair is at 1, Gower-street, W.C.1, and all inquiries should 
be addressed to the honorary organising secretary. 


-Messrs. A. M. SmitH anpD Co., Limitep.—We have 
received from Messrs. Thos. W. Ward, Limited, of 
Sheffield, the following letter with regard to the notice 
which appeared on page 19 of our issue of the 7th January 
last relating to their acquisition of the firm of Messrs. 
A. M. Smith and Co., Limited :—‘ Referring to the 
paragraph we sent to your paper for publication, 
an unfortunate mistake has been made in our Publicity 
Department. The gentleman who had charge of it 
did not understand the constitution of a Limited 
Company, and he did not realise, in framing the state- 
ment in question, that Messrs. Hilditch and Young 
therein mentioned were a firm of chartered accountants 
having charge of the affairs of A. M. Smith and Co.. 
Limited. Messrs. Hilditch and Young are a firm of 
chartered accountants of highest standing in Liverpool 
and whose financial stability is not only beyond question, 
but is in nowise involved in the acquisition by our firm of 
the plant of A. M. Smith and Co., Limited. You will 
understand that the mis-statement is a matter of the 
greatest pain and regret to the Directors of this Company, 
and they desire that you should give the greatest possible 
publicity to this letter with a view to the mistake being as 
widely corrected as possible. It is desired that this 
letter shall carry with it an expression of regret by this 
Company for the error and an earnest apology to Messrs, 
Hilditch and Young for the unfortunate imputation that 
has been made,”’ 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
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CO-OPERATION IN THE OPENING 
UP OF ROAD SURFACES. 
FASHIONS change in administrative methods, as in 
other civilised practices. Time was when tradition 
in the Civil Service is said to have dictated that its 
This 


state in many spheres was followed by its opposite. 


| Zealous and successful officers of the civil and muni- 
| cipal administrations agreed that, for the excesses or 
| shortcomings of the public whom they served, the 
| universal remedy was compulsion. and plenty of it. 


Whether they caught the infection from the House 


| of Commons or the County Councils, or worked it up 


from the depths of their own enthusiasm. they were 
convinced that in all circumstances the best way to 


get things done was to make regulations. Many 
/countries, indeed, have been suffering from a 
pandemic of social tyranny, such as has often 


accompanied the extension of political freedom, 
but in England there are signs that the plague is 
at least among administrators. People 
are beginning to remember that action is certainly 
accompanied or followed by reaction, and that 
if outside the range of physical law action and 
reaction are not always equal, they act often 
This is 


natural and in no way mysterious. To ill-regulated 


| minds regulations, for instance, suggest irresistibly 


the attempt to evade them. or at the least to find 
out their limitations and confine them straitly therein. 
Sometimes the regulations will have the best of the 
argument, and sometimes they will not ; but always 
the dispute will dissipate energy in friction or heat. 
and the original purpose of the regulations may be 
left imperfectly satisfied. 

The pressed man is not better than the volunteer, 
as the compulsionists have believed ; and in the last 
couple of years the citizens of London have been 
faced with an example of how much may be done 





without any compulsion at all. Until very recently 
London was seldom without complaints of serious 
obstruction to traffic through disturbance of roads. 
The workmen of all sorts of authorities and con- 
tractors took turns in pulling up one side or the 
other of main thoroughfares, and occasionally 
performed on both sides at the same time. The 
memory of man does not extend to the time when 
there were no such complaints, and they seemed to 
become continually louder and better justified. In 
spite, however, of the vast amount of work which, of 
recent years, has been and still is in progress, these 
complaints have become decidedly less, and seem, 
indeed, to be in a fair way to disappear. Gratifying 
in itself, this improvement is no less so in its origin. 
It turns out to have been due to a large extent to 
purely voluntary co-operation, sometimes under- 
taken at considerable expense to the bodies con- 
cerned. The change has been effected with remark- 
able silence, and may not have been recognised 
generally. It embodies, however, a precedent too 
valuable and far-reaching to be allowed to pass 
without comment. 

It began, indeed. with an Act, but the bodies 
concerned have contrived to turn “‘ to favour and to 
prettiness ’’ even the London Traffic Act, which came 
into force on January 1, 1925. Under this Act the 
London Traffic Committee was set up, representing 
the various administrative authorities within the 
London Traffic Area, which covers some 1,800 square 
miles, with Charing Cross as centre. Representa- 
tives of the several London transport undertakings 
and trade unions sit on this Committee as additional 
members. Twice a year local authorities submit 
to it the programme of their more important works 
of road maintenance or improvement, which 
according to certain definitions of character and site 
might cause obstruction to traffic, and the Com- 
mittee co-ordinates them, and endeavours to assure 
that the time taken on each is no longer than is 
absolutely necessary. It is understood that this 
section of the Act is operating very satisfactorily, 
and has immensely reduced the amount of obstruc- 
tion to traffic caused by the road works of local 
authorities. 

Obviously, a regulation involving so many 
interests that are liable to conflict could not be 
carried out efficiently without a large amount of 
goodwill, personal as well as official, among those 
whom it affects. Though, therefore, technically 
what is done under this part of the Act is com- 
pulsory, the fact that it is working well is in itself 
evidence of a hitherto unrecognised will to co-operate 
on the part of the bodies concerned, who hitherto 
have been credited more often with a disposition to 
insist on their individual rights. The risk that local 
authorities may obstruct traffic is, however, by no 
means confined to their major works, nor are they 
the only parties who have power to disturb roads. 
They carry out innumerable small works all over the 
area, to which the Act does not apply; and, in 
addition, a whole host of undertakers have statutory 
rights to disturb the roads when they choose for the 
purpose of laying, repairing, or altering their mains, 
pipes, cables, and other elements of their equipment. 
H.M. Post Office, the Metropolitan Water Board, 
and the London County Council Tramways Depart- 
ment are perhaps the largest of these undertakers, 
and among other oiffical bodies placed similarly are 
the sewerage authorities ; but, in addition, there are 
a large number of purely commercial bodies, such 
as the various electric light and gas companies, who 
have similar powers, and can exercise them in their 
own districts without any control under the Traffic 
Act. Some of these, indeed, have spontaneously 
sent programmes of their larger works to the Traffic 
Committee, to be considered and dealt with in the 
same way and at the same time as the road main- 
tenance works. Several others have, moreover, 
from time to time notified the Committee of indivi- 
dual works, and shown the utmost goodwill in 
agreeing to carry them out by methods that mini- 
mised or avoided inconvenience to the public, 
though often entailing a considerable increase of 
expense on the contractors by night work and 
otherwise. 

Typical examples, which are within public 
knowledge, though they may not have attracted 
attention, are the works in progress or recently 
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carried out by the Underground Electric Railway 
Company at Piccadilly Circus and Tottenham Court- 
road. The very extensive works at Piccadilly 
Circus have involved opening up almost every 
carriage-way in the Circus for a length ef 15 ft. 
to 20 ft. across the full width; and, though the 
company were entitled by their statutory powers 
to proceed with these operations in such way as 
suited them best, they have undertaken the con- 
siderable extra cost of doing them exclusively 
during week-ends, so practically avoiding any 
inconvenience to traffic. At Tottenham Court- 
road, again, the company required a new subway, 
passing under Oxford-street, in connection with the 
installation of escalators at their station. In the 
ordinary way this would, of course, have been done 
by an open cut ; but, to avoid the inconvenience and 
obstruction to traffic which this method would have 
involved, the company put in over the space to be 
excavated a temporary false roof supported by 
joists, on which the road continued to carry the 
traffic without interruption, while the whole of the 
excavation was done by tunnelling. 

Works of this size are relatively few; but numerous 
small works have to be undertaken, some of which 
may create an amount of obstruction to traffic out 
of all proportion te the size of the job. Recently, 
for instance, the whole traffic of Regent-street and 
many of the thoroughfares at its upper end, was 
disorganised by an excavation only 7 ft. wide, 
made at the lower end, where the road was 50 ft. 
wide with refuges in the centre, so that the traffic 
in one direction was reduced to a single line. The 
excavation had been made by the Metropolitan 
Water Board in order to put in a service to one of 
the new buildings, and on the resulting disturbance 
of traffic being pointed out, the Board at once filled 
in the excavation and carried out the work at a 
more suitable time. 

‘qual willingness has been shown repeatedly by 
other bodies, both public and industrial, such as 
electric light companies, tramway undertakers, and 
the Post Office, and it may be hoped that the 
disposition thus indicated will be cultivated so as to 
deal with other sources of obstruction. It may be 
remembered, for instance, that not so long ago 
two parties, who were ignorant of each other’s 
intentions, sent their workmen simultaneously to 
a very important central thoroughfare, and by their 
operations at opposite sides of the road rapidly 
brought the traftic to a standstill. Instances such 
as we have quoted leave little doubt that if these 
bodies had known of each other’s intentions, 
arrangements could have been made readily to 
postpone one of the works ; and, generally, it seems 
evident that such parties are willing enough to 
carry out their work with all practicable con- 
sideration to the interests of traffic, even at the cost 
of incurring any reasonable additional expense for 
week-end and night work. The arrangements that 
would be necessary would, naturally, require 
consideration in each case. <A residential neigh- 
bourhood, or one that contained important hotels, 
for example, would not be grateful for work being 
accelerated by the diligent use of jack-hammers by 
night. Some arrangements, however, ought not to 
be impracticable if convenient means are set up 
for concerting them. Except for emergencies, 
undertakers already give at least three days’ 
statutory notice to borough engineers of any small 
works they intend to carry out on the roads within 
the borough. It should be possible for the borough 
engineers for districts that include important traffic 
arteries and other congested roads to scrutinise 
the notices, and to concert among themselves and 
with their undertakers the measures by which the 
works may be carried out with the least delay and 
inconvenience. A uniform policy, framed with the 
general concurrence of the several interests affected, 
would be of advantage to all parties, and the borough 
engineer in each district should be able to act as a 
clearing house for the necessities of cases that might 
arise, and to suggest the times at which any work 
should be carried out in important thoroughfares, 
and sometimes the method that should be used. 

This is not quite the same thing as administering 
siatutory regulations. Instances such as we have 
quoted seem to suggest that it may, in fact, be a 


goodwill of those whose work has to be co-ordinated, 
and yielding a more completely satisfactory result, 
than would be likely to be obtained by one-sided 
dictation. There is every reason to believe that 
borough engineers have the tact and temper that 
will enable such voluntary regulation of traffic to 
produce the results of which it is capable, and that 
with the continued co-operation of the parties con- 
cerned no further legislation will be required to com- 
plete the co-ordination of road works with traffic 
necessities. This will be an important achievement in 
itself. When it is perfected it may also be an example 
to be imitated in other branches of administration. 





RULES AND REGULATIONS. 


No very long memory is required to recollect a 
time when the multitudinous regulations, by which 
each daily action in the life of a German was 
controlled, were looked upon as matter for amuse- 
ment in this country, a distinction being implied 
| between the trammels in that country and the 
freedom in our own. But that was, perhaps, 
twenty-five years ago. To-day it is not necessary 
to go so far afield to find material for humorous irony 
regarding the restraint of individual liberty by 
bureaucratic regulations. Although as suggested in 
our previous article we are tending to greater free- 
dom, the war certainly left us a legacy of unpleasant 
restrictions. It would be unfortunate, however, if 
unnecessary or ill-advised legislation led to the idea 
that regulations are invariably either unnecessary or 
harmful. For, though liberty has its advantages, 
the results of licence may be as much, if not more, 
deplorable. This may be illustrated in a technical 
sphere, and perhaps usefully at a time when com- 
plaints are being made that our supposed backward- 
ness, in the development of the use of electricity 
especially, is due to the large number of codes 
which have to be complied with. 

To examine the question, a distinction must be 
made between rules relating to the manufacture of 
equipment of various kinds and those which are 
concerned with the utilisation of that equipment. 
The object of regulations of the first class may be 
conveniently described as being a standardisation 
or, perhaps better, a simplification—of the product. 
Speaking broadly, such rules cannot be said to be 
inimical to progress, be it technical or industrial. 
For if it is decided that, say, electric motors are only 
to be manufactured in certain sizes and _ types, 
and that parts making up the finished machine 
shall also conform to certain standards of measure- 
ment and performance, it is obvious that production 
is greatly simplified. This simplification reacts to 
the benefit of both the manufacturer and the buyer, 
by cheapening the cost and reducing the time 
required for delivery. This being so, it is not 
surprising that standardisation has made great 
headway, nor that suggestions are now being made 
that it should be extended to the voltage and 
frequency, so that these shall be the same through- 
out the country. 

It is interesting to note that this standardisation 
of the driving mechanism has had a corresponding 
effect on the plant that is to be driven. It is not 
many years ago since the speed at which an electri- 
cally-driven pump was to be operated depended to 
a large extent on the fancy of the individual con- 
sulting engineer or pump manufacturer. Each 
motor was therefore a special job: Such freedom of 
choice was, however, a disadvantage ; it imposed a 
limitation on the use of the alternating-current 
motor, the speeds of which necessarily bear a 
definite relation to the frequency of the supply. 
This limitation has in the end, however, turned 
out to be an advantage: it has forced pump 
manufacturers in their turn to standardise pump 
speeds, and in so doing has conferred advantages 
upon them which otherwise they would have, 
perhaps, been slower to appreciate. The approach- 
ing standardisation of the frequency of electricity 
supply at 50 cycles per second will further consoli- 
date matters without imposing undue limitations on 
the pump manufacturer. For at that frequency it is 
possible to obtain speeds of 1,440, 960, 720, 580, 
485 r.p.m., and so on; and it is not more expensive 
to use these speeds than it would be to make a 











much better thing, enlisting most profitably the 


haphazard selection. Electrical standardisation has, 


to a considerable extent, brought about pump 
standardisation. 

Standardisation of supply voltages, a step which 
it is hoped may soon be taken, will operate in the 
same sense. It will simplify the task of the manu- 
facturer, not only in the purely engineering field, 
but throughout the range of domestic and lighting 
equipment. That the consumer will benefit by 
the change cannot seriously be doubted. But 
this end, desirable as it is generally admitted to be, 
cannot be obtained without regulation. If there is 
to be standardisation, there must be standards to 
work to. This is the justification of the existence 
of the British Engineering Standards Association 
and of the specifications, which it issues. These 
specifications, have as their object, not only a sim- 
plification in the number of types and sizes of both 
parts and finished products, but the laying down of 
performance rules for many types of apparatus. 
Similar bodies with the same object exist in other 
countries, especially in the United States and 
Germany. Moreover, all such bodies within the 
British Empire are beginning to work in close co- 
operation, so that a condition. which would be almost 
as bad as no standardisation, that of too much stan- 
dardisation, is not likely to occur. Differences 
exist, but they are gradually being removed. ‘The 
importance of this work recently received due 
recognition at the Imperial Conference, and, as a 
result, considerable further progress on the right 
lines may confidently be expected. 

The fear that standardisation may lead to stagna- 
tion is hardly well-sustained by experience. Stan- 
dardisation at its best, or its worst, only marks 
out the boundaries of the field of operation. Within 
that field there is, and will continue to be, ample 
scope for individual effort and ample room for 
improvement. The proof of this statement lies 
in the fact that while the majority of manufacturers 
support standardisation, a large number support 
research associations, and a few, but an increasing 
band, have established research departments of 
their own. 

The criticism of the existence of regulations, to 
which we have referred above, is, however, perhaps 
more directed to those codes, which deal, not with 
the manufacture of engineering equipment, but with 
its installation and operation after it has left the 
shops. It is useless, argue critics, to cheapen the 
product by standardisation, if its employment is 
to be circumscribed by pedantic rules, which, 
whatever else they may do, will certainly increase 
costs. Some eighteen months ago the Institution 
of Electrical Engineers issued their Regulations 
for the Electrical Equipment of Buildings. These, 
though largely the inspiration of the late Mr. C. H. 
Wordingham, were, in fact, the work of a Com- 
mittee representative of all branches of the industry. 
Though they might, therefore, have been expected 
to be the least common multiple of all shades of 
opinion, they were not well received, the main 
objection being that they would increase the cost of 
installation, and thus cause retrogression instead 
of progress in the use of electricity. More recently, 
the Government has issued the draft of a new 
Factories and Workshops Bill, which, it is proposed, 
shall shortly be introduced into Parliament. It 
has been received with the same general complaint. 
The Federation of British Industries has memorial- 
ised the Prime Minister to the effect that the 
measure will cause undue restraint on industry, 
and many leading manufacturers have taken the 
same line. Yet it cannot seriously be contended 
that such regulations are entirely unnecessary. 
Human nature being what it is, were it not for 
the restraint imposed by such measures, a propor- 
tion of employers would instal machinery without 
due regard to the safety of their workpeople, and 
workpeople, on the other hand, would pay with 
unjust severity for momentary carelessnesses 0f 
lapses of attention. We may go a step further and 
say that many of the improvements that have been 
made in the design of machinery are the direct 
result of regulations which have as their aim that 
machinery shall be reasonably safe to operate. 
This it may be added, is more due to those on whom 
the regulations have been imposed than on those 
framing them. 





At the same time it is generally admitted that 
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neither the bureaucrat’s ideal of a regulation for 
every possible contingency, nor the individualist’s 
ideal of complete freedom to do what he likes with 
his own, are possible. All existing regulations 
pursue a middle course, and in so doing give rise 
to most of the trouble which occurs. Criticism 
is not so much due to the existence of regulations 
themselves, but to the difficulties of and differences 
in interpreting them. For instance, Paragraph 1 of 
the Regulations for the Use of Electricity in 
Factories and Workshops issued by our own Home 
Office, reads, “* All apparatus and conductors shall 
be sufficient in size and power for the work they 
are called upon to do, and so constructed, installed, 
protected, worked and maintained as to prevent 
danger, so far as is reasonably practicable.” It 
would be possible to write a Blue Book on this 
comparatively short sentence, were it not that 
many years’ experience with these regulations, 
and with those who administered them, have 
dissolved the fear that might justifiably have 
arisen on first perusing them. Vagueness is not, 
however, the exclusive property of our own regu- 
lations. The Bureau of Standards of the United 
States Department of Commerce has recently 
published a series of booklets each containing 
a part of the National Electrical Safety Code ; and 
here also generalisation, rather than preciseness, is 
to be found. To quote again, ‘‘ Substantial means, 
so constructed and arranged, as to be of adequate 
strength and durability for the service to be 
performed under prevailing conditions.” Similar 
comment might be made of the numerous rules 
issued by the Verband Deutscher Elektrotechniker 
and other German authorities. It is implicitly, 
in fact, admitted that though standardisation is 
possible, and even desirable, on the production 
side, the infinite variety of uses to which the 
equipment can be put under an almost equally 
large number of different conditions make it 
impossible, and even undesirable, for there to be 
too great a measure of standardisation on the 
utilisation side. 

Standardisation in production should lead to 
a reduction in cost. Standardisation in utilisation 
may well cause a movement in the other direction. 
Too great a meticulousness, and too great an 
insistence on the wording or interpretation of 
some regulation may result in expenditure which 
is not justified by the results obtained. Some 
tules of safe conduct are, it will be admitted, 
necessary, but they should be directed to finding 
a minimum below which it would be unsafe to 
go. A case in point is the rules for earthing apparatus 
given in the American publication to which we 
have just referred. In principle, these do not 
differ greatly from those in force in our own and 
other countries, but they are more detailed, and 
the insistence upon them in the rules in question 
make them stand out clearly from the rest of 
the matter. Very little scope for individuality 
is allowed, and definite regulations are laid down 
regarding the material, conductivity and size of 
the earth conductors to be used. Enclosure of non- 
current carrying metal parts, such as instrument 
casings with an insulating cover, as an alternative 
to earthing, is not, for instance, apparently per- 
mitted. On the other hand, a table of clearances 
from live parts is given, which shows that on 
a 33,000-volt circuit there must be a minimum 
vertical clearance of 9 ft. 6 in. and a minimum 
horizontal clearance of 4 ft. between the unguarded 
parts. In the British rules on the same subject 
it is merely stated that ‘‘ All conductors shall 
either be covered with insulating material and 
further efficiently protected where necessary to 
prevent danger, or they shall be placed and safe- 
guarded to prevent danger so far as is reasonably 
practicable.” As might be expected, the German 
Tules are more detailed even than the American, 
and in them very little is left to chance or to the 
interpreter. The natural tendency of the compilers 
of such rules is to provide for every possible 
contingency. Therein lies the danger, for it is an 
ideal very difficult, if not impossible, of attainment. 
Nevertheless, it cannot fairly be maintained that 
regulations are less necessary in the installation 
and utilisation of electrical and other engineering 
equipment than in their manufacture. To the 





extent that they standardise the product they 
lead to great economic advantages, both for the 
manufacturer and the user. To the extent that 
they control the installation and operation of the 
product they ensure safety, and thus, in the long 
run also save expense. Though exceptions can 
doubtless be found, such codes as exist have not 
in general impeded progress. Indeed, the presence 
of a datum line, such as they allow to be drawn, 
has stimulated effort, improved design and led to 
better methods. 








RECENT PROGRESS IN OPTICS.—III.* 

Tue last of the series of three Cantor lectures on 
the above subject was delivered by Dr. L. C. Martin, 
on Monday, the 31st ultimo, at the Royal Society of 
Arts, the lecturer commencing with some considera- 
tions on optical glass. He displayed a flexible 
band, about 1 ft. in length, covered with coloured 
wools arranged in the order of the spectrum colours, 
and stated that this would represent the distribution 
of the foci for light of different colours along the 
axis of a lens of ordinary glass at a distance of 50 
or 60 ft. If an achromatic lens were used instead of 
one of plain glass, the spectrum one foot in length 
would represent the conditions at a distance of 
2,000 ft. In the case of ordinary achromatism, 
the spectrum was folded over, bringing one end 
near the other, but, by choosing other varieties of 
glass, an additional fold could be introduced and a 
residual spectrum obtained, the length of which 
would be only one eight-thousandth part of the 
focal length of the lens. The results, of course, 
depended upon the proper choice of the glasses ; 
by a suitable choice it was possible to correct 
chromatic and spherical aberration, and the aber- 
ration known as coma, at the same time. 

The lecturer then showed on the screen a diagram 
representing some of the many varieties of optical 
glass at present available. He mentioned that, in 
recent years, considerable attention had been given 
to the production of the more unusual types of 
glasses which had rendered it possible to design 
optical systems that could not previously be 
produced. For instance, during the war an impor- 
tant lens for aerial photography could be made 
because a glass, known as extra-light flint, combining 
a fairly low refractive index with high dispersion, 
was successfully produced in this country by Messrs. 
Chance Brothers. The same firm also made for 
this purpose two dense barium crown glasses having 
high refractive indices with relatively low dispersions. 
Other firms now making optical glass in this country 
were Messrs. Barr and Stroud and the Parsons 
Optical Glass Company. Very considerable ad- 
vances had been made in the last few years in 
increasing the transparency of glass, which was of 
great importance in connection with the production 
of photographic lenses. Much progress had thus 
been made since 1914, when we imported 60 per cent. 
of our optical glass from Germany and 30 per cent. 
from France, so that British factories could now 
supply any reasonable requirement ; there were, in 
fact, several new types of glass obtainable in this 
country which were not made elsewhere. 

Continuing, the lecturer remarked that of all the 
problems involved in the manufacture of optical 
glass none was of greater importance than that of 
annealing. Mr. F. Twyman had treated this as a 
viscosity problem, and had shown that the mobility 
of most glasses, through the critical range from 
400 deg. to 800 deg. C., doubled for each rise of 
8 deg. in the temperature. Twyman studied the 
relief of stress in hot glass by means of polarised 
light, and his results agreed with Maxwell’s tentative 
suggestion that the rate of decrease of stress was 
proportional to the stress itself. Adams and 
Williamson, in America, had corrected the results in 
detail, but confirmed the main trend of this work. 
The practical results were to determine the particular 
ranges of temperature over which the cooling after 
melting should take place very slowly, and this 
knowledge enabled the whole cooling and annealing 
process, which previously occupied some 14 days, to 
be reduced, in some cases, to 3} days. 





* Reports of Lectures I and II will be found on pages 
81 and 112 ante. 








In lens manufacture, Dr. Martin continued, it 
was not long since that the majority of lenses were 
roughly shaped by grinding down a suitable flat disc 
of the required diameter on a large rough iron tool 
with emery. As mentioned in the first lecture, 
however, page 81 ante, one manufacturer had 
introduced, for the best class of work, a method of 
grinding with an abrasive wheel. For less particular 
work it was becoming the practice for opticians to 
mould the glass into the approximate form desired, 
or to purchase such moulded blanks from the glass 
maker. In making spectacle lenses, sheet glass could 
be cut into pieces of approximately correct weight, 
bubbles and striae, previously marked on the sheet, 
being avoided. The sorted pieces were then heated 
in a furnace until soft, patted into a roughly circular 
shape with tongs, and finally moulded in hot dies, 
the blanks hardening sufficiently during the last 
operation to retain their shape. They had then to 
be carefully annealed at a temperature sufficiently 
high to relieve internal stresses, but not high enough 
to allow the surfaces to lose their figure. Even 
large optical elements, such as prisms, could be 
moulded roughly to their final shape, and much time 
was thus saved in the grinding processes. 

The lecturer next illustrated and explained the 
development of bi-focal lenses for spectacles, and 
passed on to a consideration of modern photographic 
lenses of large aperture, describing, in this connec- 
tion, the evolution of the type made by Messrs. 
Taylor, Taylor and Hobson, Limited. He explained 
that, in the original design of the Cooke lens, a 
large amount of under-corrected spherical aberra- 
tion, which had to be corrected by the negative lens, 
occurred on the last surface. This set a limit to 
the relative aperture, but the latter could be 
increased if the spherical aberration due to the last 
lens was diminished by separating it into two 
components, thereby lessening the over-correction 
required from the negative lens. It was well known 
that a comparatively large amount of deviation 
could be produced in a ray of light, with relatively 
small aberration, by using glass with a high refrac- 
tive index and these alterations, with other suitable 
modifications, were made in the type of Cooke lens 
working at F/3, with the result that the Taylor- 
Hobson anastigmat, with an aperture of F/2-5, 
was produced ; the process of evolution, however, 
was hardly so simple as might be inferred from this 
above outline. The same firm had produced lenses 
working at F/2 and one even working at F/1-5. 

After a brief discussion of the question of the 
depth of focus of large-aperture photographic lenses, 
Dr. Martin proceeded to describe some of the recent 
developments in surveying instruments. Among 
other points, he mentioned the constant-length 
bubble* for levels, introduced by Messrs. E. R. Watts 
and Son, Limited, and explained the method used by 
Messrs. Zeiss, of reading the opposite sides of both 
the horizontal and vertical circles of a theodolite 
simultaneously in the same eyepiece. Messrs. 
Casella, in this country, he added, had placed upon 
the market an instrument built on much simpler 
lines, in which the vertical and horizontal circles 
were read with separate eyepieces, both of which 
were arranged to give a reading of opposite sides of 
the circles. He also briefly traced the development 
of the surveyor’s level from the early plummet type 
due to Picard. The Y and dumpy types, he said, 
had given place to instruments employing a simple 
gradienter-screw device, by which the telescope and 
bubble were given small rotations in the vertical 
plane, the only field adjustment being that to 
secure parallelism between the bubble tangent and 
the line of collimation of the telescope. The bubble 
tube was then clamped to the telescope and the 
bubble could be centred by the gradienter screw for 
each sight. As an example of a modern engineer’s 
precision level, the lecturer showed an instrument 
by Messrs. Cooke, Troughton and Simms, and he also 
described Messrs. Watt’s Autoset level, which we 
intend to deal with fully in a later issue. Instru- 
ments by both these makers for tacheometric work 
were also explained, and the development of photo- 
graphic surveying apparatus and range finders were 
briefly dealt with. One of the latter instruments, 
by Messrs. Barr and Stroud, having a base 100 ft. 





* See ENGINEERING, vol. cxix, page 732. 
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in length, was illustrated by a lantern slide, and 
the lecturer pointed out that the mechanical design 
of such instruments presented problems of magnitude 
quite equal to those connected with their 
optical design ; the optical problems of instrument 
design, in fact, were sometimes the simpler of the 
two. 

The remainder of the lecture was devoted to the 
subject of advances in microscopy, the lecturer 
first defining the term “numerical aperture” as 
the product of the refractive index of the medium 
containing the object and the sine of half the solid 
angle of the cone having the front lens of the 
objective as the base and the object as the apex. 
Calling the angle referred to 29, the numerical 
aperture, N.A., was therefore N sin 9, N being the 
refractive index of the medium and having the 
value 1 for air. Achromatic microscope objectives 
of the dry type had been used for many years, the 
greatest numerical aperture obtainable with such 
objectives being 0-95. Although water-immersion 
systems were introduced by Amici and Hartnack, 
and were widely used from about 1860 onwards, the 
importance of the immersion medium in allowing 
an increase of numerical aperture was only pointed 
out by Abbe in 1873. Abbe showed that the 
resolving power of a microscope objective was 
dependent on the numerical aperture, and the 
English microscopist, J. W. Stephenson, suggested 
the use of an immersion liquid of higher refractive 
index than that of the water previously employed. 
In 1877, Abbe produced a lens working at N.A. = 
1-25, using a mixture of turpentine and oil of 
cloves as the immersion fluid; this constituted a 
considerable advance on the figure of about 1-10, 
which was the highest numerical aperture obtained 
previously. Subsequently lenses had been produced 
to work up to N.A. = 1-50, but the lecturer stated 
that most of the best work had been done with 
apochromatic lenses of numerical apertures in 
the neighbourhood of 1-3, using cedar-wood oil as 
the immersion fluid. 

The importance of obtaining a large numerical 
aperture was that it enabled us to see finer and finer 
objects. It could be shown, in fact, that the 
distance d between two elements of a periodic 
structure just capable of resolution under certain 
circumstances, was given by d — 0-5A/(N.A.), 
A being the wave-length of the light employed. 
Since the introduction of the immersion system, 
great advances had been made in microscopy ;_ the 
modern science of bacteriology would, in fact, have 
been quite impossible without lenses of this type. 
It was possible to push the numerical aperture of 
immersion systems up to 1-6 or even higher, but 
the only practicable method of securing any con- 
siderable advance in resolving power was to use light 
of short wave-length. Kohler suggested, in 1904, that 
ultra-violet radiation might be employed to obtain 
greater resolution. Apparatus for the purpose 
was put on the market by Messrs. Zeiss, the lens, 
projection eyepiece, and all illuminating parts 
being constructed from quartz and a fluorescent 
eye-piece being used for rough focusing. There 
was, however, very great difficulty in finding the 
exact focus, the depth of focus in the image space 
being extraordinarily small, i.e., of the order of 
0-00001 in. This technical difficulty, together with 
the war, effectually stopped developments for 
several years, although a few years ago the matter 
had been taken up again. It seemed from the 
recent cancer research work of Barnard, using 
improved apparatus and methods of working, that 
some structures and features of micro-organisms 
which were unresolvable with visible light could be 
shown by ultra-violet radiation ; the bodies investi- 
gated by Barnard were only about 0-2 in diameter 
(1p = 0-001 mm.). 

Such work had been greatly facilitated by the 
employment of a new type of dark-ground illuminator 
due to Messrs. R. and J. Beck. This, the lecturer 
explained, was of the focusing type, so that it 
could be adapted for use with slides of various 
thicknesses, and it also allowed the use of a much 
greater numerical aperture in the observing objec- 
tive. In using the illuminator, the image was 
first found visually, using an objective of the 
ordinary type, and the objective was then changed 
far one designed for ultra-violet radiation supplied 





from a strong line in the ultra-violet region of the 
cadmium-spark spectrum. The greatest precision 
was necessary in all microscopic apparatus using 
ultra-violet radiation, and the work of Barnard on 
filter-passing bacteria, referred to above, was of 
an almost incredibly exacting character. Barnard 
had, however, designed a new type of apparatus 
which it was hoped would yield important results. 
The value of the microscope in medical research, 
the lecturer remarked, could not be over-estimated, 
and there was certainly no tendency to overlook its 
importance. 

In bringing the lecture to a close, Dr. Martin 
referred to the extensive nature of the subject 
chosen, mentioning that he had only had time to 
touch on some of its problems and give a few 
examples of the ways in which these problems were 
being solved for the benefit of science and industry. 
He had also tried to illustrate some of the research 
activities of the Technical Optics Department of the 
Imperial College, since fundamental research was 
the only reasonable and fruitful course for a depart- 
ment in which instruction was the main object. 
The production of new inventions and apparatus 
could not proceed healthily unless it were stimulated 
by the fundamental work in which knowledge was 
sought for its own sake. 

Finally, we are asked to state that the new types 
of grinding and polishing machinery referred to in 
the first lecture of the series, on page 81 ante, are in 
use at the works of Messrs. Taylor, Taylor and 
Hobson, Limited, Leicester. 





NOTES. 
PowER PLANT PROGRESS. 

WE much regret that in dealing with the above 
subject, on page 109 of our last issue, we were 
misled into making an illegitimate comparison 
between the thermal efficiency obtained at Barton, 
and that recorded in the trials of the King George V. 
At Barton, an overall thermal efficiency of 21} per 
cent., reckoned from fuel to switchboard, has been 
recorded as a monthly average for the entire plant, 
inclusive of all auxiliaries. On the same basis, the 
overall thermal efficiency attained in the trials of the 
King George V comes out at 17 per cent., since the 
fuel consumption per shaft horse-power hour, was 
1-085 lb. of coal, having a calorific value of 13,800 
B.Th.U. per lb. Of course, it must not be forgotten 
that the auxiliaries on ship board are responsible for 
a much larger fraction of the total fuel consumption 
than is the case in land service, so that a comparison 
between overall thermal efficiencies at land and sea 
affords little or no basis for estimating the individual 
relative efficiencies of the main units, but, neverthe- 
less, the term overall efficiency implicitly assumes 
that the basis of comparison is the fuel consumed 
for all purposes. In the case of a marine turbine, 
the wastefulness of the ordinary steam-driven 
auxiliaries is partially offset by the use of their 
exhaust steam for feed-heating purposes. Thermal 
efficiencies computed for the main turbines without 
due allowance for this fact are necessarily somewhat 
too high, and engineers are not yet wholly agreed 
as to how these allowances should be computed. 


TELEPHONE DEVELOPMENT IN LONDON IN 1926. 

The London telephone area is approximately 
750 square miles in extent; it stretches from 
Waltham Cross in the north to Reigate in the south, 
and from Tilbury in the east to Hayes (Middlesex) 
in the west. According to the Statement of 
Telephone Progress in the London Area during the 
Year 1926, issued by the Post Office, the number of 
exchanges within this area is now 112, whereas in 
December, 1925, the number was 107. The exchange 
lines connected to the various exchanges at the 
end of 1925 numbered 269,801; at the close of 
1926 the number was 298,766, which figure represents 
a net increase of 10-7 per cent. During the year 
under review, the total number of telephones in use 
increased from 476,813 to 519,969. The 500,000th 
telephone was installed on July 16, 1926, in the 
Press Gallery of the House of Commons, and the 
occasion was marked by a brief ceremony at which 
the telephone was formally handed over by the 
Controller of the London Telephone Service. The 
preliminary work incidental to the conversion of the 





London area to automatic working is well advanced, 
Specifications for exchanges to accommodate more 
than 100,000 automatic lines have been issued, and 
others are in course of preparation. The installa- 
tion of automatic equipment is in progress at the 
Holborn, Western, Sloane and Bishopsgate ex- 
changes, and some of these should be available for 
service during the present year. If the anticipated 
rate of telephone growth is realised, it will be 
necessary during the next five years to construct 
and open 60 automatic exchanges within a 10 miles 
radius from Oxford Circus, and 25 manual exchanges 
outside that radius but within the London telephone 
area. Considerable progress in the provision of 
additional underground cables for trunk and toll 
circuits, has been made during the year, and 
improved service between the terminal points, and 
between intermediate stations en route, will result. 
As regards traffic over the Anglo-Continental routes, 
it is gratifying to record that the number of out- 
going calls effected during 1926, showed an increase 
of 20-2 per cent. over the figures for the previous 
year. There are at present 53 international circuits 
available for public use; 21 of these terminate in 
France, 8 in Belgium, 12 in Holland, and 12 in 
Germany. A new submarine cable, which will 
provide 21 additional circuits, has been laid between 
England and Belgium, and in the near future there 
is a possibility of obtaining circuits to Vienna and 
Prague by means of the cable; the provision of a 
circuit to Stockholm is also under consideration. 
The operating staff engaged in the exchanges within 
the London telephone area numbers about 9,400 
telephonists and supervisors, and over 7,000 engi- 
neering workmen are employed. About two-thirds 
of the latter are engaged on construction and deve- 
lopment work, the remainder being responsible for 
the maintenance of the system. 








LETTER TO THE EDITOR. 


THE DESIGN OF HIGH-SPEED 
ECONOMISERS. 


To THE Eprror or ENGINEERING. 
Srr,—With reference to Mr. Brian M. Thornton’s 
article on ‘“‘ The Design of High-Speed Economisers,” 
published in EnerinEERtNG of November 2, 1926, may 
I be permitted to call your attention to a simple formula 
I have worked out and frequently employed in the 
design of economisers. This formula, while theoreti- 
cally inexact, is sufficiently accurate for all practical 
purposes, the possible error not exceeding 2 or 3 per 
cent. if employed within the range of temperatures, &c., 
occurring in practice. 
Let us call :— 
t, the temperature of the feed-water entering the 
economiser ; 
t, the temperature of the feed-water leaving the 
economiser ; 
T, the temperature of the gases entering the econo- 
miser ; and 
q the number of degrees the temperature of the flue 
gases must fall in order that the temperature of 
the feed-water may rise one degree. 


The value of q is not, strictly speaking, constant, since, 
other conditions being equal, it decreases slightly with 
increasing size of the economiser employed with a given 
boiler plant. It may, however, be taken as constant, 
with but slight resultant errors. Its value can easily 
be calculated, when the analysis of the coal, the 
percentage of CO, in the flue gases, and the efficiency 
of the boiler are known. 

Let also ¢ denote the heating surface of the econo- 
miser per unit weight of water passing through it per 
hour ; and let 

« be the coefficient of heat transmission between flue 
gases and water, i.e., the quantity of heat passing 
through every unit of economiser surface per hour, at 
1 deg. temperature difference between gases and water, 
the value of « depending chiefly on the speed of the 
gas, and, within practical ranges, being given by the 
expression «x = 2 + 10 /v, where v is the gas velocity 
in metres per second. 

Then let us assume, finally, that the ratio between the 
temperature difference of the gas entering and leaving 
the economiser and the temperature difference of the 
water entering and leaving the economiser is within 
those limits where the error resulting from using 
arithmetical averages for determining mean gas tem- 
perature and mean water temperature, instead of the 
logarithmical formula, is practically negligible. 

Then, on this assumption, it can be shown that the 
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temperature rise in the economiser, i.e., t; — t,, can be 
found by the following simple formula :— 


Ti—¢# 
® . « <e-en ges, 


+ 


ae 
"Ko 


This follows from the annexed calculation :— 


tore 


bo) 


(2). - @(a—&) =T —To, 


T, being the temperature of the gases leaving the 
economiser, and being unknown. 


We also have 








T+ T ty +: t 
(3) - (2-4) eee = aa 
then from (2) 
(4). - Te=Ti— @(2—h) 
From (3) and (4): 
Ko 
(5) (t2—4) = = [2T1 — 9 (2 — fh) — 24 — (2-4) 
or: 
K K 
(6) . (2-4) (i 2 ad = +) = kp (Ti—") 
Ti-—? 
(2 ) = 
e202 
or, written in more convenient form : 
ey eta 
(1) i ‘ a air q 
2 + 2° Kp 


as given above. 

An example will show how simple it is to calculate 
what results may be expected from varying sizes of 
economiser (or alternatively the size of economiser 
required for a desired result), by using this formula. 

Supposing the existing boiler plant to have’a heating 
surface of 1,000 m*, and that an average quantity of 
20 kg. of water is being evaporated per m? per hour ; 
this gives a total feed-water quantity of 20,000 kg. 
per hour. Suppose the coal intended to be burnt to be 
good Welsh coal of 6,500 calories per kg., and the boiler 
efficiency to be 70 percent. For each kg. of coal, there 
will accordingly be utilised 4,550 calories. Let the feed- 
water temperature be 40 deg. C., and the temperature of 
the flue gases when entering the proposed economiser 
300 deg. C. Suppose the steam to be raised to be of 
such pressure and superheat that 700 calories are 
required to raise 1 kg. of steam from water at 0 deg. C., 
or 660 calories from water at 40 deg. C. What we wish 
to determine is the size of economiser required for 
heating the feed-water to 120 deg. C. 

We must, first of all, determine g. From the 
analysis of the coal, we can estimate that 1 kg. of coal 
will, with the CO, at 12 per cent., produce about 15 
kg. of gases, whilst at the same time it will, with feed- 
water at 120 deg. C., raise = = 8-84 kg. of steam. 
There will therefore be 7-84 kg. of feed-water for every 
i5 kg. of gases. To raise the temperature of these 
7-84 kg. of water 1 deg. C. will need a lowering of the 

7-84 , ; 
gas-temperature of 15 x03 where 0-3 is the specific 
heat of gases (calculated per kg.), or taking radiation 
losses in the economiser at 10 per cent., 

7°84 
15 x 0-3 x 0-90 

We have therefore q = 1-93. 

Supposing the economiser to be designed for a gas 
speed of 4 m./sec., we have : 

k= 2+ 10/0 = 22, 

We can now write formula (1), viz. : 

Ti — &, 
t-—-t=1 @q 1 
3 + 2 Zo Ko 


= 1-93°C, 





in the following form : 


or 








ia ¢ 1 
; b— tk a: as 
1.€., mM our case 
1 
22 
?= 300-40 1-93. 1 
120-40" 2° 2 
0-04.54 0.0454 


= 0.0254. 





= 3-25 — 0-965 — 0-5 1-785 


We shall therefore want an economiser the heating 
surface of which is 0-0254 m? per kg. of water passing 





through it per hour. The total quantity of the water 
being 20,000 kg. per hour, this will yield a heating 
surface of 508 m*, or say 50-8 per cent. of the boiler- 
plant heating surface. 
Yours faithfully, 
ARTHUR RENYI. 
27, Ferencz Jozsef Rakpart, Budapest, IV 
(Hungary). 
January 6, 1927. 





THE LATE MR. S. A. KIRKBY. 


THE death of Mr. Samuel Alexander Kirkby, at 
his residence at 11, Alleyn-park, West Dulwich, 
London, §8.E.21, on January 29 last, removes from 
our midst a civil engineer who spent most of his 
active life in Ireland, where he was engaged in 
connection with various important public works. 
Mr. Kirkby was born on June 21, 1845, and received 
his early education at Heversham Grammar School, 
and at Liverpool College. Upon leaving school, at the 
age of 18, he entered the Vauxhall Foundry, Liverpool, 
where he served a pupilage of five years. In 1869 
Mr. Kirkby proceeded to Cambridge University and, 
two years later, he graduated in the Mathematical 
Tripos, subsequently receiving the M.A. degree. 
After serving as assistant to the late Sir John Fowler 
for a period of sixteen months, Mr. Kirkby obtained, 
in 1872, in open competitive examination, the appoint- 
ment of County Surveyor of Longford, Ireland. Two 
years later he was transferred to the eastern dis- 
trict of County Cork, where he remained until his 
retirement some years ago. In addition to his duties 
as County Surveyor he conducted a private practice, 
and among the works designed and carried out by 
him were the Kinsale bridge, the Youghal bridge, 
sea wall and waterworks, the Schull and Skibbereen 
Light Railway, the Midleton waterworks, the Kanturk 
and Newmarket Railway, the Queenstown waterworks, 
together with the extension to Haulbowline Dockyard, 
and the Cork and Muskerry Light Railway. 

The Kinsale bridge, the building of which was 
begun in 1877, is 1,278 ft. long. It is constructed 
of continuous lattice girders, and is supported on 
screw piles 65 ft. long. The structure also comprises 
a swing bridge 102 ft. in length, used for navigation 
purposes, and supported on one cast-iron cylinder, 
20 ft. in diameter. This bridge spans the tidal river 
Bandon, and cost 26,0001. to erect. The Youghal 
bridge, which is of somewhat similar construction, 
was built during the years from 1878 to 1881. It 
spans the tidal section of the river Blackwater, and 
is 1,809 ft. in length; it was constructed to replace 
Nimmo’s celebrated timber bridge. The structure is 
composed of lattice girders supported on 6-ft. cylinders 
and screw piles; it includes also a swing bridge 
100 ft. long, used for navigation. The cost of this 
structure was 36,0001. The Youghall sea wall was 
built in 1882, and the Schull and Skibbereen Light 
Railway, which is 13 miles long, was constructed 
during the years from 1884 to 1885. Mr. J.W. Dorman, 
M.Inst.C.E., collaborated in the latter work. The 
Kanturk and Newmarket Railway, which took two 
years to build, was commenced in 1886; it is 9 miles 
in length and is now a branch line of the Great Southern 
and Western Railway. The works included a bridge 
over the river Blackwater, and the total cost of the 
undertaking was 60,000/. The Queenstown water- 
works were commenced in 1898 and occupied four 
years to construct; the gravitation scheme carried 
out involved an expenditure of 23,000/. The extension 
of the Queenstown waterworks to Haulbowline Dock- 
yard was accomplished by laying a line of submerged 
pipes, 1,200 ft. in length, across the harbour, 80 ft. 
below high-water spring tides. 

Mr. Kirby was elected a member of the Institution 
of Civil Engineers in April 7, 1903. He gained a 
Whitworth Exhibition in 1868, and, in 1871, while 
still at Cambridge University, he was awarded a 
Whitworth Scholarship. 





LEAD ORE IN CuINA.—A deposit of lead ore was recently 
discovered by accident near Mi-yun, a city some 45 miles 
north-east of Peking. The exploration and subsequent 
development of the deposit will be undertaken as soon 
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as official sanction is obtained. 





PERSONAL.—Messrs. Dowdings Machine Tool Co., 
Limited, Bush House, Aldwych, W.C.2, have been 
appointed the selling agents in Great Britain for the 
Oscilloscope, which instrument is manufactured by 
Messrs. Baird and Tatlock (London), Limited, for the 
New Oscilloscope Co., Limited, of Westminster, who are 
the sole proprietors.—The directors and shareholders of 
Messrs. John and Edwin Wright, Limited, Universe 
Roepe Works, Birmingham, have decided to change the 
name of the Company to Wrights’ Ropes, Limited. The 
change of name takes place as from January 29, 1927.— 
Mr. G. L. Porter, A.M.1.E.E., lately with Messrs. Merz and 
McLellan, has joined, as advisory engineer, the staff of 
Messrs. Ferranti, Limited, Bush House, London, W.C.2. 





THE LATE MR. N. J. McDERMAID. 


THE numerous friends of Mr. Neil J. McDermaid, 
of the Royal Corps of Naval Constructors, learnt with 
profound regret of his sudden death from pneumonia 
on January 20. He joined the Director of Dock- 
yards’ Staff at the Admiralty last April, and was at 
duty on the day of his death, but, taken ill shortly 
after retiring to rest, had expired before medical 
attention could be obtained. Mr. McDermaid was 
born on March 8, 1874, and entered Chatham Dock- 
yard as a shipwright apprentice in 1889. His conduct 
and progress at the Dockyard School being very 
satisfactory, he was appointed a Naval Construction 
Cadet in 1893 for a year’s instruction at the Royal 
Naval Engineering School at Devonport. In October, 
1894, he joined the Royal Naval College, Greenwich, 
for a three years’ course of study, and in 1897, after 
passing his final examination very creditably, entered 
the Royal Corps of Naval Constructors. Early in 
1898 he was sent for twelve months’ sea experience to 
H.M.S. Magnificent, and on completing this to Ports- 
mouth for six months’ instruction in electrical engineer- 
ing. In July, 1899, he was appointed to the depart- 
ment of the Director of Naval Construction at the 
Admiralty, and served there until March, 1904, when 
he was sent to Devonport yard, one of the duties 
with which he was especially charged being the pro- 
fessional instruction of naval construction cadets. He 
remained at Devonport until December, 1909, when he 
was appointed Principal Admiralty Overseer of the 
Princess Royal, to be built by Messrs. Vickers at 
Barrow-in-Furness. On the commissioning of the 
Princess Royal, Mr. McDermaid was appointed over- 
seer of the Australia, then building at Messrs. 
John Brown’s, Clydebank. His connection with this 
ship was, however, of short duration, for the Turkish 
Government had applied to the Admiralty for the 
services of a constructive officer to supervise the con- 
struction of the battleship Reshadieh at Barrow, and 
to act as general technical adviser, and Mr. McDermaid 
was selected in April, 1913, as the most suitable officer 
for the post. The outbreak of the Great War ter- 
minated this engagement, the battleship was taken 
over by the Admiralty and renamed the Erin, and 
Mr. McDermaid was appointed Constructor at Chatham 
Yard. In May, 1915, he was transferred to a similar 
post at Devonport, remaining there until September, 
1917, when he was appointed Senior Constructor at 
Portsmouth. Five years later he was promoted to 
Chief Constructor at Pembroke and on the closing 
down of that yard in April, 1926, was appointed to the 
Admiralty. 

Mr. McDermaid was very painstaking and conscien- 
tious. His personality made him a general favourite and 
endeared him to all with whom he came in contact. 
His close friend and fellow-student whilst at Greenwich 
College was Mr. John Smith, late of Messrs, Thorny- 
crofts, Southampton, who died last July, and whose 
career was referred to in these columns at the time. 





THE LATE MR.W. C. COPPERTHWAITE. 


WE note with regret the death of Mr. William Charles 
Copperthwaite, which occurred at his home, 43, 
Fairfield-road, Old Charlton, London, S.E.7, on 
January 29. Mr. Copperthwaite, who had been 
associated with the London County Council for over 
twenty years, and who had latterly held the post of 
chief assistant engineer to the Council, was born on 
March 7, 1861. In 1877, at the age of 16, he became 
a pupil of Mr. H. Copperthwaite, M.Inst.C.E. 

In 1882, the young engineer received an appoint- 
ment under Mr. J. E. Harrison, M.Inst.C.E., and, during 
the years which followed, he was engaged upon railway 
construction works in England. Mr. Copperthwaite pro- 
ceeded to Mexico in 1888 to take up the appointment of 
assistant resident engineer on the Interoceanic Railway. 
During the years from 1889 to 1895 he acted as resident 
engineer and manager of the Santa Marta Railway. 
Returning to this country in 1895, he joined the staff 
of Sir John Fowler, Sir B. Baker, and Mr. Greathead, 
M.M.Inst.C.E., who at that time were engaged on the 
construction of the Central London Railway. He was 
given charge of the works in connection with the railway 
from Marble Arch to the Bank of England. In May, 
1899, Mr. Copperthwaite was appointed resident 
engineer on the Greenwich footway-tunnel works. 
Some years later he joined the staff of the London 
County Council as assistant engineer ; he was promoted 
to the rank of chief assistant engineer in 1914, and held 
this position until a short time before his death. Mr. 
Copperthwaite became an associate member of the 
Institution of Civil Engineers on May 19, 1896, and 
was elected to full membership on February 27, 1900. 
In November, 1902, he was awarded a Telford Premium 
by the Institution of Civil Engineers, for his paper on 
“The Greenwich Footway Tunnel,’”’ and in November, 
1907, he also received a George Stephenson Gold medal 
for his paper on ‘‘ Vauxhall Bridge, 1906.” 
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PULLMAN DINING CARS FOR THE 
INTERNATIONAL SLEEPING CAR 
COMPANY, LIMITED. 


Tue travelling Briton may well find a legitimate 
source of satisfaction in the fact that the finest examples 
of railway rolling stock in passenger trains on the 
Continent are the products of English firms. The 
well-known ‘‘ Blue Train’? from Paris to the Riviera, 
with its luxurious all-steel sleeping cars, is now fittingly 
matched by the new Pullman cars for day service, 
which we illustrate on page 138 and on this page. 
Thirty of these cars have been builtby Messrs. Leeds 
Forge Company, Limited, Leeds, to the order of the 
Compagnie Internationale des Wagons-Lits et des 
Grands Express Européens, through Sir Davison 
Dalziel, and sixteen of them are now running on the 
new Nice-Milan service. The remaining fourteen will 
be employed on the Paris-Amsterdam route. 

There are two types of car, both of the same length 
and generally similar in finish and appearance, but 
differing in the provision of a kitchen in the one case. 
Fifteen of each type have been made. Fig. 1 shows 
the exterior of the parlour car, which will seat a total 
of 32 passengers in two large open saloon compart- 
ments in the centre and a coupé compartment at each 
end. The kitchen car has two centre saloons and a 
coupé compartment at one end, the other being occu- 
pied by the pantry and kitchen. The total accommo- 
dation in this car is for 24 passengers. The exterior 
finish of the cars is of the same high class as the sleep- 
ing coaches, but the lower part only of the body is 
painted blue. The upper part is cream coloured and 
the roof white. The lettering along the freize is of 
oxidised bronze, while that on the sides, as well as the 
central coat of arms, is of polished bronze; the 
lining is in gold. The windows are arranged to afford 
a wide angle of vision free from obstructions. The lower 
portions are fixed, but a narrower part along the top 
of each is arranged to slide horizontally for purposes 
of ventilation. The oval window at one end lights a 
luggage compartment, and at the other end a lavatory. 
The latter is finished in polished mahogany and is pro- 
vided with hot and cold water. All the fittings in it 
are silver plated, and are generally similar to those 
used in the English first-class Pullman cars. 

The end corridors are also finished in polished 
mahogany, and are carpeted in way of the coupé. 
The parlour car corridor is provided with a folding 
seat and table at the lavatory end for the con- 
ductor. The vestibules are of steel, painted and 
polished to represent mahogany. They are provided 
with cupboards in the ceiling and ends for the use 
of the attendants, and a hand-brake is fitted in each. 
In the main braking arrangement, a 17-in. Westing- 
house cylinder is employed. The entrance doors have 
oval panel lights similar to those on the sleeping coaches. 

Fig. 2 shows the interior of the saloon portion of 
the parlour car, each compartment of which seats 
twelve passengers. A distinguishing feature is ample 
room, both across the car and in the back-to-back 
spaces between the windows. The problem of provi- 
ding a seat which is equally comfortable when dining 
and when viewing the scenery, has been met by the 
provision of wide arm-chairs with curved backs and 
head rests. The fitting and decoration of the walls has 
been carried out by Messrs. Waring and Gillow, Limited, 
Oxford street, W.1, in fifteen different designs. Some 
cars are, for example, finished with quartered mahogany 
panels, and others in mahogany with coloured inlay, 


the corridor roof. As will be seen from the figure, the 
kitchen is finished in white enamel, and as, with the 
exception of the cutting board, it is entirely of steel, 
cleanliness is readily maintained. The steel partition 
between the kitchen and corridor contains two air 
spaces, the inner one conveying hot air and gases 
from the range to three roof torpedo extractors. The 
outer one carries cold air from the bottom of the corridor 
and delivers it below the kitchen ceiling. Beyond this 
is a layer of silicate cotton, and then comes the wooden 
panelling of the corridor. The products of combustion 
in the range are carried off by a chimney. The pantry 














steel ends, main centre longitudinal fish-bellied girder 
and through crossbars. The tail-pieces of the end 
castings are connected rigidly to solebars of Z 
section, which are arranged so as to form landings for 
the bottom angles of the body sides. An equalising 
type of buffing gear is fitted. The ends of the buffer 
shanks carry shoes bearing on laminated springs and 
connected by equalising bars. An arrangement with 
indiarubber pads for reducing the shock on the head- 
stocks, should the collars behind the buffer heads be 
driven up to the cases, is provided. Special provision 
has been made for the easy erection of the buffing 
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The lavatory hot water is provided by a heater 


while a very handsome treatment is that of Chinese 
lacquer, in which ebony is also used. The carpets 
and upholstery are varied to harmonise with the differ- 
ent schemes, while the ceilings are painted a dead white. 
These latter are coved, the flat central panel being out- 
lined with a heavy moulding carrying the ceiling lights. 
Additional lights in torch brackets are fitted on the 
frieze above the spaces between the windows, while 
each table has a portable shaded lamp. 

The lighting system is Stone’s, the current for it 
and for the two ceiling extractor fans being provided 
from a dynamo with two accumulator boxes slung 
from the underframe. A double-dial clock, on the 
24-hour system, is carried in the partition between 
the compartments. } 

Fig. 3 shows the interior of a coupé compartment. 
These are arranged for 4 passengers and are carried 
out in the same style as the saloon compartments. 
The photograph reproduced shows a different decora- 
tive scheme from that of the saloons in Fig. 2. 

A view of the interior of the kitchen is given in 
Fig. 4. It is 10 ft. 7} in. long, and is divided by a 


partition with sliding door from a roomy pantry. 
As the French Railway regulations prohibit the use 
of gas, the cooking range is coal fired, a covered grill 
for use with charcoal being also fitted. The hot 
water supply is taken from a heater in the range. 
There are two copper circulating tanks for hot water in 
the kitchen roof and a large cold-water supply tank in 


on the low-pressure steam heating system, which was 
supplied by Messrs. Laycock Engineering Company, 
Limited, Sheffield. The saloon and coupé compart- 
ments are fitted with longitudinal heaters extending 
from partition to partition. 

The cars are constructed of steel throughout. The 
sides have vertical pressed pillars with rolled angle 
sections connecting them longitudinally. To these the 
sheeting is attached, the window openings being 
pressed in the upper panels. The vestibule and body 
ends are built in the same way. The roof is outlined 
by transverse steel members pressed to its contour 
and connected by longitudinal angles. The steel 
sheeting over these has mouldings over its lap- 
joints to prevent leakage. The tanks can be re- 
moved from the roof space without disturbing the 
ceilings, which are carried on another system of steel 
members. ‘The whole of the body outer sheeting, 
including the roof, is covered with insulating material, 
while the interior finish is secured by wood screws 
to special fibre blocks riveted to the steel sheeting. 
The floor is of key section corrugated steel, covered 
by a fireproof and insulating composition which is 
of considerable thickness in the pantry and kitchen, 
but is thinner in the other parts, where it is overlaid 
with felt, linoleum, and carpet. 

The underframe is a slightly modified form of that 
designed by the Leeds Forge Company for the Blue 














Train, and embodies the firm’s special features of cast- 





E KITCHEN. 


is finished in varnished wood, and its two sinks |and draw springs, and by a system of wedged pieces 
are provided with hot and cold water from the kitchen | fitted between the front ends and the¥!main casting, 
tanks. 


the latter is relieved from eccentric buffing moments. 
The buffers and coupling gear conform, of course, to 
international standards, the cars being constructed 
for the continental running gauge and, as a whole, 
to the standards of the French, Belgian, and Italian 
railways. 

The bogie frame consists of a steel casting arranged 
to reduce the number of the parts in the finished bogie 
toa minimum. The bolster and spring planks are also 
of cast steel. The bogies are of the equalising beam 
type. The bolster springs have four double elliptic 
springs per nest, and each nest of side-bearing springs 
has three helical ones. The axles, axle-boxes and 
wheels are of the Wagons-Lits standard. 


The following are the leading dimensions :— 


76 ft. 11} in. (23-452 m.). 
71 ft. 11% in. (21-940 m.). 
72 ft. 104 in. (22-200 m.). 


9 ft. 54 in, (2-882 m.). 


Length over buffers 
9 »» headstocks 
s» Platform ends 


Width over outside cornices 

Height from rail to top of 
roof mouldings ; 

Height from rail to centre 


13 ft. 13 in. (4-004 m.). 


of 


buffer we “ee .. 8 ft. 53 in, (1-050 m.). 
Distance between bogie 

centres nen ... 52 ft. 6 in. (16-000 m.). 
Bogie wheelbase ; 8 ft. 24% in. (2-500 m.). 
Diameter of wheels... 3 ft. 53 in. (1-050 m.). 


The weight of the parlour car is 46 tons 12 cwts. 
(47-4 tonnes), and that of the kitchen car, 50 tons 
5 ewts. (51-0 tonnes). 
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LABOUR NOTES. 


On Tuesday last the Central Wages Board for the 
Railways considered an application by the National 
Union of Railwaymen to limit the award of the 
National Wages Board regarding the rates payable to 
new entrants. The decision of the National body 
which it was desired to alter was that on and after 
February 1, 1926, new entrants appointed to adult 
grades, whether recruited from outside the service 
or from junior grades, should be paid only “ B,” 
or basic, rates, without any cost of living bonuses under 
the sliding scale. The Union proposed that the effect 
of the award should be limited to a period of twelve 
months from the date of appointment of new entrants 
to the service or juniors attaining adult age. The 
Board “‘ failed to agree’ on the application which will 
now, if the Union decides to press it, come before the 
National Wages Board. 





At its meetingsin Geneva last week, the Joint 
Maritime Committee of the International Labour 
Office decided by 7 votes to 5 to ask the Governing 
Body to place the question of the regulation of hours 
of work on board ship on the agenda of a special 
maritime session in 1928. The Governing Body 
adopted the suggestion by 13 votes to 9, Great Britain 
and India voting with the Employers’ Group against 
the proposal. This decision is, however, only provi- 
sional, the final decision being deferred until the April 
Session of the Governing Body. The Joint Maritime 
Committee also resolved—in this case unanimously— 
to place two other questions on the agenda of the 
proposed special maritime session, namely, the protec- 
tion of seamen in illness, including the treatment of 
those injured on board ship, and the amelioration of 
the conditions of seamen in port. 





Commenting on the decision of the conference of 
executives which recently sat in judgment on the 
General Council’s conduct of the national strike, the 
National Minority Movement’s organ, the Worker, 
is frankness itself. ‘‘ The repudiation of the weapon 
of the general strike is intended,” it says, ‘‘to lead 
to the rejection of sympathetic strike action, and from 
this, it is but an easy step to the stage when the strike 
weapon is discarded altogether, if the existing leader- 
ship have their way, in order that their policy of 
industrial peace, and a five-year truce with the capita- 
lists, may be operated. This is the policy the present 
leadership intend to pursue. In opposition to this, 
the policy of the N.M.M. directing and organising the 
activities of the revolutionary workers inside the 
trade union movement, is quite clear. It is to declare, 
unhesitatingly, that the general strike, given a new 
leadership, is still the workers’ most powerful weapon. 
The plain facts of the class struggle make future 
general strikes inevitable. Our task, therefore, is to 
fight now for the appointment of a Reorganisation 
Commission that will thoroughly examine the whole 
position in which the workers find themselves and 
bring forward to the next T.U.C. proposals that will 
pave the way to a complete transformation of the 
existing structure, policy and leadership of the whole 
trade union movement.” 





A meeting was held in London last week of the 
executives of the National Union of Railwaymen, the 
Associated Society of Locomotive Engineers and Fire- 
men, and the Railway Clerks Association, to consider 
the question of the guaranteed week. At its conclu- 
sion, the following official statement was communi- 
cated to the Press:—‘‘In view of the fact that the 
suspension of full-time working and the guaranteed 
week was only arranged to meet the abnormal situa- 
tion which was due to the continuance of the stoppage 
in the mining industry, and having regard to the fact 
that that stoppage concluded eight weeks ago, and 
that normal working of the railway service is now 
necessary to meet public requirements, the executives 
of the three railway trade unions are strongly of 
opinion that the existing circumstances justify the 
unconditional restoration of normal working condi- 
tions such as were in operation prior to the dispute 
in the mining industry. They are surprised that the 
railway companies should seek to utilise the present 
situation in an attempt to alter adversely the national 
agreements. They have therefore decided to meet 
the representatives of the companies for the purpose 
of conveying this decision to them, and to reiterate 
their claim for the restitution of normal working condi- 
tions in accordance with the general understanding 
under which the special interim arrangements were 
made.” A further conference with the companies 
will, it is expected, take place, and the unions will 
reconsider the position in the light of what transpires 
in the discussion. : 





In compliance with resolutions adopted by several 
congresses urging closer union in the building trades, 
the General Council called a conference of representa- 
tives of the various organisations to discuss the matter. 
The conference took place in London last week at the 
offices of the Trades Union Congress, and was presided 
over by Mr. A. G. Walkden. About half a million 
workers were represented. ‘ Representatives of the 
various organisations expressed,” the official report 
issued at the close of the meeting stated, ‘‘ their sym- 
pathy with the purpose for which the meeting had been 
called, and the difficulties which presented themselves 
were considered in a most sympathetic and amicable 
spirit. It was finally agreed that the proceedings 
should be reported to the General Council, and the 
conference adjourned until a date to be decided later. 
In the meantime the executives of the unions concerned 
are to discuss the matter in the light of the discussions 
which took place.” 





The proposal that a national conference should be 
called for the purpose of considering suggestions 
designed to establish a ‘‘ united front” in the Labour 
Movement and “remove the differences that have 
arisen as a result of the general strike” is not finding 
many supporters outside of the ranks of the extremists. 
Mr. Herbert Morrison, secretary of the London Labour 
Party and a member of the Labour Party executive, 
commenting on the proposal, said: ‘The Minority 
Movement and the Left Wingers may be proposing a 
national all-in conference, but nobody takes much 
notice of them. There is no disunity except that 
which arises from the settled policy of excluding the 
Communists. It is perfectly true there are divisions 
on certain matters, but there is nothing in the Labour 
Party or the trade union movement sufficiently serious 
to call for a national conference, and I am quite certain 
that neither of the two national bodies will entertain 
the suggestion.” The national bodies which have been 
approached are the General Council of the Trades 
Union Congress and the National Executive of the 
Labour Party. 

The number of unemployed workers in Germany 
increased from 1,747,000 to 1,834,000 in the first 
fortnight of January. The increase in the case of men 
was from 1,472,000 to 1,551,000, and the increase in 
the case of women from 275,000 to 283,000. The 
number of dependents in receipt of allowances rose 
from 1,966,000 on January 1 to 2,070,000 on January 15. 





At its annual national conference in Derby last 
week-end the Co-operative Party discussed, and 
approved without alteration, the proposed agreement 
with the Labour Party. The following resolution was 
adopted, with one dissentient :—‘‘ That this annual 
conference of the Co-operative Party accepts the 
agreement reached between the National Committee of 
the Co-operative Party and the National Executive of 
the Labour Party, and, subject to more definite and 
satisfactory guarantees, pledges itself to use every 
effort to secure its ratification by the Co-operative 
movement. This conference believes that the agree- 
ment provides the basis of an amicable understanding 
between the two movements, and will ultimately assist 
in achieving the ideal of the Co-operative common- 
wealth.” A summary of the terms of the agreement 
was given in a recent issue of ENGINEERING. 





An interesting account of the proceedings at the 
Seventh Congress of Trade Unions in Russia appears 
in the latest issue of Industrial and Labour Information, 
the organ of the International Labour Office. Amongst 
the matters discussed was, it appears, the relationship 
of the trade unions to State industry. Ever since 
State industry began to work on the principle of 
“commercial output,” the task of the trade unions as 
regards the protection of the workers and of wages has 
been considerably increased, it is stated—particularly 
during the conclusion of collective labour agreements. 
The régime of economy, the necessity of increasing 
working capital, the lack of capital, &c., have compelled 
State industry to reduce expenses as far as possible. 
These tactics have been particularly noticeable in the 
drawing up of conditions of labour for collective 
agreements. Undertakings are more and more tending 
to reduce expenditure on labour by opposing any 
increase in wages, and, above all, any form of expendi- 
ture for the benefit of the workers, such as working 
clothes, technical measures for safety, occupational 
schools, &c. The result is frequent and numerous 
disputes, the number of which is increasing. 





Mr. Andreev, reporter to the Congress on this 
question, stated that certain officials concerned with 
the direction of State undertakings “are adopting a 
mistaken attitude in labour questions. They are 





endeavouring to ignore the wage question altogether, 
and are concerned only with the management of the 
undertaking, without any concern for the conditions 
of labour and existence of the worker.’’ Many of the 
delegates confirmed that statement, and pointed out 
that the managements of State undertakings were 
appealing to the régime of economy in order to reduce 
expenditure on the protection of the workers and also 
on wages. It frequently happened that clauses in 
collective agreements, or even provisions of the Labour 
Code, were not observed by the responsible heads of 
undertakings. Even the decisions of arbitration 
courts, and agreements concluded by the Commissariat 
of Labour for the protection of the workers, were 
sometimes ignored. On the other hand, Mr. Andreev 
admitted that the trade unions were sometimes respon- 
sible for an unwarrantable interference in the technical 
working of undertakings, and for exaggerated demands 
which it was impossible to satisfy in existing economic 
conditions, 





All this explains, the organ of the International 
Labour Office goes on to say, the frequency of labour 
disputes, Among the disputes, small individual 
disputes, or disputes concerning one or two workers 
only, are predominant and are becoming of increasing 
importance. The main questions at issue are dismissals, 
compensation for holidays not taken, overtime, &c. 
Most of the disputes could usually have been settled 
in the joint conciliation courts, but the parties concerned 
are showing an increasingly marked tendency to submit 
all disputes to arbitration. This comes from the 
feebleness and lack of authority of the conciliation 
organisations, and also from the desire of the respon- 
sible heads of State industry to be covered by a formal 
decision of the court, in order to explain their action 
to the higher authorities. 





The Ministry of Labour states that on January 24, 
1927, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,348,700, of whom 1,059,500 were men, 40,000 boys, 
208,600 women, and 40,600 girls. Of the total number, 
69,100 men, 100 boys, and 800 women were persons 
normally in casual employment. On January 17, 
1927, the number of unemployed persons was 1,391,018, 
of whom 1,086,427 were men, 41,586 boys, 220,712 
women, and 42,293 girls; and on January 25, 1926, it 
was 1,200,827, of whom 942,208 were men, 35,420 
boys, 187,060 women and 36,139 girls. 





In accordance with agreements between the National 
Federated Electrical Association and the Electrical 
Trades Union, a sub-committee adjusts the wage 
rates payable in the industry to the ascertained cost 
of living, every four months. The rates so determined 
remain in force for the succeeding four months. 
The latest declaration of the sub-committee is that the 
cost of living justifies a 24,5, per cent. reduction, and 
that the net hourly rates of pay applicable to the 
respective grades are as follows :—Grade A, ls. 103d. 
(this rate includes a travelling allowance); grade B, 
ls. 83d.; grade C,1s.7d.; grade D, 1s. 54d. The new 
rates—which are to operate from the second pay day 
in February to the first pay day in June—are, despite 
the use of the word “ reduction,” higher than those 
which they supersede. This is due to the fact that 
the bases of the reckoning are the rates ruling in April, 
1921. Since that date, the rates have fallen with the 
cost of living, until, in October last, they were 26% per 
cent. below the April, 1921 level. ‘The latest revision, 
therefore, fixing the reduction at 24,5, per cent., actually 
gives the workers an increase of 2} per cent. In 
Grades A, B and C, there is an advance of ?d. per hour, 
and in Grade D an advance of 3d. an hour. 





According to a Times correspondent at Geneva, a 
spirited discussion took place at last Saturday’s 
meeting of the Governing Body.of the International 
Labour Office on the report of the sub-committee which 
was appointed to inquire into the causes of the delay 
in ratifying the Washington Eight Hours’ Convention. 
The employers are understood, the correspondent says, 
to have pointed to difficulties in the way of the applica- 
tion at this time of a general eight-hour day; the 
workers, on the other hand, insist that the London 
Conference was supposed to have produced an agree- 
ment and that they fail to see signs of good will. A 
statement of the British Government’s. representative, 
Mr. Wolf, to the effect that the coal stoppage had 
prevented Great Britain from ratifying the Convention, 
brought Mr. Poulton to his feet. Mr. Poulton wanted 
promise of early action, and, failing to get it, expressed 
himself in forcible terms. The outcome is that the 
Governing Body of the International Labour Office will 
again raise the question at the annual conference in May. 
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APPLICATIONS OF POWER IN 
GASWORKS.* 


By Harotp CuHarves Smiru, Assoc.M.Inst.C.E. 





In this paper, after a brief mention of the uses of 
pneumatic, hydraulic, and gas power, the applications 
of steam in a gasworks with an output of more than 
15 million therms per annum are detailed. In manu- 
facturing this gas, approximately 148,000 tons of coal 
and 2,700,000 gallons of gas oil are used ; 87,000 tons 
of coke and breeze are obtained as a by-product, of 
which 18,500 tons of coke are used for the manufacture 
of water-gas, and 8,600 tons of coke and 26,700 tons of 
breeze as boiler fuel. The steam generated on an 
average day is shown to be at the rate of 44,110 lb. 
per hour, from and at 212 deg. F., or 16,718 h.p. The 
cost of generation, exclusive of capital charges, but 
including fuel, labour, water, repairs, and maintenance, 
is shown to be 11-3d. per 1,000 lb. of steam, or 25-3d. 
per ton. 

The quantity of steam generated is allocated in the 
following manner to the various pieces of plant and 
machinery for which it is used :— 

Lb. per hour 
from and at 
212 deg. F. 


Carburetted water-gas 3,458 
Steaming vertical retorts 1,581 
Generating electricity 4,022 
General power purposes 33,105 
Boiler grates, ejectors, &c. . 1,944 
44,110 

From a balance drawn up between the steam 

generated and the horse-power-hour output ob- 


tained by its use, an efficiency of transmission of 
energy from heat in steam to brake horse-power-hour 
is shown to be 3-5 per cent. This low efficiency 
is due to the fact that steam is used in a large 
variety of scattered units, the majority of which 
have been in use for several years and are work- 
ing under non-condensing conditions. The savings 
in labour to be effected by linking up the whole of the 
boiler plant and by converting certain of the hand-fired 
boilers to mechanical stoking would be 7901. per annum 
on @ capital outlay of 1,810/. This saving would be 
in addition to any saving in fuel due to the levelling 
up of the load and to the increase in the proportion 
of steam made on mechanically-operated boilers and 
waste-heat boilers. 

In connection with the generation and use of electrical 
power in a gasworks, the efficiency of the generation 
of electricity from heat in steam supplied to engines to 
heat in electricity generated is about 10-1 per cent. 
The efficiency of the generation and transmission of 
electricity from heat in steam supplied to engines to 
brake horse-power developed on works motors is 
6-1 per cent., which is comparable with the efficiency 
of 3-5 per cent. given for the use of steam power. 

Of the 16,718 h.p. of steam generated, 2,647 h.p. 
are used for gas-making and purposes other than power, 
and 14,071 h.p. for power purposes. Of the latter, 
1,524 h.p. are converted into electrical energy, giving 
147-8 h.p. of electricity. 

The author suggests that, in designing a new gasworks 
of a similar size to the one under review, power would 
be most economically produced and applied as elec- 
tricity. This could be generated by steam at a central 
station, the bulk of the steam being produced by waste- 
heat boilers. Instead of steam being used in small 
units at scattered points, it would then all be used at 
one point, the exhausts of engines using it discharging 
into suitable condensing plant. Assuming that the 
mean total power required in a new works would be 
the same as in the existing works, 494-0 brake horse- 
power would be required on an average day. If this 
were applied as electricity with an efficiency from 
steam to motor of 6-1 per cent., it would be necessary 
to generate only 8,098 h.p. of steam, instead of 14,071 
h.p. as at present. A plant capable of generating 
818 h.p., or 610 kw., would be required. With this 
plant a higher efficiency should be obtained than from 
the 150-kw. plant now in use, and assuming this to be 
14 per cent., the steam requ red would be only 5,843 h.p. 
The saving in steam would amount to 233 tons per 
diem, which, at 25-3d. per ton, gives a saving of 8,963/. 
per annum. 

If only 5,843 h.p. of steam were required, instead of 
14,071 h.p. as at present, it would be possible to make 
83 per cent. of the steam required in the works for gas- 
making and power purposes (apart from that necessary 
for the working up of by-products) in waste-heat 
boilers under average day conditions. Under existing 
conditions it would only be possible to make 42-1 per 
cent. of the steam required from the waste heat of the 
various carbonising processes. 





* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesday, February 8, 1927. 
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the London Metal Exchange for “fine foreign” and ‘‘standard”’ metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
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other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


The works produce 3,000 million cub. ft. of gas per 
annum, having a calorific value of 500 B.Th.U. per 
cub. ft. Of this production, 25 per cent. is water-gas. 
To make this gas, 148,000 tons of coal are required. 
From each ton of coal carbonised, 950 lb. of steam, 
from and at 212 deg. F., can be raised by waste-heat 
boilers. This equals 385,000 lb. per diem. A quantity 
of 30 lb. of steam per 1,000 cub. ft. of carburetted 
water-gas, which equals 61,000 lb. per diem, can also 
be raised. Therefore the total steam available from 





waste heat is 446,000 lb. per diem. The requirements 








under present conditions an 44,110 x 24 1,058,640 
lb. per diem. Therefore the proportion that can be 
raised from waste heat is 42-1 per cent. Assuming 
that the whole of the power requirements were supplied 
as electricity generated at an efficiency of 14 per cent.. 
the requirements for power would be 5,843 x 24/0-37!) 
= 370,000 lb. of steam per 24 hours. In addition, 
167,600 lb. are required for gas-making and other 
purposes, making a total of 537,600 Ib. Under these 
conditions, 83-0 per cent. of the total requirements 
could be met by waste heat. 
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DOPES AND DETONATION (1926).* 
By H. L. Cantnenpar, C.B.E., LL.D., F.R.S. 
INTRODUCTION. 


The Effect of Peroxides in Nuclear Drops.—This 
report forms a continuation of the previous report on 
the same subject submitted to the Director of Scientific 
Research, November, 1925, which has been published 
in ENGINEERING,{ and by the Aeronautical Research 
Committee in their Reports and Memoranda No. 1013. 
In that report a nuclear theory of detonation was 
developed, founded on the thermodynamical and 
physical properties of paraffin fuels under the conditions 
prevailing in the cylinder of a high-compression engine. 
It was shown that residual drops, consisting chiefly of 
the higher paraffins, would tend to persist in the 
charge during compression and in the portion of the 
charge remaining unburnt at any moment after ignition. 
These nuclear drops, on account of their low ignition 
temperature, would act as foci of simultaneous inflam- 
mation, giving rise to detonation, though they form a 
very small. percentage of the whole mixture. 

The effectiveness of the metallic dopes, lead ethide, 
and iron or nickel carbonyl, was explained by the fact 
that they naturally become concentrated in the nuclear 
drops, where they decompose, depositing metal, which 
tends to delay the oxidation of the drops. The low 
ignition temperature of liquid drops of the higher 
paraffins was accepted as an experimental fact, but it 
was anticipated that further light might be obtained 
when the chemical side of the problem had been 
adequately explored. 


Fig. 7. ARRANGEMENT OF APPARATUS. 
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combustion without inflammation. The method 
adopted for investigating the products of low-tempera- 
ture oxidation is fully described and figured in the 
section giving details of experiments. Some of the 
principal results are here summarised to make the 
programme of work more intelligible. Briefly, the 
method consisted in passing the mixture slowly through 
a glass tube in an electric furnace, maintained at the 
desired temperature and analysing the products 
obtained in each case. 

The temperature of incipient oxidation in the case of 
detonating fuels, such as the paraffins, was found to be 
far below the ignition temperature, and to be variable 
with mixture strength, the lowest temperatures being 
found with mixtures more than twice as rich as could 
be used in an engine. There was a general parallelism 
between the oxidation temperature and the ignition 
temperature, but in the case of non-detonating fuels, 
such as benzene, the oxidation temperatures appeared 
to be higher than reputed values of the ignition tem- 
perature, and varied but slightly with mixture strength. 

Of the intermediate products of oxidation of the 
paraffins the aldehydes were far the most important, 
reaching 70 per cent. in the case of hexane. In the 
case of non-detonating fuels, such as benzene? and 
alcohol, the aldehyde yield was very small and occurred 
only at much higher temperatures. 2 

In the case of the paraffins, the first appearance of the 
aldehydes at low temperatures was accompanied by a 
certain proportion of CO, and H,O. This led to the 
conclusion that the aldehydes themselves were decom- 
position products of some prior compound formed by 
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lt was pointed out, however, that the conditions 
existing at the surface of a liquid drop during rapid 
compression would be exceptionally favourable to 
adsorption and chemical action, as compared with those 
existing in a completely vaporised and uniform mixture. 
Each drop would be surrounded by a graded atmosphere 
of progressive mixture strength. The richest layer 
close to the surface of the drop, being nearly pure 
vapour, would tend, to recondense as the pressure 
increased, carrying with it any products of incipient 
oxidation, which may be formed, in the case of paraffins, 
at temperatures far below the ignition temperature as 
usually defined (R. and M. 1013). It is also evident 
that the mixture strength most favourable to low- 
temperature combustion would be found somewhere 
in the variable zone surrounding each nuclear drop, 
and that the surface of the nuclear drops would be 
most advantageously situated for accumulation of 
condensible products of incipient oxidation such as 
may occur during rapid compression. The higher the 
compression ratio the greater the probability of the 
occurrence of nuclear drops at the beginning of com- 
pression, owing to the low initial temperature, and 
the greater the likelihood of their persistence in the 
unburnt portion of the mixture towards the end of the 
ignition, on account of the greater rapidity of the 
rise of pressure. Accordingly, in the light of the 
nuclear theory, it seemed probable that an explanation 
of the difference between various fuels in respect of 
detonation should be sought in a study of the chemical 
reactions which were likely to occur at temperatures 
existing during compression, before the ignition- 
point was reached. As the pressure conditions were 
difficult to reproduce, it was decided in the first instance 
to study the chemical reactions occurring at atmospheric 
pressure in various mixtures during slow or incipient 

* Experiments made in the Air Ministry Laboratory 
at the Imperial College of Science, London, under the 
direction of R. O. King, M.A.Sc. (McGill), A.F.R.Ae.S., 
by E. W. J. Mardles, D.Se., F.I.C., and W. J. Stern, 





A.R.C.S., D.LC., B.Sc., assisted by N. R. Fowler, 
A.R.C.S., D.I.C. Published by permission of the 


Director of Scientific Research, Air Ministry. 
+ See vol. exxi, pp. 475, 509, 542, 575, 605, et seq. 
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the direct union of oxygen with the molecule of the 
fuel. This conclusion received a striking confirmation 
in the discovery that the addition of a dope, such as 
lead ethide, or iron carbonyl, to a paraffin mixture 
undergoing slow combustion, had the effect of almost 
entirely preventing the normal formation of aldehydes, 
reducing the yield in the case of hexane from 72 per 
cent. to 10 per cent. at 500 deg. C., and to a mere trace 
at lower temperatures. 

It appeared from the experiments that the dopes 
did not act by destroying the aldehydes after they were 
formed, but by preventing their formation. That is to 
say, the dopes must take effect directly on the primary 
compound, of which the aldehydes are products of 
decomposition of a relatively stable character. 

The primary compound formed by the direct union 
of oxygen with the fuel molecule would probably be of 
a very unstable character, and difficult to detect under 
the conditions of these experiments at atmospheric 
pressure, although it might be able to persist in solution 
in the nuclear drops at higher pressures during com- 
pression in theengine. According to Bone’s hypothesis, 
which is generally accepted, the primary compounds 
formed during slow oxidation should be hydroxyl 
compounds. This did not appear to meet the case, 
(1) because no hydroxyl compounds could be detected 
in the products, (2) because their formation would 
require the disruption of the oxygen molecule, which 
appeared very unlikely at such low temperatures. 
Any disruption of the oxygen molecule into atoms 
could hardly fail to be accompanied by a profuse 
generation of the electric ions, which could easily be 
detected. This experiment was tried by inserting a 
pair of electrodes in the experimental tube during 
aldehyde formation, but no trace of ionisation could 
be detected until the temperature was raised to the 
point of inflammation, when the intense ionisation 
which always accompanies flame was immediately 
apparent. 

The suppression of the aldehydes could not be 
regarded in itself as a satisfactory chemical explanation 
of the action of dopes, because the aldehydes were 
comparatively inert and stable bodies, without 
appreciable effect in suppressing or inducing detonation. 





The solution of the chemical problem was reached by 
Dr. Mardles, who argued that the addition of a complete 
oxygen molecule without disruption should result in 
the formation of alkyl peroxides, which would naturally 
give rise to aldehydes and water as decomposition 
products. The test for peroxides in the products 
of slow oxidation was immediately successful in 
the case of all detonating fuels, including ether. 
On the other hand, non-detonating fuels, such as 
benzene and alcohol, showed little or no trace of 
peroxide formation. Some of these peroxides, such as 
acetyl peroxide, discovered by Brodie, 1864, are known 
to detonate violently when heated. Others such as 
bepzoyl peroxide are comparatively inert. But all 
appear to act as detonation inducers. 

Tests of peroxides as dopes in the variable com- 
pression engine, showed them to possess very marked 
detonation inducing qualities, when added to common 
fuels. Production of peroxides in the engine itself, 
under motoring conditions without any spark, has also 
been demonstrated, although the time available for 
their formation is very short, and the temperatures 
much lower than those whith occur when the engine is 
firing. The amount of peroxide produced in such a 
case would, of course, be far too small to give rise to 
detonation by itself. But it sufficed in the case of 
undecane at the highest compression ratio to cause 
simultaneous self-ignition of the nuclear drops. It has 
not yet been possible to isolate these particular 
peroxides in quantity, but it is expected that useful 
results may be obtained by the investigation of their 
properties in solutions sufficiently dilute to be free 
from serious risk. 

Many comparative experiments on slow oxidation 
were made with two or more combustion tubes side by 
side in the furnace under the same conditions. When 
one tube was traversed by a very fine spray, and the 
other by a completely vaporised mixture, it was found 
that peroxides were formed in great profusion in the 
liquid drops, while the vaporised mixture showed very 
little effect. The peroxides present in the drops caused 
ignition by intermittent flashes at a much lower 
temperature than that required to ignite the vaporised 
mixture, which burnt with a steady flame when the 
temperature was sufficiently raised. Each flash is 
presumably started by the ignition of the peroxides 
accumulated in the drops, and is followed by a brief 
period of quiescence during which the concentration of 
the peroxides increases till it suffices to start another 
flash. When a metallic dope was added to the spray, 
the profuse formation of peroxides in the drops could 
no longer be detected. The addition of the dope also 
completely stopped the intermittent flashing, thus 
presenting a close analogue to the suppression of 
detonation in the engine. 

In the previous report, R. & M. 1013, the experiments 
with the E.35 engine were relegated to a separate 
section. In the present research, the engine experiments 
were so closely related to those on low temperature 
combustion, that it appeared to be desirable to describe 
the results of both sets in logical order. The detailed 
reports of the separate investigations have accordingly 
been digested and combined in a continuous summary 
made in collaboration with Captain R. O. King, who 
was mainly responsible for the direction and co-ordi- 
nation of the work. 


THE EXPERIMENTAL METHODS ADOPTED AND THE 
REsvuLTs OBTAINED. 

Experiments were undertaken to determine : 
(a) The temperature at which oxidation begins in 
mixtures of air and fuel vapour; (b) the effect of 
mixture strength in the temperature of initial com- 
bustion or oxidation ; (c) the products formed during 
the early stages of combustion, and the transformations 
which occur in them as combustion proceeds from the 
initial stage to the final stage of carbon dioxide and 
water. (d) The effect with respect to the above of 
additions of detonation delaying and inducing sub- 
stances and of fuel mixtures; (e) the effect of such 
products as may be formed in the early stages of com- 
bustion in delaying or inducing detonation. 

(1) Experimental Apparatus and Method for Determi- 
nations of Combustion Temperature.—The arrangement 
of the apparatus is shown by Fig. 1. The general scheme 
of the experimental method is to pass a mixture of 
air and vapour of the substance under examination 
through a combustion tube which can be maintained at 
any temperature desired, and to collect and analyse 
the products of combustion. Glass combustion tubes 
50 cm. long and of 12 mm. inside diameter were used. 
The tubes required frequent renewal, but were always 
of the same quality and diameter. 

The air used was supplied under slight pressure from 
a 10-gallon drum. It was dried and freed from carbon 
dioxide by passing it through a tower of granular 
calcium chloride, then through soda-lime and finally 
by bubbling through concentrated sulphuric acid. 
The rate of air flow was adjusted by means of a screw 
clip, and unless otherwise stated was admitted to the 
vaporiser at the rate of 1 litre per hour. The experi- 
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ments were carried out at atmospheric pressure plus 
the small increase required to maintain the flow of the 
air-fuel mixtures through the reagents. 

The mixture of air and vapour was obtained by 
passing the air through a weighing bottle containing 
the substance (always liquid) to be examined. The air 
was in some cases bubbled through the liquid and in 
others merely passed over the surface, the extent of the 
contact of the air with the liquid ‘being varied to give 
the mixture strength desired. The mixture strength 
was also varied by heating or cooling the liquid as 
required, The amount of fuel used during each experi- 
ment was determined by weighing the bottle and 
contents before and after. The mixture strength was 
calculated from the weight of air and liquid used. The 
percentage mixture strength given hereafter is the 
weight in grams of liquid in 100 grams of the mixture. 

A Gallenkamp electric furnace was used for heating 
the combustion tubes. The length of the furnace, 
30 cm., Was sufficient to provide for the middle part of 
the combustion tube remaining at a uniform tempera- 
ture. The temperature of the furnace was regulated 
by an adjustable resistance ‘in the electric circuit. 

The temperature of the middle portion of the com- 
bustion tube was measured by a Callendar platinum 
thermometer reading on a Whipple indicator. Two 
combustion tubes were fixed in the furnace side by side, 
symmetrically with respect to the heated walls. One 
of these tubes carried the thermometer, and the com- 
bustible mixture was passed through the other. It was 
assumed that the temperature in the tube carrying the 
mixture was the same as that in the tube carrying the 
thermometer. In the earlier experiments, air was 
passed through the tube carrying the thermometer 
at the rate fixed for the tube carrying the mixture ; 
this arrangement is shown in Fig. 1. It was found 
later that this precaution was not necessary. It was 
verified that the thermometers used corresponded 
with the calibrated scale of the indicator. Temperature 
was measured in deg. C. and is so stated hereafter. 

The absorption apparatus shown in Fig. 1 is typical of 
that used for the quantitative examination of the 
products of combustion. Aldehydes, acids, unchanged 
liquid and other condensible substances were collected 
in the U tube, immersed in a salt-ice mixture. The 
gases then passed through water contained in a U 
tube and bubbler, for the removal of the last portions of 
volatile aldehydes. Gases after drying, were passed 
through potash bulbs to absorb the carbon dioxide, and 
the residual gases containing the hydrogen, carbon 
monoxide, oxygen, nitrogen, &c., were collected in a 
tube and analysed in the usual way by means of a 
Macfarlane and Caldwell apparatus, 

The aldehydes were determined quantitatively by 
the neutral sulphite method, and calculated by assuming 
acetaldehyde to possess the average molecular weight. 
A factor was employed to adjust the amount to 
correspond with the quantity of aldehydes actually 
isolated from a considerable amount of ‘ lampic acid,” 
together with formaldehyde in solution obtained by 
oxidising a known quantity of hexane. The acids were 
estimated by direct titration with standard KOH 
solution, and the unsaturated compounds by titration 
with bromine water. Chemically pure substances were 
used throughout the experiments, 

In the experiments dealing with the detection of the 
products of initial combustion, the following reagents 
were used :— 

For carbon dioxide ... Lime water. 
Carbon monoxide Palladous chloride solution. 
Acids... ..- Litmus solution. 
Aldehydes . Magenta solution decolorised 
by sulphurous acid (Schiff’s 
reagent). 


(2) Preliminary Experiments.—Three _ preliminary 
experiments were carried out to test the working of 
the apparatus and methods of measurement. 

(a) A 10 per cent. hexane-air mixture passed through 
the combustion tube at 480 deg. C., was oxidised to CO, 
and steam with formation of aldehydes, a. tarry layer 
formed in the cool portion of the tube and a fog of 
penetrating odour was observed. When the combus- 
tion tube was gradually heated while the 10 per cent. 
hexane-air mixture was passing through it, steam and 
CO, were first detected at 325 deg. C. and aldehydes at 
the same temperature. ; 

(6) The experimental method was found to be 
particularly well adapted for the determination of the 
effect of mixture strength on the temperature of initial 
combustion, Beginning with a mixture strength of 
1-9 per cent. hexane in air, and increasing to 33 per cent. 
hexane, the temperature of formation of CO, and H,O 
in quantity fell from 390 deg. C. to 266 deg. C. 

(c) The arrangement of two combustion tubes, placed 
side by side in the furnace, was used to show the 
change in manner of combustion of hexane-air mixtures 
caused by the addition of an organo-metallic dope. 
The tubes were connected in parallel to the supply of 
hexane-air mixture, and the vapour of lead ethide 
passed into one of them. The combustion in the tube 








containing the hexane-air only, proceeded as already 
described. The combustion in the tube containing 
the addition of lead ethide was quite different ; there 
was no deposition of water at the cold end, nor forma- 
tion of tarry deposits, and the liberation of CO, did not 
occur until higher temperatures had been reached. It 
was also observed that the alteration in the process of 
combustion produced by the introduction of lead 
ethide was dependent to some extent on the temperature 
of the hexane-air mixture. 

(3) Temperatures of Initial Combustion; Various 
Substances.—The temperature at which combustion 
begins is indicated with considerable accuracy by the 
reaction for aldehydes, or by the clouding of the lime 
water by CO,, or by the changing of the litmus solution 
by acids. Usually the first such sign of combustion is 
accompanied by the deposition of dew on the cold end 
of the combustion tube, and the temperature of initial 
combustion was obtained by gradually increasing the 
heat of the furance and noting the temperature at which 
change occurred in the reagents. The temperatures of 
initial combustion obtained in this way for a number of 
substances are given below for related groups. In most 
cases determinations have been made for one mixture 
strength only, and in some cases the mixture strength 
was not determined. Determinations over a wide 
range of mixture strengths, have, however, been made 
for some of the substances commonly used as fuels, and 
are dealt with later in some detail. In order to con- 
dense the tables of data, the abbreviation ‘‘ M.S.”’ is 
used for Mixture Strength and “ T.I.C.” for Tempera- 
ture of Initial Combustion. 


(a) Paraffin Hydrocarbons. 





Substance. | M.S. 








TLC. ! Substance. | MS. 





percent} deg. | per cent} deg. 
° ze 2 


n-Pentane ..| 21 295 Nonane 210 
iso-pentane ..| 26 303 Decane -- 210 
n-Hexane ..| 23 255 Undecane ..| — 205 

— 210 





Octane fo 215 — 





* Density, 0-81; Boiling range, 203 deg.-300 deg. 
y 


The first sign of combustion in the paraffin hydro- 
carbons was a deposition of dew on the cold end of the 
tube except when very lean mixtures were used ; 
immediately afterwards carbon dioxide and aldehydes 
were detected simultaneously. Mixtures with the 
higher boiling point paraffins were obtained by passing 
the air through a woolly asbestos plug saturated with 
the paraffin and suitably placed in the combustion tube 
with regard to temperature ; though with this method 
of mixing it was not possible to measure the resulting 
proportions of liquid and air. It will be noticed that 
the temperature of initial combustion falls as the 
number of carbon atoms in the molecule increases, 
an effect which would in all probability be shown more 
consistently if experiments were carried out using 
definite mixture strengths and more nearly normal 
paraftins. 


(6) Aromatic Hydrocarbons. 


of the combustion has been dealt with later in more 
detail for the case of ethyl alcohol. 


(d) Nitrogen Compounds with Oxygen. 








Substance. M.S. Ti. 
{ 

: per cent. deg. 
Nitrobenzene _ 395 
Paranitrotoluene — 405 
Nitroxylol — 420 
Iso-amy. nitrite 5 195 





The combustion of nitrogen compounds with oxygen 
was accompanied by the formation of tarry substances 
and carbon deposits in the combustion tube. The 
temperature of initial combustion was determined by 
the changing of the lime water and the litmus solutions. 
The vapours of iso-amyl nitrite and of nitrobenzene 
caught fire just above the temperature of initial com- 
bustion. 


(e) Ethers. 








Substance. M.S T.1.C. 

per cent. deg. 

Ethyl ether ; 35 145 
Amy] ether - s —— 185 





The ethers oxidised readily to acids and aldehydes, 
which were detected at about 140 deg. by Schiff’s 
reagent or litmus. There was usually a deposition of 
dew on the cold end of the combustion tube with indi- 
cation of carbon dioxide formation. Ethyl ether 
exhibited a very faint glow when the combustion 
temperature reached 190 deg. 


(f) Aldehydes. 














Substance. M.S. | T.I.C. | Substance. | M.S TLC. 
per cent} deg. per cent} deg. 
Paraldehyde. . 8 220 Valeralde- 
hyde or 6-5 230 
Formaldehyde 4 300 Oenanthal .. 7:0 180 
Acetaldehyde 38 185 Furfural _— 250 
* 15 205 Methylal 33 300 
Propylalde- Acetal _ 260 
hyde a 135 | 








The aldehydes were readily oxidised to acids, for- 
maldehyde formed, and resinification occurred. The 
temperatures of initial combustion were determined 
by the appearance of carbon dioxide. 


(g) Acids. 








Substance. | M.S | TLC. 

per cent. deg. 

Acetic acid és a9 12 450 
Formic acid xs ea 1:5 200 
Iso-butyric acid ace “+ 10 300 





Substance. | M.S. iw 





| Substance. | M.S. | xe. 








percent] deg. percent} deg. 
_ 580 





Benzene 8-5 670 Naphthalene 
Toluene |} 9:5 550 Tetra hydro- 
Xylene : . 5-2 540 naphthalene _ 505 


{ 





The combustion of the aromatic hydrocarbons was 
accompanied with a persistent fog and the deposition 
of carbonaceous matter on the walls of the tube. 
Carbon dioxide and water were formed freely, and 
aldehydes in lesser quantities. 


(c) Alcohols. 








Substance. | M.S | TAC, 

per cent. deg. 

Methy! alcohol : 15 440 
Ethyl PA 8 445 
Amy] (iso) ,, 7 450 
Butyl 5 42 570 
Benzyl _,, 5 390 

| 





The combustion of the alcohols was accompanied 
by considerably less water formation than occurred 
during the combustion of the hydrocarbons. For the 
case of methyl alcohol dew was deposited on the cold 
end of the tube when the temperature of combustion 
was 470 deg., which is 30 deg. higher than the tempera- 
ture of initial combustion. This happened also with 
iso-amyl alcohol at 470 deg., which in this case was 
20 deg. higher than the temperature of initial combus- 
tion. The temperatures of initial combustion as given 
have been taken as indicated by the test for aldehyde ; 
turbidity in lime water, showing CO, formation, occurred 
subsequently at higher temperatures. This feature 





The temperatures of initial combustion of the acids 
were determined by the formation of carbon dioxide. 


(h) Nitrogen Compounds without Oxygen. 

















Substance. M.S. [rte. | Substance. M.S. | £.1.6. 
per cent} deg. per cent; deg. 
Aniline 3°5 502 Benzyl aniline} — 490 
O. Toluidine..}| — 515 Benzylamine a 550 
M. Xylidine ..) — 530 B. naphthyla- 
mine | — 535 
Methyl! aniline) — 440 || p-amino dip- 
henylamine| — 550 
Dimethyl ,, — 405 p-amido 
phenol _— 485 
Ethyl me — 550 Quinoline —- 480 
Diethy] a — 375 Pyridine 14:5 320 























The temperatures of initial combustion of the 
nitrogen compounds without oxygen were determined 
by the formation of carbon dioxide. Tar was formed 
in considerable quantity during combustion, and 
crystals in the case of dimethyl aniline. Aldehydes 
were detected during the combustion of some of the 
tertiary bases. 

(i) Carbon Bisulphide.—This substance, in the pro- 
portion of 12 per cent. by weight in a mixture with air, 
began to oxidise at 195 deg. with the formation of CS 
and reddening of the litmus solution. 


(To be continued.) 





MancuuRIAN MAGNESITE.—It is estimated that the 
magnesite beds of Manchuria contain about 20,000 million 
tons cf the mineral, which is said to compare favourably 
with foreign products. It was first experimented upon 
at the central laboratory of the South Manchuria Railway 
Company as a material for firebrick. Tests in other 
directions are proceeding. 
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THE USE AND ECONOMY OF HIGH: 


PRESSURE STEAM PLANTS.* | 


By Proressor A. L. Mettansy, D.Sc., and Proressor | developed, will not be impeded by special difficulties | 


| 


| 


WitiiaM Kerr, Ph.D. 
(Concluded from page 120.) | 

The Steam-Cycle and its Probable Limits.—The | 
modern steam-cycle, with its re-heating and feed- | 
heating operations, is now well known and definitely 
established. So far, only single-stage re-heating has | 
been employed, but up to four steps in extraction feed- 
heating are in use. The multitude of conditions that 
can arise in a general consideration of thermal efficiency 
changes, as influenced by variations in feed-heating and 
re-heating, and by extension of pressures and tempera- | 
tures, would render any direct discussion of relative 
meritsexceedingly confusing. The consequences would | 
be lost sight of amongst the variables. 

By far the most concise method of viewing the whole 
matter is to examine the probable upper limits to the | 
different effects and thereby to realise directly, and at | 
once, the full range of possible development. In such 
a study, the detrimental influences and the inevitable | 
loss characteristics constitute the all-important factors ; | 
a mere scrutiny of theoretical cycles is of no real value. | 

From the previous considerations given to the 
subject of materials and temperatures, it should be 
clear that the steam-temperature limit is not a value 
capable of indefinite growth ; and the stable nature of 
present-day temperature values in face of movement in 
all other directions, clearly demonstrates the difficulties 
in this connection. 

As a primary guidance, suppose it be taken that 
250 Ib. per square inch and 700 deg. F. steam pressure 
and temperature are perfectly safe with ordinary steels ; | 
and, also, that the nickel-chromium alloy results | 
provide an indication of the qualities that higher 
orders of materials possess. Now, reference to Fig. 3 | 
(p. 119 ante), for the metal temperatures of the radiant- | 


RE-HEATING AND FEED-HEATING 
CYCLE ON H-? COORDINATES. 

5% = 89. 69, 
, ee 


Fig.8. 











Total Heat H. 








(9919.4) Entropy ¢ 
heat surface, will show that the stated pressure gives a 
margin of 400 deg. F. on the ordinary steel. Carrying this 
along to the nickel-chromium line on the same diagram 
it will be observed that the same margin is offered by 
the better material at 1,500 lb. Again, on Fig. 4, for 
the superheater tubes, the same temperature margin of 
400 deg. F. shows 900 deg. F. as a steam temperature. 
Hence, the materials data, as evolved from the previous 
studies, provide the rough ideas of 1,500 lb. per square 
inch and 900 deg. F. as limits possible by the employ- 
ment of special materials, offering the same security as 
ordinary steel now provides. 
The characteristic feature of the radiant-heat surface 
conditions is reduction of the margins by pressure. The 
corresponding feature of the superheater surface is 
reduction by steam temperature. If it should be 
allowed that the ordinary steel is amply safe at 500 lb. 
per square inch, 750 deg. F., the permissible margin 
reduces to 300 deg. F., and 2,000 lb. per square inch, 
950 deg. F., appears as acceptable for the better material. 
The narrow change in the temperature level is notable. 
The method just followed is less crude than it appears 
at first sight ; relative values alone are employed, and 
an important point of view is attained by a simple 
procedure, It is, however, hardly possible to imagine 
that, at the higher temperatures, even with better 


materials, the same margin will be sufficient ; and it is 


not desirable to believe too readily that advance, even 
on the assumption that still better materials can be 


| such as steam dissociation on the tube wall or excessive 


initial distortion. 


Fig.9. INFLUENCE OF INITIAL TEMPERATURE 
ON THERMAL EFFICIENCY. 
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Fig.10. INFLUENCE OF RE-HEATING STAGE. 
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Fig.71. INFLUENCE OF FEED-HEATING. 
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conviction that 900 deg. F. represents the probable 
maximum operating temperature for the steam 
plant ; and they see no reason to depart from that 
opinion. 

While the question of materials does—and must— 
decide temperature values, the same information guides, 
to some extent, the point of view regarding pressures. 
Still, the rough range so indicated should receive any 
further illumination that thermodynamic methods can 
provide. A general heat-entropy diagram for a com- 
bined re-heating and feed-heating cycle would appear 
somewhat as in Fig. 8. The actual expansion curves 
could be determined by means of the stage efficiencies 
expressed in (20) and (21). The upper feed-heating 
limit may be chosen or fixed according to the conditions 
under review, but equal steps over the feed-heating 
range then serve. The full-line condition curves, as 
drawn, make no apparent allowance for pressure drops 
at change points, but these can be allowed for by 
summing the entropy increases resulting therefrom. 
The general expression for thermal efficiency then is :— 


(H, +2H)—(H, +2wH) 
— {2 w(H—Hg)+aP, 0 +T, 25g} 
H,+35H+26h—(h} + SwH) 





T.E. = - . (22) 





_* Paper read before the Institution of Mechanical 
Engineers, January 21, 1927. Abridged. 





* “The Limiting Possibilities in Steam Plants,” Proc. 
N.E. Coast Inst. Engrs. and Shipbidrs. February, 1925. 


The authors have expressed* their 


in which 
i ies 





heat value at point on condition curve given by 
suffix, 
heat value of liquid at point given by suffix. 


it > 


= re-heat. 
extraction quantity for feed-heating. 
- feed-pump work, Pj being initial pressure and 
v’ water volume, a is a reduction coefficient 
that also includes effect of pump efficiency. 


n& Og= the heat loss resulting from all the small 
| entropy growths occurring in the cycle, and 


w 
| aPyv’ 





not directly included in the main scheme ; 
Ts is the absolute temperature at B. 

any direct heat losses that have to be allowed 
for. 


| Tsh = 


| It should be noted that the feed-pump work is 
strictly a part of the thermodynamic cycle; and 
although negligible at ordinary pressures, it becomes 
reasonably important at higher values, and is certainly 
a factor to be included in the consideration of pressure 
effects. ‘“ 

In discussing the influences of pressure it is necessary 
to realise that there are apparently initial temperature, 
re-heating and feed-heating effects involved. Actually, 


Fig12. INFLUENCE OF PRESSURE. 
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however, the initial temperature does not confuse the 
issue greatly as there is progressive improvement with 
temperature at all pressures. Thus Fig. 9 shows the 
thermal efficiency variations for initial temperatures of 
700, 800, and 900 deg. F. at pressures of 500 Ib. and 
1,500 lb. per square inch. The cycle used is of the 
single re-heating type with feed heaters on about 
50 B.Th.U. liquid heat steps up to the initial pressure. 
From the similarity of these curves it follows that quite 
legitimate conclusions regarding pressure limitations 
can be reached by confining attention to the upper 
temperature limit of 900 deg. F. 

On the question of the most economical number and 
position of the re-heating stages, some analysis is 
necessary. It is obvious, however, that the number is 
very definitely limited by practical considerations, and 
more than two would, in all probability, be held undesir- 
able. It is, therefore, useful to realise that while three 
may show a higher efficiency than two, the increase is 
not great although increasing with pressure. This fact 
is brought out by properly including gain and loss 
effects in the analysis. The gains arising from extended 
re-heating are covered by the method of calculation, 
which includes stage-efficiency effects. The special 
losses arise from pipe pressure drops and heat radiation. 

It may be assumed that the pressure drop §P in one 
pipe length is given by 

uz 
6Pa - 
d.V 
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where wu is steam speed, and d is pipe diameter. This 
becomes 

5P ut 

Pe vi 
when it is allowed that d varies as J/V/u and PV is 


constant. Now, if it be assumed that design en- 
deavours to keep §P/P a constant, it follows that 





de Vi w1/P? 


and if the heat losses are supposed to vary with d they 
become determinate. 

An examination of 500 lb. and 1,500 lb. per square 
inch initial-pressure cycles leads to Fig. 10, for different 
numbers of re-heating steps at varying points in the 
cycles. In this calculation §P/P has been taken at 
0-025; and the single pipe heat loss as 10 B.Th.U. for a 
re-heating pressure of 100 lb. It will be seen from 
Fig. 10 that the best points for any assumed number of 
steps are readily determined ; and the full-line curves 
through these maxima show how efficiency is affected 
by number of stages, on the understanding that the best 
points for re-heating are always chosen. It is quite 
clear that there is no great advantage in going beyond 
two, and this may hereafter be assumed. 

In the matter of feed heating there is no real limit. 
The greater the number of heaters the greater the 
efficiency. But beyond a moderate number—say 
below 10—there is only a slight improvement for each 
added heater. Fig. 11 shows the facts for the 500 Ib. 
and 1,500 1b. per square inch pressure cycles, and in 
making this calculation the only loss allowed has been | 
one of 10 B.Th.U. difference between the final liquid 
heat of the feed and that corresponding to the maximum 

“tapping” pressure. From the curves it is found that | 


liquid héat increments of about 50 B.Th.U. per heater | | 
represent a fair compromise between what could be | 


done and what is worth doing. 


The considerations given to the questions of tem- | 


perature, re-heating and feed 


heating render the | 


questionable. The authors have previously taken 
1,250 lb. as the best ultimate figure, in compromise 
between the higher values given by analysis and the 
not much poorer results indicated by lower and more 
desirable limits. They are even prepared to allow that 
1,000 lb. could justifiably be presented as a limit beyond 
which there is little chance of genuine gain. Below 
this, however, the fall is more rapid, and the range 
| within which a true limit may be expected certainly lies 
| between 1,000 Ib. and 1,500 lb. per square inch. 
nae 12 presents thermal efficiencies for the turbine 
Before a full performance can be defined there 





| cycle. 


aia 75. LAND PLANT EFFICIENCIES. (SEE TABLE 


temperatures ; ¢; and fp be outlet and inlet air tempera. a- 
tures ; tm the mean temperature difference, gas to{air ; 

@ the maximum allowable wall temperature ; h the 
heat transmission coefficient; and K the pre-heater 


Surface. Then to an approximate degree 
= ass ° . - (a 
— (Ti+ To)—(i+%) | (b) 





To) = 82(G@ — 1) (ti — &). (c) 





h.K.tm =8G(Ti— 


4.) Fig.16. MARINE PLANT EFFICIENCIES . 
(SEE TABLE 2, 
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TABLE I.—LAND PLANTS. 
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ween | seston. Name of j Lai il - | : Saar ; . 
Curve. | Letter. Station. | Power Company. ier Pressure Tem- | Da | Rend: Point on Curve obtained from: 
| | | Unit Ib. /in.2 perature | heating | heating 
| | | kw. Deg. F. | Steps. | Stages. 
all mention | | | ; 
| | | nl | . i ; y ‘ 
A } Susquehanna | Metropolitan Edison Power Co., Pennsylvania, | 30,000 350 670 | None Two Estimate from Data in ‘‘ Power,’’ December 25, 
| } } U.S.A. | 925 
LI ie Seal Beach ..| Los Angeles Gas and Electric Corp. California, | 35,000 | 375 700 | None | Four Estimate from Data in “‘ Power,’’ June 2, 1925. 
| |r. | 
Cc Crawford Ave.| Gant Edison Co., Chicago, Illinois, | 60,000 550 725 | One | Threé Estimate from Data supplied by the Company. 
| | U.S.A. | 
+ D> | _ | — 1,500 750, =| One | (65 deg. to | Sir Charles Parsons’ Estimate in ‘‘ Steam Turbines ” 
| | | 550 deg.) World Power Conference Proc., 1924. 
| E | - _ — 1,250 900 Two | Eight Estimate for Author’s “‘ Limiting Cycle.” 
| | 
as (ce ar lace aoe Pa RE H | 
a | Rotherham + Rotherham Corporation ..| 30,000 200 640 | None None — from Data in ENGINEERING, January 1S, 
} j } 924. 
Fe ee b 74th = Street 7-0 anal Rapid Transit Co., New York City, | 60,000 220 540 | None None Estimate from Data in ENGINEERING, August 25, 
| Power Station | S.A. | 1922. 
ec | Dalmarnock | Guns Corporation -.| 19,000 260 710 None One Estimate from Data supplied by Mr. R. B. Mitchell. 
p 
d Susquehanna | oe Edison Power Co., Pennsylvania, | 30,000 350 670 | None Two Estimate from Data in ‘‘ Power,’’ December 29. 
j | 925. 
e Seal Beach one Angeles Gas and Electric Corp., California, | 35,000 375 700 | None Four Estimate from Data in ‘* Power,” June 2, 1925. 
U. | 
 f Crawford Ave. Commonw ealth Edison Co., Chicago, Tllinois, | 60,000 550 725 | One Three Estimate from Data supplied by the Company. 
U.S.A. | 
} (1) Dalmarnock Glasgow Cor poration ; 19,000 | 260 710 | None One Estimate from Data supplied by Mr. R. B. Mitchell. 
Lt .. (2) Crawford Ave. | Commonwealth Edison Co., Chicago, Illinois, | 60,000 | 550 725 | One Three Estimate from Data supplied by the Company. 
| | J.S.A. 
| (3) | Philo | Ohio Power Co., Ohio, U.S.A. i Sy ..| 40,000 | 560 710 | One Two Estimate from Data supplied by the Company. 
(4) | Weymouth Boston, Mass.,| 35,000 | 1,200 | 700 | One Three Estimate from Data supplied by the Company. 


The range between 250 lb. and 
examined, by means ot the equations and methods | 


Edison Electric Illuminating Co., 
U.S.A. 


already given and described, on the basis of an initial | 


temperature of 900 deg. F., two-stage re-heating to this 
value, and extraction feed heating up to the initial 
pressure with the number of heaters fixed by the require- 
ment of 50 B.Th.U. increments of liquid heat. The best 
points for re-heating can be determined by the methods 
that have provided Fig. _0; 
calculations have been performed, the thermal efficiency 
for any pressure range becomes determinate. The 
feed-pump work is also to be included, and the assump- 





2,000 lb. may be | still remains the question of the boiler efficiency limit. 


This rests very definitely on the pre-heater design. 
With increase of pressure there is increase of the inlet 
water temperature to the boiler, and, if the combustion 
air could only be pre-heated to the same value at all 


| pressures, there would naturally be an increasing 


and after these auxiliary | 


| an absolute sense, independent of pressure. 


tion is made that this varies from twice the theoretical | 


value at 250 lb. to three times the theoretical value at 
2,000 lb. per square inch. 

The results of this complete series of calculations are 
shown by Fig. 12. It is clear that there is but little 
value in the last 500 lb.; and, hence, the 1,500 Ib. 
900 deg. F. limits indicated by the consideration of 
materials is not greatly upset by the lengthier thermo- 
dynamic discussion. Actually, however, there must 
be some degree of vagueness in the prospect of attaining 
the full standards of perfection assumed in the calcula- 
tion; and, in such an event, even 1,500 lb. becomes 


chimney loss with pressure. But if it were agreed that 
the combustion air could be heated well beyond the 
inlet water temperature corresponding to the highest 
likely pressure, the boiler efficiency should become, in 
The boiler 
and pre-heater surfaces could be so arranged that the gas 


temperature at their junction would be the same for all | 


pressures. 


It would be theoretically possible, then, by suitable | 


design, to bring the chimney temperature down to 
any preconceived value. 


entail increased fan power. 
is when the total losses due to chimney temperature 
and fan power are the least. 
examined for guidance regarding the best outlet 
temperature. 

Let T; and Tp be pre-heater inlet and outlet gas | 


The chimney loss would | 
thus be reduced, but any attempts towards reduction | 
Hence the best condition | 


This condition may be | 


in which s; and s, are, respectively, specific heats of gas 
and air; and @ is the gas flow rate. Now, allowing 
that for large boilers 
3G=a(G—1)=sG. P . (a) 

and eliminating Ti, t1, and tm, there follows : 

hK _ 2 —(To +t) 

8G 2 (To — t) 
Rut, for a tubular arrangement with area to gas flow A, 
length of flow / and hydraulic mean depth for passage, 
m, 





5G 


( h mys L _ 2¢—(To +b) ’ . (23) 
GA To — bo 


The energy loss per Ib. fluid forced through the gas 
| passages will 


AK _1/h ) U 
| (a 
| and hence, 


Sw 


2 
iota 2 
m 22g 
| where Ap is pressure drop, \’ is specific volume, f is the 
| friction coefficient, and v is the velocity. To give the 
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fractional loss of heat value per lb. coal due to fan 
power this may be developed to 


ia M.f (B\2) 2 /G@\*2 ¢o 
" 1s 29. Tisek (FE ) } ‘ (x) —o 
in which M = Ib. gas per Ib. coal. 


e = fan efficiency. 
F = heat value per lb. coal. 
RK =the “gas constant’? and P = gas 
(atmospheric). 
T= mean absolute temperature of gas. 


pressure 


TABLE II.- 
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T= SHoooss —— 


The values for an are represented by the curve shown 
in Fig. 13. 


Then for any assumed T, and ~— values, the total loss 


a A 
is calculable and the <iemsanl figure for K/G can 
be obtained. 

Fig. 14 shows the results for a few values of K/G— 
surface per lb. gas per sec. For any one value it will 
be seen that there is a limiting chimney temperature ; 
and the only manner in which this can be reduced is 
by increase of K/G. It is clear that the pre-heater 
surface rapidly reaches enormous dimensions on the 
attempt to get very low outlet gas temperatures ; and 
it is questionable whether there are any real prospects 
below, say, 250 deg. F. It will, of course, be under- 
stood that the condition incorporated in the calculation 
of a fixed maximum metal wall temperature of 900 deg. 
F. corresponds to about an 800 deg. F. combustion air 
temperature. This is naturally high, but the mode of 
calculation would lead to a precisely similar conclusion, 
even if a lower limit air temperature was adopted. The 
real point is that reduction below about 250 deg. F. is 
possible only with excessive pre-heater surfaces. 

With a 250 deg. F. outlet temperature and a normal 
amount of water vapour in the chimney gases it will be 
difficult to get above 91 to 92 per cent. boiler efficiency, 
all other operations being perfect. It is, therefore, 
impossible to contemplate a boiler efficiency above, 
say, 90 per cent. at high pressure. Higher values than 
this have been quoted, but they are for low pressures 
with economisers and relatively small air pre-heaters. 
With the economiser function performed wholly by 
extraction feed-heating, and the gain ensuing therefrom 
already credited to the turbine, it would hardly be 
correct to allow quoted values to influence more extreme 
and more difficult cases unduly. 

It follows, finally, that for the high-power land plants 
no improvement seems possible beyond the conditions 


MARINE PLANT. 





General Conditions. 




















Reference | 
Letter. Type of Vessel and Drive. Power | | Number of Point Curve obtained from 
Unit, Pressure, | Tempera- Feed- 
Horse- Lb. per ture, Heating 
power. sq. in. | deg. F. | Stages. 
| | 
A,a  |Ocean_ liner, direct- eee, | | 
| turbines = 20,000 210 | 385 (sat.) | None Estimate from trial data. 
- . Ocean liner, geared turbines .. 10.000 210 | 485 | ” 9° ” ” 
Ps na i 10.000 220 «| «~—(590 Estimate by authors. 
D. a | a ” be: 20,000 500 | 700 Three 
E | a pe fi 20,000 1,000 850 Five Estimate for probable limiting 
| cycle for marine work. 


u 





The factor 2 is introduced in (24) on the simple 
assumption that doubling the fan power as estimated 
for the gas side will cover the air side also. 

If the fractional chimnev loss is 


q=t4ie-s  . .@ 
F 


the total loss wherewith to exhibit the performance of 
the pre-heater is obtained from 1 + €g. 

There is no other direct way of fixing the upper limit 
for the combustion air temperature than by the allow- 
able metal temperature. It may then be taken, for 
the sake of this discussion, that ¢ in (23) is 900 deg. F. 
In this way consistency with previous lines of argument 
is greet 

For the assessment of actual values the following 
have been taken : 
M=15, f=0-011, e= 0°50, F =13,000, P =1 atmos., 
to = 60 deg. F. 





represented by, say, 1,250 lb., 900 deg. F., 2-stage re- 
heating, 8 or 9 feed-heaters, boiler without economiser 
but with air pre-heater designed for a 250 deg. F. gas 
outlet and giving a total boiler efficiency of 90 per cent. 
The present-day position as regards materials reduces 
the immediately allowable temperature very definitely ; 
the direct incidence of present costs would reduce the 
pressure somewhat, but steady advance in the one 
line, and natural changes in the other, will allow of 
progressive advance towards the specified conditions. 
The differences between land and marine plants lie in 
size and, particularly, in the dominant requirement of 
reliability in the latter case. It is certain that the 
marine plant will not develop right up to the limits open 
to the land plant. Strictly, since both are power units, 
the same limits should apparently apply ; but a brief 
consideration of what is entailed by, say, re-heating on 
a will soon show the differences necessary. 
In fact, no re-heating is really likely, and feed-heating 


‘| feed-heating as the 








with its complications will be semewhat more limited 
than in land practice. Pressures and temperatures will 
also be lower, and for the purpose of having a specific 
set of conditions it might be permissible to take 1,000 lb. 
per square inch, 850 deg. F., no re-heating, 4 or 5 stage 
marine plant limit. It is highly 
probable that even this does not fully assess the 
necessary differences between the two types of plant. 

Progress Towards the Limits.—It was claimed that the 
best method of viewing the economy of high-pressure 
arrangements lay in an examination of the limiting 
conditions. Some views of these have been achieved, 
and the whole range of possible improvement can now 
be at once appreciated by linking up these limits with 
present conditions. A graphical presentation of the 
data is easily possible and provides the clearest view. 
Land and marine plants may be shown separately ; 
process-plants and locomotive conditions have to be 
ignored, there being no effective progress to record. 

The land plant data are shown by Fig. 15. The 
scheme is to show by the upper full curve, L I, points 
representative of best performances—actual or expected 
for the present, and estimated for the future. In this 
curve no allowance is made for power auxiliaries ; 
it represents the thermal efficiency of the boiler- 
turbine-condenser system only; and the previously 
estimated limit conditions mark the final point. In 
L II an attempt is made to indicate how the power 
auxiliaries affect the conditions; while L III is an 
indication of how monthly averages on high load factor 
compare with the more ideal conditions. The authors 
do not pretend to any finality in regard to these curves, 
but they consider that their inclusion should facilitate 
correction and comparison by those who possess the 
proper information, 

The main features of the plants represented in Fig. 
15 are as stated in Table I. 

For marine plants Fig. 16 applies. The upper curve 
M I is, as before, for the boiler-turbine-condenser 
arrangement, and applies mainly to high-power liner 
practice. The lower curve M II covers similar con- 
ditions, but is for all power purposes. The points 
plotted in Fig. 16 are described in Table II. 

The curves in Figs. 15 and 16 show the range of 
performance over a period from the immediate past 
through the present to the probabilities of the not too 
distant future. Achievement to the full extent 
mapped out on the charts depends very directly on an 
advance in materials ; but the need in that direction is 
not so much for entirely new metals as for the fuller 
use of materials already available. Experience with 
these is necessary, and, provided it ultimately proves 
satisfactory, the scope for the thermal improvement of 
the steam-plant is attractive and stimulating, and the 
applications of the system as so improved are manifold 
and universal. 








LAIDLAW AND DREW OIL-FUEL 
BURNERS. 


THE two chief sources of loss which occur in the use 
of oil fuel for firing boilers and industrial furnaces, 
arise from the formation of free carbon from the oil, 
and from the introduction of air considerably in excess 
of that actually required for combustion. From the 
first of these there is the direct loss of heat that would 
otherwise be produced from the combustion of the 
carbon, and the indirect loss arising from the fact that 
the carbon deposited on the plates and tubes, in the 
case of a boiler, reduces the amount of heat transmitted 
to the water. The introduction of excess air, of course, 
results in a greater proportion of the heat being dis- 
charged to the chimney in the waste gases than would be 
the case if only just sufficient air to effect combustion 
were admitted. Both losses can be reduced to a 
minimum by careful attention to the design of the 
burner, the former by taking steps to ensure perfect 
atomisation of the fuel under all working conditions, 
and the latter by providing effective means for con- 
trolling the air supply. 

These points have been taken into consideration by 
Messrs. A. B. S. Laidlaw and E. 8. Drew, of Messrs. 
Laidlaw, Drew and Co., Gilmour-street, Simon-square, 
Edinburgh, in designing a series of oil-fuel burners, 
examples of which are shown in section in Figs. 1 to 4 
on this page. It may be of interest to mention that the 
burners are the outcome of a long series of trials and 
experiments made in connection with the production of 
an internal-combustion boiler, for which it was neces- 
sary to design a burner capable of giving a flame that 
would burn in an enclosed space under considerable 
pressure. We understand that, with the burner 
eventually produced, perfect combustion was obtained 
from a flame which burnt continuously under a pressure 
of 150 lb. per square inch, and that the atomisation was 
sufficiently good to enable Diesel fuel oil to be ignited 
from cold by means of an electric spark. It was 
realised, however, that to obtain the best results in the 
application of oil fuel firing to various types of boiler 
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LAIDLAW AND DREW OIL FUEL BURNERS. 
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and industrial-heating furnaces, burners capable of 
producing flames of different shapes were essential, and 
further investigations were carried out with this object 
in view. As a result, means for controlling the shape 
of the flame produced, which will be explained below, 
were devised, and its effectiveness may be gathered 
from the fact that of two burners of the same capacity 
supplied for firing a rotary kiln and a Cochran boiler, 
respectively, one produces a flame 13 ft. long by 3 ft. 
wide, and the other a flame 4 ft. long by 5 ft. wide. In 
the latter case, the spread of the flame was such that 
only one burner was required in place of two previously 
employed. With boiler furnaces, in order to obtain 
uniform heating with a minimum of air, it is desirable 
for the flame to be of such a width that it will just fill 
the combustion space completely, since too wide a flame 
will give rise to excessive local heating and too narrow 
a flame will allow free air to pass between it and the 
sides of the flue. 

Of the three methods of atomisation available, viz., 
forcing the oil through fine jets under pressure, steam 
blowing, and air blowing, Messrs. Laidlaw and Drew 
prefer the latter, pointing out that in pressure-jet 
systems, commonly employed in marine installations, 
since the atomisation depends upon the pressure of the 
oil, it will be affected by throttling the fuel supply. It 
is therefore necessary to change the jets when working 
at reduced outputs ; moreover, comparatively high oil 
pressures are necessary to give good atomisation. 
Steam atomisation, although comparatively inefficient, 
has the advantage of rendering any form of pumping or 
compressing machinery unnecessary, and is employed 
in land installations where simplicity and low capital 
cost are the main desiderata. The best results are, 
however, obtained with air blowing, the most convenient 
air pressure being from 15 lb. to 25 lb. per square inch, 
although the burners can be designed to suit the pressure 
of any existing supply of compressed air. With air at 
a pressure of 25 lb. per square inch, the quantity 
required is 1 cub. ft. of free air per minute per gallon 
of oil burnt per hour; if steam is employed for 
atomisation, the quantity used will amount to about 
3 per cent. of the steam generated. 

A form of burner commonly employed by the firm is 
illustrated by the longitudinal section reproduced 
in Fig. 1, from which its construction can be followed. 
It will be seen that the air and oil enter at opposite 
sides of the body casting and pass through two con- 
centric tubes, the oil flow through the inner tube being 
controlled by means of a valve. The latter has a 
heat-insulated hand-wheel, and its stem passes through 
a packed gland in which the packing is compressed by 
a split sleeve to facilitate the removal of the valve. The 
concentric tubes, which can, of course, be made of 
any length to suit the particular furnace in which the 
burner is to be used, terminate in a nozzle composed of 
three parts. Of these, the outer tube, termed the choke, 


is bored to form a curved surface at the outlet end; 
fitting closely in the cylindrical portion of the bore is a 
second tube known as the swirler. 


The outer surface 





Fic. 8. 





Fig. 


Fia. 9. 


of the latter is formed with a number of helical grooves 
through which the air passes, the grooves imparting 
Into the outer end 
of the swirler is screwed the third part, described as 


a rotary motion to the issuing jet. 


10. Fig. 11. 

| angle of the helical grooves in the swirler, and their area, 
of course, limits the quantity of air passed. The effect 
of different groove angles on the width of the flame is 
| well shown in Figs. 5 to 8, which illustrate the flames 





the film screw, and the oil passing through this produced by burners of the same capacity but fitted 


flows out through radial holes into a narrow annular 


passage formed between the end of the film screw and 
the curved inner surface of the choke. In this passage 
the oil meets the jet of air from the grooves of the 
swirler and is blown out of the nozzle in the form of a 
mist the particles of which are sufficiently fine to 
remain in suspension in the air for a considerable time. 
This fine atomisation, it is claimed, gives easy lighting 
and freedom from any trace of carbon deposit. 

Each nozzle is designed and adjusted to produce 
the particular shape of flame desired, to limit the 
quantity of oil delivered to a definite maximum, and 
to pass only sufficient air to atomise the maximum 
delivery. The width of the flame is governed by the 





| with swirlers having different helical angles. Figs. 
5 and 6 show the flames from a burner with a 60 deg. 
| swirler, at one third capacity and full on, respectively. 
| while Figs, 7 and 8 illustrate the flames produced 
by burners with 50 deg. and 30 deg. swirlers, both turned 
fully on. Incidentally, Figs. 5 and 6 illustrate the 
| flexibility of the burner, but this is more effectively 
|shown in Figs. 9 to 11. In these three illustrations. 
| which are reproduced from photographs taken from 
|the same position in each case, the largest flame is 
| about 4 ft. in length while the smallest is about 6 in. 

The flames were produced by the same burne: 





| long. 
| by adjusting the oil supply only, and without an) 
| alteration to the nozzle. 
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Various types of burners are made for different 
capacities, although the nozzles are similar in principle 
in all cases. The type of burner illustrated in Figs. 1 
and 2 is suitable for capacities ranging from 10 to 60 
gallons per hour, but in that actually shown, the swirler 
is 1} in. in diameter, and the maximum delivery is 
40 gallons per hour. This type is intended principally 
for use on land, and is supplied with oil and air through 
swinging tubular arms which enable the burner to be 
withdrawn from the furnace without the use of a spanner. 
A simple form of strainer is fitted in the oil-delivery 
pipe, and a test cock is provided for clearing the pipes 
and burner of oil before its removal from the furnace. 
A burner similar in form, but smaller than that shown in 
Figs. 1 and 2, is made for firing bakers’ ovens and 
similar applications, while for larger capacities, up to 
120 gallons per hour, the form illustrated in Figs. 3 and 4 
isemployed. The design of this burner will be under- 
stood from the above description, but it should perhaps 
be pointed out that it has the advantage, for large 
deliveries, that a certain amount of air is allowed to 
reach the inner surface of the flame, giving goo com- 
bustion with a smaller size of flame than would other- 
wise be produced. In this case also, the oil valve is of 
similar design to that illustrated in Fig. 1, but is sepa- 
rate from the burner body. 

The makers state that any of their burners will 
operate satisfactorily from the maximum delivery down 
to half that amount by adjustment of the oil valve only, 
and that, by a slight reduction of the air or steam 
supply, for economy, good atomisation will be obtained 
down to one-quarter of the maximum delivery. They 
also claim that the atomisation at full delivery will not 
be impaired by variations in the pressure of the air or 
steam up to 15 per cent. above or below the normal, 
although greater pressure variations can be provided 
for if necessary. 

In conclusion, we may quote some of the results 
obtained in a test of a Babcock and Wilcox boiler of 
10,000 lb. per hour evaporative capacity working at 
a pressure of 175 lb. per sq. in., at the Chancelot Mills 
of the Scottish Co-Operative Wholesale Society in 
Edinburgh. In this test, two burners of the type and 
size illustrated in Figs. 1 and 2 were employed with 
steam atomisation and natural draught. Using Anglo- 
Persian furnace oil, with a calorific value of 19,500 
B.Th.U. per lb., the total evaporation was 8,050 lb. 
per hour and the equivalent evaporation, from and at 
212 deg. F., was 16-4 lb. of water per Ib. of oil, the 
thermal efficiency being 81-5 per cent. It may be men- 
tioned that the boiler was fitted with a chain-grate 
stoker which, together with the upper arch, was in 
position during the test, giving a very confined com- 
bustion space. Had it been practicable to remove these, 
a rather higher efficiency would probably have been 
obtained. In another installation of Thompson boilers 
of the Stirling type having an evaporative capacity of 
20,000 Ib. per hour and each fired with four 30-gallon 
burners, the evaporation obtained was 16 lb. per hour 
per pound of oil, while the CO, content of the flue gas 
was given as 16 per cent. The use of the burners, of 
course, is by no means confined to steam raising, and 
as an example of another application, we may mention 
that in a Scottish oil refinery, a 50-gallon burner has 
been used for over a year for firing a kiln in which a 
temperature of 1,100 deg. C.is maintained. The results, 
we are informed, have been entirely satisfactory, and a 
saving of about 22 per cent. in oil-fuel consumption has 
been effected. 





SPECIFICATION FOR FIXED CONDENSERS FOR RADIO 
RECEPTION PuRPOSES.—A new specification dealing with 
fixed condensers, of the type suitable for radio reception 
purposes, has recently been issued by the British 
Engineering Standards Association. The pamphlet 
deals with two types of fixed condensers, namely, those 
in insulating cases, and those in metal cases. These 
two types are again sub-divided according to the nature 
of the di-electric, the recognised materials being mica 
and paper. The first sub-division includes condensers 
normally employed for grid rectification and for shunt- 
ing the primaries of inter-valve transformers, &c., while 
the second sub-division includes condensers suitable 
for shunting across the high-tension terminals and for 
employment in the construction of units for obtaining 
a high-tension supply from the lighting mains, &c. 
Each type of condenser is standardised in two grades, 
based on the closeness of the actual capacity value 
to the nominal capacity value marked on the case of the 
condenser. The electrical properties of the condensers 
are specified by means of power factor, insulation resist- 
ance and high voltage tests, and the constancy of capacity 
is covered by a heat test. The dimensions of the fixing 
holes are also specified. Beyond this, it has been con- 
sidered inadvisable to attempt the standardisation of 
dimensions at present. In cases where the manufac- 
turer holds a licence from the British Engineering 
Standards Association, the standard mark ‘‘ BESA”’ 
may be stamped on the condensers to show that they 
comply with the requirements of the specification. 
Copies of the new specification may be obtained from the 
B.E.S.A. Publications Department, 28, Victoria-street, 
London §.W.1, price 1s. 2d., post free. 





ELECTRICAL EQUIPMENT OF TRACK 
ON THE UNDERGROUND RAILWAYS 
OF LONDON.* 

By Artaur R. Coorsr, M.Inst.C.E. 
(Concluded from page 123.) 


APPENDIX III. 


Extracts From REporT BY 
Mr. DuppELL or Tests at East Ham on 
PRESSURE-RISES CAUSED BY EARTHING THE 
PositivE Ram anp SHort-Crrcuits. (SEPTEM- 
BER, 1913, TO OcToBER, 1914.) 


The object of the tests was to determine what 
pressure-rises, if any, accompany an earth on the 
positive conductor rail, which would account for the 
faults which have been observed on the system after 
the accidental earthing of the positive rail. 

In order to make the tests an oscillograph was 
connected between each conductor rail and earth, the 
connections being made to the positive and negative 
busbars at the East Ham substation. 

The iron framework of the substation building was 
used as the earth. The resistance of each of the 
oscillograph circuits was 10,000 ohms, and they thus 
constituted a leak of this value between each of the 
conductor rails and earth. 


District RatLway. 


First Report. 

The sensibility of the oscillograph was adjusted so 
that 1 mm. = 60 volts. 

The recordst were made on cinematograph film 
travelling at approximately 6 in. per second. 

Three substations, viz., South Kensington, Victoria 
and East Ham, each had one rotary connected. The 
positive conductor was earthed at Sloane Square and 
the records were made at East Ham (curve A, Fig. 16.) 

Curve C, Fig. 16, is similar except that the earthing at 
Sloane Square was produced by making a sparking 
contact to the positive rail by means of a piece of 
wire connected to the track rails. 





full line voltage above earth. At the moment of 
switching on, the negative dropped slightly in voltage 
and the positive rose. As the resistance of the two 
vs-in. wires increased, the negative voltage dropped 
and the positive rose until the cable suddenly fused, 
causing both the spots to shoot right off the film. 
Following this, arcing appears to have taken place, 
after which the conditions settled to normal again. 
It is impossible to say exactly what the maximum 
voltage obtained may have been, but judging from the 
appearance of the lines on the film I should think it 
could not have been less than 3,000 or 4,000 at the 
moment of the fusing of the cable, and it is in the 
neighbourhood of 1,500 at the point where the arc 
went out. 

Test 3.—The positive conductor rail was joined to 
the negative in the train section at East Ham bya 
cable said to fuse at about 1,500 amperes. Victoria 
and South Kensington substations were on the line. 
There was no earth connection to either conductor 
rail in this case. The train section was switched in at 
East Ham, and the ammeter was observed to rise to 
1,500 amperes, where it remained for a short time, 
when the current went to zero and the lighting breakers 
came out with a bang. A fault developed on the 
lighting circuit, and both fuses were found to have been 
fused. The record shows that, before the switching on, 
the potential of both the conductor rails was normal. 
At the moment of switching on, both conductors were 
brought to earth potential, and they remained in the 
neighbourhood of earth potential until the cable fused. 
At this moment the voltage rose to approximately 
1,500 volts, an arc formed, with oscillations, and the 
circuit settled down to its normal condition. 

Test 4.—This is a repetition of the last test except 
that the short-circuit between the positive and negative 
conductor rails was made at Sloane Square by means 
of two ,%,-in. cables. Two rotaries were connected to 
the busbars at East Ham; no other substations were 
on the line. The fault was switched on by closing the 
switches in Campbell Road substation. The ammeter 
at East Ham showed that the current rose to 900 am- 



































Test No. Protection device. | Maximum voltage. Remarks. 
(1) None .. 2,880 _ 
(5) None .. “« re 3,240 sa 
(3) Aluminium arrestor 2,640 —_ 
(4) Aluminium arrestor 2,760 — 
(6) Condenser ¢s 3,600 —_ 
(17) None .. me me 960 
(18) Aluminium arrestor 1,200 During test No. 10 a fault developed at Ilford sidings and limited 
(19) Condenser .. wa 1,200 the voltage-rise in these tests. 
(10) None .. No rise Wire fused quietly owing to resistance of the circuit. A fault 
developed at Ilford sidings. 
(13) Aluminium arrestor No rise Wire fused quietly owing to resistance of the circuit. 
Test No. Protection device. | Maximum voltage. Remarks. 
(9) None .. fe F | 840 — 
(8) Aluminium arrestor 1,200 — 
(7) Condenser es 960 — 
(11) None .. — Cable did not fuse. Rotary flashed over. 
(16) None .. es .-| No appreciable rise | Rotary flashed over and cable fused. Circuit breaker came out. 
(14) Aluminium arrestor 840 Rotary flashed over and cable fused. Circuit breaker came out. 
(15) Condenser as 960 Rotary flashed over and cable fused. Circuit breaker came out. 








The maximum voltage of the negative conductor to 
earth in this series of tests was generally about 750 volts 
and did not exceed 860 volts. 

Test 1.—The positive rail joined to the track rails 
at Sloane Square. A j-in. cable was then switched 
between the negative conductor rail and the track at 
Sloane Square, and the j-in. cable blew. Three 
sub-stations, namely Victoria, South Kensington and 
East Ham were connected. 

The record shows that the negative conductor rail 
was at about full voltage above earth, and the positive 
at earth potential just before the switch closed. When 
the switch was closed, the voltage on the negative fell, 
and on the positive rose. A fraction of a second later 
the conductor fused, and the voltage of the negative 
rose to about 1,000; the voltage on the positive gave 
a corresponding swing below the zero line. 

Test 2.—The positive conductor rail was joined to 
the track at Sloane Square; the negative conductor 
rail was joined to the track rails at East Ham in the 
train section with two .;-in. wires. Victoria, South 
Kensington and East Ham substations were on the 
line. The train section was switched in. This caused 
an earth on the lighting circuit at East Ham and 
brought out the lighting circuit breaker. 

The commencement of the records shows the positive 
conductor rail at earth potential and the negative at 





* Paper read at a meeting of the Institution of 
Electrical Engineers on January 6, 1927. Abridged. 

+ The substation locations are shown in Fig. 15. 

t See Fig. 16. 





peres, stayed there for a short time and then went to 
zero. The breaker on machine No. 2 came out. 

The conclusion I draw from the above tests is that 
the mere earthing of the positive conductor rail without 
a short-circuit taking place has not produced any 
high voltage-rises. 

Any short-circuit, however, which takes place and 
is suddenly interrupted leads to very high voltages 
which may cause a number of breakdowns in all 
directions. It would seem to me, so far as the present 
tests go, that the course of events when failures take 
place is somewhat as follows: The insulation on the 
negative side of the circuit on the rolling-stock, having 
been weakened in places by previous faults, fails at 
the kick when the positive is earthed. This failure 
produces a short-circuit which either burns off or causes 
the circuit breaker to come out, with consequent high 
pressure-rises. These rises develop on both the 
positive and negative rails fresh weak spots ready to 
break down with slight provocation. 


Seconp Report. 

These tests were carried out at the East Ham sub- 
station. The arrangements for the tests were similar 
to those on the previous occasion. At the commence- 
ment of the tests one track was in use complete from 
South Kensington to Barking. 

Electrolytic arrestors were installed at the sub- 
stations, and could be switched on between positive 
and negative conductor rails when required. Con- 
densers were also installed at three of the substations, 
viz., Whitechapel, Campbell Road and East Ham, 
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and could be switched on when required. The con-/|so quietly that I was doubtful whether any rise had | basis is rather a slight one to argue upon, but it appears 


densers consisted of three boxes in parallel in each 
substation, giving a total capacity of about 3-75 » F 
per substation. 

The oscillograph was connected as before between 
each of the conductor rails and earth so as to record 
simultaneously the potential difference between each 
rail and earth. The resistance of each of these circuits 
was 10,000 ohms. The oscillograph was adjusted to 
have a sensibility of 1 mm. = 120 volts. 

The speed of the film was approximately 6 in. per 
second, 

Maximum Voltages Obtained on Tests. Two sub- 
stations (Victoria and South Kensington) Feeding.—In 
these tests the substation connections and method 


of switching on were the same, namely, the positive | 


conductor rail connected to track rail at Sloane Square 
and the negative conductor rail switched on to track 





rail at East Ham by two ,%,-in. cables (see Table on 


previous page). 

Three Substations (East Ham, Victoria and South 
Kensington) Feeding.—Positive conductor rail earthed 
to track at Sloane Square, negative conductor rail 
switched on to track at East Ham through two j,-in. 
cables. 

The general conclusions which can be drawn from 
the above tests are that whenever a large current 
flowing along a considerable length either of conductor 
rail or of track is suddenly interrupted, a considerable 
rise in pressure takes place, a rise of a magnitude 
which may quite well damage the insulation of the 
system. The effect of the condensers and arrestors 
in preventing this rise appears to have been practically 
nil. It is of interest to note that during the time that 
there was a fault in the sidings near East Ham this 
fault appears to have acted as a very efficient limiting 
device which prevented the potential-rise from taking 
place. 

With regard to using condensers as protective appara- 
tus to limit the pressure-rise, even if it were com- 
mercially possible to employ the very large condensers 
necessary, I should have very grave doubts in recom- 
mending them in view of the possibility of dangerous 
oscillations taking place between them, and the self- 
induction at the time of an arcing fault taking place. 

With regard to limiting devices of the aluminium 
arrestor type, there seems no reason why these should 
not be made to discharge at a voltage but little above 
the working voltage, but the difficulty here seems to be 
to make the arrestors take sufficient current to prevent 
the potential difference from continuing to rise when 
the arrestor has started to discharge. 

It is quite easy to see that the dissipation of energy 
must be considerable. From the curves it appears 
that the potential-rise is very rapid, something like 
;}oth of a second. When the bulk of the energy of 
the pressure-rise is absorbed the reduction must be 
made gently, so as not to produce a new pressure-rise 
by suddenly suppressing the current. I doubt very 
much whether any device so far designed really 
possesses in the required degree these essential 
properties. 

If a fault on the positive conductor rail is an arcing 
fault it might possibly “snap out’ before it brings 
out the breakers, in which case the risk of a rise in 
pressure will be the same as at present. On the 
other hand, the fault may be practically a dead short- 
circuit. In this case the breakers on each side of the 
fault will have to open a very large current. Whether 
this will produce a rise or not depends to a large extent 
on the breakers themselves. 

It is to be noted that the pressure-rises will be due 
to the energy stored in the self-induction of a length 
of track and the rotaries. The length of track involved 
will depend on the relstive positions of the negative 
earth and of the positive fault. 


Turrp Report. 


Electrolytic arrestors were installed at East Ham, 
Campbell Road and Whitechapel substations, and 
could be connected up as required. The oscillograph 
was connected as in previous tests. 

In each of the tests when the short-circuit was made, 
the two conductor rails at once were reduced to earth 
potential and nothing of interest was recorded on the 
film until the short-circuiting cable fused. 

Maximum Voltages Obtained on Tests—Two Sub- 
stations (Victoria and South Kensington) Feeding.— 
Positive conductor rail connected to track rail at 
Sloane Square. Negative conductor rail switched on 


| 
| 
| 





to track rail through two ,%,-in. cables at East Ham | 
(see Table in next column). 
GENERAL REMARKS. | 
The weather conditions during the tests were rather | 
damp, as rain had been falling during the day, though 
it was not actually raining at the time of the tests. 
It was noticed that very few of the short-circuits 
made as much noise as in previous tests. In fact, 
during the tests the short-circuits seemed to burn out 


taken place. as if the dischargers have tended to limit the potential- 


The important rises observed are in tests 1 (a), 1 (c), | rises. 
and 4 (a). In the first and last of these no dischargers! The various arrangements of the dischargers which 


Fig.15. LOCATION OF SUBSTATIONS. 
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Fig.16. QSCILLOGRAPH RECORDS TAKEN AT EAST HAM IN CONNECTION WITH 
MR. DUDDELL'S TESTS FOR RISE OF POTENTIAL. . 

























































































CURVEA Switch opened, ——» Time 
= = q i. 
Zero —— 
CURVE C —-+» Time 
; = ( = | i | ! ? ae 
fe est tt 
{l 2, ero 7” un “| in T y x) T i y 4 nae 
CURVE C ( penee ——-+» Time 
a ' : , ! 
= ot oot oot os St = 
ero : i il a 
TEST1 ; 
— (Positive earthed) - (Positive earthed) Time 
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Zero Switch ‘Véable 
TEST2 _ closed. fused 
+ oe Ti une 
x ad 
Zero Switched in 
Negative earthed 
! 1500 V ,2500V 
TEST 2 (Continued) j - ~fime 
—— ee , Zero + 
Cable fused . v 
Record off Scale * _—~ - 9 ©” 
TEST 3 probably 3000w4000V. § Arcing 
£— —> Time 
“Zero T 
1500 V 
TEST 3 (Continued) bl Time + 
(39031..) “Zero \Connection fused : 


Curve A, Positive earthed by means of a switch at Sloane Square (no direct negative earth.) 
Curve C. Positive earthed intermittently at Sloane Square (no direct negative earth.) 
Test 1. Positive rail joined to track rail. Negative connected by switch and 7/16 cable to 
track rail; both at Sloane Square. Test 2. Positive connected to track at Sloane Square. 
Negative connected to track at East Ham by two 7/22 cables and switch. Caused earth on 
lighting circuit at East Ham depot. Test 3. Positive joined to negative at East Ham by cable 
fusing at about 1,500 amperes, No earth connection—fault developed in lighting circuit. 


were connected, and in 1 (c) dischargers were connected | were tried appear to have had so little effect on the 
only at Campbell Road and Whitechapel. In all, five | results that it seems to me to be impossible to draw 
tests were taken without dischargers with the short- | any definite conclusions. 

circuit to the rail; of these five, two gave bad rises. 

















Test No. | Protective Device, | Maximum | Remarks. CADMIUM IN THE UNITED StTatEs.—The production of 
| Voltage. | metallic cadmium in the United States reached a record 
ag a ee eae figure in 1925, when the output was 502,824 Ib. valued 
First Series. at 276,553 dols. The 1924 output only amounted to 
1 (a) 1 None | 3,480 about a quarter of these figures. The most important 
1 (b) (| 1,080 recent developments in the use of cadmium are in the 
1 (c) | 3,600 Discharge at Camp- | plating industry and in the manufacture of cadmium- 
| | With various | | bell Road and | lithopone. 
arrangements | Whitechapel only. | anaes 
1 (d) | | of dischargers 1,320 
; G J | 1 oo LAUNCH OF THE M.S. “Port FREMANTLE.’’—On 
: Thursday, January 6, Messrs. Workman Clark and Co., 
Second series. Limited, of Belfast, successfully launched from their 
4 (a) (3.480 | North Yard, the M.S. Port Fremantle, which has been 
4 (b) | | 1,680 | built to the order of the Commonwealth and. Dominion 
4 (c) None | 1,260 | Line for their Australian and New Zealand service. The 
3 (c) | 1,200 vessel is of the shelter deck type with a deadweight of 


| 

3 (a) ae {| 1320 | nearly 11,000 tons, having a length of 475 ft. The main 
(b) | J of dischargers. | | 1.080 | propelling machinery consists of two sets of four-cylinder, 
two-stroke cycle, solid injection Doxford opposed piston 
Diesel engines, which have been installed by Messrs. 
Under similar conditions, with the dischargers con- a po ge gye ee neg gg ged displaces 
nected. in’ vari ‘eee eat a ,| Steam for all the auxiliaries both in the engine-room 
ret whack. an by (c) vy hired ony capghon paz ~_— and on deck for cargo handling, etc., these being supplied 
: Ii: ” 28 g ; and in| by three four-cylinder Diesel-driven generating sets by 

this case there was no discharger at East Ham. The | Messrs. W. H. Allen, Sons and Company, Limited. 
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STRESS DISTRIBUTION IN MILD 
STEEL AS INDICATED BY SPECIAL 
ETCHING. 

By J. D. Jevons, Ph.D., B.Sc. 


Tue investigation of stress and strain phenomena 
in steel has long been a subject of general interest 
and, indeed, of considerable importance to engineers. 
Approaching the matter from a metallurgical 
rather than an engineering standpoint, the writer 
has spent nearly four years in an experimental 
investigation of many methods of strain detection 
in metals in an attempt to develop some practical 
process capable of general application to engineering 
“failures”? and test samples. Such a process is, 
unfortunately, still an ideal, but the interest 
evinced by engineers and metallurgists in reports 
published in 1925 on strain detection in general,* 
and, more particularly, on the investigation of a 
new strain-etching process,{ encouraged the writer 
to continue his experiments with the latter in the 
hope of making it sufficiently simple and reliable 
to be of use to the practical engineer and designer. 
The object of the present article is to show how 
steel users can obtain information regarding stress 
distribution and weak points of design in steel 
structures and components by subjecting such 
parts, after straining, to a special etching process 
which will develop “‘ strain-etch ”’ figures of a very 
definite nature actually in the steel. 

In its present state of development the etching 
process is somewhat erratic in its working, and 
will not produce results on all steels. For this 
reason its more immediate application would seem 
to be more suited to the examination of test 
components and models made from steel which 
strain-etches well, rather than to the general 
investigation of actual ‘‘ failures.” The procedure 
in such instances would be to strain the test 
component under conditions imitating as closely 
as possible those to which it would be subjected 
in service, and then, by means of the special 
etching process, to develop strain-etch figures on 
its surfaces or on sections cut in any desired 
position. In many instances useful information 
could be obtained by straining the test sample 
to just above its yield point, when subsequent 
etching would reveal the points at which permanent 
deformation commenced, i.e., where a marked 
stress concentration had occurred in a position 
where the metal—through insufficient thickness, 
or perhaps a flaw—was unable to withstand the 
stress put upon it without suffering permanent 
deformation. By straining specimens somewhat 
further, more elaborate strain-etch figures indicative 
of stress distribution over the whole component 
could be obtained. If an appreciable amount of 
deformation has occurred, however, care must be 
exercised in deducing from the strain figure finally 
produced the stress distribution which existed 
below the yield point. 

To appreciate fully the value of strain-etching 
as a practical method for investigating stress 
distribution, it must always be remembered that 
by simply sectioning components after straining, 
strain-etch figures indicative of stress distribution 
can be developed on any chosen plane. Specimens 
need not be etched immediately after straining. 
It has been shown that a lapse of three years 
between straining and etching has no apparent 
effect on either the character or quality of the 
strain-etch figures ultimately produced. 

The etching process consists, essentially, of a 
short low-temperature annealing (after which the 
specimen may be sectioned or machined to present 
& smooth surface), followed by immersion in an 
acid solution of copper chloride for a varying 
but often prolonged period. Strain-etch figures 
are produced as a result of a marked preferential 
attack by the etching solution on steel which has 
locally been permanently deformed. This etching 
must not be confused with the indefinite selective 
attack of an ordinary acid on severely deformed 
metal. Why this selective attack by copper chloride 


occurs, after a low-temperature annealing, on some 
steels, but not on others of practically identical 
chemical composition and microstructure, or even 
why it occurs at all, is not yet known. Present 
experience indicates that the solution to both 
problems must be sought in some property of the 
space lattice or atom itself. Strain-etch figures, 
when produced, are so uniform in general character, 
and, although often differing markedly in minor 
details, so similar, or obviously related to theoretical 
stress distributions calculated mathematically for 
any particular specimen, that their true significance 
cannot be questioned. Information of a more 
theoretical and metallurgical nature concerning 
the etching process and other methods of strain 
detection will be found in two papers by the writer 
read in 1925 before the Iron and Steel Institute.* 

Strain-etch figures must, at present, be accepted 
as a fortunate phenomenon capable of yielding 
positive information regarding stress distribution 
and the mechanism of deformation in steel. The 
urgent need which exists for information of this 
nature is shown by the extensive use now made 
of the photo-elastic method of stress investigation, 
which latter, although of great value for investi- 
gating elastic strain in models of chosen shape, 
would sometimes appear to give somewhat mis- 
leading ideas as to the mechanism of the yielding 
of steel specimens of similar shape. 

Investigation of the Strain-Etch Figures Produced 
on Specimens of Various Shapes.—In order to show 
how strain-etch figures indicative of stress distri- 
bution can, under favourable conditions, be readily 
developed on mild steel specimens, and, at the same 
time, to throw some light on the mechanism of 
yielding and failure in certain types of test pieces 
and steel components in general, several series of the 
more commonly used shapes of engineering test 
piece have been strain-etched. Each series com- 
prised from four to ten specimens which were 
strained amounts varying from yield to breaking 
point. 

All specimens were made from rolled bar or drawn 
rod (of typical mild steels), the surface of which was 
covered with a layer of hard mill scale. Wherever 
possible, this surface was left untouched and incor- 
porated as a main surface in the actual test specimen, 
since it was found that a coating of mill scale formed 
an excellent medium for the production of clear 
‘“‘Liiders Lines” during actual straining. The 
Liiders Line phenomenon, i.e., the appearance of 
visible and definitely oriented bands on the polished 
or suitably coated surface of specimens of strained 
steel, has long been recognised, and, although 
hitherto regarded as a surface effect, has been made 
the basis for assumptions regarding stress distri- 
bution and the mechanism of deformation in steel 
specimens. Strain-etching has shown that this 
well-known phenomenon is really the surface mani- 
festation of solid blocks of permanently deformed 
metal in the mass of the specimen. An example of 
this will be found in ENGINEERING, 1925, vol. cxix, 
on page 589, Fig. 12, which shows the surface 
markings or Liiders Lines on the surface of a notched 
bar strained in tension, and, Fig. 13, the strain-etch 
figure subsequently: developed by etching on a 
section cut parallel to this surface. In their 
initial stages of development these blocks are always 
wedge-shaped, and the term “distortion wedge ”’ 
has been coined to describe them. Distortion 
wedges grow rapidly in length and comparatively 
slowly in area of base, so that in a narrow specimen 
the apex soon reaches a side or edge of the latter, 
and can then be imagined as being situated in space 
away from the specimen, leaving what is a practi- 
cally parallel-sided block, as distinct from a wedge, 
of permanently deformed metal. Distortion wedges 
are always considerably harder than the surrounding 
undistorted metal, an abrupt change of as much as 
sixty Brinell hardness numbers often occurring at 
the boundary between the two. It now appears 
certain that the distortion wedge is the fundamental 
characteristic of permanent deformation in mild 
steel, and it will therefore be evident that a con- 
siderable amount of information concerning this 





* “The Detection of Strain in Mild Steels,” Turner and 
Jevons, See ENGINEERING, 1925, vol. cxix, page 588. 

J t “ Strain Detection in Mild Steel by Special Ktching,” 

evons, 


See ENGINEERING, 1925, vol. cxix, page 585. 








* “The Detection of Strain in Mild Steels.” See 
ENGINEERING, 1925. vol. cxix, page 588, ‘‘ Strain 
Detection in Mild Steel by Special Etching.”’ See 


ENGINEERING, 1925, vol. cxix, page 585 





latter may be obtained by careful observation of the 
Liiders Line effect on the surface of a specimen 
during the actual straining operation. 

1. Standard Flat Tensile Bars.—A series of ten 
flat tensile test bars which have been strained to 
the amounts indicated, sectioned and strain-etched, 
is shown on Plate XXXVII, ENGINEERING, 1925, 
vol. cxix, facing page 586. The first two of the 
series are reproduced in Figs. 1 and 2, on 
Plate VI. Observation of Liiders Lines during 
straining and subsequent examination of the strain- 
etch figures indicates that the mechanism of 
deformation is as follows. At the commercial yield 
point, or drop of the beam of the testing machine, 
permanent deformation first becomes apparent in a 
distortion wedge which always originates at a 
shoulder and advances across the specimen at right 
angles to the direction of applied stress (wedge A, 
Fig. 1). A few similar wedges, originating on the 
same side of the bar, next form, and are immediately 
followed by wedges advancing at an angle of 
approximately 45 deg. to the direction of applied 
stress (C, Figs. 1 and 2). A network of these 
transverse and diagonal wedges, with a lesser set 
which soon appears on the other diagonal plane (D), 
then spreads gradually up the parallel portion of the 
specimen. The effect just described occurs at both 
ends of the bar practically simultaneously, but one 
system of wedges always advances faster than the 
other, and the two systems almost invariably meet 
at approximately two-thirds of the way up, or down, 
the test piece. At 4 per cent. elongation all traces 
of individual distortion wedges vanish, the latter 
having intersected all over the parallel portion of the 
specimen and produced an area of permanently 
deformed metal. This area, or rather mass, now 
draws out in a plastic manner, becoming elongated 
in the direction of applied stress and reduced in 
cross sectional area until fracture occurs as a result 
of necking somewhere in the parallel portion of the 
bar. While this is taking place the permanently 
deformed area spreads gradually into the shoulders 
of the bar, and from the roughly semi-circular 
boundary distortion wedges of increasing magnitude 
shoot out.* The non-symmetry of these wedges 
shows that the bars have not been strained in a 
truly axial manner, and not once in all the specimens 
examined was this condition attained. The figures 
caused by the grips are also interesting. All traces 
of actual marks were machined off the specimens 
before etching. 

By sectioning and by tracing wedges round the 
four sides of specimens it was found that the former 
always grew along four definite planes, and never 
departed from these by an amount greater than 
could be accounted for by the physical deformation 
or non-homogeneity of the specimen. The orien- 
tation of these planes to the direction of applied 
stress is shown in Fig. 3 by Aand B. If, in addition 
to the longitudinal stress 8,, a transverse stress S, 
had been applied, it seems safe to assume that a 
further pair of planes (C) would be formed. Present 
experience shows that this sytem of planes holds 
good for all rectangular specimens of mild steel 
strained in tension, but that it is not applicable, 
at any rate without modification, to round bars and 
to specimens strained in compression. Though not 
confirmed experimentally (as in the case of compres- 
sion cylinders), it appears probable that the three 
distinct yields which may be observed, with delicate 
apparatus, during the straining of mild steel 
specimens in tension, are the indications of the 
formation of wedges on these separate sets of planes. 

2. Standard Cylinders under Compression.—Figs. 
6, 7, 8, 9 and 10 (Plate VI) illustrate typical 
specimens from a series of compression cylinders 
strained to the amounts indicated under the 
illustrations, sectioned on a diameter and strain- 
etched. Figs. 4 and 5 show the exterior surfaces 
of the first two specimens, also after etching. The 
mechanism of deformation as revealed by Liiders 
Lines and strain-etching is as follows. At the yield 
point distortion wedges originate at the ends of 
the cylinder (Fig. 6), and then spread gradually 
up and down the specimen till the two systems meet 
about two-thirds of the way up or down (Fig. 7). 





* See Fig. 7. Plate XXXVII, ENcrneERING, 1925, 
vol. cxix, facing page 586. 
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At just over 4 per cent. reduction (Fig. 9) distortion 
wedges have intersected throughout the mass of 
the specimen, and the latter is now composed almost 
entirely of permanently deformed metal. Further 
stress causes further deformation, producing the well 
known “ barrelling effect ”’ which becomes distinctly 
visible at 10 per cent. reduction. (Note.—If the 
term “necking,” used in a broad sense, be sub- 
stituted for “ barrelling,” the whole of the foregoing 
description, without reservation, applies equally 
well to specimens strained in tension). Strain- 
etching, which only distinguishes between normal 
and permanently distorted metal can now reveal 
no further details, but at between 10 and 20 per cent. 
reduction, the severity of deformation of the metal 
becomes sufficiently great for the free acid in the 
etching solution to produce selective corrosion with 
the result shown in Fig. 10. This ‘cone effect” 
may frequently be observed during the corrosion | 
by acids of severely strained compression cylinders. 

One observes from this series of compression 
cylinders (1) that there appear to be no planes of 
definite orientation along which distortion wedges 
grow; (2) that these latter tend to grow at an 
angle more obtuse with the direction of applied 
stress than do the wedges in bars strained in tension ; 
(3) that although the ends of the specimens and the 
pallets of the testing machine were what would 
normally be called “‘ true and parallel,’ perfectly 
even, axial loading has not occurred. During the 
straining of these cylinders three distinct yields, indi- 
cated by the beam of the testing machine, occurred | 
in all specimens compressed to, or over, 4 per cent. 
reduction ; one large, followed by two lesser yields 


strained in simple compression the angle of the cone 
is remarkably constant, being approximately 132 
deg. on a section through the apex, i.e., 66 deg. 
between one edge of the cone and the direction of 
applied stress. The remarkable thing about this 
cone effect is that it occurs during the preliminary 
breaking down or yielding of a specimen, as shown 
by strain-etch figures (Fig. 11), and also during 
the subsequent deformation of the specimen, as 
shown by acid corrosion (Fig. 14), the angle of the 
cone remaining constant throughout. The metal 
of which the cone is composed is always considerably 
less severely deformed than is the metal into which 
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while deformation was actually taking place. In 
the specimen shown in Fig. 6 the second yield has 
not occurred, and it will be observed that in this | 
case distortion wedges have been produced on one | 
plane only. In the specimens shown in Figs. 7 and 8 | 
in both of which two yields have occurred, wedges | 
have. formed on two planes. It was not found | 
possible to release the load between the third yield | 
and complete permanent deformation (Fig. 9), in any 
specimen, but from the observations recorded on 
the cylinders shown in Figs. 6, 7, and 8 and, in a 
sense, on that shown in Fig. 9, it would appear that | 
the three definite yields commonly observed during 
the compression testing of mild steel are indications 
of the commencement of formation of distortion 
wedges on the three theoretical planes the existence 
of which, it will be remembered, was suggested in 
connection with specimens strained in tension. 

3. Pallet-ended Cylinders under Compression.— 
This series was made and examined to see (a) if the 
application of stress through pallet ends integral 
with the specimen would produce more systemati- 
cally ordered distortion wedges in the neck or 
oylinder proper ; (b) if outshooting wedges similar 
to those occurring in the shoulders of tensile bars 
would be produced in the pallets, and (c) if more 
information concerning the “cone effect” as 
revealed by corrosion could be obtained at higher 
percentage reductions. Unfortunately, owing to the 
quick rate at which distortion wedges spread and 
intersect just after the yield point, and the small 
size of the actual necks of the specimens, it was not 
possible to stop the testing machine between the 
formation of the first wedge, or yield point, and the 
complete permanent deformation of the neck. 
For this reason object (a) could not be realised. With 
regard to (b), the effect produced is very similar 
to that occurring in the shoulders of tensile bars, 
although the average angle of these wedges in 
relation to the direction of applied stress is more 
acute in compression than in tensile specimens. 
With the main system >f wedges in the specimen 
proper, however, the reverse is the case, #.e., the 
average angle made with the direction of stress 
is more obtuse in compression than in tensile 
specimens. The information concerning (c), or the 
cone effect, is perhaps the most interesting of any 
obtained from this series of specimens. The very 
definite boundary of the cone produced by strain- 
etching gives place to the more indefinite indica- 
tion produced by acid corrosion at between 12 and 
18 per cent. reduction in height, thus confirming 
the observations made on the previous series. 
Throughout this and other series of specimens 











Fig. 23. Fie. 24. 


Fias. 23 To 26. 


all notches (on one side of the specimen). The 
fact, emphasised previously, that in practice no 
flat specimen receives a truly axial pull when held 
in ordinary grips, is well illustrated by these speci- 
mens, in each of which deformation has occurred 
at all the notches on one side without a trace of 
yield at any on the opposite side. In the first bar 
(Fig. 15) distortion wedges, as indicated by “‘ Liiders 
Lines”? in the mill scale with which the surface 
was covered, appeared first at the shoulders; in 
the second bar (Fig. 16), at the left notch ; in the 
third and fourth bars (Figs. 17 and 18), at the 
notches nearest the shoulders, and, in the case of 














Fia. 25. Fig. 26. 


SPECIMENS STRAINED BY SLOW BENDING SECTIONED AND STRAIN-ETCHED. 


























Fie. 27. 
Fias. 27 anp 28. 


it presses. No corresponding phenomenon has been 
observed in specimens strained in tension, possibly 
because all the latter have been rectangular in 
section. 

4. Notched Tensile Bars.—While straining tensile 
bars it was observed frequently that, although 
fracture usually occurred somewhere near the 
middle of the parallel portion, the first distortion 
wedge almost invariably originated at the shoulders 
of a bar, any exceptions to this rule being traceable 
to a machining defect or flaw in the steel. To 
test this general observation the series of bars 
illustrated in Figs. 15 to 18 was made, great care 
being taken to.make the notches of equal depth. 
The first specimen had no notches; the second 
one; the third, three ; and the fourth, five. With 
the exception of the first, which has been strained 
till distortion wedges appeared at the end (top) 
opposite to that in which deformation began, all 
bars have been strained till wedges appeared at 





Fie. 28. 


SPECIMENS STRAINED BY INDENTATION, SECTIONED AND STRAIN-ETCHED. 


bar No. 4, this was followed by lines at the middle 
notches, which preceded strain indications at the 
intermediate notches. This may indicate that, 
after the ends, the middle of the bar is the most 
favourable position for the formation of the first 
distortion wedge. 

In a plain bar, such as No. 1 (Fig. 15), it is certain 
that a stress concentration exists at the shoulders, 
but in bars 3 and 4 (Figs. 17 and 18), it would be 
thought that the stress in the parallel portion 
would be fairly uniform, and yet wedges still 
originate at the notches nearest to the shoulders. 

This series of bars is also interesting in that the 
strain-etch figures have been developed on the 
rough unmachined specimens, and it will be seen 
that the markings, although not as distinct as on 
machined specimens (see Figs. 19-22), are quite 
reasonably clear. 

5. Influence on Tensile Specimens of Dalby 
Collar.—Figs. 19 to 22 illustrate a series of four 
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tensile specimens strained as indicated, sectioned 
and strain-etched. These specimens are not true 


Dalby test pieces, but ordinary parallel-sided bars | 


bearing a Dalby type of collar to enable the influence 
of the latter to be examined in detail. Bearing in 
mind the observations just made on the series of 
notched tensile bars, it is interesting to observe 
that here again distortion wedges always originate 
at the shoulders of the specimens, although it would 
be thought that the much sharper radius of the 
Dalby collar would be more conducive to stress 
concentration. The photographs are self-explana- 
tory. It will be noticed that in the case of the 
fourth bar (Fig. 22) (3-25 per cent. elongation on 
4 in.), the metal composing the collar is entirely 
undistorted, and should form an ideal spot for the 
placing of extensometer points, for which purpose, 
it will be remembered, it is intended. It would, 
however, seem possible that for very accurate 
measurements the Dalby reading would be slightly 
greater for a given extension than would be the 
normal reading taken from pop marks, since the 
zone of undistorted metal beneath the collar extends 
an appreciable distance into the bar and must 
influence the absolute value obtained. The cor- 
rection necessary, assuming that the extensometer 
points are placed on the middle of the collar, must 
be doubled, since there are two collars on a standard 
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Dalby specimen. For all normal purposes this 
correction would be negligible, but the Dalby type 
of test piece is, presumably, intended for specially 
accurate work. 

6. Bend Specimens.—Having examined the strain- 
etch figures produced on various specimens strained 
by simple tension and simple compression (in so 
far as stresses applied under practical conditions 
ever are simple) we come now to what is, perhaps, 
the most frequent combination of the two, a plain 
bend. Figs. 23-26 show a series of bars bent 
increasing amounts by steady bending in the tensile 
testing machine, sectioned and _strain-etched. 
Although the bars were strained by being rested 
on two widely-separated fulcrums and having a 
roller forced down on their upper edges, the resulting 
strain figures indicate that, in all but the first bar 
(Fig. 23), a pure bend, as distinct from a combined 
bend and indentation, has been produced. The 
yield point of these specimens, as indicated by the 
beam of the testing machine, coincides with the 
formation of distortion wedges at both top and 
bottom of the bar. The existence even at severe 
deformations of a definite neutral axis of entirely 
undistorted metal is shown very clearly in the illus- 
trations (Figs. 25 and 26). Another point of interest, 
perhaps not so strikingly apparent, is the difference 
in the average angle of the main distortion wedges, 
due to tension and compression respectively, to the 
main axis of the bar, being more acute in the lower 
halves (compression) of the specimens. This fact 
has already been commented upon in the discussion 
of pure tensile and compression specimens. 

7. Indentation Specimens.—Leaving the results 
produced by simple tension, compression and their 
combination (bending), we arrive at the more or less 
complex stresses produced by indentation. Figs. 
27 and 28 show two typical specimens from a 
larger series specially made to indicate the strain 
phenomena which occur in the widely used Brinell 
test for hardness. Although the impression in this 
latter is, of course, spherical, the indentations in the 
specimens examined have purposely been made by 
pressing a round roller transversely on the edge of a 
flat plate of reasonable thickness. In this way 
it was hoped to simplify the resulting strain figures, 
Since, in these latter, primary distortion wedges 








would grow principally upon two sets of planes 
only. Thus a simple and perhaps more fundamental 
type of strain figure was produced from which the 
figure resulting from a spherical impression could 


probably be constructed mentally by regarding 
that photographed as a plain section through the 


spherical deformation. In Figs. 27 and 28 it 
should be observed that there are two distinct 
main systems of wedges: those which are caused by 
adjustment at the boundary between normal metal 
and the ever increasing area of distorted metal, 
and those which are formed as a direct result of the 
primary system of stress. A curious and most 
interesting phenomenon, in the form of a small but 
definite ‘‘ neutral axis,” can be observed at the 
top of the two specimens shown, on either side of 
the indentation. The mode of formation of these 
neutral axes can be seen clearly from Fig. 29, 
annexed, which shows how the actual physical defor- 
mation of the specimen causes the top edge of the 
latter to be strained in tension, owing to the increased 
length of edge necessitated by the impression, while 
the metal displaced by the latter tries to expand 
downwards and sideways, and thus produces a 
compressive stress on the surrounding undistorted 
metal. Where these two systems meet a neutral 
axis naturally occurs. It might be thought from a 
casual glance at these figures that the areas con- 
taining the neutral axes were behaving as small 
bend specimens, for the similarity of these areas 
to the strain-etch figures produced on bend specimens 
(Figs. 23-26) is considerable. Careful examination 
will show that this is not so, however, for, in beams, 
distortion wedges, on both sides of the neutral axis, 
grow on two intersecting planes, while, in these 
indentation specimens, the wedges in question keep 
more nearly to one plane on their respective sides of 
the neutral axis. 

Another curious fact, which may or may not 
be due to coincidence, is that if the two neutral axes 
of any specimen be produced till they meet (see Fig. 
29), the angle so formed is, within the limits of experi- 
mental error, the same as the angle of the apex of 
the cone in the “cone effect ’’ observed in com- 
pression cylinders, namely 132 degs. 


(T'o be continued.) 





INTERNATIONAL CONGRESS OF 
NAVIGATION. 


FotLow1ne, by an interval of three years, the 
London Congress of 1923, an International Naviga- 
tion Congress was held in Cairo from December 8 
to 14 last. The congress took place under the 
patronage of His Majesty King Fouad of Egypt 
and, like similar earlier congresses, was organised 
by the Permanent International Association of 
Navigation Congresses of 38, Rue de Louvain, 
Brussels. King Fouad nominated His Excellency 
Ahmed Ziwer Pasha as president, and His Excellency 
Ismail Sirry Pasha as vice-president of the congress. 
The meetings at Cairo were held in the rooms of the 
Royal Society of Political Economy and were, as 
has been the practice at previous congresses, divided 
into sections in order that the large number of 
communications submitted might be adequately 
dealt with. The papers and reports were sub- 
mitted to two main sections dealing respectively 
with Inland Navigation and Ocean Navigation, each 
section considering various detail questions relevant 
to its sphere, such as the equipment of ports, the 
construction of breakwaters, the operation of inland 
waterways, &c. In common with the practice at 
the International Railway Congresses and at earlier 
Navigation Congresses, the papers contributed by 
the reporters from various countries on any par- 
ticular question or subject, were submitted to a 
general reporter, who prepared a digest and drew 
various tentative conclusions from his study of the 
material submitted to him. The majority of the 
questions discussed were of engineering interest, 
and following our practice in connection with the 
XIIIth London Congress, we begin below a general 
report of this XIVth Cairo Congress, taking each 
question individually. Some questions of purely 
financial or administrative interest we do not 
propose to deal with at all. 





RivER Ports FoR INLAND WATERWAYS. 


The first communications of the First, or Inland 
Navigation, Section of the Congress, were upon the 
subject of the arrangement and equipment of 
river ports, their present dimensions and probable 
future development, and the general operation of 
canals and inland waterways. A number of reports 
were submitted and, of several of these, we give 
brief summaries as follows: The report presented 
by Mr. F. T. Chambers, representing the United 
States, dealt principally with the waterways of 
the great central basin of that country, the 
Mississippi and its tributaries. The great bulk 
of the cargo carried on these rivers, stated Mr. 
Chambers, moved in barges, handled in fleets, 
and having one towing boat to each fleet. Owing 
to railway competition the river traffic had reached 
a low ebb ; it was, however, once again commanding 
attention. Navigation facilities on the Ohio were 
being improved, and it was estimated that, within 
three years, there would be a depth of at least 
9 ft. of water at all seasons of the year, from 
Pittsburgh to the Gulf of Mexico. This would 
doubtless have a strong influence upon future 
waterway development in the United States. 
According to the report of Messrs. Suquet, of 
Paris, and Haelling, of Strasburg, the French 
system of inland navigation represented a total 
of 6,878 miles of navigable waterways. Typical of 
those French ports, which formed links between 
inland and maritime navigation, were Rouen and 
Le Havre, and goods destined for, or coming from, 
the area served by the Seine, were transhipped 
at these two centres. Dunkirk, another important 
port of this type, was the terminus of the canal 
system serving the industrial and mining districts 
of Northern France. The two most important 
inland ports were those of Paris and Strasburg ; 
the goods handled on the quays of Paris totalled 
nearly 13 million tons in 1924, and the traffic 
of the port of Strasburg amounted, in 1925, to 
2,602,000 tons. 

The waterways of Lombardy and of the lower 
Po valley were reviewed by Mr. E. Sassi, of 
Milan. Several important new works were being 
considered ; these included a canal from Milan 
to the Po, via Lodi and Pizzighettone, capable 
of accommodating 600-ton vessels ; the construction 
of a large new port at Milan; and the cutting of 
a new waterway, 3} miles long, between Ponte- 
lagoscuro and Ferrara, to connect the Po with 
the Volano. It was considered possible that the 
port of Milan might eventually occupy an area 
of over 1,700 acres. The “‘ comb” arrangement of 
quay had been decided upon as it was estimated 
that such an arrangement offered advantages over 
that of long and tortuous docks, in which vessels 
could only move with difficulty. 

Professor A. J. Fidmann, of Moscow, stated in 
his report that the Volga was the most important 
of all the Russian waterways. Used in conjunction 
with various canals, it carried goods northwards 
to the Baltic and southwards to the Black Sea. 
Owing to the considerable fluctuations which 
occurred in water level, wharf structures were 
exceptional, and the river bank was used as a 
quay. The required depth of water was maintained 
by dredging, and floating wharves were used for 
loading and unloading operations. In the winter, ice 
breakers, t.e., timber pile works, built out into the 
waterways, protected vessels, moored behind them, 
from masses of drifting ice. Mr. L. Lawski, of 
Stockholm, pointed out in his report that the 
Swedish rivers had to be canalised in order to 
render navigation possible. An extensive network 
of internal waterways had been constructed, but 
most of the canals were old and of small dimensions. 
The Trollhettan canal, between Gothenburg and 
Lake Venern, and the Sodertilje canal, south of 
Stockholm, had, however, been considerably enlarged 
quite recently, and the Hammarby canal, in the 
vicinity of the Swedish capital, was at present 
under reconstruction. As a result of the modernisa- 
tion of these canals, the ports of Kristinehamn, 
Karlstad and Otterbecken, on Lake Venern, and 
Vesteras on Lake Melaren, as well as a few others, 
had been enlarged. During the winter months 
ice was broken up, in the ports and inlet channels, 
by ice-breaking tugs or by special ice-breakers. 
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The report of Mr. F. Sturza, of Prague, dealt 
principally with the navigation of the Elbe, Vitava, 
and Danube. The Czecho-Slovakian railways, 
stated Mr. Sturza, were suitable for local transport 
or for carrying goods to neighbouring countries. 
Waterways, on the other hand, were indispensable 
for long-distance traffic, and, consequently, assumed 
an international character. The principal Czecho- 
Slovakian ports were Prague and Melnik, on the 
Vitava and the Elbe, and Bratislava and Komarno, 
on the Danube. Extensive reconstruction works 
had been undertaken at Melnik and Prague, while the 
two Danube ports had been enlarged considerably 
since 1919. In pre-war years, the goods transhipped 
at Bratislava and Komarno averaged, respectively, 
45,000 tons and 40,000 tons per annum. The 
corresponding figures for 1925 were, respectively, 
430,000 tons and 150,000 tons. 

The general reporter of the section was Mr. A. 
Pallucchini, of Venice, who, in his conclusions, 
stated that in the case of large rivers, such as the 
Mississippi and the Volga, where wide variations of 
water level occurred, the construction of ports with 
docks was extremely difficult and expensive, and 
was sometimes disproportionate to the quantity and 
value of the shipped loads. On rivers in which 
variations of water level were not excessive, ports 
were usually formed by constructing docks along- 
side the river, “‘ dead ” branches of the river being 
used for this purpose, whenever possible. Among 
the various schemes adopted for the lay-out of 
docks, the comb form had proved one of the 
most advantageous, especially for large ports. 
This arrangement not only gave a greatly increased 
length of quay, but also enabled the linking up of 
the various wharves with railway systems to be 
more easily carried out. When building a new 
industrial port, ample areas should be reserved to 
enable local industries to carry out the transforma- 
tion and re-arrangement of their activities to the 
best advantage. In all commercial ports specialisa- 
tion was to be recommended ; ships, upon arrival, 
should be diverted into special docks reserved for 
each type of traffic. When dealing with coal, it 
was essential to have not only good dock facilities, 
but also systematic and well-developed railway 
connections for distribution purposes. In the 
matter of port installations and equipment, it was 
desirable that these should be standardised as far 
as was practicable. A port which constituted a 
link between inland and maritime navigation should 
be regarded as a general sorting station. It should 
be borne in mind, however, that the arrangement of 
the docks in a port of this type must be such as 
to allow lighters to have free and easy access to 
large ocean liners. 


THe REDUCTION OF PERIODS OF CLOSING CANALS. 


The second set of communications of the First 
(Inland-Navigation) Section of the Congress dealt 
with steps taken during recent years to reduce the 
periods closing canals and canalised rivers to traffic. 
Several reports were presented and these we pro- 
ceed to summarise. According to the report of 
Messrs. F. M. and F. P. Williams, the United 
States representatives, efforts to prolong the open 
season on waterways appeared to be proceeding 
along economic lines. Northern European countries 
had constructed the greatest number of efficient ice 
breakers, and research work on ice formation and ice 
disposal methods had been greatly advanced in 
Canada. The United States might claim that the use 
of the bow propeller for breaking up ice was first dis- 
covered on the Great Lakes. Among other advant- 
ages, the bow propeller had the effect of drawing away 
the water from under the ice, thus rendering more 
effective the weight of the boat in crushing the ice. 
Although not universally adopted, it appeared that 
the installation of the bow propeller was gaining 
in favour. Interruptions due to floods on American 
canals usually occurred in the spring and were 
seldom of more than a few days duration. Moreover, 
under recent laws, great advances were being made 
in river regulation, by means of retarding basins ; 
these measures resulted in the lessening of interrup- 
tion to navigation. 

The report submitted by Messrs. Notté, of Lille 
and J. Parmentier, of Compiégne, dealt with the 


portant repair works on canals, in such a way that 
hindrance to navigation was reduced to a minimum. 
The works undertaken in connection with the 
resurfacing of the bed of the St. Quentin canal over 
a length of 33 miles, was one of the cases cited. 
The method used was that invented by Messrs. 
Fougerolle Bros., and termed the isolating chamber 
system. The process consisted essentially in divid- 
ing up the bed of the canal into suitable zones, rang- 
ing in length from 220 to 550 yards. The zones were 
successively isolated by caissons floated into place. 
After the dams had been placed in position, the water 
was pumped out from the zone, the mud cleared away, 
the damaged masonry on the bed removed by means 
of pneumatic hammers, and the new concrete lining 
constructed. Towards the end of the day a rapid- 
setting cement was used. The total time required for 
emptying and refilling the zone was about 6 hours, 
and the time occupied in removing the old bed and 
constructing the new was about 12 hours. This 
procedure therefore, allowed navigation to proceed 





for 6 hours out of 24. Another interesting piece 
of work which had been carried out at Noyelles, on 
the Sensée canal, and elsewhere, was the building 
of a siphon under the waterway without stopping the 
traffic. The work had been carried out in two stages 
by means of coffer-dams. The canal remained 
open to traffic over one half of its width while the 
construction of the siphon was proceeded with in 
the other half. 

That the interruption of traffic on Russian canals 
and canalised rivers was chiefly, if not entirely, due 
to ice, was stated in the report of Professor V. G. 
Glouschkoff and D. G. Mostovoi of Leningrad. 
The actual period of closure, in many cases, however, 
was much longer than the rigours of the climate 
appeared to necessitate. In the autumn, traffic 
ceased some time before freezing of the waterways 
took place, because bargemen and shipmasters 
feared that they might become imprisoned in the 
ice at a spot which might be either too distant 
from a port or too dangerous when the ice began 
to break up. In the spring, uncertainty and appre- 
hension regarding the breaking up of the ice often 
resulted in prolonged inaction and consequent loss of 
time. To counteract these evils, the Russian 
Hydrological Institute had formed a special depart- 
ment, the personnel of which worked in conjunction 
with the Meteorological Office. The object in view 
was the announcement of the dates of the formation 
of ice in the autumn and the breaking up of the ice 
in the spring. As a result of its observations, the 
department was able to predict the time of 
freezing of the rivers and waterways a month or 
six weeks in advance, and to forecast the breaking 
up of the ice from two to three weeks before this 
took place! In a very brief report, Mr. A. Jirasek, 
of Prague, stated that laws had been formulated 
in Czecho-Slovakia with the object of preventing 
interference with navigation, by works undertaken 
in connection with hydraulic power installations. 
The period over which the construction of such 
installations was allowed to interfere with the river 
traffic, was limited to that between August 1 and 
September 15, of each year. The Vitava and Elbe, 
on which traffic was heavy, were, however, never 
entirely closed to navigation, and special measures 
were taken when repairs or alterations to hydraulic 
works situated along their course, became necessary. 
The replacement, by a new cylinder dam, of those 
parts of the Mirejovice movable dam, which were 
closed by Poirée needles, had been executed without 
interruption to the traffic on the Vlitava. This 
important work was undertaken with a view to 
obtaining better operating conditions for the 
hydro-electric plant near by, and had proved to be 
one of the most difficult tasks attempted in recent 
years. During the constructional period the only 
obstruction placed in the path of navigation was 
that ships had to be lightened, between August 1 
and 20, 1923, in order to enable them to negotiate 
a navigable pass cut through the lowered dam. 

The general reporter of the section, Mr. J. Par- 
mentier, of Compiégne, gave, in his conclusions a 
complete review of the more important points 
raised by the various reporters. In his opinion 
the procedure of announcing the probable dates 
of the freezing and of the breaking up of ice on 


increase the period of free navigation to a maximum, 
When icebreakers could be used, the crushing of 
the ice by riding the boat over it had proved more 
efficacious than methods which involved ploughing 
through the ice. Again, very favourable results 
had been obtained by utilising a bow propeller, 
Explosives had proved successful on short routes 
and among thick ice. The melting of the ice by 
means of steam jets had proved advantageous in 
the breaking up of large blocks of ice, in the freeing 
of boats imprisoned in ice, and in the clearing 
of lock gates. A liberal insurance scheme, for 
guaranteeing boats against risks of damage by 
ice, was desirable, otherwise shipowners would 
be unwilling to accept freights late in the season, 
The regularisation of waterways and the creation 
of reserve basins was a powerful factor in the solution 
of the flood problem. The progress made in the 
execution of repair, maintenance, and other works, 
without interrupting navigation for prolonged 
periods, was a matter of great interest and of far. 
reaching importance. As pointed out by one of 
the reporters, co-operation between the governing 
bodies of railways and canals should be encouraged. 
Mutual and complete agreement with regard to such 
matters as tarifis would be likely to stimulate 
trade. 
CoNsTRUCTION oF Dams. 


In the First Section (Inland Navigation), the first 
question to be discussed was that of advances made 
in the study and the construction of dams, and in 
the disposition of the apparatus for the intake of 
water and of the adjoining navigation works. Re- 
ports on this subject, or a portion of it, were 
submitted from Spain, the United States, France, 
Italy, Russia, Germany, Sweden, Switzerland, and 
Czecho-Slovakia. 

The general reporter, Major-General Harry Taylor, 
U.S.A., submitted a short statement of conclusions. 
The need for cheap transport, requiring larger barges 
and vessels with deeper drafts, has affected naviga- 
tion projects. In the United States waterways of 
4 ft. depth are no longer considered economical. 
Locks are being made of uniform size on main 
systems, and on feeder lines, though the size of locks 
on feeders may be less than on the main system. 
Duplicate locks are being provided on important 
waterways to avoid delays through repairs. The 
tendency is also to make all operating mechanisms 
such as valves, more accessible for repairs, and 
emergency dams are being provided to give quick 
access to lock gates in need of repairs. Small-scale 
models are becoming usual for trying out designs of 
dams, locks, filling culvert, valves and gates, in the 
laboratory. 

The use of concrete in gravity dams has spread very 
rapidly in recent years ; first used for low structures, 
it has extended gradually to high structures. Many 
engineers prefer to avoid, as far as possible, rein- 
forced concrete in dam structures. Some eminent 
engineers tend to use the very economical arch type 
of dam wherever the physical conditions of the site 
are favourable. Mostly designed on a formula—the 
so-called free cylinder formula—that is known to be 
defective, the fact that no such dams have failed 
does not prove that the designs were the most eco- 
nomical and safe. Defects in design may have been 
masked by large factors of safety, varying widely 
in different sections of the completed structure. 
Work on the experimental dam, 60 ft. high, being 
tested for the purposes of an experimental and 
theoretical investigation, is now being conducted by 
the Engineering Foundation, at Stevenson Creek, 
California, from which much new light on the subject 
is expected. This has on several occasions been 
referred to in these columns.* 

The design and location of a dam to serve more 
purposes than one—power, water supply, irrigation, 
flood control, navigation—may involve sacrifice of 
advantages for individual purposes, in so far as their 
requirements conflict with each other. For flood 
control, for example, the pool left above a dam by 
a flood, should be drawn down as rapidly as possible, 
so as to make the dam available for controlling 
another flood, whereas for power the flow should be 
as uniform as possible. The multiple use of dams, 
however, may enable a river to be canalised for 
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waterways was of great utility. This tended to 


* See ENGIvEERING, vol. cxx, p. 343 and vol. cxxii, p. 562. 
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navigation when, economically, the work would not 
be justified for the purposes of navigation alone. 
These considerations may also affect the choice 
between fixed and movable types of dams. 

It is becoming more and more usual to generate 
at the dam the power for operating the dam and 
the lock machinery, even with movable dams of 
low lift, where no large hydro-electric development 
is feasible. 

The report of Professor Gonzalez Quijano (Spain) 
dealt with the whole subject, as illustrated by dams 
in Spain and elsewhere from the 14th century on- 
wards. A list and particulars were given of the 
principal Spanish dams existing or under construc- 
tion, 60 in number, more than half of which, with 
an aggregate reservoir capacity of about 450,000,000 
gallons, are under construction or have been built 
since the war. The large majority of these are for 
irrigation, though a few serve wholly or in part for 
water-supply, protection against floods, and hydraulic 
power, and one for navigation. Most of them are 
constructed in masonry, though four are in concrete, 
and the largest, which apparently has not yet been 
put in hand, is to be of earth and rock-fill. This paper 
began with a criticism of the methods employed for 
determining the design of gravity dams, with 
examples of the respects in which early Spanish 
engineers anticipated modern constructions. In a 
similar criticism of the basis on which arched dams 
are designed, attention was drawn to the effect of 
temperature among other circumstances in deter- 
mining cracks. In a permanent way, the monthly 
changes of temperature may extend to the entire mass 
of the dam, setting up in summer compression effects 
that will spread to the supports, and in winter 
tension effects that may loosen the dam or produce 
in it contraction cracks, which are usually vertical. 
The heat generated in the setting of the mortar, which 
with Portland cement, is considerable, may take 
months or years to dissipate completely. The 
effect is the more serious if the dam is built 
in summer, as is often most convenient. It is 
largely avoided by slow construction, and for this 
reason, as well as on account of the less resistant 
nature of the mortar, did not affect the old dams. 
On dams built in winter, the temperature effect 
merely produces longitudinal compression during 
summer, which tends to consolidate and strengthen 
the structure. The temperature necessary for this 
result need only be the internal winter temperature 
of the mass. As it is, cracks are almost universal in 
long modern dams, and it is preferable to arrange 
the design so that they occur in foreseen positions, 
where they can be dealt with systematically, rather 
than to leave them to open haphazard. 

Colonel W. Kutz (United States), reported on locks 
and dams on interior waterways constructed by the 
United States Government, including the canalisation 
on the Ohio River, which is the most extensive 
either completed or in progress in the United States. 
It is to provide 50 locks and dams, 42 of which are 
completed and in operation, and 8 under construction, 
the whole cost being estimated at 105,000,000 dols. 
All but one of the dams are movable. The river has a 
total fall of 426 ft. in its 968 miles, and the lifts range 
upwards to 12 ft., except for one of 37 ft. The pool 
to be created by each dam has to provide a 
navigable depth of 9 ft. without counting on 
dredging. The pools are regulated by regulating 
weirs, the most satisfactory of which is the bear- 
trap, though its cost—more than double that of 
other types per foot of dam—has restricted its use 
to the part of the weir that must be operated 
frequently and rapidly, or against heads too great 
for raising wicket weirs. Except for the first two, 
the bear-trap weirs have been made in steel. Port- 
land cement concrete has been found best for lock 
walls, being structurally as good as masonry, or 
better, except in ability to resist the abrasive 
action of steel barges, which often arrive in fleets 
nearly as wide as the lock and twice as long. The 
protection ultimately adopted was to use in this 
part of the work a mixture with 500 lb. of cement 
and 25 lb. of hydrated lime per cub. yard of 
concrete, in addition to which metal fenders are 
bedded into the walls, either flush or slightly pro- 
jecting. Sliding lock gates were used originally, 
but owing to the silting of the recesses mitreing 
gates have been substituted in mor? recent locks. 





Open wells are provided in lock walls at each valve, 
through which it can be readily withdrawn for 
repairs or replacement. An hydraulic (oil) system 
is used for operating the valves. 

Particulars were also given of other works, including 
those on the Monongahela river, a tributary of the 
Ohio, and the Lake Washington Canal at Seattle. 
The former claims to have a denser traffic than any 
other canalised river in the United States. The six 
dams in the densest reach, which is 82 miles long, 
have twin locks, originally 56 ft. wide by 360 ft. long. 
The commerce in 1920 was over 24,000,000 tons, 
and still growing. Increase is met by adding a lock 
chamber on the river side, and doubling the length 
of the existing chamber. The chambers are filled 
and emptied through culverts in the walls, two of 
which will fill a lock 720 ft. long in 5$ minutes. 
The valves in the culverts are of the butterfly 
type, operated hydraulically, and can be unwatered 
without unwatering the lock, and where culverts 
are provided in both walls, without interfering 
with the operation of the lock. The works at 
Seattle include a lock 80 ft. wide by 825 ft. between 
gates, with a depth on the lower sill of 25 to 44 ft. 
according to the state of the tide. The lift is from 
6 to 25 ft. 

The French report by Messrs. P. Pascalon and 
M. Degove, Ingénieurs en chef des Ponts et Chaus- 
sées, was divided into two parts, one on dams by M. 
Degove, and the other, by M. Pascalon, on apparatus 
for water inlets and arrangements for the purposes 
of navigation. It had also an appendix by M. J. M. 
Aubert, Ingénieur des Ponts et Chaussées, on the 
new spillway of the Varennes dam. M. Degove’s 
paper dealt separately with sluice-valve dams and 
fixed dams with weirs or without overflow, and in 
addition described some tendencies that charac- 
terise modern designs. In general, he found a dis- 
position to apply ‘more rational” design to 
reducing weight, even though at present this 
rationalisation has to be based largely on un- 
charted experience, without the guidance of a 
satisfactory theoretical solution. Thus in gravity 
dams, increased attention is given to the compact- 
ness of concrete and impermeability of the up- 
stream coating for the purpose of avoiding leakage, 
and drainage is introduced in order to dispose of 
leakage without allowing it to exert pressure on the 
dam or do other damage, these measures being 
taken instead of increasing the stability of the dam 
by increasing its dimensions. On dams of moderate 
height an upstream guard is sometimes provided 
for the same purpose ; and curved and arched dams 
are used with similar effect. At the same time the 
construction of dams of all kinds, and especially 
of those in concrete, has been vastly improved, 
facilitated, and cheapened by modern knowledge 
of the properties of concrete with inert admixtures, 
the mechanical analysis of sands, the system of 
construction in independent vertical sections with 
special joints to ensure water-tightness, and the 
remarkable development of machinery. Where, in 
the early ’sixties, it took 35 to 40 masons four 
seasons to build in ashlar a French dam of 45,000 
cub. m. volume, a staff not much larger, and in- 
cluding many unskilled men, can mix and put in 
place nearly 1,000 cub. m. of concrete a day. 
M. Pascalon illustrated from a number of recent 
works, the various arrangements of water inlets, 
and some constructions that have been found 
useful in lock walls and gates. He also dealt with 
designs involved by connections with side streams. 

Mr. Annibale Pallucchini (Italy), Director of the 
Hydrographic Service of the Magistrato alle Acque, 
Venice, dealt with a variety of devices and methods 
of building used in modern practice. A description 
was given of the system invented in 1897 by Heunbach 
and developed by Messrs. Havenstadt and Contag 
for canalising the Werra from Wernshausen to 
Miinden. 

Essentially this consisted in treating the entire 
reach between dam and dam as a lock, having 
the river banks for its walls. Into this lock ships 
can pass through gates in the dams, the speed 
of the ships and the operation of the gates being so 
synchronised that the ships can pass through each 
stretch without stopping if the gates are opened 
at the right time. The description was accompanied 
by criticism on several grounds—waste of water 





and of hydraulic heads through necessarily imper- 
fect utilisation, cost of raising the gates, difficulty 
of synchronising, &c., which have to be weighed 
against the unquestionable advantages in suit- 
able cases of cheap construction and upkeep, 
continuous and therefore cheap transport, and 
control of the river flow, so avoiding floods and 
increasing the moisture in the surrounding land. 
Among the modern methods of building dams to 
which attention was drawn was Professor Rehbock’s 
toothed sill, by which the velocity of the water in 
the eddies downstream of the dam is said to be so 
reduced as to deprive them of the power they often 
have of eroding the bed. Improved designs 
were described of Stoney-type sluices, roller dams, 
segmental dams, and other constructions. Among 
the devices and mechanism for lock gates was an 
arrangement (the Lunghini system) for supplying 
and discharging water and opening and closing the 
mitre gates by means of air compressed and rarefied 
automatically in appropriate chambers. This 
system has been at work on a lock for the last three 
years, and is said to have given good results in 
respect to safety, while it entails practically no 
working costs. 

Professors E. V. Blizniak and N. P. Pouzirewsky 
(Russia) respectively dealt with dams and the 
preparation of their designs, and described original 
proposals for lifts instead of locks. In many ways, 
conditions in Russia differ from those of most other 
countries, and are more various. Thus, for the 
principal waterways a clearance of at least 14 m. 
above the highest water-level is required by the 
construction of Russian vessels, and prevents the 
use of bridges, cylindrical sluices, or Stoney sluices. 
The Russian authorities have given particular 
attention to their water resources, not only for 
navigation, but also for hydro-electric power and 
irrigation. An account was given of a number of 
dams constructed in Russia in quite recent years, 
or in progress, and of three, for which plans are 
under consideration. Those already constructed 
include five movable dams for navigation purposes 
only, four dams for power plants, and one built 
last year for mixed purposes, but supplying a hydro- 
electric station of 80,000 h.p. The plans under 
consideration for a dam on the Dnieper are much 
more ambitious. They include not only a hydro- 
electric station with an output of 650,000 h.p., but 
also a main waterway and the development of 
irrigation works. Another plan for a dam on the 
Svir includes three hydro-electric stations with an 
output of 265,000 h.p., in addition to improving the 
waterway. In view of the great interest felt by the: 
Russian authorites in the exploitation of their 
water resources, notably for the generation of 
power, and of the great extensions to electrification 
works in that country during recent years, con- 
siderable attention has been paid to the experimental 
data on which calculations for dams must be based, 
and some details were given to show the inaccuracy 
of some at present in use, and to suggest others 
that represent more satisfactorily the results of 
tests made on certain works. It was urged strongly 
that, in view of the admitted insufficiency of 
existing data and theory, facilities should be provided 
in advance in all new dams for making tests on them 
when the works were completed—such, for instance, 
as piezometric tubes and apparatus for measuring 
temperatures and tension effects—and that labora- 
tory tests should also be made on trial dams in respect 
to their rupture at various loads. An examination 
was made of the several points that most call for at- 
tention in the design of dams. Professor Pouzirewsky 
described designs of lifts with hydro-pneumatic 
arrangements for negotiating small heads and counter- 
balances for large heads, worked out in considerable 
detail, and apparently giving satisfactory results in 
a model. If they were equally successful in practice 
they would doubtless effect a large saving of water 
as against locks, and he urged that one of each of 
them should be built in order to settle the detail of 
their construction definitely. 

Mr. F. Campus, the Director of Public Works of 
the Saar, and Mr. M. Hoffmann, Superintendent of 
Navigation, Saarebruck (Germany), devoted their 
report to a description of the dam at Mettlach, by 
which the river is to be made navigable for boats 
up to 1,500 tons and its hydraulic power exploited. 
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Fig. 27. ELEVATION OF CONDENSER. 
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The power developed will be about 12,000 h.p. 
The details of the design were throughout settled on 
the basis of scale models, which were the more 
necessary because the river, though not bringing 
down much solid matter, is liable to sudden and 
violent rises, making it necessary to base hydraulic 
calculations on 30 times the ordinary flow. The 
designs, drawings of which accompanied the report 
appear to be simple and compact, and_ their 
efficiency when completed will be a matter of 
some interest, in view of the deliberation with 
which they were based finally on scale trials. As 
a fact, these trials were only initiated after the works 
were actually in hand, and were undertaken in 
order to ascertain whether the results of such 
trials, defining on the models a variety of quanti- 
ties for which provision is not made in hydraulic 
formule, would warrant a reduction of the dimen- 
sions of the works and consequently of the cost. 
The tests were applied rapidly and the results were 
not ambiguous. They have been the means of 
effecting a substantial economy in construction, 
and even when only partly constructed, the dam 
stood up well against a strong flood water (three- 
fourths of the maximum velocity). The models 
were 1 : 33-33 full size, and reproduced the actual 
circumstances in all respects. They enabled the 
relative arrangements of the piers, sills and floors to 
be worked out in a degree of detail which had 
the result of greatly reducing the turbulence of 
flow and stresses on the construction exhibited in 
the earlier models. 

Tests on this scale have the material advantage 
that, even when extending to the carrying down 
of materials by the stream, they were each per- 
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formed in two hours. In this connection, reference 
may also be made to the report of Dr. Klir, 
below. 

The report of Mr. A. Ekwall (Sweden), Director 
of the Royal Swedish Administration of Hydraulic 
Power and Canals, discussed reinforced concrete 
dams in comparison with gravity dams, and gave 
particulars of the Suorva multiple-arch dam. This 
dam is situated north of the Arctic circle at an ele- 
vation of 1,500 ft., and the temperature variations 
—assumed in the calculations as ranging from 
— 25 deg. C. to + 25 deg. C. at times of low water— 
must therefore have been large compared to what 
are found in warmer latitudes. The result of three 
years’ experience has been thoroughly satisfactory. 
The penetration of water is so slight that, as a rule, 
evaporation from the surface takes place faster 
than penetration. Both in first cost and in resist- 
ance, dams of this type are, in the reporter’s opinion, 
superior to gravity dams. 

Mr. H. E. Griiner (Switzerland) described the five 
dams constructed in Switzerland since 1916 or still 
under construction. In spite of its abundance of 
water, the country had only three dams before 1914. 
The four dams recently completed were finished, 
two in 1921, and two in 1925, and the report con- 
tained a considerable amount of detailed information 
in regard both to their construction and to experience 
since their completion. 

In Czecho-Slovakia, nearly all the navigable 
rivers, except the frontier section of the Danube, are 
canalised, and Dr. A. Klir prefaced his report for 
that country by an interesting account of the 
progress of some of these works during this century. 
The report itself was devoted to a description of 
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several different types of movable dams on the 
Middle Elbe, with an account of scale model tests 
made to throw light on the effect of the flow of 
water over the crest of the dam and the current 
created during the working, as determined by the 
shape of the floor among other influences, on the 
extent of undermining. The results so obtained 
threw light on the behaviour of the stream, especially 
in regard to silting. Express caution was given, 
however, against the assumption that the results of 
experiments on scale models represent quantitatively 
the results to be expected from full-size work. What 
may be the actual relation between the two requires 
a large amount of further observation, and Dr. Klir 
regarded it as essential that a minute study should 
be made on existing works of the various quantities 
in question, including the dimensions and shape of the 
undermining, and the results compared with data 
obtained from models. 
(To be continued.) 





Tue Royat Sanrrary InstrruTe.—<s already stated 
in our issue of November 12, last, on page 610, the thirty- 
eighth Congress of the Royal Sanitary Institute will 
take place at Hastings from July 11 to 16 next. The 
president is the Rt. Hon. Sir William Joynson-Hicks, 
and the lecture to the Congress will be delivered by 
Sir William H. Willcox, K.C.I.E., M.D. Six sectional 
meetings, for the reading and discussion of papers re- 
lating to sanitary science, engineering and architecture, 
and hygiene, will be held. Conferences to the number 
of seven have also been arranged by various sanitary 
authorities, and the secretary of the engineers and 
surveyors’ conference, of which Mr. L. S. McKenzie, 
M.Inst.C.E., is president, is Mr. E. Willis, M.Inst.C.E., 
engineer and surveyor, Chiswick. The offices of the 
Royal Sanitary Institute are at 90. Buckingham Palace- 
road, London, S.W.1. 











FEB. II, 1927.] 


ENGINEERING. 


161 








CONDENSING PLANT: BRADFORD POWER 


STATION. 


CONSTRUCTED BY MESSRS. COLE, MARCHENT AND MORLEY, LIMITED, ENGINEERS, BRADFORD. 


& 


Float Box Discharge, 
to Extraction Pump S 


Air Suction 


Fig. 29. Byepass to 


TWIN SURFACE CONDENSERS AT 
THE VALLEY ROAD POWER 
STATION, BRADFORD. 


(Concluded from page 127.) 


A DIAGRAM showing the general arrangement of 
the components making up the complete condensing 
plant is reproduced on page 160, in Figs. 27 and 28. As 
there indicated, the two condensers drain into a single 
extraction main, which terminates in a breeches pipe 
by which the condensers can be coupled at will to 
either of the two extraction pumps. There are two 
air-extraction mains which are coupled up to an 
automatic trap as indicated, and which terminate in 
a "bus pipe, having connections to each of the three 
air ejectors. A balance pipe connects this ’bus 
pipe with the interior of one of the condensers. 

The water required for the air ejectors, both for 
cooling the jets and supplying the secondary con- 
denser, is taken from the extraction-pump delivery 
pipe. When starting up, use can be made of a 
special supply of clean water from the town main, 
which is controlled by the valve shown in the left- 
hand corner of the diagram. The water discharged 
from the air ejectors is led back to the extraction 
pump as indicated. Kenotometers are provided 
for measuring absolute pressures, in addition to 
ordinary steam and vacuum gauges. Provision is 
made for taking temperatures and pressures at all 
characteristic points, some of which are made to 
transmit their indications directly to the switch- 
board. A Dionic water-tester is kept in constant 
use, in order to secure early notice of any leakage 
from the water boxes into the steam space. 

Since the completion of the contract, a Kent elec- 
trically-operated distance Venturi meter has been 
placed in the condensate discharge line, which 
meters the condensate, and is of the combined 
indicating, recording and integrating pattern. A 
meter has also been installed on the circulating- 
water main, and this also transmits its indications 
to the switchboard. 

The general arrangement of the three Delas 
ejectors is represented in Fig. 29, whilst a cross 
section through one is reproduced in Fig. 30. As 
indicated in Fig. 29 the whole of the gauges and 
control valves are mounted on a board, the position 
of which in the plant is represented in Fig. 31, whilst 
Fig. 32 shows the three ejectors erected in place, and 
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diffuser is water jacketted and is arranged at its 
lower end to act also as a jet condenser, the 
cooling water being supplied from the jacket. The 
condensate is led off through a barometric legpipe 
to the suction pipe of the extraction pumps. 
In this way, the heat absorbed in the jackets 
and condenser of the ejector is returned to 
the feed. The air passing upwards, is drawn 
by a second steam jet in a second water- 
jacketted diffuser, where it is compressed up to 





atmospheric pressure and delivered to the feed- 


TABLE I.—ReEsvutts or TEsts OF SURFACE CONDENSERS SUPPLIED TO THE VALLEY RoAaD POWER SramTIon, 
BRADFORD, BY MEssRs, CoLE, MARCHENT AND MORLEY, LIMITED. 






































§s| Trial No. .. ue << a | 3 8 | 9 | 10 | 11 | 12 | 13 
— 
1 | Weight of condensate - Ib. perhr.| 182,384 189,498 188,478 221,623 169,986 243,195 245,211 
2 | Heat units passing into aw 
h.U. per hr. | 1-283 108) 1-815 108] 1-803x 108] 2-140 x 108) 1-632 103) 2-350 108) 2-367x 108 
3 Quantity of circulating me... 
gall. per min. 27,950 30,460 29,970 31,070 30,660 29,760 28,800 
4 | Speed of water through tubes it. per sec. 5+778 6-300 6-193 6-424 6-340 6-157 5-956 
5 | Temp. of circulating water atinlet deg. F. 71-46 66-42 68-41 65-71 68-54 69-65 70-75 
6 ” ” ” outlet ” 79°11 76-35 78°44 77°19 77-41 82-80 84-44 
7 ‘a “ end of first 
passage deg. F. 74°25 72-28 73°95 72-05 73°65 77°05 78-36 
8 | Mean temperature of circulating water 
deg. F. 74-59 73°65 73°77 71-85 73-43 76-77 78-10 
9 | Absolute pressure at turbine — 
in. of Hg 1-13 1-04 1-14 1-11 1-08 1-36 1-44 
10 | Corresponding temperature. . deg. F. 82-65 80-2 82-92 82-16 81-2 88-6 90-4 
11 | Observed temperature at turbine exhaust 
deg. F. 82-74 79-33 81-00 78-11 79-31 85-2 86-3 
12 | Heat flow per square foot of tube surface 
B.Th.U. per hr. 3,665 5,186 6,161 6,114 4,662 6,240 6,763 
13 | Deduced mean sei diff. between —- 
and water .. , , deg. F 8-06 6°55 9°15 10-31 7:77 11-83 12-30 
t, —t, 
14 | Value of © in t —t, - ” 6°645 7 +787 8-517 9-590 7 +355 11-10 11-48 
© & —t, 
15 | Coefficient of heat transfer per hour 
B.Th.U. per deg. ‘a P se adh ™ 
Per square foot 566 655 599 621 622 602 596 
16 “ Theoretical ’’ coefficient — tubes, 
air-free steam) .. ja aa 642 668 677 677 674 679 673 
17 | Temperature of condensate .. deg. F. 78-50 79-7 81-5 80-7 80-4 86°3 88-0 
18 Pressure drop across tubing» in. of Hg 0-01 0-04 0-06 0-05 0-02 0-09 0-11 
19 - » in air extraction pipe 
in. of Hg 0-01 0-05 0-06 0-06 0-05 0-05 0-07 
20 | Ratio of air to steam in extraction pipe 
per cent. 16-5 7-7 5+1 3-9 11-2 7-9 2-1 























TABLE II.—CoMPARISON OF GUARANTEES WITH TEST FIGURES 





Circulating water, quantity per hour a a oe §=D. 
Steam condens : Ib. per hr. 
K. logarithmic heat transfer ¢ constant aa on ee 
Inlet temperature t; .. : ae od oP deg. F. 
CGutlet temperature f; . he és we ar deg. F. 


Temperature of steam 
Absolute — of steam 
Actual vacuum. 

Guarantee vacuum .. 
Improvement over guarantee 


inches of mercury 
.» inches of mercury 
- inches of mercury 





17,700,000 | 17,700,000 | 17,700,000 17,700,000 
140,000 190,000 240,000 260,000 
583 632 603 578 
75 5 75 75 
82-63 85-28 88-07 89-25 
86 15 89-41 98-77 95+ 92 
1:26 | 1 40 1-60 171 
28-74 | 28-60 28 40 28-29 
28-49 28 39 28-25 28-18 
0-25 0-22 | 0-15 0-11 
uJ 








in Fig. 33 the extraction pumps on the lower floor 
can be seen. 

As will be seen from the cross section, Fig. 30. 
the air ejector has two stages. The air enters at 
the branch, visible at the right-hand top corner of 
Fig. 30, and is drawn into the diffuser pipe by 
steam discharged from the primary nozzle. This 


heater inlet. The water used for cooling the jets is 
derived, as already stated, from the extraction pump 
discharge pipe, and passes through both jackets in 
series. These ejectors, it is claimed, are absolutely 
stable in their working, there being no critical point, 
due to high or low air duty, at which failure may 
occur. They were designed to be operated with steam 
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supplied at 190 lb. per sq. in gauge pressure, and at | 


a temperature of 650 deg. F. The primary jets, 
under full load, took about 437 lb. of steam each. 

Mr. Selvey’s trials were made in December, 1925. 
The condensers were first tested for water tightness, 
the conclusion reached being that the total leakage, 
if any, did not exceed 1 lb. per hour. All the 
thermometers used were calibrated against standard 
N.P.L. instruments, and the necessary corrections 
were applied when tabulating the final results. 

Vacuum measurements were taken at the turbine 
exhaust flange, near the bottom of the condenser 
and also on the pump suction. The drop of pressure 
between the top and bottom of the condenser 
ranged from 0-01 in. when the rate of condensation 
was 132,000 lb. per hour, up to 0-11 in. of mercury 
when the steam rate was 245,000 lb. per hour. 
Absolute pressures were recorded by kenotometers 
on the condenser and air pump suctions, and cali- 
brated mercury U tubes were used elsewhere. The 
heat entering the condenser was deduced from the 
total heat of the steam entering the turbine, by 
deducting the total work done, and all minor 
corrections were duly attended to. 

With one exception, each trial lasted an hour, 
during which 13 readings were taken of each 
instrument. 
necessary in accordance with the results of the 
calibrations) was taken as the true reading for 
purposes of calculation or comparison. In some 
of the tests, air was purposely admitted to 
the condenser in order to adjust the vacuum to 
that specified in the turbine guarantees, but these 
runs have been ignored when comparing the tria 
results with the guarantees given by Messrs. Cole, 
Marchent and Morley, Limited. 

A selection from Mr. Selvey’s final figures are 
given in Tables I and II on page 161. The figures 
entered in italics have been deduced by the present 
writer from the tabulated results. 

It will be noted that te steam temperature, as 
measured at the turbine exhaust, is lower than it 


The mean of these (corrected where | 
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calculated from its initial temperature and its ratio 
of expansion. In the case of wet steam, a thermo- 
meter pocket becomes covered with a film of moisture, 
and the temperature indicated ought therefore to 
be the temperature corresponding to the pressure of 
the steam, provided the latter is really in a condition 
of thermal equilibrium. The figures tabulated seem 
to indicate that, as has been several times suggested, 
expansions below the saturation line are never 
effected in conditions of thermal equilibrium. Owing 
to the deposit of moisture on the thermometer 
pocket, the true temperature of supersaturated 
steam can never be determined by a thermometer 
and must always be lower, possibly much lower, 
than the readings taken would indicate. 
| Since the speed of the steam over the condensing 
| tubes is always low, the tubes will surround them- 
| selves with a layer of steam which is practically at 
|saturation temperature and pressure. The tubes 
are, in fact, always covered with a film of water 
having a thickness of the order of js'yo in. 

It can be shown by direct calculation* that, with 
a vacuum of 28 in., some 5,250 lb. of steam per hour 
|impinge on each square foot of the tube surface. 
A nearly equal amount is returned, either by rebound 
|or more probably by re-evaporation from the moist 
paces of the tube, and the amount condensed is 
| merely the small difference between these two large 
quantities. Owing to this re-evaporation it is 
proper (in the absence of air) to take the tempera- 
|ture of the steam surrounding the tubes as that 
| corresponding to the pressure, and on this basis 
|Mr. Selvey has calculated the coefficients of heat 
| transfer entered on line 15 of Table I. The mean 
|temperature difference was that represented by 


| = 

ae where ts denotes the steam temperature 
ee : 
and ¢, and ¢, the inlet and outlet temperatures, 
| respectively, of the circulating water. 





should be by an amount which, in some cases at least,) In most condenser tests, this formula provides 
can hardly be accounted for by errors of observation | the only means of estimating the mean temperature 
or local eddies. In actual fact, a thermometer | difference, and the formula in question has 
placed in a current of gas tends to read too high, | accordingly been very commonly adopted to this end. 
owing to the adiabatic compression of the gas against | In the Bradford trials, however, careful readings 





the wall of the pocket. This phenomenon was shown 
in some experiments made by Sir Charles Parsons and 
Dr. G. Stoney, F.R.S., some yearsago. A platinum 
wire placed in burnt gases discharged under pressure 


from a nozzle, attained a materially higher tempera- | 


ture than that of the surrounding gas, which could be 





| were taken of the temperature of the circulating 
| 


water at the end of the first pass. Its mean 
temperature can therefore be deduced by the well- 
known formula :— 





* See ENGINEERING, July 3, 1925, page 3. 





i +4¢ } +b 

6 
where ¢; represents the observed temperature at 
the end of the first pass. The figures entered in line 
13 of Table I have been thus deduced, and in certain 
cases it will be seen that they differ considerably 
from those given by the logarithmic formula. 

The “theoretical”? coefficient of heat transfer 
has been determined by interpolation from the table 
given in “The Laws of Heat Transfer”.* They 
apply to tubes with absolutely clean surfaces, and 
to steam which is entirely air free. It is, moreover, 
assumed that the whole of the condensing surface is 
effective, which it will not be if part of the tubes are 
drowned by condensate collected at the bottom of shell. 

We should mention, in conclusion, that the con- 
denser was constructed by Messrs. Cole, Marchent 
and Morley, Limited, under licence from the 
Contraflo Engineering Co. 


tm = 





‘* AUTO-SET ’’ SURVEYORS’ LEVEL. 


THE sensitive bubbles now fitted to surveyors’ 
levels are subject to the drawback that the greater 
their delicacy the longer has been the time required 
to adjust the instrument. This disability has been 
entirely suppressed in an extremely ingenious form of 
level recently introduced by Messrs. E. R. Watts and 
Son, Limited, of 123, Camberwell-road, London, 
8.E.5, and illustrated in Figs. 1 to 7, on this and the 
opposite pages. The design of the instrument is due 
to Mr. Maurice Glauser, of the maker’s staff. The 
peculiarity of the new type lies in the fact that 
once the instrument has been “rough levelled,” 
the further fine adjustment involves no motion what- 
ever of the bubble or telescope. With previous 
patterns of surveyors’ levels, every adjustment has 
involved a tilting of the instrument as a whole, whilst 
with the new ‘“ Auto-set” instrument, the tele- 
scope and bubble tube remain stationary while the 
fine adjustment is being made. This adjustment is 
effected by tilting the line of sight up or down by 
simple optical means, which, as already stated, do not 
involve any motion of the telescope. Hence, in making 
the fine adjustment, there is no trouble from the 
oscillation of the bubble, which is apt to be a little 
tiresome when sensitive bubbles are fitted to the older 
types of instrument. 

The principle involved will, perhaps, most easily 
be grasped by reference to Figs. 6 and 7. Here I and 
J represent two pin holes situated on the axis of & 





* Offices of ENGINEERING, price 2s, net.; or ENGI- 
NEERING, 1923, vol. cxvi, p. 229. 
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Spirit Level 
(9920.0) 


tube, whilst midway between them is a flat-glass plate | to allow for a fine adjustment of + 4 minutes, and 
N. In the position represented in Fig. 6, aray of light | the rough levelling, to this degree of refinement, is 


entering at I proceeds directly in a straight line to J. 


If, however, the glass plate be tilted as indicated in | below the instrument in Fig. 1. 


Fig. 7, the axial ray IO is refracted by the glass, 
and follows the path IOPQ, and would thus, in the 
conditions shown, pass clear of the pin hole at J. The 
tay which passes through the centre of both pinholes 
is the ray KILMJ, which slopes upwards between L 
and K, 

In the actual level, the pinhole I is represented by the 
optical centre of the object glass, and J by the hori- 
zontal “ spider line,” the arrangement being as shown 
in the diagrammatic sketch, Fig. 4. Here the dia- 
phragm on which the cross lines are engraved is 
shown at D, whilst the parallel glass plate, corre- 
sponding to N in Fig. 6, is represented by C. This is 
mounted on an axis transverse to that of the telescope, 
and is tilted in one djrection or the other by the wedge 
W, which, by means of the fine adjustment, can be 
traversed in either direction under the toe of the 
lever L, which is mounted on the axis of the glass plate 
C. The spirit level is of the constant-bubble-length 
type, described in our issue of June 12, 1925, p. 732. 
As the National Physical Laboratory tests show, the 
length of this bubble remains unaltered throughout 
a temperature range extending in the one direction 
below zero Fahrenheit and in the other above the 
highest tropical temperatures. It is, therefore, only 
necessary to read one end of the bubble, and this is 
done from the eye end of the instrument by means of 
the prism P. This prism moves with the wedge W, and 
has a cross line engraved on its lower face at X. The 
bubble is lighted by a reflector from below, and the 
position of the prism is adjusted until X and the 
end of the bubble B are seen to coincide. It then 
appears to the eye as indicated in Fig. 5, where the 
“ antiparallax pointers,” shown at YY, are engraved on 
the vertical face of the prism, the line X being on its 
horizontal face. When coincidence is obtained, as 
represented in Fig. 5, the line of sight is truly level, 
although the geometric axis of the telescope may not 
be exactly horizontal. The bubble range is sufficient 
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with the instrument on the Lochaber hydro-electric 
works has led to reports expressing extreme satisfaction 
with its merits both in the matter of accuracy and 
speed of adjustment. The accuracy was stated to be 
equal to that of any “dumpy,” whilst the average 
reading time was only 30 seconds. 








CHEMAG OXIDISATION PROCESS 
FOR IRON AND STEEL. 


THE deposition on iron and steel articles of an artificial 
layer of oxide, for protective or decorative purposes, 
is an old-established practice, and numerous methods 
for the application of this type of coating have been 
put forward from time to time. That progress has been 
made in this field is shown by the fact that many of 
the older processes have been discarded in favour of 
the more recent methods. One of the latest processes 
to be brought forward is that invented by Dr. Alfred 
Mai, of Munich, Germany. Known as the Chemag 
process for the oxidation and colouration of iron and 
steel, this method consists essentially in immersing 
the articles, for periods varying from 5 to 30 minutes, 
in an alkaline bath heated to a temperature ranging 
from 120 deg. C. to 200 deg. C., when a uniform, 
tightly-adherent film of oxide is deposited on the 
surface. The colour of the oxide layer may be varied 
by altering the concentration of the bath. In addition 
to a large proportion of caustic soda, the bath contains 
slaked lime, together with a suitable oxidising agent, 





easily effected by the simple hand lever shown pendant 


The head of the stand has the form of a hollow cup 
with a spherical interior surface. The telescope 
is mounted on a second cup, the rim of which fits on 
to this spherical surface, to which it can be clamped 
by giving one-eighth of a turn to the milled head shown 
at the lower end of the rod in Fig. 1. This rod passes 
through a large hole in the middle of the spherical cup, 
and screws into the inverted cup on which the telescope is 
mounted. Rough levelling is effected by moving this rod 
as required, so as to bring into a central position the 
bubble of a small spherical level, which is mounted 
under the magnifying prism shown on the right of the 
telescope tube in Fig. 2. This bubble is also lighted 
from below by means of a reflector, and is viewed from 
the eye end of the instrument. 

The procedure of setting up consists, therefore, in first 
getting this bubble central by moving the hanging rod 
as described above. This done, the two cups are then 
clamped together by giving the rod one-eighth of a turn, 
and the final adjustment is then made by turning the 
milled head shown near the prism in Fig. 2. This 
operation traverses to or fro, the slide S, shown in 
Fig. 4, on which are mounted the prism P and the 
wedge W. The motion of this wedge, as already ex- 
plained, tilts the line of sight without tilting the 
telescope. The latter can be swung in azimuth by the 
milled head shown near the eyepiece in Fig. 2, and 
can then be clamped firmly to its base. When the 
instrument is not in use, the spherical cup forming the 
head of the stand is protected by a cover of light 
alloy. This cover also serves as a base for the instru- 
ment should it be necessary to set it up on a wall, and 
this use of the cover is illustrated both in Figs. 2 and 3. 
The latter shows the spirit tube, prism and wedge in 
place, with their protecting cover removed, and the 
reflector by which the bubble is lighted is shown a 
little to the left of the centre of the instrument. All 
the parts shown exposed in Fig. 3 are covered dust 
tight when the instrument is in service. Experience 





which may be a bichromate, permanganate, nitrate, 
peroxide, chlorate or nitrite, or an organic oxidising 
substance. The invention depends on the discovery 
that the presence of a caustic alkaline earth, such as 
slaked lime, exerts a favourable influence on the oxida- 
tion process, probably owing to the liberation thereby 
of nascent caustic alkali. It is possible that the action 
of the slaked lime depends upon the removal of carbon 
dioxide from the solution. An attractive feature of 
the process is that the activity of the bath may be 
continuously maintained by further additions of slaked 
lime. Again, the temperature of the bath is not high 
enough to interfere with the mechanical properties of 
the steel articles. Upon removal from the alkaline bath, 
the objects are well washed with water, dried and 
rubbed with oil to polish them. 

The cost of installing a plant comprising a 65-gallon 
bath, it is stated, should not exceed 100/., which would 
cover tanks, heating apparatus, &c. Accessories are 
required in the form of small tanks, for use in connec- 
tion with the removal of any grease and rust adhering 
to the articles before they are treated, and cages in 
which the articles are placed during the immersion 
treatment. It is claimed that, owing to the speed at 
which the material can be treated, the output is large 
and that little labour is required. Furthermore, the 
hands employed need not be skilled workmen. It is 
stated that two men, working a 65-gallon plant, can 
treat 94 cwt. per diem of small tools, such as spanners, 
pliers, &c., representing about 3,600 pieces, at a cost 
of 0-21d. perlb. In the case of bolts, nuts and screws, 
the daily output, using the same plant, is 174 cwt. and 
the cost 0-15d. per lb. The process has been adopted 
by a number of manufacturers on the Continent, among 
whom are Messrs. Rudolf Hiammerli and Cie., Lensburg, 
Switzerland. This firm is employing it for the treat- 
ment of rifle barrels for the Swiss Government. The 
Chemag process is in the hands of the Chemisch Metal- 
lurgische Industrie Aktiengesellschaft, Pasing, Munich, 
Germany, whose representative in this country, as 
regards this process, is Mr. Roland Chart, ‘‘ Westcot,” 
Clarendon-grove, Mitcham, Surrey. 
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STUDIES OF ILLUMINATION. 


THE investigations under the heading of illumination 
research published by the Department of Scientific and 
Industrial Research for their Committee on that 
subject, an account of which was given recently in 
these columns,* have been followed by a fourth paper 
in the same series dealing with the surface brightness of 
translucent shades,} and a repprt made for the Industrial 
Fatigue Research Board jointly with the Committee 
on Illumination and Efficiency in Fine Work.{ 

The work on translucent shades was done at the 
request of the British Engineering Standards Associa- 
tion, the experiments being carried out at the National 
Physical Laboratory. Their purpose was to obtain 
reliable information on the brightness of the external 
bowls used commonly to surround incandescent 
electric lamps, by which the light is emitted from a 
much larger and correspondingly less brilliant surface, 
the comfort and efficiency of vision is increased, and 
the shadows are softened. The need for such shades 
has, of course, grown with the rise in working tempera- 
ture and brightness of modern lamps, and several 
types have developed in service. In the present tests, 
measurements were taken on a number of typical 
shades, and the results serve to indicate the range and 
order of magnitude of the brightness that is usual in 
present practice. The measurements were taken on 
a portable illumination photometer, and the readings 

were translated into standard units by the use of a 
detached test-surface of which the reflection factor 
(percentage ratio of reflected to incident light) had been 
determined independently. Six materials were used— 
pot opal, cased opal, ‘translucent alabaster,” pale 
green cased opal, frosted pot opal, and a cased opal, 
described as semi-matt but not otherwise differentiated. 
The “translucent alabaster ’’ was not the mineral, but 
the glass known in the trade by that name, which, if 
opal is considered to be milk glass, is perhaps best 
described as milk-and-water glass. Roughly, the 
shapes of the 18 bowls tested fall into three groups: 
tive of them hemispherical and about 16 in. in diameter ; 
six also hemispherical, but of 12 in. diameter, with two 
of the same diameter somewhat flattened, and one of 
them slightly re-entrant at the top; and five of various 
shapes and sizes (10 in. to 14 in. maximum diameter), 
which enclosed the lamp (10 in. sphere) more or less 
completely. Some of the shades also had ribs and 
flutes of various widths. 

Measurements of the shades with no re-entrant form 
at the top were taken in three horizontal zones along 
normals, and in the others also in such regions as 
seemed to show most variations of brightness, including 
crests of wide and narrow ribs and the spaces between 
them. The lamps were all gas-filled, and their power 
was 100, 200 or 300 watts, according to what the 
makers regarded as suitable for the shade in question. 
The bowls were hung some distance below the ceiling 
und the filament of the lamp was just below the level 
of the rim of the bowl, except in the enclosing units, 
where it was about on a level with the maximum 
diameter. The filament was visible as a thread only in 
the 10-in. translucent sphere, enclosing a 100-watt 
lamp. To obtain the actual effect of the results, the 
individual figures must be studied, and the convenient 
form in which they are presented makes thiseasy. Over- 
all, they show an extreme range of from 0-23 candle per 
square inch around the top band of the 16-in. pot opal 
hemisphere with 300-watt lamp to 2-75 candles per 
square inch in the middle band of the translucent 
sphere between the ribs. The last is an exceptional 
figure; more than double what was obtained by viewing 
the bowl obliquely outside the bright area that sur- 
rounded the filament. Leaving it out of account, the 
overall range of brightness appears to lie between 
about a quarter and 1} candles per square inch. The 
shades are stated to be very good specimens of diffusing 
ware, and the results, especially as between the measure- 
ments of brightness in different belts of the same 
shade, should be of direct practical value in selecting 
the illuminating units for a given scheme. It would, 
however, be more satisfactory if figures were obtained 
for glasses more strictly defined than seem to have 
been available for these tests. Undoubtedly, present 
methods of manufacture do not allow the qualities of a 
glass to be reproduced with -sertainty and precision, 
but some standard figures seer desirable. 

The experiments on illumination and efficiency in fine 
work were made on the output and accuracy of the work 
of two compositors, done under identical conditions 
except for the variation of the amount of illumination. 
A test was also made in the same conditions by day- 
light, to serve as a standard of comparison. Each test 





* See ENGINEERING, December 24, 1926, p. 774. 

+ Illumination Research: Technical Paper, No. 4. 
Surface Brizhtness of Diffusing Glassware for Illumination. 
By C. J. W. Grieveson. H.M. Stationery Office. 9d. net. 

t The Relation between Illumination and Efficiency in 
Fine Work (Typesetting by Hand). By H. C. Weston and 
A. K. Taylor. H.M. Stationery Office. 6d. net. 








consisted of the work done on two consecutive 7-hour 
days in the middle of a week, during which measure- 
ments were made every half-hour for each worker of 
the output, total errors, and, in particular, the number 
of turned letters. Importance was attached to the 
proportion of turned letters, as they seem to be due 
mainly to inability to see the nicks in the type, which 
would be a good indication of inadequate illumination. 
The actual work consisted of setting in 6-point 
(nonpareil) type from slips printed in letters of the 
same size with written corrections. 

The illumination was provided by lamps fitted 
with enamelled-steel reflectors of the type described 
in Technical Paper No. 3.* 

The mean illumination varied from 1-3 to 24-5 foot- 
candles. The results showed considerable regularity. 
The average hourly output, measured in ens set, 
increased with the increase of illumination to a maxi- 
mum increase of about a-third, when the output was 
slightly greater than was obtained by daylight. In 
the daylight test, the illumination varied between 
extremes of 21 and 495 foot-candles, two-thirds of it 
being under extremes of 100 and 250 foot-candles, 
with a mean of 160. The errors fell to less than half 
those at the lowest illumination, and so did the per- 
centage of errors that consisted of turned letters. 
Taking the optimum illumination to be that at which 
the worker seemed to be able to set at his best speed, 
the results showed that this optimum lies, for the 
work in question, round about 20 foot-candles. A 
number of interesting incidental observations were 
made, but possibly the small number of subjects tested 
may suggest that more extended tests should be made, 
which might also include some variation of the system 
of lighting. 











HYDRO-ELECTRIC DEVELOPMENT 
ON THE GUADALQUIVIR. 


THe Mengemor Electricity Company, a concern 
established in 1904, constructed shortly after, in the 
Province of Jaen, in Spain, on the river Guadalimar, a 
tributary of the Guadalquivir, three hydro-electric 
stations with a 25,000-volt transmission system, the 
object being principally to supply current to the 
adjoining lead mines of Linares and La Carolina. The 
use of electricity in these mines, with its many 
advantages, was soon followed by an increased demand 
for current. The company, therefore, enlarged its 
capacity by putting down a fourth installation on the 
Guadalquivir, at Mengibar, a short distance from the 
town of Jaen. The 3,300 h.p. of this new installation 
was rapidly absorbed, for both lighting and power 
purposes. Owing to the torrential nature of the flow 
of both rivers,and with the object of meeting the situation 
at low-water periods, it was next thought desirable to 
erect a thermal power station. This was accordingly 
constructed by the company in proximity to one of its 
hydro-electric plants. 

The Penarroya Mining and Metallurgical Company 
also erected thermal power stations in the colliery 
districts of Bélmez and Puertollano for the supply of 
its own mines, and the two companies have since 
arranged to supplement each other’s needs if occasion 
arises, the Penarroya stations supplying Mengemor in 
the low-water periods, and the latter taking over the 
requirements of Penarroya, or a part of them, in the 
high-water season. 

The demand for current being still on the increase, 
the Mengemor Company decided to put down a fifth 
hydro-electric generating station, on the Guadalquivir, 
near Andujar, and was soon able to supply an addi- 
tional 1,500 h.p. A sixth station was also installed on 
the same river close to a township of El Carpio; this 
develops 10,500 h.p., and was started up in 1923. 

These privately-owned hydro-electric installations, 
six in number, developing a total of 19,300 h.p., with 
the 1,000 h.p. obtained from thermal plant belonging 
to the same company, are all located above Cordova. 
They are linked up to several substations, and, besides 
current for industrial purposes throughout the districts, 
they also supply light and power to the city named. 

In view of the success which has attended these 
undertakings, and owing to still further demands for 
current, attention is now being given to the utilisation 
of the flow of the Guadalquivir between Cordova and 
Seville. A survey of the river made between these two 
cities has shown that there are several sections in which 
hydro-electric stations are possible. On the other hand, 
the improvement of this stretch of the river for 
navigational purposes has long been regarded favour- 
ably by the Spanish authorities. The combination of 
the two ends, namely, the production of current and the 
development of facilities for navigation between Seville 
and Cordova, has recently formed the subject of a 
study by Mr. Carlos Mendoza, a brief abstract of which 
has recently been giveninthe Revista de Obras Publicas 
of Madrid. 





* ENGINEERING loc. vit, 


The course of the river between the two cities, an 
extremely sinuous one, shows a difference of level of 
about 290 ft, over a length of about 100 miles. Among 
the various means suggested at different times for 
improving navigation, the construction of a lateral 
canal has been abandoned, owing to its very high first 
cost and the difficulty of maintenance ; such a canal, 
moreover, would not facilitate the economical generation 
of electric power. The only possible solution to the 
double problem appears to be the building of barrages 
embodying intakes for power stations, combined with 
locks for boats, thus rendering navigable the course of 
the river itself, except in a very short reach at a 
bend near Lora del Rio, where a short canal would be 
necessary. The barrages would be 11 in number, and 
would be provided with Stoney sluices similar to those 
employed above Cordova for the two hydro-electric 
installations of the Mengemor Company at El Carpio 
and Mengibar. The heads thus rendered available 
would vary between 5-25 m., and 10 m. (17 ft. and 33 ft.), 
and the pools above each barrage would greatly facilitate 
navigation. In each case, the power station would be 
on one bank of the river and the lock on the other, 
the reinforced-concrete piers of the barrages being 
taken advantage of for the construction of bridges 
connecting the two banks. The torrential nature of 
the flow of the river, and the fact that below the 
river-bed alluvial soil extends to very great depths, 
constitute difficulties which somewhat complicate the 
undertaking, but are by no means insuperable. 








NOTES ON NEW BOOKS. 


A few years ago, the members of the Lancashire and 
Cheshire Coal Research Association undertook the 
publication of the Bulletins recording their work for 
the benefit of the coal industry. ‘“‘ Compendium II on 
Coal and Allied Subiects,” containing Bulletins eleven 
to sixteen (London: H. F. and G. Witherby, 326, 
High Holborn, W.C.1) is now before us. It is drawn 
up by Messrs. N. Simpkin, M.Sc., and F. S. Sinnat, 
M.8c., respectively, the director and past director of the 
Research Association, and several collaborators. The 
bulletins, dated 1922 to 1925, deal with Stone Dusting 
in Mines, the Chemical Composition of Iron Pyrites 
from Coal, the Determination of Carbon Monoxide in 
Vitiated Air, Transparent Preparations of Coal for 
Microscopical Investigation, the Melting Point of Coal 
Ash, and Boiler Feed Water (Supply, Softening and 
Control in Colliery Practice). The papers do not illus- 
trate plant, but contain a good deal of useful informa- 
tion. The apparatus for the melting point determination 
of test rods of ash paste are described in detail. We 
notice that alternate heating and cooling of crude 
shale for six hours will give the same amount of stone 
dust as 14 days’ weathering. The addition of boiler 
compounds to the feed water receives a very guarded 
recommendation. 


There are a very large number of men engaged in 
drawing offices who are quite content with knowing how 
to apply a rule or a formula, and who are interested but 
little in the procedure by which these rules may be 
established. Aided by their experience, such men may 
do a very large amount of excellent work, though, no 
doubt, it might be either unsafe or uneconomic to 
entrust to them the proportioning of structures or 
machines involving wide departures from established 
practice. We are inclined to believe that Mr. Ernest 
McCullough’s book on “ Practical Structural Design ”’ has 
been intended mainly for this class of student, and the 
fact that a third edition has been required within a period 
of five years shows that it has met a distinct need. 
It is, however, a matter for regret that the opportunity 
provided by this new edition was not used to eliminate 
a few serious errors in the text. For example, the 
method given by the author for determining the 
modulus of a T-section is fundamentally wrong. It 
would, moreover, have been well had he warned his 
readers that the section moduli for angles and other 
unsymmetrical shapes, given in so many steelmakers’ 
lists, are valueless, since it is only when a beam is bent 
about a principal axis that the section modulus is a 
measure of its strength. He does draw attention to 
the not uncommon fallacy that the moment of the 
compressive stress about the neutral axis of a beam is 
always equal to the moment about the same axis of 
the tensile stresses. There are some other uncorrected 
errors in addition to that mentioned above, but the 
book has the great merit of dealing directly and pretty 
fully with the practical problems met with in everyday 
work, and it will thus also appeal even to those who have 
a good grounding in theoretical statics, and who, there- 
fore, it may be added, run no risk of being misled by 
the occasional mistakes. There is a useful chapter on 
joints and connections, including those used for roofs 
and timber structures, A chapter devoted to “ Columns 
and Structures ” includes a discussion of the footings 
required to spread over an indifferent foundation the 
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load carried by heavily-loaded columns. The 
methods described for dealing with such problems will 
probably be found adequate in most of the cases met 
with in practice. In fact, a large empirical element 
must enter into any treatment of the problem of 
transferring safely a column load to a poor foundation. 
This chapter also contains a useful set of diagrams 
intended to show what pressure may be expected on 
the walls of bins and silos, in which such commodities 
as wheat, coal, broken stone, or sand may be stored. 
A chapter on miscellaneous data gives further useful 
information of a practical kind, and more will be found 
in the section dealing with reinforced concrete. In his 
notes on continuous beams, the author describes 
Claxton Fidler’s ingenious method of determining the 
moments by a simple process of trial and error, which 
is no doubt accurate enough for most practical purposes 
and involves a minimum of arithmetic. A short, but 
clear, description is given of Professor Beggs’s method of 
determining the stresses in a statically-indeterminate 
structure by measurements made on simple cardboard 
models. This method is stated to be employed to-day 
in quite a number of American offices. The book is 
published by the Scientific Book Corporation, New 
York, at 4 dollars net. 





When we noticed the first volume of the 25th edition 
of the ‘‘ Hiitte, des Ingenieurs Taschenbuch,” we men- 
tioned that machinery, formerly treated in the first 
volume, had this time been reserved for the second 
volume, This and other changes have added to the 
compass of the second volume recently published. 
(Berlin, Wilhelm Ernst and Sohn; price 14-70 marks) 
The sections on prime movers begin with a new chapter 
on the living motor ; in other words, the human engine. 
The two short chapters which come next, on energy 
economy and wind motors, are also new or re-written. 
Some new, but insufficiently tested, types of boiler are 
only briefly mentioned. The section on illumination 
is entirely re-written, and in the section on electro- 
technics, theory and construction have been curtailed, 
whilst electric measuring instruments have been 
included. Shipbuilding and engines for automobiles, 
ships and aircraft are reserved for the fourth volume, 
which will be a new compilation. Most of these 
changes will meet with approval, except perhaps the 
increased number of volumes. 





Freedom makes man to have liking, as the ancient 
poet observed; but when somebody else’s freedom 
goes so far as to stop a man from earning his living, and 
to threaten even to deny him the necessaries of life, 
man may recognise that he has had too much of the good 
thing. This was the position of most men in this 
country when the Miner’s Federation got its foot on 
the neck of the Trades Union Council last spring and 
compelled it to order a general strike, so that miners 
might continue, at the direct or indirect expense of the 
community, to work shorter hours than other people and 
draw more pay. The sound old maxim that every one 
must so use what he possesses, whether of material 
resources or of rights, that he does not hurt the corres- 
ponding possessions of others, had, in fact, gone 
altogether by the board, and if the abnormal and 
dangerous grip that was applied had not been met 
by an abnormal and more powerful means of release, 
an even more serious situation would have arisen than 
that from which the country emerged in less than a 
fortnight. This escape was by no means the result 
of the unaided enthusiasm of volunteers, but was due 
no less to an organisation that was started towards 
the end of the war, and has more than once been applied 
successfully and improved, till, in its application to 
the strike of last year, it underwent its severest test 
and earned its most striking success. The feature that 
distinguished it most was the extraordinary effect 
with which road transport was used in carrying on all 
the essential distribution services of the country, and 
Mr. George Glasgow has given a summarised, but vivid, 
account of how this was done in his small book on 
“General Strikes and Road Transport’? (London: Geof- 
frey Bles, 5s. net). It describes the road-transport 
organisation prepared by the British Government to 
meet national emergencies, and gives a detailed account 
of its use in the emergency of May, 1926. Appropriately, 
it is introduced by a foreword by Mr. Lloyd George, 
whose Coalition Government is said to have begun such 
preparations before the end of the war and to have 
utilised them in the railway strike of 1919 and the coal 
strike of 1921. The organisation was kept on. foot 


' successively by Mr. Bonar Law’s and Mr. Macdonald’s 


Governments, the last of whom are said to have been 
fully as whole-hearted as their predecessors in relying 
on it when strike dangers appeared in 1924. The strike 
of 1926 differed from the earlier attempts in including 
not only the railways and the Triple Alliance but the 
whole of the essential services. The defence adopted 
differed also in not utilising the powers of requisitioning 
vehicles that were provided, but in organising the entire 





transport of the country by 150 haulage committees, 
recruited from working hauliers and co-ordinated under 
the Ministry of Transport. Mr. Glasgow has succeeded 
not only in giving a clear account of the organisation 
and the way it worked in the general strike, but in record- 
ing a variety of incidents that have the merit of being at 
a in the best sense of the word, humorous. 
He is probably not serious in suggesting that the success 
of the organised central distribution may have occa- 
sioned speculations as to whether it could not in future 
supersede the employment of middlemen, for no one 
knows better than he that the element of cost, which 
in ordinary times is decisive, was in no way tested. He 
is, however, beyond question right in believing that the 
road service showed an ability to deal with essential 
distribution in an emergency much beyond the best 
that could have been generally expected. 





A total issue of 18,000 copies of any technical work 
argues considerable interest in the subject treated and 
appreciation of the author’s efforts. That this should 
be so in the case of the late Professor Mills’s treatise on 
‘* Materials of Construction,” edited as to the present 
edition by Professor Hayward, is not surprising. This 
work, though not exhaustive, is more than a text-book 
for students. Published in New York by John Wiley 
and Sons, and in London by Chapman and Hall, Ltd., 
price 20s. net, it deals with natural products, such as 
gypsum, limes, natural cements, timber, stone, and with 
manufactured materials, such as Portland cement, 
concrete, and the various metals and alloys. In this 
issue alloy steels are more fully dealt with than before. 
Ropes of wire and of fibre are discussed, and—an 
unusual feature—the treatise also covers fabrics as 
used for motor-car tyres, aircraft, belting, or hose- 
pipes. Diagrams are freely used to present the results 
of investigations, in preference to lengthy tabulations. 
This is a convenient feature, enabling the reader to 
grasp broad results at a glance. Generally the study 
of materials cannot be too strongly commended. 
The subject becomes more and more involved as 
methods of manufacture or of treatment are multi- 
plied. 


Whilst most engineers’ pocket books, like other 
books, tend to increase in bulk and in the number of 
volumes, Dr. F. Bleich and Professor G. Melan, of 
Vienna, have been able to condense their “* Taschenbuch 
fiir Ingenieure und Architekten” (Vienna: Julius 
Springer; price 38 schilling Austrian or 22-50 marks) 
into one volume of 705 pages. The pocket book is a 
successor to the Austrian Calendar for Engineers and 
Architects, which ceased publication in 1924 with its 
56th edition, but is compiled on a different plan, as a 
guide especially for members of the two professions in 
Austria and the States formed out of the old Empire. 
Legal matters are practically limited to Austria, though 
important deviations from the regulations in force in 
neighbouring countries are noticed. Both the authors are 
well known as competent engineers and writers, and they 
have themselves contributed a good deal to the volume. 
The section on engines and engine construction is rather 
short ; as also is that on electrotechnics, which subject, 
however, is well covered by other authors. The 
treatment is on modern lines, and the pocket book 
will be very acceptable to practising engineers and 
architects and to students of technical colleges. 


A fourth edition of Sir Alfred Ewing’s treatise on 
“ The Steam Engine and Other Heat Engines” has just 
been published by the Cambridge University Press, 
the price of issue being 25s. The text has been revised 
throughout, the remarkable development during 
recent years, both of steam turbines and of internal- 
combustion engines, having made it necessary to re-write 
considerable sections of the text. Some modifications 
have also been made in the presentation of the theory. 
The work is very comprehensive. The section on steam 
turbines occupies 100 pages and, in addition to an 
adequate statement of general principles, contains 
excellent drawings of a number of modern machines, 
with some discussion of the movement towards super- 
pressures. In the section dealing with reciprocating 
engines there are chapters on valve gears and governors, 
but the most modern types of the latter, fitted with ball 
bearings throughout, are not illustrated, though atten- 
tion is called to the fact that friction is an enemy to close 
governing. The dynamics of the reciprocating engine 
has a special chapter devoted to it. Builders of forty 
years ago would have deemed it beyond the bounds of 
possibility that even small reciprocators could be run at 
speeds of 3,000 r.p.m., and at such speeds inertia stresses, 
bothon crankshaft and connecting rod, may be extremely 
serious. There is a useful and instructive chapter on 
gas and oil engines. Throughout, the author adopts 
Callendar’s steam tables, an excerpt from which forms 
the concluding pages of the volume. He has not, 





however, followed Callendar in denoting by H, the total 
heat of steam, on the ground that this symbol had been 
used in another sense by other writers. Since, however, 
Callendar’s tables are the recognised standard in this 
country, it would perhaps have been better policy to 
have adopted his notation, which is now familiar to 
most engineers interested in the properties of steam. 
The new work is clearly written and covers adequately 
a very wide field. There are numerous illustrations, 
many of which represent the latest practice of the 
builders, and the work can be conscientiously recom- 
mended both to the student and to the experienced 
practitioner, who will appreciate its value for purposes 
of reference and refreshment of memory. 





Mathematical studies are at once the delight and 
the affliction of the practising engineer. Which it 
may be in any particular case depends largely upon 
the capacity of the individual for such studies; but, 
whether pursued with difficulty or with pleasure, the 
comprehensive textbook, ‘‘ Mathematics for Engineers,” 
of nearly eight hundred pages by Mr. Raymond Dull, 
issued by the McGraw-Hill Publishing Company, 
London, price 25s. net, can hardly fail to be of use. 
This book is not a text for any but fairly advanced 
students, and seems, indeed, to be chiefly helpful to 
those who by previous study are already equipped to 
benefit by it. Mathematical methods are so general in 
their application that the title need not be understood 
as limiting the utility of the book toengineers only. It 
is divided into 57 chapters, dealing first with simplified 
arithmetical methods and methods of approximation, 
passing to algebraic notation, and equations of varying 
degrees of complexity, polynomial functions, progres- 
sions, variables, logarithms, infinite series, deter- 
minants, permutations and combinations, hyperbolic 
functions, conics, the integral calculus, &c. Graphic 
solutions are sometimes presented with advantage. 
The author explains that this book is based on mathe- 
matical notes collected during practice as a consultant, 
revised and amplified for publication. The explanatory 
matter should be of much assistance to the reader. 





THe British Pic-Iron Inpustry.—A satisfactory 
feature of the present position in the iron and steel trade 
is the manner in which the British pig-iron industry is 
recovering from the effects of the coal stoppage. Accord- 
ing to a report issued recently by the London Iron and 
Steel Exchange, Limited, 123, Cannon-street, London, 
E.C.4, it is estimated that there are, at the present time, 
140 furnaces in blast in this country, compared with 147 
on the eve of the stoppage. In some instances blast- 
furnace owners are waiting for lower fuel prices before 
restarting their furnaces, but it seems probable that in 
a short time there will be a greater number at work 
than was the case in April, 1926. 





CoLoMBIAN TRUNK RAILWAy.—lIt is stated in a recent 
issue of the Monthly Review of the Bank of London and 
South America, Limited, that excellent progress is being 
made with the Ferrocarril Troncal, the main trunk 
railway which will extend from Cartago in Southern 
Columbia to Cartagena on the Caribbean Sea, thus linking 
up the Pacific and Atlantic shores of the Republic. From 
Cartago, the line will extend northwards, on the right bank 
of the river Cauca, to Bolombolo. From this point, it will 
continue down the Cauca, passing through Cafiasgordes, 
Valdivia, Caceres, San Pablo and Cafiavistula. Even- 
tually, junction with the Ferrocarril Central de Bolivar 
will be effected, and through railway travel between 
Cartagena in the north and Buenaventura in the south, 
via Cartago, will be possible. The estimated total cost 
of the undertaking, which will be some 500 miles in 
length, is upwards of 39 million dollars. 


Hicu-Pressure Economisers.—So long as it was 
the practice to fit the well-known cast-iron economiser 
behind Lancashire and Cornish boilers the design re- 
mained fairly standardised, the pressure to which it 
was subjected being limited by the comparatively low 
one used in that class of boiler. This type of economiser, 
however, is now being used with other kinds of boilers, 
and the conditions are somewhat altered in consequence, 
To take an example, Messrs. Goodbrand and Co., Limited, 
Stalybridge, are fitting economisers of a total of 1,536 
tubes behind Babcock and Wilcox water-tube boilers 
at the new Hartshead Power Station of the Stalybridge, 
Hyde, Mossley, and Dukinfield Electricity Board, in 
which the working pressure is 275 lb. per square inch. 
These economisers are steel cased. In view of the high 
pressure, the firm’s —_ safety collars are fitted on a 
certain proportion of the tubes, which is their recognised 
practice in such cases. Thus, six out of a row of ten 
tubes are hydraulically expanded into the headers in the 
usual way. The remaining four, spaced symmetricall 
in the row, are cast and machined with a collar at eac 
end just below the tapered portion which fits into the 
top header and is expanded in the usual way. A 
locking plate, in halves, fits closely round the tube and 
is drawn up against the collar by four steel set-screws, 
screwed into bosses on the header. In addition, there- 
fore, to the frictional resistance against the headers 
being forced off the tubes, the safety collars provide 
more positive connection between the top and bottom 
headers. The top headers are of the extended type with 
an internal door over each tube. 
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DOUBLE-ENDED FERRY STEAMER 


THORNYCROFT AND CO., LIMITED, ENGINEERS, SOUTHAMPTON. 


CONSTRUCTED BY MESSRS. 

















BreadthMoulded. on Water Line----33-0" 
Wi -4 


Length Overall ---------------- 0" 
Length on WaterLine ----------- 777-10 
Extreme Breadth 430 
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‘“ IMBUHY” 
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THE DOUBLE-ENDED FERRY 
STEAMER ‘ IMBUHY.”’ 


THe double-ended twin-screw ferry steamer, illus- 
trated in Figs. 1 to 5, on this page, has been built for 
service between Rio de Janeiro and Nictheroy, the 
run between the two places occupying about twenty 
minutes. The boat was constructed by Messrs. John I. 
Thornycroft and Co., Limited, of Woolston =| 
Southampton, to the order of the Companhia Can- 
tareira e’Viacao Fluminense, and sailed for Rio on | 
December 11, making the voyage under her own | 





| 


power. The principal dimensions of the vessel are :— 
Ft. In. 
Length over all . ; 183 0 
Length on water- ‘line ces ws 178 0 
Breadth, moulded, on L.W Dea 33 «(0 
Breadth, extreme, on main deck 2 43 0 
Depth, moulded, amidship at side of 
main decks ll 4 
Height between main and uppe r decks 
at centre : 9 0 
Height between upper and : shade decks 
at centre ‘as . . 2 


A special feature of the pee is : that we is arranged 
to embark and disembark passengers at either end, 
and these ends are, therefore, of special construction, 
permitting the boat to be moored head-on to the land- 
ing pontoons. The arrangement is similar to that 
employed by Messrs. Thornycroft in the ferry boats 
recently built by them for the W. allasey Corporation, 
and which have proved very successful in service, 
both as regards manwuvring and quickness in getting 
under way from a pier. The “ Imbuhy” is fitted with 
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twin screws at each end, and has four balanced spade | of the balanced type, they are more easily turned by 
rudders, which are arranged so that when hard over | hand- -steering gear than the ordinary type of rudder 
they are at least 4 ft. 9 in. inside the line of hull in any | fitted in the previous vessels for this service. 


direction. These rudders are of large area, and, being 


The machinery of the boat is situated amidships, 
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SEATLESS VALVES. 


CONSTRUCTED BY MESSRS. BECK AND CO., LIMITED, ENGINEERS, LONDON. 
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as shown in Figs. 1 and 4, large holds being provided 
at either end, with forward and after peaks, which 
are capable of being used as trimming tanks. The 
boat has main, passenger and shade decks, the main 
deck being arranged for discharging passengers at 
both ends, the lines of the main deck being formed 
to allow the bows to fit into corresponding recesses 
in the floating pontoons, upon which the passengers 
are discharged. There is an enclosed steel deckhouse 
for passengers arranged on this deck, panelled out in 
teak, and fitted with large opening windows. A 
passage, as shown in Fig. 3, is arranged outside the 
deck house for the use of the crew. The passenger 
deck is enclosed by teak-panelled deckhouses, and is 
also fitted with large opening windows, while a teak 
wheel house is fitted at each end of this deck, each 
being fitted with a hand steering gear, so that the 
vessel can be steered from either end. Teak deck 
seats with reversible backs are arranged on the main 
and passenger decks, as shown in Fig. 2 and 3, while 
a main stairway about 6 ft. wide gives access from the 
main to the passenger deck. 

The hull is divided into five watertight compart- 
ments by four transverse watertight steel bulkheads. 
One transverse non-watertight bulkhead is fitted 
between the engine and boiler-room, and a screen 
bulkhead is arranged over the forward end of the 
boilers. Watertight bulkhead doors are fitted in the 
engine-room, and boiler-room bulkheads for access 
to the main engine shafting in both holds. Screen 
bulkheads are arranged between engine and boiler 
room. Both fore and aft peak tanks are arranged 
to carry feed water. The coal bunkers are situated 
at the aft end of the boiler room, and are coaled from 
main deck by means of flush galvanised cast-iron 
watertight coaling scuttles, fitted with gratings. 
Two 14-ft. seamless pressed steel lifeboats, provided 
with metal air tanks, are supplied and hung from forged 
boat davits, while a complete equipment of lifebuoys 
and lifebelts is provided. 

In view of the hot climate in which the steamer has to 
run, special attention has been paid to the ventilation 
of the vessel, and particularly to engine and boiler 
rooms. The engine-room has six large vents and the 
boiler-room four, all with movable cowls carried up 
above deck erections. The cowls can be turned from 
below. There are also three steam-driven fans fitted, 
one in the engine-room and two in the boiler-room. 
Two 140-gallon sanitary tanks are fitted on the under- 
side of the passenger deck, one on either side, and two 
fresh-water tanks, of about 40 gallons, are also provided. 
A wash-deck and fire service pipe, 2 in. in diameter, is 
laid along the port side under the passenger deck, and 
is fitted with a suitable number of couplings. 

A complete electrical installation is fitted throughout 
the ship, the current being furnished by two sets of 
generating machinery, one set capable of supplying 
current for all lighting purposes, and the other set for 
supplying current to lights in the machinery spaces 
during daylight, and a number of emergency lights on 
the main and passenger decks. Each set consists of a 








continuous-current, compound-wound dynamo direct- | 
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The voltage 
is 110. The ship is wired throughout on the double- 
wiring system. 

The machinery is of the twin-screw, double-compound, 
inverted, direct-acting, surface-condensing type, with 
two lines of shafting extending the whole length of the 
vessel, with two propellers at each end. The engines 
are placed about mid-length of the vessel, two sets on 
each line of shafting, coupled together and arranged to 
be stopped, started, and reversed as one unit. The 
starting position is in the middle line of the ship between 
the sets of engines, and all handles and gear for the 
engines are brought together, so that the engines can 
be easily handled by one man. To prevent the pos- 
sibility of the engines stopping on a dead centre, the 
high-pressure cranks on the same line of shafting are 
arranged at right angles to each other. The engines 
are designed for a working pressure of 150 Ib., and all 
pumps are worked by separate, independent engines. 
Instead of being clothed with non-conducting composi- 
tion in the ordinary way, the whole of the cylinders are 
boxed in, i.e., the sides, top, bottoms, and ends are 
heavily clothed in asbestos covered with planished 
sheets and polished bands. The clothed section on 
the top is in three pieces, so that any one section can 
be removed independently of the others. 

The main engine dimensions are :—Diameter of each 
high-pressure cylinder, 11? in.; diameter of each low- 
pressure cylinder, 243 in.; length of stroke, 16 in. 
The starting valve is of the self-closing type fitted to 
admit steam into the low-pressure casing of each set to 
facilitate the handling of the engines. The high- 
pressure valves are of the piston type and the low- 
pressure are of the double-ported D pattern. The 
condenser is separate from the engines and placed 
athwartship on the bulkhead of the engine-room. The 
condenser is common to all engines, and has ample cool- 
ing surface to ensure a good vacuum when the engines are 
working at full power with cooling water at 80 deg. F. 

The air pumps are of the Weir Mono type, two 
being fitted, and each having about three-quarters the 
capacity required for full power of the main engines, 
with the pumps working at their normal number of 
strokes per minute. In the usual every day service 
both pumps will be worked at low speed. In the event 
of a breakdown in one of the pumps, or one pump 
stopping for a short time for adjustment, the other 
pump can be opened up to full speed. The circulating 
pump is of the centrifugal type by Messrs. Drysdale 
and Co., Limited, Glasgow, and worked by an indepen- 
dent open type high-speed engine. A spare engine is 
provided on the same soleplate, so that in the event of an 
overhaul there would be no stoppage. Conrfecting and 
disconnecting can be done when passengers are being 
disembarked. The feed pumps are of the Weir vertical 
simplex, slow speed, double-acting steam-driven type, 
and are two in number, combined with a float tank. 
Each pump is capable of discharging sufficient water for 
all boilers when working at full power at a moderate 


coupled to a vertical-type steam engine. 


Fig. 3. 


suitably arranged pipes and distribution valve chests, 
also from the bilge direct in engine-room and from the 
sea, and discharge overboard, to the deck service and 
the sanitary tanks. The sanitary pump is also of the 
duplex double-acting type, arranged to draw from the 
sea and discharge to the sanitary tanks, and also to draw 
from the main bilge line. Both the bilge and sanitary 
pumps were supplied by Messrs. A. G. Mumford, 
Limited, of Colchester. The general service pump by 
Messrs. J. H. Carruthers and Co., Limited, of Glasgow, 
is of the vertical duplex type, and in addition to the 
ordinary duties is capable of discharging sufficient feed 
water for all boilers when working at full power. 

The main engines are reversed by direct-acting 
reversing engines, one engine reversing the two sets of 
engines on the same shaft, which work together in one 
unit. The engines can also be reversed by a large 
hand wheel and rack gear. The turning gear is of 
the worm and wheel type, one set being fitted on 
each line of shafting. The propellers are solid bronze 
castings. The feed filter is of the gravitation type, and 
a suitable feed heater is placed between the feed pump 
and boiler. The boilers are three in number, of the 
multitubular return-tube type, 9 ft. 6 in. in diameter 
by 10 ft. 6 in. long, and are constructed for a working 
pressure of 150 Ib. per square inch. Each is fitted 
with two furnaces having separate combustion 
chambers. 

An exhaustive series of trials was carried out with this 
vessel on the Stokes Bay mile, both with coal and oil fuel, 
the maximum mean speed recorded being about 
114 knots. The steering arrangements were also tried, 
and it was found that the double rudders behind the 
propellers gave remarkably good manceuvring qualities, 
the turning circle being exceptionally small, while the 
swing could be stopped very quickly. 








KLINGER SEATLESS VALVES. 


THE steady increase in steam pressures and tempera- 
tures that has taken place during recent years in the 
effort to secure higher economy in power production, 
has naturally affected the design of many power plant 
accessories. Valves are, of course, particularly affected 
by the more exacting conditions of modern installa- 
tions, since leakages are more difficult to prevent, and 
are also of greater importance when they occur than 
was formerly the case, so that considerable attention 
has been given to the improvement of this component. 
Much of the trouble experienced has been due to the 
cutting action of high-pressure steam on the valves 
and seatings when the valves were only partially 
opened, and, in this respect, improvements have been 
effected by the use of special alloys for the parts 
subjected to erosion. In any case, considerable wear 
takes place in those valves which have to be opened 
and closed frequently, necessitating re-grinding of the 
valves and seatings at short intervals. In these circum- 
stances a valve which does not depend for its tightness 
on the contact of metallic surfaces would appear to offer 





number of strokes per minute. The bilge pump is of the 
vertical duplex double-acting type, and is arranged to | 
draw from all compartments in the vessel, through | 


many advantages. 
Such a valve was produced about four years ago by 
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Messrs. Richard Klinger, of Vienna, and a large number 
of valves of their manufacture have been used with 
satisfactory results on the Continent, and also imported 
into this country. Recently, however, the sole manu- 
facturing rights for Klinger valves for Great Britain 
and Ireland have been acquired by Messrs. Beck and 
Co., Limited, 130, Great Suffolk-street, S.E.1, who are 
now producing in their own works a full range of 
sizes with gunmetal, cast-iron, cast-steel and forged- 
steel bodies, as well as special types that will be 
referred to later. Examples of their products are 
illustrated in Figs. 1 to 3 on the previous page, of which 
Fig. 1 is a section of a Klinger valve with a gunmetal 
body, while Figs. 2 and 3 are, respectively, a section 
and an external view of a valve with a forged-steel 
body. From the sectional drawings, it will be seen 
that the usual conical valve and seating are replaced 
by a cylindrical plunger which is controlled by an 
external screw and handwheel, so that it slides through 
two flexible packing rings fitting into recesses formed 
in the valve body and separated from each other by 
a lantern ring. The packing rings are compressed 
by the cover, which is bolted to the body and also 
forms the nut in which the operating screw works. It 
should be explained, however, that the radial expansion 
of the rings under compression is comparatively slight, 
since they are built up of flat discs of fabric with 
their planes at right angles to the direction in which 
the pressure is applied, but the expansion is sufficient 
to make a tight joint with the outer surface of the 
cylindrical plunger, and to enable any slight wear 
which occurs in service to be taken up. 

As drawn in Figs. 1 and 2, the valves are in the fully- 
open position with the inlet side on the left. It will be 
understood that the upper packing ring takes the place 
of the usual stuffing-box, preventing the escape of 
steam to the atmosphere round the periphery of the 
plunger, although it can pass freely through the 
lantern ring to the outlet. The flow, however, can 
be reduced to any desired extent by screwing down 
the plunger, and can be cut off entirely by screwing it 
down so that it enters the lower packing ring. In the 
fully-closed position the plunger passes right through 
the lower ring, which then occupies about the same 
position relatively to the lower end of the plunger 
as the upper ring does in the fully-open position. 
Thus any scoring of the lower edge of the plunger, 
which may occur with superheated steam when the 
valve is left partially open for long periods, has no 
effect upon the tightness of the valve wher closed. 
It will be obvious, of course, that the whole of the 
working surface of the plunger is completely protected 
from the action of the steam, or other fluid, when the 
valve is fully open. If any leakage occurs, it can be 
stopped by tightening up the cover bolts so as to 
compress the packing rings and cause them to expand 
radially against the periphery of the plunger, the 
operation, of course, being carried out with the valve 
fully closed. This can be done several times during 
the life of one set of rings, and the latter can then be 
replaced in a few minutes at a trifling cost. 

The packing rings can be used with saturated and 
super-heated steam, hot or cold oils, and certain 
chemicals, as well as with compressed air, water, gas, 
etc., although the bodies and working parts of the valves 
have, of course, to be made of materials which are 
suitable for the particular fluid with which they are 
tobeemployed. Valves with gunmetal bodies are made 
with screwed or flanged ends up to the 2-in. size, and 
are suitable for steam working pressures up to 250 Ib. 
per square inch. Valves with cast-iron bodies are sup- 
plied up to the 4-in. size for use with steam pressures 
up to 180 lb. per square inch. The larger sizes, it 
should be mentioned, are provided with balanced 
plungers, and, as the steam has access to both ends 
of the latter, it is necessary to employ a stufting-box 
forthe spindle. Similar valves are made with cast- 
steel bodies and plungers of nickel, for superheated 
steam at pressures up to 350 lb. per square inch 
and temperatures up to 550 deg. F., while for 
still higher pressures and temperatures, viz., up to 
500 lb. per square inch and 750 deg. F., the 
valve bodies are made from steel drop forgings, in 
which the passages are all cut from the solid. In 
these valves, both the plunger and spindle are of nickel 
- and the lantern ring is of stainless steel. For highly- 
corrosive chemicals, such as sulphuric acid, valves are 
made with cast-lead bodies and porcelain plungers, and 
we may also mention, in conclusion, that a series of 
quick-acting valves is in course of development for blow- 
down purposes, as well as for use with oil and other 


fluids. 





CentTrRaL ELectriciry Boarp.—The Minister of 


Transport announces that Sir James Devonshire, Mr. 
Frank Hodges, Sir James Lithgow, Alderman W. Walker, 
Sir Duncan Watson, Mr. W. K. Whigham, and Colonel 
the Hon. Vernon Willey have been appointed to fill the 
seven places on the Central Electricity Board, under the 
chairmanship of Sir Andrew Duncan. 





ENGINEERING TRAINING AND 
EDUCATION. 


Lectures on Short Electric Waves.—A course of six 
lectures on short electric waves, ranging from 200 m. 
down to 1 m., is now being delivered in the Electrical 
Engineering Department of East London College 
(University of London), by Mr. J. H. Morrell, M.A., 
of the Electrical Laboratory, Oxford, on Mondays, and 
commenced on February 7 last. The subject is being 
treated experimentally, and the lectures commence 
each day at 6 p.m. Admiral of the Fleet Sir Henry 
Jackson, G.C.B.. took the chair at the first lecture. 
The subjects dealt with in the lectures will include : 
production of short waves; natural modes of oscilla- 
tion of a solenoid; Lecher wires; calibration of a 
Townsend wave-meter; inductances in parallel on 
short-wave generators; the Barkhausen generator ; 
and high-frequency discharges through gases. The 
fee for the course is 10s. 6d. Students of the engi- 
neering faculties of the colleges and institutions of the 
University of London can obtain free admission tickets 
on application. 

Advanced Lectures on Fuel.—A course of seven 
lectures on modern developments in regard to fuel has 
been arranged by the governors of the Sir John Cass 
Technical Institute, Jewry-street, Aldgate, London, 
E.C.3. The lectures, which are being delivered on 
Monday evenings, from 6 to 7 p.m., commenced on 
February 7 last, and are of an advanced character, being 
intended for advanced and post-graduate students, 
and for engineers interested in fuel problems. The 
syllabus of the course is as follows :—“‘ Recent Develop- 
ments in Coal Mining,” by Mr. H. M. Morgans; “ Pre- 
paration of Fuel,” by Professor K. N. Moss; ‘‘ Pul- 
verised and Colloidal Fuel,” by Mr. L. C. Harvey ; 
“‘Coke-Oven Practice,” by Mr. E. M. Myers; “Gas 
Works Practice,” by Dr. H. G. Colman; ‘‘ Low- 
Temperature Carbonisation,” by Mr. F. S. Sinnatt ; 
and “‘ Liquid Fuel,’’ by Professor J. 8.8. Brame. The 
fee for the full course of seven lectures is 10s. 
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THE NAVIGATION COMMITTEE OF THE LEAGUE OF 
Nations.—The League of Nations Permanent Committee 
on Ports and Maritime Navigation held its third session 
in London from February 3 to 5, last. Sir Norman Hill 
occupied the Chair. Delegates from the principal 
European maritime states and from Japan were present, 
and the subjects discussed included tonnage measurement 
in maritime navigation, the buoyage and lighting of 
coasts, the establishment of a centre of information in 
Geneva, combined transport, and the treatment of master 





and crews in ports, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MiIppLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Sales are still on only 
a very moderate scale. Little pig iron is available for 
the market, except for forward delivery, and, with much 
uncertainty felt as to the level of future values, customers 
are not disposed to negotiate for forward supplies. 
Merchants are hesitating to discuss new business until 
producers have satisfied them by overtaking, to a 
substantial extent, arrears of deliveries. For early 
delivery to home buyers, No. 1 Cleveland is 85s. ; No. 3 
g.m.b., 82s. 6d.; No. 4 foundry, 81s. 6d.; and No. 4 
forge, 80s. 6d. Export prices are 6d. above these figures. 


Hematite—There is continued extreme scareity of 
East Coast hematite iron, and mixed numbers command 
90s. for February-March delivery. 

Foreign Ore.—A rather firmer feeling is noticeable 
in foreign ore, but consumers, being well supplied, are 
still off the market. Best rubio is 22s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Pressure for supply of blast- 
furnace coke keeps values firm, though consumers 
endeavour to obtain price concessions. Good average 
qualities are 25s. to 27s. 6d. delivered here. 

Shipbuilding Order.—Messrs. Furness have secured, 
for their Haverton Hill shipyard, orders for four steamers 
for American owners. Three of the vessels are of 
15,000 tons, and one is of over 13,000 tons. They are 
to be engined on Teeside by Messrs. Richardson, West- 
garth and Co., Limited. 

Manufactured Iron and Steel.—Producers of most 
descriptions of finished iron and steel have a lot of 
work on hand and are running works at high pressure, 
but Continental competition in most branches is keen, 
and autumn inquiries are on a less satisfactory scale 
than could be wished. Prices are not quotably altered. 
Among the principal market figures are: Common 
iron bars, 12/. 5s.; iron rivets, 127. 15s.; iron ship 
castings, 127. 10s.; steel rivets, 137. 10s.; steel billets 
(soft), 77. 12s. 6d.; steel billets (medium), 8/. 28. 6d 
steel billets (hard), 87. 12s. 6d.; steel ship plates, 
8l. 7s. 6d.; steel ship angles, 7/. 17s. 6d.; steel joists, 
7l. 178. 6d.; heavy sections of steel rails, 8/. 10s. ; 
and galvanised corrugated sheets, 15/. 15s. 


Imports of Iron and Steel.—Statistics issued this week 
by the Tees Conservancy Commission include returns 
showing the imports of iron and steel to the Tees from 
Holland, Belgium, France, Norway, Sweden, India, 
Germany and coastwise, for the three months ending 
January 31 last, together with those for the same three 
months a year ago, and for the corresponding pre-war 
period of 1913-14. They total 112,675 tons, as against 
56,690 tons a year ago, and 17,119 tons in the pre-war 
period. Arrivals of pig iron during the past three 
months amounted to 44,125 tons, as compared with 
14,003 tons a year ago, and 50 tons in the pre-war 
period; crude sheet bars, billets, blooms and slabs 
unloaded are given at 52,489 tons in the past three 
months, as compared with 38,983 tons a year ago, 
and 11,200 tons in the pre-war period; and plates, 
bars, angles, rails, joists and sheets imported to the 
end of last month reached 16,061 tons, as compared 
with 3,704 tons a year ago, and 5,869 tons in the 
pre-war period. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Except that Continental competition 
in crude steel and in certain engineering products shows 
signs of greater activity, the position during the past 
week has undergone little change. The open-hearth 
furnaces at Sheftield, Rotherham, and Penistone are 
accounting for a big output, arrears of contracts and 
new business being sufficient to cover the present rate 
of production for two to three months ahead. Fresh 
orders are arriving less freely, however, and, unless 
British pig iron becomes cheaper and more abundant 
in supply, expansion in steel activity is likely to sustain 
a check. Open market transactions in Derbyshire and 
Lincolnshire pig iron are mainly confined to the cover- 
ing of immediate requirements. There is a growing 
opinion that the early future will witness a cheapening 
in supplies from blast furnaces, though this is said to be 
impossible while coke prices remain at their current 
high level, and while supplies continue to be restricted. 
Armament departments are doing moderately well 
considering the widespread reduction in demand. 
Sheffield seems to be securing a goodly share of the 
orders in circulation for armour plate, and for heavy 
forgings and castings in connection with shipbuilding 
enterprises. Good business is still being booked in the 
electrical and chemical branches, while agricultural 
supplies are gradually attaining a more satisfactory 
position, but complaints of renewed quietude are heard 
from some of the tool-making branches. Makers of 
engineers’ small tools, files and saws, could comfortably 
handle heavier requirements. 

South Yorkshire Coal Trade.—Business is still largely 
disorganised owing to the wagon shortage. Collieries are 
repeatedly compelled to restrict outputs owing to the 
large number of loaded vehicles locked up in railway 
sidings. ‘The demand for industrial fuel is only moderate, 
though an improvement appears to have set in on export 
account. Best South Yorkshire hards are offered 
round about 19s. to 21s. per ton at pits, and Derbyshire 
hards at similar rates. The big buyers are of the 
opinion that lower prices will shortly be reached. Washed 
qualities show the greatest activities in slacks. There 
is still an abundant supply of smalls available at com- 
paratively low prices. House coal varies between 30s. 








and 40s. per ton. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—The conditions in the steel trade 
of Scotland have varied very little over the week. The 
plant in commission is being kept going very satisfac- 
torily, and consumers are pressing for deliveries. This is 
particularly so in the shipbuilding industry, where both 
plates and sections are urgently required. Old contracts 
are still the basis of most of the work at the moment, 
as new contracts are very slow in coming in, but it is 
anticipated that fresh business will come forward in 
greater volume before long. The only thing holding the 
latter back is the matter of price, as many consumers are 
of opinion that a reduction is almost a certainty in the 
near future. In the sheet-iron trade quite a healthy 
demand prevails for both black and galvanised varieties, 
and good deliveries are general. The heavy gauges are 
not very much in request at present. The easier prices 
now quoted by producers are appreciated by buyers, and 
these may tend to add still further to order books. 
Current market quotations are as follow :—Boiler plates, 
11/. per ton; ship plates, 8/. 7s. 6d. per ton; sections, 
7l. 17s, 6d. per ton; and sheets, under jy in. to } in., 
12/, 5s, to 131. 5s. perton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—There has been little change in 
the state of the West of Scotland malleable-iron trade 
this week. The demand for bar iron has not increased 
very much lately, and, although order-books represent a 
fair tonnage, an increase in near date bookings would be 
appreciated. The demand for re-rolled steel bars is a 
little easier. The current price of Crown bars is unchanged 
at 111, 15s. per ton, delivered at Glasgow stations. 

Scottish Pig-Iron Trade.—The position in the Scottish 
pig-iron trade has not altered much this week. Hematite 
supplies are quite ample to meet the demand, but foundry 
iron of standard grade is still scarce. Inquiries are 
coming along fairly freely, and the prospects continue 
quite good. The following are the market quotations :— 
Hematite, 90s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 95s. to 978. 6d. per ton, and No. 3, 
91s, 6d. to 94s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, February 5, amounted to 552 tons. 
Of that total, 360 tons went overseas and 192 tons coast- 
wise. For the corresponding week of last year the figures 
were 1,153 tons overseas and 189 tons coastwise, making 
a total shipment of 1,342 tons. 





CoLLins’ ENGINEERS’ D1ary.—We have received from 
Messrs. William Collins, Sons and Co., Limited, Herriot 
Hill Works, Glasgow, a copy of their engineers’ pocket 
diary. In addition to the postal and other miscellaneous 
information found in most diaries, the booklet contains 
over 100 pages of engineering and scientific tables, 
formule and data. The aim of the compilers has been 
to give a comprehensive review of the various branches 
of engineering, and to provide a reliable guide on all 
matters of particular interest to engineers. The task 
of condensing such a wide variety of subjects into the 
narrow space available in a pocket diary is, admittedly, 
a difficult one, but the work has been well accomplished, 
and the information supplied will prove of real service to 
engineers, An excellent index has been provided. The 
diary measures 5 in, by 3 in., and, owing to the fact that 
the pages of information have been printed on India paper, 
is less than }-in. thick. The diary received by us is 
bound in pigskin, and is sold at 3s. 6d. net. Prices vary, 
reser from 2s. to 7s., according to the nature of the 

inding. 





'TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case :—It is reported from Port-au-Prince that 
the Haytian government are requiring a steel petrol 
tank having a capacity of 250,000 gallons. (Ref. No. 
AX 4220).—The Municipality of Logrono, Spain, is 
inviting tenders for the installation of plant for pumping 
water from the river Ebro to increase the supply of 
drinking water. (Ref. No. AX 4219).—An enquiry has 
been received from Canada for the names of United 
Kingdom manufacturers of machinery for converting the 
tops and branches of coniferous trees to pulp for the 
manufacture of cardboard. (Ref. No. BX 3211).—The 
Indian Stores Department, Delhi, are calling for tenders, 
to be presented by March 15, for the supply and delivery 
of two 250-kw., 2,300-volts full Diesel-type oil engine- 
alternator sets, water-cooling plant, oil-fuel storage 
tanks, complete with pipe work, switchboard, transformer 
and connecting cables, for the Guma water worksscheme, 
Simla. (Ref. No. BX 3225).—It is reported at Riga 
that the Latvian Roads Administration are inviting 
tenders for the supply of road-making equipment as 
follows:—8 motor rollers, 3 road breakers with: four 
teeth, and 4self-propelling motorstone-crushers. Tenders 
to reach Latvia by March 8. (Ref. No, AX 4232).— 
The Egyptian Ministry of Agriculture is inviting tenders 
for the supply of the following goods required during 
1927~28:—nitrate of soda, nitrate of lime, sulphate of 
ammonia, superphosphate of lime, new bags for the 
nitrate of soda, new sacks for cotton seed (Tagawi), twine, 
(coloured blue), and pieces of tin for sealing. Tenders will 
be received by the Ministry of Agriculture, Sharia Dar el 
Niaba, Cairo, up till March 21. In the case of certain 
quantities of nitrate of soda the date for the receipt of 
tenders is June 7. Local representation is essential. 
(Ref. No. CX 2196.) 





NOTICES OF MEETINGS. 


THe ELEcTROMOBILE AssocIATION.—To-night, at 
7 p.m., at the Royal Society of Arts, John-street, 
Adelphi, W.C.2. Informal Meeting. General Discus- 
sion on “The Use of Storage Battery Type Electro- 
mobiles, including Private Passenger Cars, Public and 
Goods Conveyances, Marine Craft, Commercial and 
Industrial Trucks and Tractors,” opened by Mr. J. C. 
Elvy. 

THE Junior InstITUTION oF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Ordinary 
Meeting. Honorary Members’ Lecture: ‘‘The Phy- 
siology of Work under High Air Temperature Conditions,” 
by Professor K. Nelville Moss. Friday, February 18, 
at 7.30 p.m. ‘‘Modern Concrete Construction: A 
Review of Recent Progress and Problems,” by Mr. 
Leslie Turner. 


Tse Institution oF AUTOMOBILE ENGINEERS: 
BIRMINGHAM CENTRE.—Monday, February 14, at 7 p.m. 
at the Chamber of Commerce, New-street, Birmingham. 
“The Straight-Eight Engine,’’ by Mr. E. W. Sisman. 


THE INsTITUTION OF STRUCTURAL ENGINEERS: MID- 
LAND CouNnTIES Brancu.—Monday, February 14, at 
7 p.m., at the Chamber of Commerce, New-street, Bir- 
—o ‘* Permeability of Concrete,” by Mr. H. C. 

oy. 

THE InstiTUTE oF Metats: ScorrisH LocaL SECTION. 
—Monday, February 14, at-7.30 p.m., at the Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘‘ Notes on Aluminium Alloys,” by 
Mr. D. R. Tullis. 

THE Royat Society or Arts.—Monday, February 14, 
at 8 p.m., at John-street, Adelphi, Cantor 
Lecture. ‘‘ Photo-Elastic Measurements of Stress Dis- 
tribution ’’ (Lecture I), by Professor E. G. Coker, D.Sc., 
F.R.S. Wednesday, February 16, at 8 p.m. Ordinary 
Meeting. ‘‘ Some Studies in Connection with the Manu- 
facture of Electric Lamps and Thermionic Valves,” by 
Mr. C. C. Paterson. : 


THE INSTITUTE OF TRANSPORT.—Tuesday, February 15, 





at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Graduates 
and Student’s Lecture. “‘The Operation of Close 
Interval Omnibus Services in Large Cities,” by Mr. 
H. 8. F. Lansdown. 

THe INsTITUTE OF BRITISH FOUNDRYMEN: LANCA- 


SHIRE BRANCH, BURNLEY Section. —- Tuesday, 
February 15, at 7.15 p.m., at the Technical College, 
Ormerod-road, Burnley. ‘“‘ Strickle Moulding from the 
Spindle,” by Mr. L. Wharton. 


THE SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, February 15, at 7.30 p.m., at "198, West-street, 
Sheffield. ‘‘ Rolling Mills,’’ by Mr. T. W. Hand. 


THE INSTITUTION OF AUTOMOBILE ENGINEERS, 
WOLVERHAMPTON CENTRE.—Tuesday, February 15, at 
7.30 p.m., at the Engineering and Scientific Club, Queen- 
street, Wolverhampton. ‘The Supercharging of Air- 
craft and Motor Vehicle Engines,” by Mr. A. H. R. 
Fedden. 

Tue Society or Guass TECHNOLOGY.—Wednesday, 
February 16, at 2.30 p.m., at the University, St. George’s- 
square, Sheffield. Joint meeting with the Yorkshire 
Section of the Society of Chemical Industry, the 
Sheffield Metallurgical Association, the Sheffield Section 
of the Institute of Metals, and the Sheffield Society of 
Engineers and Metallurgists. General Discussion on 
Silicate Analysis. (a) ‘“‘ A Critical Survey of Methods 
for the Analysis of the Simpler Glasses,” by Mr. W. H. 
Withey. (b) ‘* Notes on Methods Used in the Analysis 
of Glasses,” by Miss Violet Dimbleby, M.Sc. (c) ‘‘ The 
Analysis of Refractories,” by Mr. W. J. Rees. (d) 
** Notes on the Analysis of Silicate Slags,”’ by Mr. T. P. 
Colclough, M.Se. 


THE INSTITUTION OF CIvIL ENGINEERS.—Wednesday, 
February 16, at 6.30 p.m., at Great George-street, S.W. 1. 
Students’ Meeting. ‘‘ Some Considerations of Our Power 
Resources,” by Mr. Robert F. Leggett. 


THE INSTITUTION OF AUTOMOBILE ENGINEERS, MAN- 
CHESTER CENTRE.—Wednesday, February 16, at 7 p.m., 
at the Engineers’ Club, py abet Manchester. 
“The Straight-Eight Engine,” by Mr. E. W. Sisman. 


Tue Nortu-East Coast Institution or ENGINEERS 
AND SHIPBUILDERS.—Wednesday, February 16, at 
7.15 p.m., at Bolbec Hall, Newcastle-upon-Tyne. 
Graduates’ Section. ‘‘The Experiment Tank in Ship 
Design,” by Mr. E. Hinchliffe. 


TuHE INSTITUTE OF METALS, SHEFFIELD LOCAL SECTION. 
—Wednesday, February 16, at 7.30 p.m., at the Univer- 
sity, Sheffield. ‘The Application of X Rays to the 
Examination of Metals,” by Dr. V. E. Pullin. 


THe Royat MeTEoroLocicaL Socrety.—Wednesday, 
February 16, at 7.30 p.m., at 49, Cromwell-road, South 
Kensington, §8.W.7. “The Variability of Average 
Monthly Rainfall throughout the Year,’’ by Mr. J. 
Glasspoole, M.Sc. ‘‘ Diffusion over Distances Ranging 
from 3 km. to 86 km.” by Dr. L. F. Richardson, F.R.S., 
and Mr. Denis Proctor. 


THE Royat InstituTIon.—Thursday, February 17, at 
5.15 p.m., at Albemarle-street, W.1. ‘‘ Acoustical 
Problems—Bells ”’ (Lecture III), by Sir William Bragg. 


Tue InstITUTE oF British FOUNDRYMEN: BIRMING- 
HAM, COVENTRY AND West MIDLANDS BRANCH.— 
Thursday, February 17, at 7.30 p.m., at the Engineers’ 
Club, 13, Waterloo-street, Birmingham. Discussion on 
*Patternmaking and the Foundry,’ opened by 
Mr. F. C. Edwards. 





Tue InstiruTion oF ELectricaL ENGINEERS.— 
Thursday, February 17, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. ‘‘ The Stability of Large 
Power Systems,” by Mr. F. H. Clough. 

THe INstTITUTION OF MECHANICAL ENGINEERS.— 
Thursday, February 17, at 8.30 p.m., at the Natural 
History Museum, Cromwell-road, South Kensington, 
S.W.7. Conversazione. Friday, February 18, at 6 p.m., 
at Storey’s Gate, S.W.1. Annual General Meeting. 
Adjourned discussion on “ Use and Economy of High- 
Pressure Steam Plants,’ by Prof. A. L. Mellanby and 
Prof. W. Kerr. ‘The Economic Value of Increased 
Steam Pressure,” by Mr. H. L. Guy. 

THe InstituTION oF MUNICIPAL AND County EN- 
GINEERS: YORKSHIRE Brancu.—Friday, February 18, 
at 6 p.m., at the Town Hall, Leeds. Joint Meeting with 
the Town-Planning Institute, North of England Division. 
“Recent Developments in Regional Planning,” by 
Mr. G. L. Pepler. 

Tue KEIGHLEY ASSOCIATION OF ENGINEERS.—Satur- 
day, February 19, at 5.45 p.m., at the Queen’s Hotel, 
Keighley. Annual Dinner. 

THe BrrMiIncHAM MeErTAaLLuRGicaL Society.—Satur- 
day, February 19, at 7 p.m., at the Girl’s High School, 
Dudley. “‘ Blast Furnace Practice,” by Dr. E. W. Smith. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Shipments of coal from South Wales 
in the past week were the highest since the termination 
of the strike. Exports totalled 474,870 tons, which 
was, however, 50,000 tons less than the quantity des- 
patched in the corresponding period of last year. Com- 
pared with the preceding week, however, shipments 
were raised at Cardiff from 285,180 tons to 410,140 tons ; 
at Newport from 64,730 tons to 86,520 tons; at Port 
Talbot from 26,130 tons to 34,000 tons; and at Llanelly 
from 1,960 tons to 3,180 tons, but at Swansea were 
reduced from 56,650 tons to 41,030 tons. Exports to 
Algeria were increased from 4,200 tons to 13,750 tons ; to 
Argentina from 30,450 tons to 41,650 tons; to Brazil 
from 12,300 tons to 36,800 tons ; to Egypt from 21,900 
tons to 26,860 tons; to France from 54,900 tons to 
64,170 tons ; and to Spain from 12,790 tons to 16,300 tons. 
The output of large coal, despite ey stoppages 
at the pits, however, remains more than sufficient to 
meet current requirements, as buyers continue to follow 
a hand-to-mouth policy. Prices, in consequence, are 
irregular on the basis of 23s. for best Admiralty large, 
22s. for seconds, and 20s. 6d, to 22s. for Monmouthshires. 
Smalls, however, are in somewhat limited supply, and 
steady at 15s. for the best bunker descriptions, and 
from 13s. up for other classes. Dry and bituminous 
nuts are also in plentiful supply, with the former ranging 
from 21s. to 26s., and the latter from 19s. 6d. to 20s. 6d. 
Unwashed and washed dry duff is scarce, owing to the 
shortage of small, and is strong at 12s. 6d. and 13s. 6d., 
respectively. 'The Buenos Ayres Electricity Works has 
contracted for 118,000 tons of Welsh sized coal, and a 
freight contract for the transport of 100,000 tons to 
Buenos ‘Ayres or La Plata, between May and December 
next, has been concluded at 15s. 6d. per ton. The 
Egyptian State Railways are inviting offers for 100,000 
metrical tons of large coal, delivered at Alexandria over 
March, April and May. In view of the high cost of 
British pitch, which ranges from 110s. to 115s. per ton 
delivered, the Crown Preserved Coal Co., Limited, 
has bought a cargo of American pitch, which is due to 
arrive at Cardiff immediately at some shillings below the 
price demanded for British pitch. 

Iron and Steel—Exports of iron and steel goods in 
the past week amounted to 14,552 tons, which was 
nearly 11,000 tons more than that shipped in the pre- 
ceding week. Shipments of tinplates and terneplates 
totalled 7,792 tons, against 3,351 tons ; blackplates and 
sheets 2,710 tons against 26 tons; galvanised sheets 
1,683 tons against 41 tons ; and other iron and steel 
goods 2,368 tons against 343 tons. 











Conrracts.—Messrs. The Westinghouse Brake and 
Saxby Signal Co., Limited, 82, York-road, King’s Cross, 
N.1, have received an order from the Metropolitan - 
Vickers Electrical Co., Limited, for 82 electrically-driven 
air compressors for the supply of compressed air to the 
brake equipments on electric locomotives of the Great 


Indian Peninsular Railway. 





Personat.—Major G. Fetherstone has resigned his 
appointment as British Trade Commissioner in South 
Africa in order to take charge, as from February 1, of the 
South African interests of the group of engineering firms 
controlled by the Agricultural and General Engineers, 
Limited, Aldwych House, W.C.2.—The address of the 
Manchester office of Messrs. Ransomes and Rapier, 
Limited, 32, Victoria-street, Westminster, S.W.1, is now 
38,-Deansgate, Manchester, and is under the management 
of Mr. C. C. Richards.—Mr. K. D. Campbell, late sales 
manager of the Campbell Gas Engine Co., Limited, 
Halifax, has been appointed to a similar position with 
Messrs. Petters (Ipswich), Limited, of Ipswich.—We 
are informed that the firm of Messrs. Thomas Jones 
and Son, mining engineers and surveyors, will henceforth 
be conducted by the surviving partner, Mr. P. E. Jones, 
at No. 5, Little George-street, Westminster, London, 
§.W.1.—The exclusive selling rights in England of the 
Wayne self-winding electric-cable reel (described in 
ENGINEERING, 1921, vol. exii, p. 550) have recently been 
acquired by Messrs. Power House Components, Limited, 
Albion Chambers, King-street, Nottingham. A London 
office will shortly be opened by the firm, and the organisa- 
tion of this will be in the hands of Mr. W. C. Anderson. 
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POWER 


LIMITED, ENGINEERS, BRADFORD. 


STATION. 











Messrs. Vickers LimireD, BARROW-IN-FURNEssS.- 
During 1926, Messrs. Vickers Limited, Barrow-in- 
Furness, launched five vessels and constructed a floating 
dock and a dock-gate caisson. The vessels launched 


were the 6,796-ton steamer Nova Scotia, the 4,900-ton | 


motorship Modavia, H.M. cruiser Cumberland, which 


has a displacement tonnage of 10,000, and H.M. Australian | 
submarines Oxley and Otway, each having a displace- | 
The propelling machinery was, in | 


ment of 1,520 tons. 
each case, constructed by Messrs. Vickers. 

Tue INstrruTE OF MetTAts.—As previously announced 
in our issue of January 28, on page 120, the annual general 
meeting of the Institute of Metals will be held on March 9 
and 10 next, in the hall of the Institution of Mechanical 
Engineers, Storey’s-gate, Westminster, S.W.1. On 


March 9, at 10 a.m., at the conclusion of the business | 


preliminaries, Sir John Dewrance will read his presi- 
dential address. The following papers will then be 
read and discussed: ‘‘ Investigation of the Effects of 
Impurities on Copper. Part V.—-The Effect 
Bismuth on Copper,’”’ by Professor D. Hanson 
Miss Grace W. Ford; “ Part III.—The Effect of Arsenic 
on Copper,’ and ‘“ Part IV.—The Effect of Arsenic 
plus Oxygen on Copper,”’ by Professor D. Hanson and 


Mr. C. B. Marryatt. These contributions will be 
discussed together. ‘‘ Brittleness in Arsenical Copper,” 
by Mr. C. Blazey, will then be read and discussed. | 


At 2 p.m., Mr. D. F. Campbell will present his paper on 
‘Electric Furnaces in Non-Ferrous Metallurgy.” This 


will be followed by a genvral discussion on the subject. | 


On the morning of March 10, the papers to be read and 
discussed are as follows: ‘‘'The Penetration of Mild 
Steel by Brazing Solder and Other Metals,’’ by Mr. R. 
Genders ; ‘‘ The Penetration of Brass by Tin and Solder, 
with a Few Notes on the Copper-Tin Equilibrium 
Diagram,” by Mr. J. H. Miller; ‘‘ The Attack of Molten 
Metals on Certain Non-Ferrous Metals and Alloys,” 
by Mr. H. J. Hartley (these three contributions will be 
taken together); ‘‘ Notes on the Manufacture and 
Properties of Hair Springs,’ by Dr. H. Moore and 
Mr. 8. Beckinsale ; ‘‘ The Application of Strain Methods 
to the Investigation of the Structure of Eutectic Alloys,” 
and ‘‘Note on the Crystallisation of the Lead-Tin 
Eutectic,”” by Mr. F. Hargreaves. On the afternoon 
of March 10 the following papers will be presented : 
“The Influence of Calcium on Aluminium containing 
Silicon,” by Mr. J. D. Grogan, with an appendix on 
“The Estimation of Calcium in Aluminium Alloys,” 


of 
and 
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by Mr. P. G. Ward; ‘‘ The Magnesium-Rich Magnesium- 
Copper Alloys,” by Mr. M. Hansen; ‘‘ The Mechanism 
| of Inverse Segregation im Alloys,” by Mr. R. Genders, 
| with an appendix on “The Accurate Determination 
of Copper in Bronze by Electrolysis,” by Mr. R. A. F. 
| Hammond ; “ Magnetic Analysis as a Means of Studying 
|the Structure of Non-Magnetic Al »ys,’’ by Professors 
K. Honda and H. Endo; ‘Ar _ ching Reagent for 


Fig. 33. 


Copper.”’ by Professor B. W. Holman; “ Examination 
of a Fifteenth-Century Brass,” and ‘‘ Note on the Silver 
Contents of Roman Lead from Folkestone and Rich- 
borough Castle,” by Dr. J. N. Friend and Mr. W. E. 
Thorneycroft. The annual dinner of the Institute 
will be held at the Trocadero Restaurant, Piccadilly - 
circus, London, W.1, on March 9, at 6.45 for 7 p.m. The 
dinner will be followed,by a dance. 
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THE HIGH-PRESSURE STEAM 
LOCOMOTIVE. 


THE subject of the use of high-pressure steam, 
so much to the fore at the present time, has in the 
main been discussed from the point of view of 
land installations. This is only natural, for in 
this field there is the greatest freedom from limiting 
restrictions, and given boldness of conception and 
design, there is nothing to hinder exploratory 
work in this direction if the money can be found for 
it. This again can often be found if the responsible 
engineer can make out a fair case and show that 
prospects are good. In marine engineering circles, 
in which there is rather less freedom but still very 
considerable scope, the subject is, however, only 
just beginning to be attacked. The world’s shipping 
is represented by many millions of tons, but though 
the trend of land practice must have been well 
known in the marine world, only within the past 
year and a-half or so has any real attempt been 
made to tackle the problems involved. The 
King George V, of which we have heard a good deal 
in recent months, is practically, though not quite, we 
believe, the only example of enterprise in this field, 
and while we have no wish to belittle the experiment, 
we cannot help thinking that, in some quarters, 
there has been some loss of sense of proportion in 
connection with it. A great deal has been written 
upon it, and upon its possible influence on marine 
practice, which in the end we all hope will be great. 
But we cannot help feeling that at the moment it 
has been made to occupy rather too much of the 
picture when the general subject has been under 
discussion. 

In the paper read recently before the Institution 
of Mechanical Engineers by Professors Mellanby 
and Kerr, most attention was turned to the use 
and economy of high steam pressures in land plants. 
Process or back-pressure installations were barely 
discussed, because the conditions to be met and 
objects to be attained are so varied as to make a 
general consideration of the question useless. As 
regards marine work, the King George V came in 
for notice, as possibly presaging a revolution, but 





the whole subject of the use of high pressures in 
locomotive operation was dismissed in relatively 
few words. Locomotive practice, it was stated, “has 
proved extraordinarily conservative—high pres- 
sures are rare, though occasionally used, and other 
refinements of the present-day steam cycle are 
unknown.” It is, of course, no exaggeration to 
say, as the authors did, that most of the new engines 
are built for moderate pressures and atmospheric 
exhaust, but if we grant this, it does not follow that 
we are prepared to admit that other branches of 
steam engineering are much more alive to possi- 
bilities. 

In any comparisons, the limiting factors have 
to be considered and when these are taken into 
account, the greater must be the surprise that 
more tentative work has been done in the loco- 
motive than in the marine field. All said and 
done, the marine designer as a rule is free to fix 
his main features of design to suit the service he is 
concerned with. Within some latitude his clients 
will meet him in questions of space for his plant, 
and are at least approachable with the argument 
that improvement necessitating modification of 
dimensions and displacement would bring with them 
appreciable return. In some few cases of vessels 
in particular services, the length, beam or draught 
may be absolutely limited by permanent structures, 
such as locks, but for most of the tonnage built 


}}some change to meet the requirements of special 


propelling plant would be possible. Yet, as we 
have seen, the only outstanding attempt to introduce 
modern steam practice to marine work has taken 
the form of a small Clyde excursion steamer. We 
have no wish that these remarks should appear to 
reflect in any way on the enterprise of the builders 
and machinery designers of this vessel. The case 
of the little “‘Turbinia” is still fresh enough in 
the memory for it to be clearly absurd to imply 
that the influence of the King George V may be 
anything but far reaching. The fact remains, 
however, that in this field where relatively speaking 
the designer is untrammelled, the most that can 
be shown is this one example of progressive practice. 

If, on the other hand, we consider the locomotive 
world, in spite of all disparagement, we find quite 
another story. The locomotive is, perhaps more 
than is the case with any other steam plant, 
hedged in by factors limiting design. The only 
possible direction in which change of bulk can be 
made now-a-days is in length, which in some cases 
is undesirable, and in many is impossible, on account 
of fixed plant. The task of adapting the appliances 
required by advanced steam practice to locomotive 
work probably requires an ingenuity unequalled in 
any other field. Yet we find considerable activity 
in this direction. It is not very long ago that, with 
the exception of instances of compounding, about 
175 lb. per square inch was looked upon as the 
standard pressure for locomotive practice. With 
demands for greater tractive power the pressure has 
gradually been increased. For many years 225 lb. 
has been the standard on the Great Western Railway. 
Some time ago the Pennsylvania Railroad and other 
lines went to 250 Ib., and for some classes this is ~ 
now standard. Again, in 1925 we described in these 
columns the experimental locomotive on the 
Delaware and Hudson Railroad. This has proved 
so satisfactory, we believe, that an engine on similar 
lines, but pressed to 400 lb., is under construction. 
These engines are of the straight forward recipro- 
cating type, though fitted with feed heaters or 
injector condensers, and to the latter extent utilising 
the low-pressure end of the system. 

When, some twenty or more years ago, there was 
a tendency to advance pressures, the movement 
was handicapped by trouble experienced with satis- 
1actorily staying the large flat surfaces involved in 
ordinary designs. Large modern American boilers 
all embody features of this character which were 
formerly unknown. The judicious use of flexible 
stays has eliminated some of the troubles, others 
have been met by the introduction, as in the 
Pennsylvanian engines, of corrugations to reduce 
over-rigidity. It is possible -now, that experience 
may encourage a more rapid’ departure from 
conventional lines. For many. years the water- 
tube boiler has been used te a limited extent 
for locomotive work. The Brotan boiler is 
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employed to-day on a large scale in, Austria for 
pressures of 240 lb. The Delaware and Hudson 
engine has a water-tube boiler, the details of which 
were worked out in conjunction with Messrs. Yarrow 
and Co., Limited, and the new 400 lb. pressure 
boiler is to be of the same general type. The 
McClellon boiler in use on the New York, New 
Haven and Hartford system is also of the water- 
tube type, and though at present only designed for 
pressures up to 265 lb. it is quite possible the future 
will see it carried further. From information 
available the change to some form of water-tube 
design would appear to ease the maintenance 
problem. The cost of maintenance of the McClellon 
boiler has been definitely shown by records to be 
about half that of the ordinary firebox type of 
steam generator. 

A further striking experiment still remains to be 
mentioned. In our issue of August 13, last year 
(p. 198) we described and illustrated a locomotive 
built by Messrs. Henschel and Sons for the 
Schmidt Superheating Company working with boiler 
pressures of 1.300, 850 and 200 lb. respectively. 
The first-mentioned is, properly speaking, only 
used in a heat transmission system, but the 
other two represent actual working pressures of 
superheated steam supplied to the cylinders. 
The engine follows modern jand practice to the 
extent that the steam exhausted from the high- 
pressure cylinder is added to steam from the 200-Ib. 
pressure boiler for supply to the low-pressure 
cylinders. This engine has a water-tube and drum 
type of firebox. It has been arranged specially 
with a view to overcoming troubles from impure 
feed water, which it is intended should be confined 
as far as practicable to the low-pressure section of 
the generator. 

So far we have dealt with locomotives of the 
reciprocating type, in which high pressures have 
been adopted either for gain in economy, or perhaps 
more frequently for greater tractive capacity for 
equal weight. The upper end of the thermo- 
dynamic scale has been taken advantage of, though 
feed heating and condensing in a limited degree 
have also been utilised, as already stated. This, 
however, does not exhaust By any means the 
attempts being made to incorporate modern steam 
practice in locomotive design. A number of 
turbine locomotives are already in the field, and 
in these possible gain in economies at the lower end 
of the scale have not been overlooked. In some 
of these engines, however, it must be admitted that 
insufficient advantage seems to have been taken of 
possibilities at the upper end. The Reid-Macleod 
locomotive, for instance, employs only a pressure of 
175 lb. ; the Zoelly locomotive goes to no more than 
200 lb. The Ljungstrém machine and also the 
Maftie locomotive carry matters further, the former 
working at 285 lb. per square inch, and the latter 
at 300. These locomotives have fireboxes more or 
less of the coventional design. It would, indeed, be 
interesting to see what could be done by a really 
inclusive design, covering both ends of the scale. 

The authors of the Institution of Mechanical 
Engineers paper allow that the task before loco- 
motive engineers is no easy one. At the same time, 
they point to “strong potentialities of increased 
economy,” and we think it to be regretted that they 
find no room in their paper for any reference to what 
is being done in the attempt to secure it. Surely, 
if the case of the King George V is regarded as 
commendable enterprise, the facts we have recited 
above might also be considered to be likewise indi- 
cative of it. On one point the authors are admit- 
tedly fair; they acknowledge that superheat 
temperatures of 600 deg.—700 deg. F., still the 
common limit for general practice, have long been 
in use in locomotive work. 

In the end of all these arguments, we have to 
come back to what is really the economic solution of 
these problems. The steam locomotive which 
displays such “remarkable tenacity’ does so 
because its overall tost proves it to be an economical 
investment. It has long been known that by 
adding to its parts saving in coal could be obtained. 
It is, however, equally well known that in many 
stationary plants it does not pay to go beyond a 
certain point in refinements. Nobody of course, 
would expect station practice on, say, a steam 








crane. At the present moment the reciprocating 
steam locomotive, considered as an overall invest- 
ment, still holds its own pretty well. In special 
cases it can undoubtedly be displaced, but its compe- 
titors, whether they be turbine locomotives, internal 
combustion or electric machines, will have to stand 
on their merits when first costs are brought into 
consideration, as well as performance. 





THE RATING OF MACHINERY AND 
PLANT. 


Tue doubts which were expressed in our leading 
article of January 14, last, in reference to the 
Report of the Committee on the Rating of 
Machinery, and which were reinforced by a letter 
from Messrs. Fuller, Peiser and Co., which we 
published on the same date, have received very 
emphatic endorsement in a criticism of the Report, 
which has been prepared by the British Engineers’ 
Association and forwarded to the Ministry of 
Health. The genesis of this Committee we need not 
now explain, as the whole matter was dealt with 
very fully in the article already referred to. To 
facilitate consideration of the British Engineers’ 
Association’s criticism, however, it may be well to 
say that the duty of the Committee was to draw 
up a detailed statement of the machinery and plant 
which, in their opinion, should come under Section 
24 of the Rating and Valuation Act of 1925. 
This section specifies classes of machinery and 
plant which are to be considered part of the here- 
ditament. It is admitted that the Section, as it 
stands in the Act, is capable of various interpreta- 
tions by different rating authorities. The point 
at issue is the machinery and plant which are to 
be included in assessments for local rating purposes, 
and is of great importance to all manufacturers. 

The criticism of the British Engineers’ Association 
points out that the Third Schedule of the Act, 
which is constituted by Section 24, omitted to 
define the expressions ‘‘ mainly or exclusively ” 
‘“main transmission of power,’ and “in the 
nature of a building or structure.” It was hoped 
that the Committee would supply the missing 
definitions. The difficulties of the Committee are 
recognised by the British Engineers’ Association, 
but it regrets that the missing essential definitions 
have not been supplied, and that where the Report 
of the Committee departs from the Third Schedule 
‘an interpretation of its meaning has been ven- 
tured upon, the effect of which is to the disadvan- 
tage of the industrial ratepayer.”’ The criticism 
points out that the effect of the Report is that 
“the Minister is now to receive and digest the 
evidence which, if it had been taken by the Com- 
mittee, would probably have prevented some of 
the present doubts and difficulties from arising. 
The Minister cannot be expected to be as com- 
petent as the Committee to deal with the technical 
questions involved, and the very nature of the 
Committee’s statements is such as to make its 
parliamentary discussion of more than doubtful 
value.” We should, perhaps, explain here that, 
according to the terms of the Act, the detailed 
schedule of machinery and plant coming under 
each class for rating purposes is to be prepared by 
the Minister after receiving the Report of the 
Committee, and considering any representations 
made to him. The order confirming the schedule 
is finally to be laid before Parliament. 

Turning to the details of the British Engineering 
Association’s criticism, the first point taken up is 
the omission in the Report of the words “ primary ” 
and “main” before the words ‘‘ transformation ” 
and ‘transmission ’”’ respectively, which appear 
in the Act and the substitution of the qualification 
‘““When forming part of the scheme or chain of 
all transformation and transmission (hereinafter 
called the chain of power).”’ The criticism goes on 
to say that “the contradictory proviso” later 
in the same part of the Report has the indirect 
effect of including only primary transformation, 
but transmission of power, instead of being limited 
to main transmission, is extended up to any and 
every point “ at which the application of the power 
to the process machine is controlled by means of a 
fast and loose pulley clutch, switch, valve or other 
apparatus.” This quotation is from the Report. 








The British Engineers’ Association points out that 
this wording appears to open the door to some 
anomalies. It makes, for instance, the inclusion 
or exclusion for rating purposes, of electric motors 
driving individual process machines, dependent on 
the position of the point of control. If the applica- 
tion of power to the machine is controlled solely 
by a switch, which must necessarily be connected 
between the motor and the electric supply main, 
or branch conductor, the motor will not be included 
in the valuation for rating. If, however, there is 
a further control, such as fast and loose pulleys, 
or a clutch, necessary on the machine side of the 
motor, the motor will be taxed. 

It, is further contended that the Committee’s 
interpretation of ‘‘ main transmission ”’ is to extend 
it to any and every point at which the first connec- 
tion or other provision is made to tap off supply, or 
transmit power exclusively to any one process 
machine ; and where there is a second point of 
control, it is further extended to the one nearest 
the machine. The criticism continues : “ ‘ Main 
transmission’ has, therefore, been converted to 
‘transmission, which, in effect, is the same as 
‘all transmission’.’’ This, it is contended, is 
contrary to the meaning of the Third Schedule of 
the Act, in which the qualifying adjective ‘‘ main” 
precedes the word “transmission” for the only 
possible purpose of making it clear that all trans- 
mission is not included. ‘‘ What is lacking is a 
working definition of ‘main transmission’... 
The Committee has avoided this difficulty of supply- 
ing a definition by making ‘ main transmission’ 
mean ‘all transmission,’ but clearly, this is not 
the meaning of the Act, nor is it fair to the rate- 
payers.” 

The criticism goes on to state that the basic idea 
of rating of machinery and plant for the generation 
of power has its roots in the old days of batteries 
of built-in boilers and large and heavy steam engines 
on massive foundations, and suggests that there 
would appear to be no good reason why a small 
internal-combustion engine, forming part of a com- 
plete process machine unit, should be included in 
the valuation for rating. Again, is there any good 
reason why a small steam engine, driving an indivi- 
dual process machine, should be taxed, having 
regard to its being an integral part of the complete 
machine and capable of being removed without any 
damage to the hereditament. Since electric motors, 
driving individual process machines under certain 
conditions, would be free of taxation, the Associa- 
tion points out that there are the strongest possible 
grounds for claiming that they should be free of 
tax under any conditions. Following this, it is 
difficult to see on what grounds steam engines, or 
internal-combustion engines doing similar duty 
should be rated as being part of the hereditament. 
Although the wording of the Act cannot be altered, 
in reference to Clause 1 (a), defining generating and 
transmission plant which is to be considered as 
forming part of the hereditament, and as such is 
subject to rating, the Association suggests that it 
would be permissible to interpret the clause as 
meaning plant for “the generation or storage of 
power in or on the hereditament for the service of 
more than one ‘process machine,’ the primary 
transformation or the main transmission of power 
in or on the hereditament.” 

On the further important question of the mean- 
ing to be attached to the word “ structure,” which 
was dealt with by Messrs. Fuller, Peiser and Co. 
in the letter to which we have already referred, 
the Association suggests that the alteration in word- 
ing to the preamble of Class 6 of the Third Schedule, 
which has been made by the Committee is “ to the 
disadvantage of the ratepayer.” Class 6 in the 
Act covers ‘‘ Such part of any plant or any combina- 
tion of plant and machinery, including gas holders, 
blast furnaces, coke ovens, tar distilling plant, 
cupolas, water towers with tanks, as is, or is in the 
nature of, a building or structure.” Such building 
or structure is to be subject to rating. The Report 
of the Committee gives a list of some ninety or 80 
kinds of plant, prefaced by the clause : “ Any of the 
following machinery or plant which is or is in the 
nature of a building or structure.” As already men- 
tioned, the Association contends that this alteration 
is to the disadvantage of the ratepayer, and as an 





able 
aert 
frac 
som 
and 
gree 
elin 
the 

side 
Mor 
ocel 
fluti 
exay 
to a 
diffe 
Ace 
Aer 
cove 
rece 
all r 
not 

to i 
simi 


who 
Tepe 
whic 
the 

iner 


of t 
side 
over 
upp 
of tl 
lowe 


strut 
ailer 
latte 
with 
at t 
cour 
desis 
rath 
expe 
W 
men: 
Speer 
tude 
mate 
sive 
caus 
the ¢ 
case, 


Offic 





el ee 


1 ed 


ISS OEE Oe el 


FEB. II, 1927.] 


ENGINEERING. 


173 








example refers to an elevated belt conveyor sup- 

rted by structural steel work. It is suggested 
that while the conveyor belt with its idler rollers 
and driving gear would, in accordance with the 
wording of Class 4 of the Act, be excluded from the 
valuation for rating, they would probably be held 
to be ratable under the Committee’s statement. 
It is also pointed out that elevators and hoists are 
included in the Committee’s list, but that Class 4 
of the Act by implication, excludes them, unless 
they are mainly or usually used for passengers. 
Cranes, it is pointed out, are very properly excluded 
from the list, as the wording of Class 4 affords no 
grounds for including them. This being so, how- 
ever, the Association asks why transporters have 
been included in the list, and raises the question 
of the propriety of including conveyors, elevators 
and hoists. 

Various other points are taken up by the British 
Engineers’ Association, which we cannot follow in 
detail, but it is certainly to be desired that every 
item of their weighty protest may receive proper 
attention from the Minister of Health. Their plea 
for further investigation in the light of the evidence 
presented by, or obtainable from, the parties directly 
affected by the rating of machinery, may be very 
cordially supported. 





WING FLUTTER IN AEROPLANES. 


ALTHOUGH in the early days of aviation consider- 
able trouble was experienced from the vibration of 
aeroplane spars and bracing wires, often leading to 
fractures of the latter, the cause, viz., resonance at 
some particular engine speed, was fairly obvious, 
and the remedy could usually be applied without 
great difficulty. The trouble could generally be 
eliminated by modifying the design so as to give 
the affected parts a natural frequency differing con- 
siderably from the vibration frequency of the engine. 
More recently a certain number of accidents have 
occurred due to a phenomenon known as wing 
flutter, which, at first sight, may appear to be an 
exaggerated form of the class of vibration referred 
to above, although it is actually due to an entirely 
different cause. The question was referred to the 
Accidents Investigation Sub-Committee of the 
Aeronautical Research Committee and a report 
covering the early investigations of the former has 
recently been issued.* Five accidents, or incidents, 
all relating to one type of service machine which is 
not now used in the Royal Air Force, are referred 
to in the report, but troubles that may be due to 
similar causes have been experienced with other 
types of machines, and a general investigation of the 
whole subject has been commenced. The present 
report, in fact, may be said only to state the problem, 
which is likely to become of greater importance in 
the future as the speed of aeroplanes continues to 
increase. 

The particular class of aeroplane referred to, was 
of the single-strut biplane type, in which a con- 
siderable portion of both the upper and lower planes 
overhung as a cantilever at the outer ends. The 
upper aileron was located in the overhanging portion 
of the plane, and was operated by a strut from the 
lower aileron which extended from the wing tip 
to a point some little distance inboard of the main 
strut. The aileron strut was connected to the upper 
aileron at a point practically on the inner end of the 
latter, which was hinged along a line set at an angle 
with the spars, so that it was considerably wider 
at the tip end than at the inner end. It is, of 
course, easy to be wise after the event, but if this 
design can be visualised, it may certainly be thought 
rather to lend itself to the type of trouble actually 
experienced. 

With these machines, violent oscillating move- 
ments of the upper wing tips occurred during high- 
speed manceuvres, the oscillations having an ampli- 
tude of the order of one inch and a frequency esti- 
mated at from 800 to 1,000 cycles per minute. Exces- 
‘ive vibration of the whole machine, sufficient to 
cause distinct discomfort to the pilot and to affect 
the control gear adversely, was thus set up. In one 
case, the flutter occurred during a dive at 160 to 





* Reports and Memoranda No. 1,041, H.M. Stationery 
ce. Price ls, 3d. 





180 m.p.h., and although the pilot was able to bring 
the machine out of the dive, he afterwards discovered 
that the aileron control was ineffective. The machine 
subsequently got into a spiral dive from which the 
pilot was unable to recover, so that it was badly 
damaged in landing. In some of the other cases of 
flutter occurring during dives and other high- 
speed manceuvres, the pilot has been able to effect 
a forced landing without damaging the machine, and 
in none of the cases referred to in the report have the 
results been fatal, although this may have been due 
to exceptional skill on the part of the pilots con- 
cerned. 

All the machines were, of course, examined after 
landing and, in the case of one of them, the results 
of the examination are of particular interest. In 
this case, the machine was not damaged in landing, 
and the injuries detected were, therefore, due to 
the phenomenon in question. One of the fuselage 
struts was found to be damaged, and the four pin 
bolts for the attachment of the wing spars were 
loose. Both rear spars of the upper planes had 
serious compression creases on the top flanges 
extending, in one case, to the neutral axis, and the 
starboard rear spar had failed through a bolt hole, 
and had split longitudinally for a length of about 
2 ft. The type of failure had the appearance of 
having been caused by fluctuating loading and was, 
in fact, reproduced on model spars by this means 
in some tests carried out at the Royal Aircraft 
Establishment. On both planes, many of the joints 
of the ribs with the spars were disturbed or broken, 
the internal bracing wires were slack, and the central 
interspar drag struts were loose relative to the spars. 
The ailerons and struts were, however, undamaged 
in this particular case. 

In the other cases investigated, similar effects 
were found, although sometimes complicated by 
damage caused by a crash in landing. The one 
case cited, however, will serve to indicate the 
importance of the effect and the necessity for pre- 
venting it. It is doubtless caused, as pointed out 
in an appendix to the report by Professor L. 
Bairstow, by the fact that the ailerons commence 
to flap or oscillate about their hinges, producing 
corresponding variations in lift which, in turn, set 
up oscillations in the overhanging portions of the 
wings. Both ailerons, it should be noted, apparently 
move up and down together, and not in opposition, 
as in their normal use. Professor Bairstow gives 
an expression, depending upon the aerodynamic 


damping moment of the aileron, for the conditions | - 


under which flutter will occur and for the periodic 
time of the oscillation when it begins. Applying 
this to the particular case under consideration, he 
obtains results in reasonable agreement with the 
observations. 

Various methods of avoiding the trouble are 
available, all employing means for increasing the 
difference in the frequency of the flapping of the 
ailerons and the natural frequency of the structural 
parts. It is possible, for instance, to move the point 
at which the aileron is controlled, and this has 
been done with satisfactory results in the case of 
the machine with which the trouble was previously 
experienced. In its modified form, the upper 
ailerons are still hinged about a line inclined at an 
angle with the spars, but they are now made of 
equal width throughout their length, and the 
operating strut is attached at a point some distance 
from the inner end. No flutter has been experi- 
exced with the modified design of aileron, although 
the machine has been dived at speeds exceeding 
210 m.p.h., and has generally been handled in a 
manner intended to produce the effect. Other 
methods by which flutter can be avoided are by 
arranging that the centre of gravity of the aileron 
shall be on the hinge, and the fitting of attachments 
designed to limit the motion of the spar or to increase 
its stiffness. It is realised, however, that the 
trouble may recur at still higher speeds, and the 
sub-committee have therefore recommended that the 
vibration of aeroplane structures shall be thoroughly 
studied, both from the theoretical and experimental 
standpoints in order to provide data from which 
designers can make the calculations necessary to 
avoid further trouble from this cause. The investiga- 
tions are in hand, and their results will be awaited 
with interest. 





NOTES. 


THE CunaRpD LINER “ MavuReETani4.” 

Ir has been said that the two things mankind 
carries in affectionate and permanent memory are 
stories of noble deeds and the supreme passages of 
poetry which, from time to time, have made for 
themselves a place in history. This limitation is, 
however, probably too severe; there are certain 
more material manifestations of man’s qualities 
which have earned for themselves a name which 
seems likely to last as long as history. Apart from 
the fine arts, this happy lot is that of certain build- 
ings, certain bridges, and certain ships. The 
buildings and bridges have earned their place in 
general by the nobility of their proportions; the 
ships perhaps rather by some great event in which 
they have taken part. In some cases, however, their 
fame rests on their own qualities, and it would not 
seem out of place to class the Cunard liner Maure- 
tania among this selected few. It is perhaps not 
easy to think that any contemporary work may 
be classed among the masterpieces of the past, but 
it is well to guard against too artificial a reverence. 
We are probably liable to attribute a greater stature 
to “‘ the wise old dead ’’ than their contemporaries 
would have recognised, and there is nothing in- 
herently improbable in suggesting that an engineer- 
ing work of to-day may in future ages carry an equal 
fame with say the great constructional works of the 
Romans. The Mauretania is not the largest ship 
in the world ; neither is she the swiftest, nor probably 
the most luxurious. Her construction twenty years 
ago, however, represented such a departure and 
such an advance over anything that had been done 
before that she well might be described as an 
experiment—an experiment the success of which 
has possibly never been equalled. She settled at 
a stroke the, at that time, very controversial 
question of the suitability of the steam turbine 
for the propulsion of the largest ships ; she at once 
set up and maintained a standard of speed and 
constancy in large passenger ships which even 
now, at twenty years old, she finds unequalled and 
not even seriously challenged. To realise the 
courage, or should one call it the faith, that went 
to the building of the Mauretania, it is only 
necessary to recall that a well-known engineer at 
a meeting of the Institution of Naval Architects 
only three years before the Mauretania was launched 
could express the opinion that “‘in the turbine 
we have a plant that we know has run well 
for a much shorter period (7.e. than the recipro- 
cating engine), but still we have the fact that it is 
practically untried and that the same difficulties 
we had in the old rotary engine... are still 
present here.” In speaking of the Mauretania, 
it is well not to forget her sister ship the Lusitania, 
but her name is so essentially connected with her 
tragic end that, in the future, it is likely to be the 
name of the Mauretania that will be remembered 
as standing for one of the landmarks of engineering. 


Smoke As AERIAL DISPERSE SYSTEMS. 


Some years ago, Dr. R. Whytlaw Gray, Pro- 
fessor of Chemistry at Leeds University, took up 
the investigation of smokes and dusts, of which 
he gave a first account in two Royal Institution 
lectures, on January 18 and 25 last, in the belief that 
these aerial disperse systems would be analogous 
to the colloidal disperse system, so far mostly 
studied in water, and would throw some light on 
certain obscure features in the behaviour of colloids. 
Water has long since lost its reputation as Nature’s 
pure simple liquid ; it may be H,O or (H,O)z, and 
it shows many anomalies. Finely-divided par- 
ticles may occur distributed in all the three phases 
of matter, and air appeared to be the simplest 
medium in which to study dispersion. Using 
smoke clouds of metallic oxides, produced by strik- 
ing the arc between electrodes of zinc, cadmium, 
silver, &c., of ammonium chloride and of cigarettes, 
fogs, &c., for his experiments and his demonstrations, 
Dr. Whytlaw Gray soon found that the analogy 
between such aerial disperse systems and colloidal 
solutions or suspensions was more apparent than 
real, but that the study of the former systems was 
sufficiently interesting in itself. The question 
directly affects the dust nuisance. In the absence 
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of electrolytes, colloidal suspensions are stable and co- 
agulate very slowly, in spite of the Brownian move- 
ments of the particles. With the aid of their ultra- 
microscope, Siedentopp and Zsigmondy counted, 
in 1908, the number of colloidal gold particles per 
cubic centimetre; knowing the weight of the gold, 
they could deduce the size of the particles, and test 
the rate of fall in water by the law of Stokes. 
This formula seemed to require modification for 
particles of less than 10-4 cm. radius, and was 
modified by Cunningham, Einstein and Millikan. 
The smokes or aerosols were found to have radii 
of the order 10-5 cm., to be in much more rapid 
Brownian movements than colloids and in frequent 
collision, and to undergo rapid coagulation. This 
instability made counting and sorting of particles 
of different sizes very difficult ; the results indicated 
that coagulation and partial settling took place 
more rapidly than it should, according to the rule 
of Smoluchowski. That might have various reasons. 
In the ultra-microscope, the particles are observed 
in a thin ribbon of light of known width and thick- 
ness, falling through a slit into a glass cell. It 
seemed possible that, in aerosols, particles outside 
that light ribbon might be illuminated and be 
counted. Dr. Gray, therefore, confined part of the 
ribbon between two glass plates, leaving a passage 
of 0-1 mm. between them. The figures then agreed 
better with theory, but were still too high. Settling 
on glass, the particles appeared first as fine specks 
and changed, in the course of minutes and hours, into 
irregular spots, flakes and chains. But these com- 
plex particles, he found by various means, such as 
treatment withoil drops andexposure toelectric fields, 
were really systems of primary units in dynamic 
equilibrium, capable of independent motion under 
the opposing forces of Brownian agitation and attrac- 
tion, electrical or cohesional. Magnesia smoke 
formed threads descending vertically under the 
force of gravity; in an electric field, the threads 
were bent and deflected, suggesting that only some 
of them were charged, positively or negatively, 
whilst all liquid colloidal particles generally bear 
the same charge. It is very significant that the 
specific gravity of these aerosols seems to be very low. 
Silver has the density 10-5, magnesia (the crystal- 
lised oxide) 3-4 (magnesium metal is only 1-7), but 
the mean densities of the aerosols of silver and 
magnesia were 0-94 and 0-35. That might help to 
explain how Ehrenhaft (Vienna) could find that 
bodies might carry charges of less than one electron. 
By experimenting with droplets of oil and other 
particles between condenser plates, so charged that 
gravity and electric forces supported or opposed one 
another, Millikan arrived at what is considered the 
most probable value of e. But Ehrenhaft thought 
he had observed charges smaller than one e ; wrong 
estimates of the size and density of the particles, 
however, would invalidate the calculations. 


THE WorKING oF Hot anp Cotp METALs. 


A lecture entitled ‘ British and American 
Practice in the Working of Hot and Cold Metals ” 
was delivered at the Royal Society of Arts, on 
January 26, last, by Mr. F. W. Spencer, of the 
Birmingham Small Arms Company, Limited. In 
the unavoidable absence of Sir Robert Hadfield, 
who was to have presided, the Chair was taken by 
Mr. Llewellyn B. Atkinson. After dealing with 
drop-hammer and hot press work, Mr. Spencer 
said that in the matter of cold working it might be 
mentioned that United States manufacturers had 
an advantage over British makers ir that their 
standard bolt head was not so large as our Whitworth 
standard, and did not require more than two diame- 
ters length of bar to form the head. Our bolt head, 
on the other hand, demanded more than three 
diameters. The limiting length of bar projecting 


from the dies which could be safely upset in one | 


blow was from two to three diameters. This 


meant that Whitworth standard bolt heads re- | 


quired at least one more operation than did 


American bolts, in order to complete them. Ma- | 


chines used in cold upsetting were similar in 
construction to those used for hot upsetting; addi- 
tional mechanism, allowing two or even three blows 
to be given to each article, was, however, provided. 
The material normally used in these machines 
was coiled wire, having a maximum diameter of 


¥ in., or rod having a diameter of not more than 
%in. The action of the machine was to draw the 
wire or rod into the dies, cut it off, upset it, and 
eject it automatically, the rate of output being 
from 60 to 120 articles per minute. Small articles 
could be made from cold material by simply 
putting a previously-prepared blank between the 
dies in a press of sufficient capacity, the pres- 
sure causing the material in the blank to flow 
into and fill the impression in the dies. The 
first presses to be used for this work were iden- 
tical with those used for coining, but there seemed 
to be no reason why a heavy type of crank press 
should not be used with advantage, as the tool space 
in the latter type was much greater. Another use 
for presses of these types was in connection with the 
cold sizing, in dies, of bosses on drop forgings or 
malleable castings. This eliminated the necessity 
for milling or machining these parts, and the main 
advantage lay in the greatly increased rate of pro- 
duction, which was from 10 to 20 times as rapid as the 
machining method. Again, the dimensional accu- 
racy secured was of a very high order. 








THE ENGINEERING OUTLOOK. 
VI.—Tue Locomotive INpustTRY. 


At the beginning of 1926, the position of the 
locomotive industry was a very gloomy one, 
although there were some indications of an improve- 
ment in export business during the early part of 
the year. This improvement in fact materialised, 
and would, no doubt, have been maintained in some 
degree but for the intervention of the coal dispute. 
That catastrophe undoubtedly affected the locomo- 
tive industry more severely than most branches of 
the engineering industry. The serious degree to 
which locomotive building was hindered renders the 
interpretation of trade statistics a matter of more 
than usual difficulty. Broadly, it may be said 
that the home market for locomotives has dis- 
appeared so far as private manufacturers are 
concerned. This may be ascribed partly to the 
growth of railway electrification, and partly to the 
fact that the railway companies now do the greater 
part of their own manufacturing. An exception to 
the last statement must be noted in respect of 
certain orders placed out as a result of the Govern- 
ment’s relief of unemployment programme. Again, 
the keen competition for export trade resulting from 
this state of affairs, has been intensified by the 
increase in the number of firms engaged upon this 
branch of manufacture. It is well known that 
armament manufacturers having little demand for 
their products since the war, have resorted, among 
other things, to the manufacture of locomotives. 
All of these circumstances had produced a very 
serious position during 1923 and 1924. In 1925 
there was some little improvement late in the year, 
which was carried on into the first quarter of 1926, 
but with the advent of the general and coal strikes, 
production relapsed to a worse position than even 
the three preceding years could show. 

As in other branches of engineering, employment 
is the soundest available index of the total produc- 
tion of the locomotive industry. In the following 
table will be found employment statistics obtained 
from an investigation by sample in seven principal 
manufacturing districts. 














TaBLE I[.—Employment in the Locomotive Industry. 
—_— | Numbers Index 
| Employed. | 1914 — 100. 
1914 ss . ar eo 15,624 100-0 
1918 “ os os 11,765 75°3 
1920, May rs = 14,510 92-9 
1923, 1st half-year... ee 5,885 37-6 
» wads, we 700 | 4968 
1924, 1st “i i ..| 6,021 | 82-1 
| = aed < os ed 5,660 | 36-2 
| 1925, Ist * a cnt 7,024 | 45-0 
» mad os ie a! 7,331 | 46°9 
1926, Ist ss os on 5,918 | 37°9 
» one os a be 4,877* | 31-2* 








* Estimated on incomplete returns. 
| Last year the continuation of employment at 
less than half the pre-war level for the third year in 
succession, was considered to denote a critical condi- 
tion in the industry. The further decrease in 1926 
may be entirely attributable to the general and coal 





stoppages. But it is feared that the other more 
permanent factors described above are also exercising 
a malign influence, which is unlikely to disappear 
quickly. To this extent, exaggerated hopes for 
1927 should be regarded with suspicion. 

At the same time, there is no disputing that the 
industry is predominantly an export industry, and 
that the export statistics of 1926 may probably be 
considered safe grounds for moderate optimism. 
In the first quarter of the year, the volume of 
exports exceeded the 1913 average by 11 per cent., 
while there has been a distinct hardening in the 
value per ton. In the following table, the volume 
and value per ton of British exports are given to the 
end of 1926. 


Taste I1.—United Kingdom Exports of Locomotives. 











Monthly Volume of Value per _ 
Average Exports Fg Ton Ex- Pa 
for Tons. ‘| ports, £. 913—100. 
| 
1913 ye a 3,927 | 100-0 59°0 100-0 
1922— 
Ist quarter 4,268 | 108-6 164-9 279-5 
Sg, 2S | 44-3 168-6 285-7 
3rd es .-| 1,748 | 44-4 150-8 255-6 
4th | 2,975 75-8 144-5 245-0 
1923— 
Ist quarter ..| 2,524 64-2 110-9 188-0 
2nd, = «| 3,110 79-1 78:4 133-0 
3rd | 2,227 56-6 81-8 138-6 
4th | 3,024 77-0 85-5 144-9 
1924— 
1st quarter ..| 2,694 | 68-5 72°2 122-4 
2nd os -.| 2,482 64-4 72°8 123-4 
Sea igs scl GbOb 38-3 83-3 141-2 
4th 55° cas) game 31-1 98-2 166-4 
1925— 
1st quarter ..| 3,548 | 90-2 83-0 140-6 
2nd » «| 938,844 | 85-1 85-2 144-4 
3rd is --| 1,520 39-6 97-9 165-9 
4th So al eas 34-6 91-5 155-1 
1926— | 
1st quarter ..| 4,387 111-7 90-6 153-5 
2nd Swat, | 74:8 90-5 153-4 
3rd 7 oe 1,953 49°38 91-2 154-7 
4th . ..| 2,046 52°1 84-4 143-2 











For the whole year, the volume, the value and the 
value per ton, all show an increase over 1925. The 
third and fourth quarters would naturally be most 
affected by the stoppages, while the end of the year 
reports are distinctly optimistic. Important orders 
were received from India and South America last 
year, which, owing to the shortage of materials are 
only now being put into production. On the other 
hand, it is impossible to say how much of the decline 
in the latter part of 1926 is attributable to industrial 
dislocation in this country. A glance at Table II 
will show that in other years there has been a lack 
of balance between the first and last six months. 

Perhaps the movement of the value per ton index 
affords the most reliable grounds for optimism. The 
prevalence of an average value per ton only 22 per 
cent. above the pre-war level, in spite of a general 
increase of production costs amounting to 100 per 
cent. in 1924, was at once a measure of the severity 
of competition and an indication of the unprofitable 
prices accepted by British manufacturers. These 
prices cannot fully have covered the cost of labour 
and materials, let alone overhead costs. Even now 
the average price received cannot be profitable, 
though the value per ton index has risen to over 
50 per cent. above pre-war, while there has been a 
considerable decline in the general price level 
through the return to the Gold Standard. A further 
probable fall in the price of coal, iron and steel in 
the course of 1927 should be most helpful to this 
industry. The main point to be deduced from the 
increased value per ton is that it must have been 
made possible partly by an increase in world 
demand. 


TaBLE III.—Declared Values of International Exports 
of Locomotives. (000’s omitted.) 














— | 1913. | 1923. | 1924. | 1925. | 1926. 
United King-| ¢£ | £ £ £ 
fom. %.<| SS 7Re | 2,804 | 1,852 | 2,649 | 3,043 
Germany ..| 2,698 | 1,958 1,042 1,338 1,598 
U.S.A... .|* 1,324 | 967 | 1,279 | 1,456 | 1,185 
France | 80 655 325 366 219 
Total ..| 6,889 | 6,474 | 4,498 | 5,809 | 6,045 

{ { 





* Including parts. 


Owing to the virtual absence of the Home market 
alluded to above, imports are negligible, and it has 
not, therefore, been thought worth while to include 
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these statistics. The volume of imports in 1924 
was only 60 tons ; in 1925, 126 tons; and in 1926, 
176 tons. The activity of competition can best be 
measured by the statistics of international exports, 
which are given in Table III above, in declared 
values converted to sterling at the average rate of 
exchange for the period in question. 

In considering Table III it must be borne in mind 
that these figures are declared values, and therefore 
in view of the rise in the general level of prices, 
represent a considerably smaller volume in post war 
years than they would have done in 1913. Thereduc- 
tion in world demand as compared with 1913 is there- 
fore greater than appears from Table III. But this 
does not alter the fact that there has been a steady 
increase in the roughly comparable years 1924, 1925 
and 1926. On the whole, it is believed that the 
world demand is likely to continue to increase in 
1927. After making all allowances for the general 
tendency towards railway electrification, this is 
at present a small element’ in comparison with 
steam operation. Moreover, as pointed out last 
year, the recent “‘ fashion ” which has been adverse 
to steam locomotives rests upon no kind of technical 
justification, and there are already signs of it 
passing. But if world demand is on the increase, 
there are also reasons to hope that the British 
industry will secure a fair share of the improve- 
ment. Since 1923, British exports have been 
greater than those of her competitors, and, in 
1926, they were greater than the American, German 
and French exports combined. Sweden, which in 
1923 exported to the value of 1,500,000/., and in 
1924 2,000,000/., dropped to a negligible quantity 
in 1925 and 1926. Allusion has already been made 
to the competitive British value per ton, and if 
price is satisfactory, there will be little question 
about quality. Indeed, it is in the matter of quality 
that the principal pull of the British industry will 
lie in the next few years, as former customers become 
disgusted with inferior productions which they 
have bought from our competitors since 1918. 
There is already a welcome indication of this 
revival in markets other than the Great Dominions 
and South America, which have taken a much 
larger quantity of locomotives in 1925 and 1926 than 
in 1924, the 1926 figure having considerably 
exceeded the pre-war volume. 

It may be concluded that the prospect for 1927 
is one of distinct improvement as compared with 
1926. The revival of the industry is likely to be 
gradual and progressive, and no hope of a sudden 
boom would appear to have any justification. The 
experience of 1926 suggests that the British industry 
has established a competitive supremacy over its 
rivals, which should secure a good share of an 
increasing world demand. At the same time, 
any such improvement will start from a level of 
profound depression, and cannot be expected to 
leave the industry prosperous in the course ofa 
single year. 





THE InstituTION or Minne ENGINEERS.—A feature 
of the annual dinner of the Institution of Mining Engi- 
neers, held at the Hotel Metropole on Wednesday, 
February 2, was the presentation of the Gold Medal of 
the Institution to Professor Sir John Cadman, in recog- 
nition of his services to the Institution, together with 
his work in advancing mining technology and in for- 
warding education in mining engineering. The presenta- 
tion was made by the President, Dr. John Scott Haldane, 
who referred to Sir John Cadman’s valuable work in the 
war in connection with the supply of fuel oil for the 
Navy. General Sir J. F. Noel Birch, in proposing the 
toast of the Institution, was of opinion that the splendid 
efforts of the miners during the war had not been 
adequately recognised. Something like 1,100 officers 
and 30,000 men had been engaged in tunnelling opera- 
tions, and had shown both determination and fine fighting 
qualities. Colonel W. C. Blackett, Past President, in 
response, said he would not refer to the recent mining 
troubles other than by saying that the Institution would 
do its best to assist in the healing of the still-open wounds, 
by continuing to try to advise both masters and men 
on the technical side. The Duchess of Atholl, Parlia- 
mentary Secretary to the Board of Education, 
responded tc the toast of the guests, and was supported 
in this by Sir Walter M. Fletcher and Brigadier-General 
bi Hon. C. G. Bruce, the former of whom pointed out 
f at the employment of machinery was an extension of the 
faculties of man. He considered that rescue apparatus 
iN mines was identified with Dr. Haldane. General Bruce, 
m some reminiscences of the Himalayas and Gallipoli, 
stated that he owed much to the advice and encourage- 
— of Dr. Haldane regarding the practicability of 
chmbing high altitudes without the use of oxygen. 





THE LATE SIR F. WILFRID STOKES. 

A LARGE circle of the non-technical public will 
share the regret felt by the engineering profession 
at the death, after a relatively short illness, and 
at the comparatively early age of 66, of Sir Frederick 
Wilfrid Scott Stokes, chairman and managing 
director of Messrs. Ransomes and Rapier, Limited, 
Ipswich. Though engineers appreciate to the full 
his prompt response to the calls of war in the 
invention of the unique gun which bears his name, 
they will appraise more highly, perhaps, his life- 
long service to those more lasting and noteworthy 
arts of peace which have helped to render many 
desert lands productive. 

A son of Scott Nasmyth Stokes, a colleague of 
Matthew Arnold’s in the inspectorate of schools, 
Frederick Wilfrid Scott Stokes was born on April 9, 
1860. He received his earlier education at St. 
Francis Xavier’s, Liverpool. This was followed by 
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THE LATE Sir F. WitFrip STOKEs. 


a period at the old Catholic University College in 
Kensington, which institution he left at the age of 
18 to become a pupil with Mr. Lancaster Owen, 
M.Inst.C.E., of the Great Western Railway Company. 
In 188] he joined, as assistant, Sir William Shelford, 
M.Inst.C.E., and remained in that position until 
1885, being engaged on such constructional work 
as the design of bridges, &c., for the old Hull and 
Barnsley Railway. His next post was as assistant 
to Mr. R. C. Rapier, M.Inst.C.E., his work being 
largely on lifting appliances and railway plant. 

Mr. Stokes was, about this time, also engaged in 
pioneer work in connection with rotary kilns for 
cement making. His patents of 1886 to 1888 show 
a distinct advance on the Ransome kiln of 1885, 
inasmuch as the waste heat from the kiln itself was 
used to dry the wet slurry on the outside of a 
separate drum. The now well-known clinker- 
cooling and air-heating cylinder was embodied in 
it. For some reason or other the subject does not 
appear to have been followed up in Great Britain, 
though the cement manufacturers in the United 
States were quick enough to realise the soundness 
of the methods adopted, and it was from that 
country, some fifteen years later, that the rotary 
kiln was re-introduced here in a modified form. 

It may be, however, that other subjects exercised 
a greater attraction, for it was during the °80’s 
that Messrs. Ransomes and Rapier acquired the 
patent rights of the Stoney sluices, originally 
invented in 1874, and thus commenced the’ firm’s 
connection with water-control devices for irrigation 
and water-storage projects. The first important 





order for these sluices was for equipment on the 
Manchester Ship Canal, and subsequent erection 
there was supervised by Mr. Stokes. The original 
designs for this type of sluice were greatly improved, 
as time went on, largely by Mr. Stokes himself, 
notable developments by him being arrangements 
for protecting the rollers from scour when the sluice 
is open, methods of ensuring complete water- 
tightness, and for preventing vibration of the rollers. 

Perhaps the best-known example of the employ- 
ment of these sluices as thus made by the firm is 
that of the Assouan Dam on the Nile. This struc- 
ture has 110 sluice gates, though a certain number 
are not provided with the characteristic rollers. 
The work on these as well as on the lock-gates and 
other ironwork was described in a paper read by 
Mr. Stokes before the Institution of Civil Engineers, 
in January, 1903, he having been present at the 
opening of the first sluice in December, 1901. It 
may be remembered that this immense work was 
completed a year ahead of the contract time, no 
mean achievement. 

Twenty-four years later, in January, 1926, Sir 
Wilfrid Stokes, as he had then become, was again 
present at the opening of the Sennar Dam, the 
sluices for which had been made by his firm. This 
was on the Blue Nile, above Khartoum, and in it 
there are 80 sluices closed by the improved Stoney 
gates and operated by petrol-driven travelling 
cranes. This work was described and illustrated 
on page 104 of vol. cxxi, of ENGINEERING. Sir Wilfrid 
Stokes’ participation in the important work of irri- 
gation in Egypt was recognised by the bestowal by 
the late Khedive of Egypt of the decorations of the 
Second Order of Osmanieh and the Second Order of 
Medhijieh. The supply of these gates has not, 
however, been confined to Egypt and the Sudan, 
for they are to be found in places as wide apart 
as the River Nenquen in Argentina, in India, New 
Zealand, China, and many other parts of the world. 

In the early days of the firm, considerable atten- 
tion was paid to the supply of railway material, 
such as turntables, etc., and this subject, too, was 
studied by Mr. Stokes, who was instrumental 
amongst other things, in developing the firms well- 
known breakdown crane, and invented a shallow 
traverser for railway stock. Mr. Stokes became, in 
1896, when Messrs. Ransomes and Rapier was con- 
verted into a limited company, engineer and manager 
of the London office. Mr. Rapier died in 1897, and 
Mr. Stokes then became managing director. The 
Chairmanship of the company followed in 1907, and 
he occupied both posts up to the time of his death. 

Passing to the war period, the original design of 
the Stokes gun was submitted to the War Office in 
December, 1914, to meet with rejection. Mr. Stokes 
was, however, confident of the ultimate utility of 
the ideas embodied in it ahd commenced experiment 
with a somewhat crude gun at Ipswich. The result 
of much patient trial, made with characteristic 
thoroughness, was the weapon which made its first 
appearance in the trenches at the battle of Loos, in 
September, 1915, firing smoke shells. By this time 
the value of the invention had been recognised, and 
Mr. Stokes had become a member of four of the 
Committees of the Inventions Department of the 
Ministry of Munitions. 

Improvements in both gun and projectile followed, 
and the gun was, in the later stages of the war used 
for high explosive bombs, gas, smoke, and incendiary 
projectiles, not only on land but in such naval opera- 
tions as the attack on the Zeebrugge mole. It is 
hardly necessary to refer further to this interesting 
weapon except to state that a fully illustrated 
description may be found on page 719 of vol. cv of 
ENGINEERING in our account of the Gustave Canet 
lecture delivered by Sir Wilfrid (the distinction of 
K.B.E. had been conferred upon him in 1917), before 
the Junior Institution of Engineers in June, 1918. 
To the credit of the engineer it may be said that the 
invention of the Stokes gun solved a problem which 
the professional gunner had essayed up till then with 
only very partial success. 

It may be recalled that Sir Wilfrid Stokes was 
President of the British Engineers’ Association from 
1916 to 1918. The list of organisations he has been 
associated with is. a testimony to his versatility 
and activity, indeed, it is too long to quote here, but 
typical instances are those of Chairman of the 











176 


ENGINEERING. 


[FEB. II, 1927. 








Controlled Firms Section of the Federation of 
British Industries, President of the East Anglian 
Association of Engineering Employees, and Presi- 
dent of the Industrial Reconstruction Council, 1918. 
He was elected an Associate Member of the Institu- 
tion of Civil Engineers in 1885, and became a full 
member in 1902. He was highly regarded by the 
officials and employees of the firm, and showed a 
sympathetic and wise understanding in his care 
for the welfare and recreative side of the organi- 
sation. 


THE LATE SIR JAMES KEMNAL. 


THE death of Sir James Kemnal, which occurred 
at Sandbanks, Dorset, on Tuesday last, after an 
illness lasting several months, removes an engineer 
who was known throughout the world in the 
sphere of boiler construction. Sir James, who 
was born in London in 1864, was associated with 
Messrs. Babcock and Wilcox, Limited, for the 
greater part of his life, and had occupied the position 
of managing director of the company for many 
years. The firm was originally a branch of the 
Babcock and Wilcox Company of New York, 
U.S.A., and, on behalf of that company, Mr. C. A. 
Knight came to England in 1881. The growth 
of the English branch was so rapid that, ten years 
later, a British company was formed, and Sir James 
Kemnal became managing director of the new 
firm, conjointly with Mr. Knight. The British 
concern continued to make rapid progress and, 
in 1900, the company was entirely reconstituted, 
and Sir James was appointed managing director, 
a position which he occupied until his death. In 
this capacity he had control of factories at Renfrew, 
Dumbarton, Oldbury, Lincoln, Sydney, and Yoko- 
hama, the combined personnel of which totals 
10,000. Sir James was also a director of the 
French, Spanish, Italian, and German companies 
of Messrs. Babcock and Wilcox, of Messrs. Power 
Securities Corporation, London, of Messrs. Balfour, 
Beatty and Co., Limited, London, and of other 
companies. He was also Chairman of Messrs. 
Worthington-Simpson, Limited, London, and 
Newark, and President of the British and Latin- 
America Chamber of Commerce. 

Sir James was a member of a large number of 
technical and scientific institutions. He was 
elected to the full membership of the Institution 
of Mechanical Engineers in 1889, of the North-East 
Coast Institution of Engineers and Shipbuilders in 
1896, of the Institution of Engineers and Ship- 
builders in Scotland in 1896, and of the Institution 
of Electrical Engineers in 1908. He became a 
member of the Iron and Steel Institute in 1906, 
and was one of the original members of the Institute 
of Metals when that body was founded in 1908. 
He was also a vice-president of the Institute of 
Marine Engineers and a member of the Institution 
of Naval Architects. Among the papers contributed 
by him to the transactions of various learned 
societies, the following may be cited: ** Water-tube 
Boilers in the Mercantile Marine,” read before the 
North-East Coast Institution of Engineers and 
Shipbuilders, in January, 1921; *‘ Water-tube 
Boilers and Crane Construction,” read before the 
Institution of Mechanical Engineers at Glasgow 
in June, 1923; ‘ Present Tendencies of Steam 
Generation,” read before the Institute of Marine 
Engineers in October, 1924; and ‘* High-pressure 
Boilers,’ read before the Institution of Engineers 
and Shipbuilders in Scotland in February, 1926. 
Sir James was a Fellow of the Royal Society of 
Edinburgh and had recently been appointed a| 
magistrate of the City of Glasgow. 





He was a| 
Freeman of the City of London and a Liveryman | 
of the Shipwrights’ Company. In recognition of | 
services rendered by him during the war he received | 
the honour of knighthood in 1920. Sir James 
became seriously ill in September last, and had 
continued to be unwell since that time. The 
news of his death will be heard with great regret 
by engineers the world over. 








NATURAL Gas IN AmeERICA.—According to figures 
issued by the American Bureau of Mines, the consump- 
tion of natural gas in the United States during the 
year 1925 was 1,188,439 million cub. ft. Domestic 
users consumed 23 per cent, of this total, and the re- 
mainder was utilised in industrial plants. 








THE LATE MR. A. F. BAYNHAM. 


WE regret to record the death of Mr. Alban Francis 
Baynham, which occurred at his home in Dry Hill 
Crescent, Tonbridge, Kent, at the early age of 54, 
on February 4 last. Mr. Baynham was the eldest son 
of the late Rev. J. F. Baynham, Rector of Charlton, 
Dover, and received his early education at a private 
school in Dover. In 1890, at the age of 17, he entered 
the Crystal Palace School of Engineering, where he 
remained for two years; he then received a furthez 
two years’ practical training under Mr. A. T. Walmisley, 
M.Inst.C.E. During the years from 1894 to 1896 
Mr. Baynham was in the engineer’s office of the 
Great Western Railway, where he was engaged on 
bridge and roof design. The young engineer then 
proceeded to Portsmouth to take up an appointment 
in the Admiralty Works Department ; he was employed 
on surveys and on the design of various marine works. 
In 1899 he was given the post of assistant engineer 
on the staff of the contractor engaged in the construction 
of the Baker-street and Waterloo Railway. Three 
years later he received an appointment under Sir James 
Szlumper and Partner, and became chief assistant 
on the construction of the Brompton and Piccadilly- 
circus Railway, including the extension to Holborn. 
After being engaged for a short time on the construction 
of the Caterham main drainage system, Mr. Baynham 
proceeded to South America, in 1909, to take up the 
appointment of chief resident engineer on the con- 
struction of the North Western Railway of Peru. 
The line, which is 130 miles in length, was provisionally 
opened to traffic in 1913, and was finally opened 
some time afterwards. Inthe meantime Mr. Baynham 
had returned to England, and, a former lieutenant of 
the old 13th Middlesex Volunteer Rifle Corps, he 
was appointed to the rank of captain in the Territorial 
Force Reserve on December 15, 1914. In this capacity 
he served in various spheres until peace was declared. 
Mr. Baynham, who had lived for some years in Dover, 
had quite recently removed to Tonbridge, Kent. 
A former student member of the Institution of Civil 
Engineers, he became an associate member on 
December 1, 1908, and was elected to full membership 
on January 21, 1913. 





THE LATE MR. T. JONES. 


Ir is with regret that we announce the death, as 
a result of pneumonia, at sea, on R.M.S.P. Arcadian, 
of Mr. Thomas Jones, senior partner of Messrs. Thos. 
Jones and Son, of 5, Little George-street, Westminster, 
S.W.1. Mr. Jones was born on October 25, 1843, and, 
at the early age of 15 he was articled to the late Mr. T. 
Pensor, of Oswestry, civil engineer and county surveyor 
for Montgomeryshire and Denbighshire. On the death 
of Mr. Pensor, 18 months later, Mr. Jones completed 
his articles under the late Messrs. R. and B. Piercy, 
M.M.Inst.C.E., of 28, Great George-street, Westminster, 
S.W.1. Altogether, he remained with this firm for 
seven years and, during this period, he was engaged 
upon the construction of the whole of the Cambrian 
system of railways. Upon leaving Messrs. Piercy, he 
joined the staff of Mr. A. M. Dunlop, of Westminster, as 
chief engineering assistant, and remained in that 
position for 21 years. He had charge of the engineering 
work in connection with the large Oakeley slate quarries 
at Festiniog, which quarries are the largest underground 
slate quarries in the world. In March, 1889, Mr. Jones 
started business on his own account, as a partner in the 
firm of Messrs. Tapp and Jones, quarry and mining 
engineers, Westminster. In the same year he was 
appointed consulting engineer to the Oakeley Quarries 
Company, and was later the acting and sole engineer 
of that company. He also became mining engineer to 
the Right Hon. Lord Newborough and to the Rev. 
Canon Haygarth, who owned the other large quarries 
at Festiniog. Subsequently he was given charge of 
Mr. Corbett’s granite quarries near Towyn, Merioneth- 
shire. He was consulting engineer for the Glanrafon 
upper and lower Glynrhonwy slate quarries in Carnar- 
vonshire, the Valdres slate quarries in Norway, and 
the Bay of Islands slate quarry in Newfoundland, 
and mineral valuer for the London and North 
Western and the Midland Railways. Upon the 
entry of Mr. Jones’ son into the business, the firm 
became known as Messrs. Tapp, Jones and Son, and 
when Mr. Tapp retired in 1917, the present name of the 
firm came into being. Mr. Jones remained the active 
senior partner of the firm until his death. He became 
an associate of the Surveyors’ Institution in December, 
1881, and was elected to the fellowship in May, 189]. 
In the following year he became a member of the 
Institution of Mining and Metallurgy. Mr. Jones 
joined the North of England Institute of Mining and 
Mechanical Engineers, as a member, in June, 1897, and, 
when this association was incorporated with the 
Institution of Mining Engineers, he was made a member 
of the parent body. He was elected to full membership 
of the Institution of Civil Engineers in 1899, 





LETTER TO THE EDITOR. 
RULES AND REGULATIONS. 


To THE EDITOR OF ENGINEERING. 

Srtr,—Centrifugal pump manufacturers will hardly 
agree with the opinions expressed in your article 
“Rules and Regulations’? in the current issue of 
your journal. 

Standardisation of speed has, in fact, been a 
disadvantage to them, at any rate so far as high-lift 
pumps are concerned. 

The reason, of course, is that the heads against 
which pumps have to deliver are determined in almost 
every case by natural features and cannot be 
standardised. 

In the case of high-lift pumps the limitation of 
speed to 1,440 r.p.m. or thereabouts means that a 
more costly and often less efficient pump must be 
used than if higher speeds were allowed. 

Moreover, the fact that an exact speed has to be 
used entails in many cases modifications to standard 
designs, which would not otherwise be necessary. 

T have the honour to be, Sir, 
Yours faithfully, 
Eric CREWDson, 

Low Slack, Kendal, February 5, 1927. 











YEAR BOOKS AND ANNUALS. 


The Glasgow Herald—Shipbuilding, Engineering, 
and Commerce in 1926.—This review, issued as a 
supplement to The Glasgow Herald, of Thursday, 
December 30, 1926, maintains the high level of former 
issues. Any impression that it may be only local in its 
outlook is corrected by an examination of the numerous 
comprehensive tables provided. These show the 
world’s output in engineering and shipbuilding for the 
year. In addition there are many interesting articles 
dealing not only with the past year but discussing the 
possibilities of the present one. As examples, we may 
quote the comments on industry and trades unionism 
by Sir Frederick N. Henderson and the Right Hon. 
G. N. Barnes, and those on modern developments in the 
use of high-pressure steam by Professor A. L. Mellanby 
and Mr. Harold E. Yarrow. 





British Corporation Register Book.—The 1927 edition 
of the Register Book of the British Corporation for the 
Survey and Registry of Shipping has just been issued. 
The volume contains detailed tabulated information 
regarding all the ships classed in this Registry, together 
with lists of the Committee of Management, the 
Liverpool Committee, the surveyors in United Kingdom 
and in foreign ports, and other data regarding the 
Corporation and its work. The British Corporation 
was founded in 1890 for the purpose of providing for 
the classification of steel ships and the registration 
of vessels classed with the society; furthermore, it 
was appointed by the Board of Trade to approve and 
certify load lines under the Merchant Shipping Acts. 
The Register Book is issued to subscribers only, the 
subscription, for individuals and firms, being 31. 3s., 
and, for underwriting associations and marine insur- 
ance companies, 4]. 4s. The head office of the British 
Corporation is at 14, Blythswood-square, Glasgow. 





The Yorkshire Post Trade Review, published on 
January 13, as a supplement to The Yorkshire Post, is 
framed on broad lines. The relations of the industries 
identified mainly with Yorkshire, Lancashire, and the 
Midland areas, to world trade are reviewed and fore- 
casted. The Right Hon. Sir Alfred Mond opens the 
number with an article largely dealing with the futility 
of industrial warfare. Professor J. H. Jones writes on 
the coal dispute in retrospect and prospect, and there 
are numerous useful surveys of various industries with 
curves plotted from carefully gathered statistics. 








New Hypro-Etectric Piant, Brazit.—The new 
hydro-electric station at Cubatéo, Séo Paulo State, 
Brazil, was completed in December last. The new plant, 
which is the property of the Sao Paulo Light and Power 
Company comprises two turbines and generators, each 
of 40,000-h.p. capacity. The installed electric-power 
plant of the city of S&o Paulo now totals 228,000 h.p. 

TonNEL Construction IN CotomBia.—We _ learn 
from the Monthly Review of the Bank of London and South 
America, Limited, that a contract has been signed recently 
for the construction of a tunnel on the Antioquia Railway, 
Colombia, South America, from Santiago to Limén, 4 
distance of over 2 miles. The benefits which will accrue 
to the trade and commerce of the region on the completion 
of the work, are very great. Under present conditions, all 
cargo from Medellin to Puerto Berrio, the river port 
on the Magdalena, on arriving at Santiago, has to be 
unloaded from the railway, placed on motor lorries and 
conveyed over a highway to Limén, a distance ol 9 
miles. At this latter point it is reloaded on to the railway 
and continues its jour ey to Puerto Berrio. 
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LABOUR NOTES. 


THE verbatim report of the conference of trade 
union executives which recently sat in judgment, so to 
speak, on the General Council’s conduct of the national 
strike contains some interesting allusions to the futility 
of action along such lines. Mr. J. T. Brownlie, the 
president of the Amalgamated Engineering Union said, 
for instance, that a general strike on behalf of the 
miners or anyone else was foredoomed to failure from 
the very beginning. Those who had been in the trade 
union movement for thirty or forty years knew that 
the question of a general strike had been proclaimed, 
argued and debated, not only in this country, but 
throughout the Continent of Europe, and the considered 
opinion of Continental leaders was that a general strike 
was general nonsense. There was another method 
whereby they could redress their grievances. If there 
were no other method, then it was conceivable that 
a set of circumstances might arise when a general 
strike would be inevitable, but there were no such 
circumstances during the recent trouble. Nor could any 
such circumstances ever arise again. The duty of trade 
unionists was, Mr. Brownlie declared, to build up a 
powerful political Labour party on the recognition 
of the inefficacy of strikes, believing that by capturing 
the political machine they could redress all their 
grievances. 


Mr. Cramp, the industrial secretary of the National 
Union of Railwaymen, expressed himself to much the 
same effect. ‘‘I want this great movement to realise,” 
he said, ‘‘that the time for a general strike to be 
effective has long gone by in a highly organised country 
like ours; it simply cannot be logically carried out 
if your people are going to be fed, and your supplies 
kept up. I know there were honest men who for a 
long time urged the idea of more power to the General 
Council in order that there might at some time be a 
general strike. They were living in the days of Robert 
Owen; their ideas are antiquated ; we have long gone 
past the stage when that might be effective, and you 
have to realise that alongside with your industrial 
movement you must get hold of the machinery of 
government.” 





Speaking on Thursday last week, at the Industrial 
Conference in London organised by the League of 
Nations Union, Mr. W. L. Hichens, chairman of Messrs. 
Cammell, Laird and Co., Limited, said that the days 
were past, if they ever existed, when employers were 
anxious to pay as low wages as possible. The modern 
employer wanted to pay as high a wage as the industry 
would bear. He was at one on this point with the 
worker, although there might be a difference of opinion 
as to what an industry could bear at any given time. 
That, however, was a problem which demanded 
scientific and dispassionate treatment, and which, in the 
ultimate result could not be solved in any other way, 
but the necessary research could not be carried on 
unless we had industrial peace. Both sides needed to 
sit down together and study the facts scientifically and 
dispassionately. But that could not be done during the 
alarms and excursions of industrial war. A man who 
was wielding a sword could not at the same time grasp a 
pen. It was for that reason that he urged an industrial 
truce for a period of, say, five years, both sides agreeing 
during that time to submit any dispute to arbitration. 
That would enable us to show what our industries 
were capable of and would give us an opportunity to 
work out more scientific principles for the settlement of 
industrial problems. He was convinced that at the 
end of the period real wages would be far higher than 
they could possibly be if strikes and lockouts were to 
remain the order of the day. 





In the course of a reference to the use of machinery in 
the printing trade of this country, at the annual meeting 
of the London and District Monotype Users’ Associa- 
tion, Mr. A. E. Goodwin, the secretary, paid a tribute 
to the trade unions. They had taken, he said, no 
objection to the introduction of machinery, and figures 
had proved that machinery in the printing industry 
had led to the employment of a greater number of 
men. Payment by results, so far as machine compo- 
sition in London was concerned, had not only been 
encouraged but insisted upon. Employers and 
empiovees in the provinces should, he thought, study 
this problem a little more closely, and come into line 
with the London Society of Compositors. 





On Tuesday, representatives of the craft unions which 
have members employed in railway shops conferred 
With representatives of the Companies on the subject 
of the draft scheme setting up national negotiating 
machinery. All the craft unions, except the Boiler- 
makers and Iron and Steel Shipbuilders Society, have 
accepted the scheme, The National Union of Railway- 


men, which includes amongst its members many of the 
unskilled men, took part in the formulation of the 
proposals, but objection was eventually taken by its 
representatives to a clause under which disputes would 
ultimately be referred to the Industrial Court. The 
point is, however, to be made the main subject of 
discussion at a further delegate conference. In the 
meantime, the craft unions—except, of course, that of 
the boilermakers—are anxious to set up the proposed 
machinery; hence ‘Tuesday’s meeting with the 
representatives of the Companies. The following 
official statement was issued at the close of the 
meeting :—-‘‘ A very full discussion of the whole 
situation took place, and there was a unanimous 
desire on the part of all represented at the meeting to 
get shop-negotiating machinery established as early as 
possible. It is proposed to constitute a sub-committee 
= = purpose of considering the necessary preliminary 
etails.”’ 





The Allied Association of Bleachers, Dyers, Printers 
and Finishers have given the trade unions to which the 
employees of their members belong three months’ 
notice to terminate the wages agreement of January, 
1923. This action arises out of a desire on the part of 
the employers to discontinue certain payments— 
2s. per week to males, and Is. 6¢. per week to females— 
awarded by Sir William Mackenzie in November, 1924. 
The unions object to the proposed reduction, and have 
declined an offer by the employers to refer the matter 
to arbitration. About 80,000 operatives are directly 
concerned, The areas affected by the award include 
Yorkshire, Lancashire, Derbyshire, Cheshire and parts 
of Scotland. 


During the week, extracts have been given in the 
daily Press from certain recommendations on the 
subject of the law relating to trade unions and trade 
disputes which were decided upon by the Management 
Board of the Engineering and Allied Employers’ 
National Federation in September last. In the 
statement containing the proposals, the Board express 
the opinion that a revision of the law is necessary, “ in 
order to give protection to those who are constitutionally 
inclined and anxious to observe agreements and con- 
tracts, giving thereby the security and stimulus to 
proper co-operation, government and discipline within 
the ranks of organised bodies.” 





The Board’s recommendations are, in effect, as 
follows :—(1) Trade unions should be liable in damages 
in respect of tortious acts committed by them, or on 
their behalf, including the acts of their officials done on 
the union’s instructions and acts not specially instructed 
but within the scope of the officials’. authority. 
(2) Inducing the breaking of contracts of employment 
should be actionable when done in contemplation or 
furtherance of a trade dispute, as in other cases. 
(3) Funds of trade unions should be divided into three 
sections—provident funds, political funds, and other 
funds. (4) Political levy; provision should be made 
for “contracting in” instead of “‘ contracting out.” 
(5) Mass picketing should be declared illegal. Picketing 
of houses, or efforts to put pressure on wives and 
families, should be made illegal. No persons should 
be allowed to act as pickets, unless, if members of the 
Union whose members are on strike, they have the 
authority of the Union, and if non-unionists, they are 
directly concerned in the trade dispute. (6) Strikes in 
an essential or public utility service should be made 
illegal, and suitable procedure for dealing with disputes 
provided for. 

No definite recommendation is made by the Board 
on the subject of secret ballots. They are, however, 
agreed “that it is desirable that before the members of 
a trade union become involved in a strike, particularly 
a strike on a large scale, they should first have a proper 
opportunity of balloting on the question” ; but,” they 
add, ‘‘the difficulties of making a secret ballot com- 
pulsory are such that the Board are unable to make a 
definite recommendation as to how this should be 
secured.” 

According to an agreement between the Senatorial 
Commission of Commerce and the Minister of Labour, 
French ratification of the Washington Eight Hours’ 
Convention is to be contingent on ratification by 
Great Britain and Germany. In Le Journal Indus- 
triel, a writer indicates what has been done in other 
countries regarding the matter. Austria, it seems, 
will only apply the Convention when Germany, Belgium, 
France, Great Britain, Italy, Jugoslavia, Poland, 
Switzerland, Czechoslovakia, and Hungary have done 
so. Latvia has followed the example of Austria and 
Italy, in subordinating ratification to the adoption of 
the Convention by three of the eight important indus- 


not attached conditions to ratification, but the Inter- 
national Labour Office at Geneva has not yet received 
reports showing how the Convention is applied in these 
countries. In Greece, Roumania, India, Czecho- 
slovakia, and Bulgaria, the Convention has been 
applied for several years, but in regard to the three 
countries first mentioned there have been delays, as 
provided for in certain articles of the Convention. In 
India ratification permits a working week of sixty 
hours, and Greece, Roumania, and Bulgaria admit 
that they do not apply the Convention completely. 





An official return published by the Italian Govern- 
ment in the last issue of the bulletin of statistics of 
the League of Nations, states that there were in Italy 
148,821 wholly, and 6,618 partially, unemployed per- 
sons. Well-informed people outside of Italy consider 
these figures to be far too low, and estimate the 
number of persons in that country wholly or partially 
unemployed at between 500,000 and 600,000. 





In the course of a report on industrial and com- 
mercial progress in France in 1925-26, Mr. J. R. Cahill, 
British Commercial Counsellor at Paris, says that at 
the beginning of November last French industry 
showed few or no signs of that incipient depression 
predicted as the result of the greater approximation 
of internal to external prices. Index prices, both 
wholesale and retail, had indeed risen considerably, 
but production had not been substantially affected, 
and foreign trade figures had not revealed any set-back. 
In 1925 and 1926 exports had shown in general smaller 
volume than in 1924, but this reduction, in view of 
the unceasing and intense production, must be ascribed 
in the main, he thinks, to the abnormal demand of 
the home market, where the tendency to convert 
franc holdings into material goods was manifest ; in 
June and July last it was so manifest, he says, that 
large departmental stores in Paris were alleged to 
have rationed customers and to be continually revising 
prices. 





The number of persons in receipt of unemployment 
relief in France was, Mr. Cahill states, maintained at 
the same level as in the earlier months of the year ; 
the number of recorded labour immigrants per week 
was lower than in the summer months, yet was still 
about 2,000. From various parts of France there were 
still reported excesses of demand over supply in the 
metallurgical and engineering trades; in the coal 
mines dearth of labour was considerable. The 
abnormal prosperity of these trades was partly due 
to the effects of the British coal stoppage on great 
industries. The great textile trades were in full pros- 
perity, especially the woollen and silk trades; reports 
from Lyons spoke of unprecedented demands. The 
lace industry was also prosperous. 





In fact, the report goes on to say, every important 
trade appeared to be in the same condition. Seasonal 
effects were noticeable in the building trades, but work 
had been extraordinarily intense for the last two years 
in these trades. In every quarter of France, a perfect 
rage for building had been manifest. In and round 
Paris and near all the towns, at Nantes, in the big 
industrial and mining centre of the north, at Strasburg, 
Lyons, Amiens, Paris, Bordeaux, Nice, Cannes, Cler- 
mont-Ferrand, Havre, Biarritz, the building of small 
and large dwellings, hotels and private houses, the 
building, re-building or transformation of business 
houses, had proceeded apace, and the actual operations 
had been favoured by the dry weather that continued 
almost unbroken up to the middle of October. This 
phenomenon is perhaps, Mr. Cahill suggests, partly 
to be explained also by the desire which prevailed for a 
considerable time, for the conversion of franc holdings 
into material goods. 


In order to restore the finances of the National 
Society of Operative Printers and Assistants, it has 
been decided to impose a levy of an amount equal to 
approximately one-third of the usual contribution. A 
proposal to increase the usual contribution was rejected 
by 5,495 votes to 3,393 in a ballot of the members. 


The Ministry of Labour states that on January 31, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,331,500, of whom 1,050,100 were men, 38,100 
boys, 203,009 women, and 40,300 girls. Of the total 
number 70,200 men, 100 boys, and 900 women were 
persons normally in casual employment. On January 
24, 1927, the number of unemployed persons was 
1,348,719, of whom 1,059,574 were men, 40,001 boys, 
208,567 women, and 40,577 girls; and on February 1, 
1926, it was 1,174,978, of whom 917,351 were men, 





trial Powers. Two Powers, Chili and Belgium, have 





33,987 boys, 187,364 women, and 36,276 girls. 
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EXPERIMENTAL SOLUTION OF 
HYDRODYNAMIC EQUATIONS.* 


By Proressor E. P. Hann. 


ls fluid round theYvanes or through the diffusers and 
wheels of a turbine or a pump is a long and’troublesome 
operation. At the’ best it always involves exceedingly 
lengthy calculations, and to simplify the work it is ac- 


TRUE, though it may be, that the theory of functions | cordingly customary to deal solely with those forms of 
provides (at least in principle) the means of solving | blading which may be represented by functions easy 
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every problem relating to the steady two-dimensional 
flow of a perfect fluid, the fact remains that the process 
of solving thus the equations representing the motion of 





* Translation of a poper read at the International 
Congress of Technical Mec 


hanics, Zurich, September, 1926. 
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to discuss. These forms of blading are 
generally not those of most interest to the 
practician. The author has no wish to 
depreciate the utility of mathematical 
analysis, and, indeed, it is to be hoped that 
a knowledge of these modern methods will 
be, gradually diffused amongst engineers, 
who may thus be led to devise means for 
solving by experiment their hydrodynamic 
problems. 
Dr. Stodola, for example, has made use of the 
analogy which exists between the equations of the 
motion of fluids, and those defining the deformation of 
a membrane. He has thus arrived at some interesting 
results, but the satisfaction of the boundary conditions 
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involves serious difficulties. Others, again, like 





Professor Prasil and his pupils, have had recourse to 
the methods of Hele-Shaw. For his own part, the 
present author has deemed it preferable from the 
standpoint of simplicity, to make use of the exact 
analogy which exists between electric and_ velocity 
potential.* He has accordingly determined, by direct 
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experiment, the electric equipotential lines in a thin layer 
of an electrolyte, arranging the boundary conditions 
so as to correspond to different hydrodynamic prob- 
lems. In principle, the method is not new, since 
electricians have mapped out experimentally the 
electric equipotential lines in studying the character of 
the field round high-tension conductors. 

The apparatus employed by the author consists of a 
shallow metallic pan, filled with weak acid or with a 





+ For an elementary explanation of velocity potential 
and of the stream line function, and for. a definition of 
the meaning of the term “ circulation ”’, see ENGINEERING, 
vol. cxvii, e 1, and idem, page 35, or the reprint 
entitled “The Elements of the Lanchester-Prandtl 
Theory of Aeroplane Lift and Drag”: Offices of ENoI- 
NEERING. Price, 2s. 6d net. 
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dilute solution of sulphate of copper. The bottom of 
the pan is lined with a non-conductor. Its edge forms 
a stout metallic ring, the object of which is to ensure an 
absolutely symmetrical distribution of the current 
flowing from this ring as one electrode to a central 
conductor passing through the insulating lining above 
mentioned, and insulated from the body of the pan. 
As in the case of experiments on the resistance of 
electrolytes, it was necessary to employ alternating 
currents in order to avoid polarisation at the electrodes. 
This current was supplied by a heterodyne, the fre- 
quency of which could be varied so as to secure maxi- 
mum sensitiveness at the telephone used as detector. 





The arrangement adopted is represented in Fig. 1, and 


blades of some non-conducting material such as 
ebonite. These blades must be small enough, as 
compared with the radius of the pan, to ensure that 
the rim of the latter is sensibly an equipotential line. 
As indicated in Fig. 1, this rim is coupled up to one 
terminal of the secondary current, whilst the other 
terminal ends in the central electrode. In this in- 
stance, the velocity potential ¢ corresponds exactly 
to the electric potential ©, and the stream line 
function y to the electric current function ¥. The net- 
work of equipotential and stream lines thus obtained is 
represented in Fig. 2. The potential lines were deter- 
mined experimentally, as already explained, and the 
stream lines were then drawn in so as to cut orthogonally 








Fig. 9. 











LLL ee = Se RB 
“ 5 2 













eee 
) ss 





Bc, Po eRtaweenive 
shows how the primary and secondary currents were | all the equipotential lines they crossed. They have, 
coupled up, the “bridge” wire, and the telephone | moreover, been spaced apart so that the flow is the 
circuit. One point of this circuit was earthed, as | same between any two adjacent lines. The geometric 
shown, an arrangement which avoids parasitic | relationship between the two sets of lines has been 
currents and made it possible to adjust the bridge so as | made use of to rectify the plotting of the potential lines 
to secure absolute silence in the telephone, whatever | in regions where, owing to the slow rate of variation of 
the’ position of the exploring wire in the bath of electro- | potential, the true run of the equipotential lines could 
lyte. | be fixed with less certainty. ; 
-2For the sake of brevity, it will be convenient todenote | The solution of problem No, 2 is also easy if we 
by ¢ and y the velocity potential and the stream line | make the velocity potential # correspond to the 
function in the hydrodynamic problem, and by ® and | electric current function ¥ and y to . That is to 
¥ the electric potential and the electric current function. | say, the stream lines in the hydrodynamic problem 
~~ Let us consider in the first instance the case of flow | now correspond to the equipotential lines in the electric 
round stationary blades. This general problem can be | anologue, and vice versa. If we now maintain the 
divided up into three, viz. (1) that of ascertaining | same system of electrical connections as before, the 
the stream lines along which the current passes from | equipotential lines in the immediate neighbourhood 
the central conductor to the electrode constituted by | of the rim of the pan, and of the central electrode will be 
the rim of the pan; (2) the problem of mapping out | unchanged, and will now represent lines of flow for a fluid 
the stream lines which would be produced by a/| circulating round a central vortex line. In order to make 
Vortex filament at the centre of the pan; (3) the | the analogy complete, however, it is necessary that the 
stream lines due to a “circulation” round each of | surfaces of the blades shall be equipotential surfaces, 
the blades. |since electric potential lines, as explained above, 
ery simple arrangements suffice for solving the | now correspond to stream lines in the fluid. Hence 
first of the above problems. We place in the pan, | the ebonite blades used for problem (1) must be 
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replaced by metal blades, the conductivity of which is 
so great in comparison with that of the electrolyte, 
that their potential is sensibly constant from end to 
end. The network of equipotential and stream lines 
then obtained is represented in Fig. 3. Here the 
full lines represent the lines of fluid flow in the 
hydro-dynamic problem, whilst the curves cutting 
these orthogonally represent lines of equal velocity 
potential, and were drawn in as explained in con- 
nection with problem (1). 

To solve problem (3), we have to determine the 
network when there is “‘ circulation” round each of the 
blades. This means that in the electrical analogy these 
blades must become so many electrodes all at the 
same potential, and this potential must be adjusted 
so that the boundary conditions also correspond to 
those of the hydrodynamic problem. 

In the general case the current flowing from such 
electrodes will divide, Fig. 4, part going towards the 
outer rim and part to the central electrode. The ratio of 
the flow in the two directions is perfectly determinate, 
and depends on the potential of the blades. 

Let us then denote by ri the circulation at the 
periphery of the bath, and by r, the circulation at 
the central electrode, whilst Ir represents the circu- 
lation round a blade. Then in the hydrodynamic 
problem we have the condition 


m—-lr, = + . ° . ° (1) 


where » denotes the total number of blades. The corre- 
sponding condition must be satisfied in the electrical 
experiment. This is best done by “trial and error.’ 
At the outset a certain ratio was assumed for the P.D. 
between ring and blades and between blades and 
central electrode. With this value a few equipotential 
lines were determined, which correspond to stream 
lines in the fluid. From measurements of these lines the 
corresponding circulations can be calculated, and in 
general it will be found that the conditions represented 
by equation (1) are not satisfied. The potential applied 
to the blades is then adjusted accordingly, and a new 
series of equipotential lines determined. This process 
was repeated until equation (1) was satisfied. 

This method of finding by “trial and error” the 
potential required, is effected more rapidly than might 
perhaps have been anticipated. In fact, certain of 
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the curves change very little from trial to trial, and it 
is, therefore, unnecessary to repeat every time the 
whole of the calculations. 

Fig. 5 shows, on the left, the results obtained in 
a particular case by adding together the stream lines, 
Figs. 2 and 3, obtained on solving problems (1) and (2). 
In order to determine with accuracy the points at 
which the velocity of the fluid becomes zero, which it 
does wherever a stream line becomes normal to a solid 
surface, it is necessary to find the points along any 
contour at which the speed v for problem (1) is 
exactly equal and opposite in sign to the speed v,, 
as found for the same point in solving problem (2). 

The right-hand half of Fig. 5 shows the result of 
combining together the three systems of flow dis- 
cussed above, the circulation r being chosen so that 
there is a point of zero velocity exactly at the trailing 
end of each blade. 

Proceeding next to the case of the impeller of a turbine 
pump, problems (1) and (3) remain unchanged. On the 
other hand, the solution found for (2) representing 
the circulation due to a central vortex filament is no 
longer applicable on account of the rotation of the wheel. 
In fact the current function y of the fluid no longer 
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satisfies the condition A? y = o, but we have instead 
the relation 


AtyeC . . ; St » ote 


where C is equal to twice the angular velocity of the 
wheel. 

In order to solve by experiment, the difficulty thus 
arising, we note that the solution of equation (2) is 
of the form 


2 
yonr 


where p denotes the distance of any point from the 
centre and where y; is a function which not only 
satisfies the equation A? ¥ =o, but which vanishes 
when p = », and which along a certain contour G has 
values satisfying the condition 


2 
val = vo — 
In the hydrodynamic problem we can always put 


Vg = 0. 

"Hence, if in the electric analogy we make 1 corres- 
pond to the electric potential &, we can solve another 
problem (4) viz., to find the distribution of potential 
in an infinite field, containing a system of blades 
along which the potential varies as p*. 

It is impracticable by experimental means to satisfy 
this condition accurately, but an excellent approxima- 
tion to this can be made by fixing along each blade, say 
a dozen electrodes the potentials of which satisfy the 
condition stated. This is most simply effected by 
paralleling the “‘ bridge’? wire and coupling up each of 
the dozen electrodes to the proper point of this auxiliary 
bridge. It remains to be shown that this system of 
electrodes furnishes, with adequate precision, the field 
theoretically required. Further, it must be borne in 
mind that the theory stated, applies in strictness only 
to the case of flow in an infinite plane, whereas the 
apparatus used is of limited dimensions. 

To test the adequacy of this apparatus, the author 
accordingly studied the case of a single straight blade for 
which a complete analytical solution can be deduced from 
the results of Lamb (Hydrodynamics, 3rd edition, pp. 
78 and 84) for a cylinder of elliptic section having 
@ movement of translation and a movement of 
rotation round a centre, 

The results obtained are plotted in Fig. 6, where the 
experimental curves are plotted as full lines and the 
curves deduced analytically are shown dotted. It will 
be seen that in the neighbourhood of the blade the 
two sets of curves are in very satisfactory agreement. 

Further out, the rim which bounds the experimental 
apparatus makes its effect felt, but it is obvious that 
with blades not too large as compared with the radius 
of the rim, the error due to the presence of the latter is 
unimportant. 

In view of this favourable result the author pro- 
ceeded to study experimentally, the case of any system 
of blades whatever. The apparatus used is shown 
complete in Fig. 7, and it will be noted that the 
multiplicity of electrodes has not involved any excessive 
complication. 

The curves plotted on the left of Fig. 8 have been 
thus obtained, and correspond to the different values 
of ¥1. Here again the complementary system of velocity 
potential lines, which cut the stream lines orthogonally 
have also been drawn in, and used as before to adjust 
the observations at points where precise measurement 
was difficult. 

The right hand half of Fig. 8 shows the complete 
system of curves represented by 


vans 


The result of combining together the networks 
corresponding to problems (1) and (4), is shown to the 
left of Fig. 9, whilst on the right hand side are plotted 
curves corresponding to problems (1) (3) and (4). In 
this case the flows have been adjusted so as to ensure 
that the trailing ends of the blades were points of 
zero velocity. 

The figures given in this paper have no definite 
application. The sole aim of the author has been to 
establish the utility of the methods described. Atten- 
tion may nevertheless be drawn to the general character 
of the curves plotted on the right of Fig. 9. Here it 
will be seen that although the circulation round the 
blades brings the point of zero velocity to the trailing 
ends of the blades, the stream lines nevertheless bend 
back sharply into the space between successive blades. 
The conditions thus created are eminently favourable 
to the production of turbulence. 

It is natural to raise the question whether the methods 
described are applicable to three dimensional flow. 
In the case of problem No. 1 there would be no diffi- 
culty, but it would be a more delicate operation in the 
case of problems (2) and (3) and as regards (4) it is 
sgn to give a definite answer without further 
study. 
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THE CHENEAU SYSTEM OF CANAL 
TRACTION. 


MECHANICAL traction on inland waterways, especi- 
ally on the Continent, where so much. use is made of 
this form of transport, has long attracted the attention 
of engineers. Under the conditions of the present-day, 
horse traction proves to be too slow and in the end, 
too expensive to be satisfactory. In the many attempts 
to solve the problems presented, mechanical or electric 
tractors running alongside the waterway, on the tow- 
path, have been tried, but all such appliances suffer 
from certain disadvantages. They require the services 
of a driver, and the permanent-way plant and current 
supply arrangements encumber the tow path, while 
in certain sections, such as ports, etc., undesirable 
complications arise. 

An overhead system of electric traction which over- 
comes many of the objections advanced against the 
more ordinary methods was sometime since brought 
out by the Société Autotraction Systéme Cheneau. This 
was installed for trial purposes by permission of the 
French Department of Roads and Bridges on a stretch 
of the Marne-Rhine Canal, in the neighbourhood of 
Liverdun. Here, within a distance of about 2 km. 
(1} miles) the most varied conditions are to be found 
on the canal, including all factors tending normally to 
render traffic difficult. For instance, the stretch of 
waterway chosen includes a waiting basin or wet dock, 
a stretch of curve, asingle barge length in tunnel, and 
a single barge stretch in a cutting on a curve, passage 
under a road bridge, a length of wharf, passage under a 
railway bridge, a double barge reach, a single barge 
length of aqueduct, a double barge stretch on a sharp 
curve forming a waiting basin, a lock with a road bridge 
at the lower end, and, finally, a double barge stretch. 
The barges used are of the normal French type, about 
126 ft. long by 16 ft. 6 in. in breadth. 

The Cheneau system, as described in a recent issue 
of the Annales des Travaux Publics de Belgique, to 
which we are indebted for our particulars, consisted 
when installed at Liverdun of an electric tractor 
working on an aerial cable. The adhesion of the tractor 
is made to vary with the load on the tow rope, so that 
the tractor can be reduced practically to the electric 
motor and the parts necessary to transform the power 
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in masonry. The tension on the cable is such that 
with the tractor in the middle of a span, the deflection 
at the highest temperatures is less than 19. in. The 
upward slope to be negotiated by the tractor at one of 
the brackets or grips,.is never more than 5 deg. The 
brackets are pivotted so that they accommodate them- 
selves to the passage of the tractor, with the resultant 
changes of tension in the cable. Where necessary, 
the cable can be suspended directly over the channel, 
while in tunnels it can be fixed to brackets in the arch 
or side wall. As a matter of fact, however, operation 
at Liverdun has shown that the wear of the carrier 
cable was heavy, while the varying deflection under 
different conditions made the satisfactory working of 
the tractor sometimes difficult. Another type of in- 
stallation was, therefore, put in at double locks at 
Varangeville, and this having, it is understood, proved 
satisfactory, the Liverdun installation is to be converted 
and the system extended to other points. In the 
| Varangeville installation some of the ingenious features 
| of that used at Liverdun are omitted, the system of 
| control being radically different. The tractor runs on an 
|inverted Vignolle rail, carried by lattice frame work, 
| as shown in Fig. 1 above. The lattice frames carrying 
| the railare triangular in shape, and are themselves carried 
| at suitable intervals by girders spanning the waterway 
| and supported at the ends by lattice columns, or on 
cantilevers carried by columns on the island between 
the two locks. 

The Cheneau tractor is shown on the Varangeville 
track in Fig. 1, while it is illustrated in detail in Figs. 2 
| to 4 opposite. Of these Fig. 2 is a horizontal section 
| through the upper part of the machine, Fig. 3 is a 
longitudinal section and Fig. 4 a cross-section, giving 
also a section of the rail and part of the supporting 
lattice framework. 

The tractor consists of an electric motor with a 
vertical spindle, placed below the main casing, as shown 
in Figs. 3 and 4. This motor drives, through reduction 
gearing, two pairs of traction wheels arranged on vertical 
spindles and placed fore and aft in the machine, two 
wheels being on each side of the rail head, against 








| which the wheel treads are brought to bear. The tractor 
| is suspended by two other pairs of wheels on inclined 
| spindles, the treads of these running on the upper 
| surface of the inverted rail head, two wheels being situ- 


of the motor into tractive effort. The weight of the ated at each end of the machine, as shown in Figs. 2 
tractor does not, in fact, exceed 600 kg. (1,325 Ib.).| and 3. As already mentioned, the chief feature of the 
The tractor possesses the advantages that it requires |Cheneau tractor is the fact that the tractive effort 
practically no attention, it does not obstruct the tow- | exerted, within the limits of the motor, is proportional 
path, and it requires no special driver, being operated |to the load. This is provided for in the machine 
at Liverdun directly by the bargeman, merely by | illustrated in the following manner. The tractor is 


exerting tension on the tow rope. 

The aerial or carrier cable at Liverdun is of the 
interlocked type, of galvanised steel, 0-898 in. in 
diameter, and weighing 1-680 Ib. per ft. run. 


| furnished with a stirrup or yoke carried on trunnions 
| and having telescopic arms, as shown in section on one 
| side in Fig. 4. The extension of the stirrup is resisted 
Its | by helical springs, but if the pull of the tow rope 


breaking strength is 30 tons. It is suspended at intervals | attached to the yoke is sufficient to compress these 
of 20 metres (65 ft.) from brackets carried by poles, | springs, a short link connection pulls down the long 


which also carry the conductor for the motor current. 


At the ends of sections, the cable is securely anchored | 


} 


arm of a crank, shown most clearly at the left-hand 
trunnion in Fig. 4. Inside each trunnion is a small oil 
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be extended. Owing to the lift, the overhead rail has 
a slope at the bottom end of the locks of 6-1 per cent. 
This the tractors negotiate under load without 
difficulty. With the system in use, boats of the size 
mentioned can be locked through in 12 minutes. 








DOPES AND DETONATION (1926).* 
By H. L. Catienpar, C.B.E., LL.D., F.R.S. 
(Continued from page 148.) 

(4) Effect of Mixture Strength on the Temperature of 
Initial Combustion.—Experiments to determine the 
temperature at which combustion or chemical change of 
some sort begins, have been carried out with mixture 
strengths ranging from 3 per cent. to 50 per cent., 
corresponding to a range as usually expressed of from 
32 to 1 to 1 to 1, which is very much greater than can 
be used in an engine. The limits of mixture strength 
for the E 35 engine using petrol fuel are from 18 to 1 
on the weak side, to 10 to 1 on the strong side, but these 
are determined on the supposition of a homogeneous 
mixture. In practice, although the overall mixture 
strength may be, say 14 to 1, at the beginning of the 
compression stroke, yet taken part by part it may vary 
over an even greater range than has been used in the 
slow-combustion experiments. 

(a) Hexane-air Mixtures.—The preliminary experi- 
ments already mentioned show that the temperature of 
initial combustion falls from 390 deg. to 266 deg. as the 
percentage weight of hexane in the mixture is increased 
from 1-9 to 33. A continuation of these experiments 
showed that as the percentage of hexane in the mixture 
was further increased to 48, there was a comparatively 
small rise in the temperature of initial combustion to 
280 deg. The results of these experiments are shown 
graphically by the hexane curve, Fig. 2. It will be seen 
that the temperature of initial combustion for a 7 per 
cent, mixture, corresponding to a mixture strength for 
engine fuel of 14 to 1 as usually expressed, is consider- 
ably higher than the temperature at which combustion 
begins in arich mixture. The engine mixture, however, 
is not homogeneous, under the conditions in which it is 
used, and in part would be sufficiently rich in fuei to 
promote initial combustion at the minimum temperature 
of about 265 deg. shown by the hexane curve, Fig. 2. 

(6) Benzene-air Mixtures.—The combustion of these 
mixtures in an engine proceeds normally on ignition, 
without detonation at the highest practicable compres- 
sion pressures; and it is of interest to find that the 
temperature of initial combustion for these mixtures 
differs from hexane-air mixtures in not being appreciably 
affected by mixture strength. This conclusion is b 
on experimental] results exhibited graphically by the 
benzene curve, Fig. 2. There is apparently a slight 
rise in the temperature of initial combustion for mixtures 
weaker in benzene than 10 per cent., but for richer 
mixtures, which would occur in the engine cylinder due 
to the fuel existing in part as liquid drops, there would 
be no decrease in the temperature at which oxidation 
could begin. 

(c) Alcohol-air Mixtures.—The combustion of alcohol 
occurs in two stages, aldehydes being formed in the 
first, and carbon dioxide in the second, at a considerably 
higher temperature, The experimental results illus- 
trating this special feature are shown by the two alcohol 
curves Fig. 2, which differ in the temperature scale by 
65 deg. for mixture strengths exceeding 10 per cent. 
The temperatures of initial combustion are found to be 
independent of mixture strengths, except for mixtures 
containing air in excess of the combining proportions, 
alcohol-air mixtures being similar to benzene-air 
mixtures in this respect. The changing of alcohol to 
form aldehydes is not considered to be an indication of 
true combustion, since alcohol includes oxygen in its 
molecule, permitting a conversion to aldehyde without 
molecular disruption. Therefore the upper alcohol 
curve, Fig. 2, giving the temperature of carbon dioxide 
formation, is taken as showing the true temperature of 
initial combustion. 

(5) Temperatures of Ignition and of Initial Combustion. 
—The subject of ignition temperatures has been 
reviewed in the previous communication on the subject 
of “* Dopes and Detonation,”’ R. & M. 1013, from which 
the following is quoted :—‘“‘ The ignition temperature 
of a fuel may be roughly defired as the lowest tempera- 
ture at which inflammation will start under given 
conditions. Slow combustion usually starts at a lower 
temperature, but the heat generated may not suffice to 
start a flame unless the rate of generation of heat 
exceeds the rate of loss by a sufficient margin to produce 
a continuous rise of temperature.” 

This view of the process of combustion was expressed 





* Experiments made in the Air Ministry Laboratory 
at the Imperial College of Science, London, under the 
direction of R. O. King, M.A.Sc. (McGill), A.F.R.Ae.S., 
by E. W. J. Mardles, D.Sc., F.LC., and W. J. Stern, 
A.R.C.S., D.LC., B.Sc., assisted by N. R. Fowler, 
A.R.C.8., D.LC. Published by rmission of the 
Director of Scientific Research, Air Ministry. 


with reference to engine fuels in common use, which 
always contain a considerable proportion of paraffins, 
and it is of interest to compare the temperatures of 
initial combustion of paraffins or detonating fuels with 
the values of the ignition temperatures given by other 
observers. The comparable figures afforded by the 
scanty available data for ignition temperatures are as 
follows, all temperatures given being taken at atmo- 
spheric pressure :— 














Fuel. T.1.C Ignition Temperature. 
deg. 

Pentane 295 *476 deg. 
Hexane 266 
Paraffin a 210 +374 deg., $432 deg. 
Ether (ethyl) 145 $400 deg., $347 deg. 
Benzene 670 +520 deg. 
Toluene 550 $516 deg. (in oxygen). 
Xylene “h ; 540 +500 deg. 
Alcohol (ethyl) e or 510 deg., $518 deg. 








* Mason and Wheeler. + Holm. t Moore. 

It will be seen that, with the detonating fuels in the 
upper part of the table, initial combustion always 
begins at a temperature very much lower than the 
commonly accepted ignition temperature, and ether, 
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which detonates most readily has the lowest tempera- 
ture of initial combustion, these temperatures being 
taken in all cases for rich mixtures. 

The fuels in the lower part of the table are non- 
detonating; benzene, toluene, and xylene mixtures 
with air can be heated slowly in the combustion 
furnace to above their reputed ignition temperatures 
before the absorption re-agents indicate combustion. 
The temperature of initial combustion for alcohol, also 
a non-detonating substance, if taken as determined 
by carbon dioxide formation is also higher than the 
reputed ignition temperature. It should be observed, 
however, that previous methods of observing ignition 
temperatures are somewhat discordant and difficult 
to interpret, and that the results for high ignition 
temperatures may have been affected to some extent 


by the presence of impurities. 


Compression.—The formation of some active detonation 
inducing substances in the engine fuel during compres- 
sion could occur only if the temperature of initial 
oxidation for the fuel-air mixture were lower th2n the 
final compression temperature. It would naturally be 
expected that some considerable excess of temperature 
above that of incipient oxidation would be required 
since the time available is so short, of the order of one 
hundredth of a second. The temperature range during 
compression has been dealt with later in some detail, 
meanwhile the final compression temperatures corre- 
sponding to various values of the compression rati@ may 
be taken as given in the next Table. 

The compression ratios and final temperatures have 
been set out also on the temperature scale of Fig. 2. 
Referrring to this figure and to the temperatures of 
initial combustion given in Section (5) it will be seen 





that for all the detonating fuels, oxidation starts far 


(®) Temperatures of Initial Combustion and of 





below the final compression temperature even with the 
low compression ratio of 3: 1, and that, beginning with 
pentane, the final compression temperatures corre- 
sponding to the highest value of the compression ratio 
which can be usefully employed, decreases in a similar 








Compression Temperature at End 
tio. Compression. 

Deg. 
3:1 377 
4:1 384 
S32 407 
6:1 429 
738 452 
8:1 479 








manner to those of initial oxidation as shown in the 
following table. The expression H.U.C.R. is used 
hereafter as an abbreviation for highest useful com- 
pression ratio. 








Tempera- 
Final ture of Activating 
Fuel. H.U.C.R. | Compres- Initial Tempera- 
sion Tem- | Oxidation ture 
perature. Rich Excess. 
Mixture. 
Deg. Deg. Deg. 
Iso-pentane 5-6 421 297 124 
Hexane 4:8 400 266 134 
Nonane 3-9 380 210 170 

















Referring to this table, it will be seen that a consider- 
able excess of temperature is available for “‘ activating ” 
the mixture even before the end of compression. It 
must be remembered, however, that detonation 
usually starts at a late period after ignition, when the 
unburnt mixture has been compressed to much highe1 
temperatures. Thus the activating temperature 
excess when the engine is firing, calculated from the 
pressure at which detonation starts, would be of the 
order of 300 deg. at least. This suggests that the 
hypothesis of the formation of some active ingredients 
during compression is worthy of serious consideration 
in spite of the shortness of the time available. 

On the other hand, for non-detonating fuels, the 
temperature of initial oxidation is so high, and the 
activating temperature excess so small, even consider- 
ing temperatures reached after ignition, that there 
would be little chance of any active substance being 
formed in sufficient quantity to influence the result 
materially, even if it were chemically possible. 

(7) Engine Speed and Activation of the Mixture.— 
The importance of the time factor is illustrated by the 
following considerations. As the speed of the engine 
is increased there would be a shorter time during each 
cycle for the formation of the assumed compound, 
and it should be possible to use higher compression 
pressures at high speeds than at low speeds. That this 
is the case has been demonstrated with the E.35 
engine. Temperature conditions being kept constant 
and B.P. petrol used as fuel, the following relations 
between engine speed and H.U.C.R. were obtained. 








B.P.M. H.U.C.R 
1,200 4°45 
1,300 4-65 
1,400 4-90 
1,500 4-95 
1,600 5-00 





These trials show that by decreasing the time per 
cycle by one-third, the compression ratio can 
increased by about 12 per cent., corresponding to an 
increase of about 18 per cent. in the compression 
pressure, and 20 deg. in the compression temperature, 
assuming adiabatic compression. 

(8) Activating Excess Temperature and Anti-detonat- 
ing Substances.—From the conclusion that a consider- 
able activating excess temperature is required to 
promote the formation of detonating inducing sub- 
stances in engine fuel in the time available, it follows 
that one of the effects of the addition of dopes must be 
to reduce the activating excess temperature by raising 
the temperature of initial combustion, since the final 
compression temperature must remain constant for 
any particular compression ratio and fuel. Combustion 
tube experiments were accordingly carried out to 
determine the temperature of initial combustion of a 
paraffin fuel with various additions of dope. The 
results obtained are given in the next Table. : 

The experiments described in the preceding sections 
indicated a value of approximately 150 deg. for the 
activating excess temperature, considering the com- 
pression stroke only. It will be seen from the experi- 
mental results given in the table below that the addition 
of 1 per cent. of iron carbonyl is more than sufficient to 
reduce the value of the activating excess temperature 
to zero. Engine experiments show that so large an 
addition of iron carbonyl dope to an ordinary petrol 
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fuel is sufficient to raise the H.U.C.R. to a higher 
value than can be measured by the E.35 engine; the 
addition of 0-75 per cent. is sufficient to raise the 
H.U.C.R. value of B.P. petrol by as much as 60 per 


cent. 
Undecane—E ffect of Dope Additions. 











Tempera- 
ture of Increas 
Fuel Mixture. Tnitial T.1.C. 
Combus- 
tion. 
: Deg. Deg. 
Undecane only ei o ‘i ae 200 — 
a + 0-2 per cent. iron carbonyl 238 38 
es + 0-3 per cent. a 278 78 
” + 1-0 per cent. ° 350 150 








Note.—Dope additions are by percentage volume. 


(9) Quantitative results for the Products of Slow 
Combustion in Hexane-air Mixtures,—An analysis of 
the products of combustion of a hydrocarbon of rela- 
tively high molecular weight, such as hexane, is com- 
plicated by the large number of products, such as 
aldehydes, acids, unsaturated hydrocarbons, tars, &c., 
which are formed in addition to CO, and water. 

An attempt was made to isolate all of the products 
of combustion, but without complete success, as in all 
cases the products of combustion were accompanied 
by a very fine persistent fog, some of which, accom- 
panied by a penetrating odour, passed through the 
entire train of absorption apparatus. Particular care 
was taken in the endeavour to detect the presence 
of hydroxyl compounds, following the hypothesis of 
Bone that these are formed during the initial stage of 
combustion, and oxidise to aldehydes ; but in no case 
was any evidence obtained of the presence of alcohols 
or hydroxyl-compounds, even in experiments at com- 
bustion temperatures as low as 150 deg., although 
hydroxylated compounds, as determined by the 
method of Verley and Bélsing, appeared to be present 
in small quantity in condensates. 

In the slow combustion of hexane, aldehydes, i.e., 
acetaldehyde, formaldehyde, valeraldehyde, &c., are 
formed in great profusion. It was computed that at 
370 deg. C. the aldehydes accounted for 45 per cent. 
of the weight of hexane consumed, and at 500 deg. C. 
for as much as 67 per cent., but at still higher tempera- 
tures, exceeding 550 deg. C., the aldehyde yield 
decreases owing to the thermal decomposition of 
these compounds. Thus although a decrease of mixture 
strength is followed by a marked rise in the temperature 
of initial combustion, as already recorded, it is accom- 
panied by only a slight increase of the proportion of 
aldehydes in the products of combustion. 

The water content of the products of combustion 
increased slightly with a rise in the temperature of 
combustion or with a decrease in mixture strength. 

The products of the combustion of a hexane-air 
mixture at 500 deg. C., and with the mixture containing 
air in excess of the combining proportion, were found 
to be as follows, reckoned as percentages of the weight 
of hexane consumed :— 


Per cent. 
Aldehydes (calculated as acetaldehyde) cues, 
Carbon dioxide ... aaa ae wee Jo0 ae 


Water wes ae Swe dé Ae aaa 5 
Carbon monoxide .. Pe és sa a 
Acids (calculated as formic acid)... 


Om Room 


Hydrogen wae 5 
Ethylene ... ee a he 5 
Unsaturated bodies (condensable) re 

Tar and fog (by difference) aa sie 5 


The following reagents and methods were employed 

in this and other quantitative work :— 

COz — by absorption in potash bulbs or by volu- 
metric titration with baryta water (Pet- 
tenkofer). 

CO — by formation of a palladium sol from palladous 
chloride solution, or absorption with an acid 
solution and cuprous chloride. 

H20 — by absorption in sulphuric acid or condensa- 
tion and analysis of “ lampic acid.” 

He — by absorption with “ oxidised ” palladium. 

Aldehydes — by the neutral sulphite method, after 
absorption in water. 

Acids — by direct titration with N/10 KOH solution. 

Unsaturation — Bromine water. 


(10) Quantitative Effects of the Metallic Dopes on the 
Combustion of Hexane-air Mixtures.—Lead ethide, iron 
carbonyl and nickel carbonyl were identical in effect 
on the combustion of hexane-air mixtures, but the 
action depended on the temperature at which combus- 
tion was carried out. 

At temperatures considerably below 500 deg. C., the 
formation of aldehydes and water occurred to a slight 
extent only. The formation of ethylene and other 
unsaturated compounds was entirely inhibited. At 400 
deg. C., the CO, content was very small, and was negli- 
gible at 350 deg. C. 

At a temperature in the neighbourhood of 500 deg. C., 
the formation of aldehydes and water was still small, 





in one case amounting to only 10 per cent. of the 
hexane consumed, as against 72 per cent. obtained in 
combustion without the dope. The formation of CO, 
was increased by about 50 per cent., and CO decreased 
50 per cent. There was still no formation of the un- 
saturated compounds. 

(11) The Effect of Catalytic Agents on the Combustion 
of Hexane-air Mixtures.—In view of the action of the 
metallic dopes in altering the manner of combustion 
of hexane-air mixtures it became of interest to deter- 
mine the effect on the combustion of such mixtures of 
catalytic agents exposing a considerable surface to the 
hexane-air mixtures while burning. 

Non-metallic materials comprising broken combus- 
tion tube glass, unglazed porcelain and electrode 
carbon were tried first. These materials produced 
little effect. There was a slight lowering of the tem- 
perature of initial combustion and a small decrease in 
the aldehyde content of the oxidation products. 

Metallic materials tried gave results as follows :— 

Copper (gauze).—Slight lowering of the temperature 
of initial combustion and somewhat less water and alde- 
hyde formed. 

Cast Iron (turnings)—The temperature of initial 
combustion was reduced from 305 deg. to 255 deg., 
and aldehyde formation diminished. 

Aluminium (turnings)—The temperature of initial 
combustion was raised by 19 deg., with increased 
aldehyde formation. 

Lead (foil)—The temperature of initial combustion 
was reduced from 290 deg. to 225 deg., with a very con- 
siderable decrease of aldehyde formation. 


( The temperature of initial com- 
Tin (granulated) bustion was not noticeably 
Nickel (sheet) changed. There was a slight 
Zine (granulated) decrease in the quantity of 
|. aldehydes and water. 


Platinum, Black.—The temperature of initial com- 
bustion was lowered from 290 deg. to 170 deg. with 
little or no aldehyde formation. This is an extreme 
case, since it is well known that platinum black is 
capable of igniting a gas or vapour mixture at atmo- 
spheric temperature under suitable conditions. 

(12) Alcohol-Air Products of Slow Combustion— 
Quantitative Results—The course of combustion in 
hexane-air mixtures has been dealt with in some 
detail, because hexane is a typical paraffin hydrocarbon 
present in large proportion in most petrols. When 
such fuels are used in an engine, detonation occurs, 
as is well known, at compression pressures lower than 
it is desirable to use for reasons of economy and power 
output. It therefore becomes of interest to state 
the results obtained from the slow combustion of 
the alcohols, since it is well known.that they may be 
used as engine fuel at much higher compression pres- 
sures than can be usefully employed in the case of 
paraffin base fuels. 

Slow combustion experiments have been carried out, 
using mixtures of air with methyl, ethyl, butyl and 
amyl! alcohols. The quantitative experiments show 
that these alcohols are much less readily oxidised by 
air than hexane and similar hydrocarbons. Thus 
hexane at 420 deg. C., with sufficient air, is for the most 
part oxidised to aldehydes, etc., whereas ethyl alcohol 
at this temperature, and constituting only 10 per cent. 
of the mixture, was only slightly attacked, the aldehyde 
content of the products of combustion being only 2 
per cent. of the alcohol consumed. 

Typical quantitative analyses of the products of 
combustion of ethyl-alcohol and air mixtures at furnace 
temperatures of 575 deg. and 725 deg., are as follows : 


Furnace Temperature, 575 Deg.; Mixture Strength, 10-4 


Per Cent. 
Carbon dioxide eas ... 6 per cent. 
Carbon monoxide ... ver oes | ROSS 
Hydrogen ... rs nas ... 2+5 per cent. 
Aldehydes ... ean wea cca Qe 
Acids ode ae ee sxe EER as 

Furnace Temperature, 725 Deg. ; Mixture Strength, 12-7 

Per Cent. 
Carbon dioxide : 31 per cent. 
Carbon monoxide ... ke ee a 
Hydrogen ... ood aes ... Trace. 
Aldehydes ... ‘ aa ..« 0-5 per cent. 
Acids ro ree ind ine Ge 
Water ne rt ee 


(13) Effect of the Metallic Dopes on Alcohol-air 
Mizxtures.—Experiments carried out to determine the 
effect of additions of the vapour of lead ethide and of 
iron carbonyl to the alcohol-air mixture showed 
that at all temperatures at which combustion proceeded 
the yield of carbon dioxide was increased by the 
presence of the metallic dopes. For example, a 
22 per cent. alcohol-air mixture, subjected to combustion 
at a temperature of 500 deg. yielded 0-8 per cent. 
carbon dioxide, but 4-3 per cent. when vapour of Jead 
ethide was added to the mixture. In the same circum- 
stances the aldehyde yield was increased from 6-9 





per cent. to 14 per cent. and the acid yield from 0-5 
per cent. to 1-8 per cent. = 

(14) Aldehydes and Detonation.—The experiments 
described in the preceding section are instructive 
as showing that the aldehydes occurring in such 
profusion in the oxidation of paraffins are not formed 
by the familiar process of the oxidation of primary 
alcohols. The oxidation of alcohols to aldehydes is pro- 
moted by the addition of a metallic dope, whereas the 
oxidation of the paraffins to aldehydes is very strongly 
inhibited. One is forced to the conclusion that the 
formation of aldehydes cannot be regarded as a primary 
cause of detonation in paraffin fuels, and that the 
suppression of detonation by metallic dope, or by 
aniline, is not simply due to the suppression of the 
aldehydes. Nevertheless, it was considered desirable 
to confirm this conclusion by engine tests of the effect 
on the H.U.C.R. of B.P. petrol of additions of various 
aldehydes, in case some varieties might be found to 
act in the direction of inducing detonation. 

The results of the trials are set out below in two parts : 


(a) Effect on H.U.C.R. of Additions of Aldehydes. 





Percentage Increase 


| Percentage by 
| of H.U.C.R. due to 


Volume Addition 
to 





Fuel. Addition to Fuel.j 
Per cent. | 
Acetaldehyde 5 2-1 
- 10 | 2-1 
fa el 20 2-6 
Valeraldehyde ..| 10 1:8 
Oenanthal aa 10 Nil 
Benzaldehyde | 5 Nil 
Furfural .. : 5 | 2-1 
Acetal .. eal 5 Nil 
Paraldehyde “el 5 2°5 
Methylal .. wal 10 1°4 


| 
(5) Effect on H.U.C.R. of Additions of 5 per cent. 
Aldehydes, plus 5 per cent. aniline. 








Percentage Increase 
of H.U.C.R. due to 


Fuel Mixtures. 
Addition to Fuel. 








~ 


Sr reo com 
CKrarars 


! 

Petrol + 5 per cent. aniline ef --| 
» + acetaldehyde + aniline 4 
» + Valeraldehyde = aI 
» + @enanthal + = : ‘| 
» + benzaldehyde + . ms 
» + furfural + i“ i ‘| 
» + acetal + + . ‘| 


J 





Referring to Part (a) it will be seen that in no case 
has the effect of the aldehyde addition been to induce 
detonation ; on the contrary, the majority of the alde- 
hydes have made possible a small increase in H.U.C.R. 

The experimental results given in Part (b) show that 
the aldehydes reduce in varying degree the effectiveness 
of an anti-detonating substance such as aniline; for 
example, a 5 per cent. addition to acetaldehyde enables 
the H.U.C.R. to be raised 2-1 per cent., and a 5 per 
cent. addition of aniline enables it to be raised 14-6 per 
cent.; but if the additions are made together, the 
H.U.C.R. can be raised only 3-1 per cent. 

The fact that small additions of aldehydes to the 
engine fuel have little effect on the occurrence of 
detonation in the engine is not entirely conclusive 
proof that these substances, when formed in the fuel 
during the process of combustion, are similarly lacking 
in effect. The experiments lead rather to the suspicion 
that aldehyde formation may be preceded, or accom- 
panied, by that of other compounds which have not 
been identified in the analyses of the products of 
combustion so far carried out. 

(15) Unstable Compounds Formed during the Initial 
Stage of Combustion.—The experimental work already 
described has shown that no one of the compounds so 
far obtained from the combustion of fuel-air mixtures 
promotes detonation when present in engine fuel. 
It would naturally be expected that a continuation of 
the work would be guided by known theories of the 
process of combustion of hydrocarbons, and for such 
work Bone’s hydroxylation theory has generally been 
accepted. The process of combustion could be repre- 
sented graphically according to this theory as follows :— 


HH HH 
| | 
R.CC.R + O2 ——> a T + 00—-— 
HH 
Hydrocarbon Oxygen Hydrocarbon Oxygen 
Molecule. Molecule. Molecule. Atoms. 
‘ vs 
OH b oO 
1 | bd Reducing to 
R.CC.R + O———> R.CC.R ——~> Aldehydes 
| and water. 
H 
Hydroxyl Oxygen Dihydroxyl 
Molecule. Atom. Molecule. 


The results of the experimental work have not been 
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consistent with this theory. Attempts to identify 
the hydroxy! and dihydroxyl compounds have not 
been successful, and aldehydes have occurred in the 
products of combustion simultaneously with CO, and 
water instead of earlier, as should be the case according 
tothe theory. It has also been found that the alcohols 
and mono-hydroxyl compounds in general are particu- 
larly stable to combustion, and it should be possible 
to separate them from the products of combustion, 
if formed, whereas no clear evidence of their formation 
has been obtained from any of the large number of 
slow-combustion experiments made in the course of 
this work. Since the dihydroxyl compounds could 
supply no active oxygen, the hydroxylation theory fails 
to explain the autoxidation of aniline, lead ethide, 
&c., and the inhibiting action of these substances on 
aldehyde formation. It would appear more likely 
that the combustion of the hydrocarbon in air begins 
with the formation of organic peroxides by the direct 
incorporation of the oxygen molecule in the hydro- 
carbon molecule and after direct collision. 

The molecular breakdown of the peroxide would 
yield aldehydes, acids, water, carbon monoxide, &c., 
as found, and it is possible that autoxidation is caused 
by higher oxides which follow peroxide formation. 

The suggested manner of oxidation may be expressed 
graphically as follows :— 


H 
| 
oO 
| 
OH 
d | 
R.CC.R_ Alky} hydrogen 
| | peroxide. 
HH HH 
|| 
R.CC.R + 02 < 
ine H H 
\ | 
~ or nd OOC.R  Dialkyl 
| peroxide. 
H H 


It will be seen that in this manner of oxidation the 
oxygen molecule, without disruption, becomes part of 
the peroxide molecule, a change which requires less 
energy than the separation of the oxygen atoms to 
form hydroxyl compounds. 

(16) Organic Peroxides in the Records of Chemistry.— 
The organic peroxides are known to detonate with 
great violence and to induce autoxidation. The forma- 
tion of these compounds in appreciable quantity during 
combustion of certain hydrocarbons in an engine would 
help to complete a rational explanation of the pheno- 
mena of detonation. The suggestion of a connection 
between peroxide formation and detonation appears 
to be novel, and the few descriptions of organic 
peroxides and their properties which have been recorded 
become of interest. The earliest reference found is in 
a paper by Sir C. Brodie (J.C.S., 1864, 17-266), 
which deals in part with ‘“‘The Explosibility of the 
Peroxides of the Radicles of the Organic Acids.” The 
subject-matter and style are both interesting. 

rei When a small drop of the peroxide of 
acetyl is heated in a watch-glass, it is decomposed with 
an explosive violence only to be paralleled by the 
decomposition of chloride of nitrogen. . . .” 

ae On one occasion, in distilling off the ether 
a violent explosion took place with a report as of a 
cannon. The explosion, though of excessive violence, 
was local, and nothing in the laboratory in which the 
explosion took place was injured. . . .” 

Ge I had in my hand a small thin glass tube, 
containing perhaps 40 drops of the peroxide, which had 
just been removed from the solution in which it had 
been procured. I was engaged in projecting into it 
some very small pieces of chloride of calcium. Five 
or six pieces had been thrown in, when, on the addition 
of the next piece, the substance exploded with terrific 
violence, driving the glass in minute fragments into 
my hands. The concussion of the air produced bruises 
on the eyes and face, and several small fragments of 
the glass tube were deeply embedded in the hands 
and face.” 

The Times, March 25, 1919 :—‘‘ The explosion of a 
bottle of ether has been tr:ced to the spontaneous 
generation of ether peroxide py slow oxidation in air, 
especially in sunshine.” 

A. Bach (Comptes Rendus, 1897, 124-95) stated that 
even tetroxides, e.g., H,O, in the case of hydrogen, 
may be formed, and identified higher oxides in the 
oxidation of petrol, dimethyl aniline, aldehydes, &c. 

A. Glover (Journal American Chem. Soc., 1922, vol. 
xliv, page 1,102), working on the autoxidation of ethyl 
ether, states that oxygen is absorbed from the air by 
direct addition, and that the rate of peroxidation 
becomes much greater in time, owing to the catalytic 
influence of acetaldehyde which is formed by the 
spontaneous decomposition of the peroxide in sunlight. 
Traube and Engler and Wild, &c. (Vorgange der 


autoxidation, Brunswick, 1906), from their researches on 
“ activation” of oxygen, came to the conclusion that 
autoxidation was due to the formation of peroxides, 
these compounds acting as oxidising agents. 

White and Price (Jour. Chem. Soc., 1919, vol. cxvi, 
page 1,498), working on the inflammability of alcohol- 
air mixtures, &c., found that the addition of small 
quantities of ethyl-hydrogen peroxide and diethyl 
peroxide had no appreciable effect on the ignition 
temperatures of the mixture, but very considerably 
widened the limits of inflammability, particularly on 
the richer side. The presence of peroxides gave rise to 
a very fierce flame and generally an explosion. 

(17) Experiments on the Detection of Organic Peroxides 
during Low-Temperature Combustion.—The experiments 
were carried out with the apparatus already described, 
the oxidation products being bubbled through the 
various requisite reagents, e.g., potassium iodide 
solution, titanous sulphate solution, &c. The experi- 
ments were made at temperatures up to 300 deg. with 
the following results :— 





I. Substance showing peroxide | II. Substance showing none, 
formation. or trace only. 





Amy] and ethyl ethers. 
Paraffin hydrocarbons, from 
pentane to undecane.* 


Ethyl alcohol. 
Methyl alcohol. 


Amy] alcohol. 


Paraffin oil. Butyl alcohol. 


Turpentine. Benzene. 
Paraldehyde. Aniline. 
Propyl aldehyde. Anisol. 
Pseudo cumene. Phenol. 
Cresol. 








*With increase in. molecular weight the test for peroxides 
becomes more marked. 


The experiments have at once had the result of 
dividing the substances tested into two divisions, the 
first as in Column I comprising fuels which detonate at 
low compression pressures and substances which 
induce detonation when added to engine fuel; and 
the second division, Column II, comprising those fuels 
which do not detonate, and substances which delay 
detonation when added to engine fuel. 

Experiments were continued using detonating fuels 
and substances, but with additions of a proportion of 
anti-detonating dopes. 


IIIl.—Detonating Substances with Dope Additions. 


Ether plus iron carbonyl... ei No 

Hexane plus iron carbonyl peroxides 
Hexane plus aniline sai ny detected 
Paraldehyde plus iron carbony] ... ) ° 


It will be noted that peroxide formation is inhibited 
by the addition of fuel dopes which are known to 
prevent or delay detonation in an engine. 


(To be continued.) 





Power Erricrenoy Exuisrtion.—Described as being 
a specialised trade exhibition, planned to demonstrate 
the economic value of modern power efficiency machinery 
and apparatus, a Power Efficiency Exhibition will be 
held at the City Hall, Manchester, from June 22 to 
July 2 next. As the name implies, the exhibition will 
contain exhibits of machinery, apparatus and precision 
instruments, the object of which is to secure power 
economies. Every effort is being made to attract a 
specialised public to the exhibition. In addition to 
the usual measures taken to make such events known, 
invitations and literature are being sent abroad in the 
language of the country to which they are addressed. 
The space in the Hall at the disposal of the organisers 
is limited, and early application is recommended, The 
price of floor space may be obtained from, and all 
applications and inquiries should be addressed to, Mr. 
Frank Nasmith, Manager, Textile and Industrial Exhi- 
bitions, Limited, 121, Deansgate, Manchester, from whom 
full particulars may be obtained. 





VotuME CHANGES IN STEEL By CoL~pD DRawine.— 
According to modern authorities, more particularly to 
Maurer, hardening by cold work and by quenching are 
of cognate nature and due to internal strains, and are 
associated with volume changes. Experiments made by 
Dr. E. Houdremont and Dr. Elisabeth Biirklin, of Krefeld 
(Stahl und Eisen, January 20), showed that the increase 
of volume and the corresponding diminution in density 
may, in carbon steels containing up to 0-95 per cent. of 
carbon, amount to nearly 1 per cent. A steel with 
0-13 per cent. of carbon was drawn down from a dia- 
meter of 8 mm. to 0:4 mm., the density decreasing by 
0-89 per cent., while the tensile strength rose from 
42 to 173 kg. persq. mm. A 0-95 per cent. carbon steel, 
drawn from 11 down to 3-55 mm., increased the strength 
from 80 to 204 kg. per sq. m.., while undergoing a density 
loss of 0-8 per cent. The effects were not observed with 
alloy steels, and there is no real proportionality between 
the various effects, the percentages of carbon and the 
changes in hardness and density. But the suggestion of 
Maurer, that electrolytic iron might acquire the hardness 
of steel if its volume could be increased by 1 per cent. 
by means of cold work, would appear to have a certain 





amount of justification. 





CATALOGUES. 


Fittings for Gas Cylinders.—A list of valves, gauges 
and similar fittings for use on high-pressure gas cylinders 
is to hand from Messrs. R. R. Beard, Limited, 10 Trafal- 
gar-road, Old Kent-road, London, 8.E.15. The valves 
are capable of reducing the pressure at delivery, of 
regulating the delivery at a constant reduced pressure, 
and of fine variations of delivery. Prices are stated and 
illustrations are included. 


Turbine Locomotive.—The Reid-MacLeod steam-turbine 
locomotive is the subject of a special catalogue issued by 
the builders, the North British Locomotive Company, 
Limited, Springburn, Glasgow. The detail illustrations 
include views of the high-pressure driving bogie, showing 
the bevel gears, the cab interior showing the controls, 
and the air and boiler-feed pumps. The engine was 
described in ENGINEERING, vol, cxviii, page 479. 

Electrical Machinery.—The latest number of the 
English Electric Journal, issued by the English Electric 
Company, Limited, Queen’s House, Kingsway, London, 
W.C.2, contains an article describing a 25,000-h.p. water 
turbine and alternator made by the company and now 
running successfully in Brazil. It also includes a descrip- 
tion of their induction regulators for which large orders 
are in hand from the Sydney, Australia, Municipal 
Council. 

Artificial-Daylight Lamp.—A pamphlet to hand from 
Mr. E. Dollfus, 99, Rue Pierre-Corneille, Lyons, France, 
illustrates and describes an artificial oe lamp suit- 
able for colour-matching work in textile factories, dye 
works, shops, &c. The light is produced by a high-tension 
electric discharge through a glass tube containing rarefied 
carbon-dioxide gas. The tube is mounted on a box 
kcontaining the step-up transformer and choking coil, 
the whole forming a complete self-contained unit, 


Steam Engines.—A new edition of their catalogue of 
drop-valve steam engines is to hand from Messrs. 
Marshall, Sons and Co., Limited, Gainsborough. The 
range of economical powers is from about 14 h.p. to 
550 h.p., but large overloads can be carried. The types 
include one-cylinder and two-cylinder condensing and 
non-condensing engines, which are designed for heavy 
continuous work with the lowest consumption of steam. 
Full particulars are given with complete technical infor- 
mation. 


Reduction Gears.—The catalogue recently issued by 
Turbine Gears, Limited, Hyde, near Manchester, deals 
almost entirely with double-helical machine-cut reduction 
gears, giving a large number of illustrations of units 
supplied for machine, factory, mine, pumping, and other 
drives. The majority of the gears are of the single- 
reduction type, but several double-reduction gears are 
shown, as well as an increasing gear and a worm gear. 
Most of the gears are suitable for heavy work and are 
designed for special conditions of varying and inter- 
mittent loads as well as for constant loads. 


Circuit Breakers and Motor Starters.—New editions of 
descriptive catalogues and priced lists issued by the 
British Thomson-Houston Company, Limited, Rugby, 
are to hand, dealing with oil-immersed circuit breakers 
for indoor service and three-phase circuits; rheostatic 
rotor starters for non-reversing polyphase slip-ring 
induction motors; air-break star-delta starters; drum 
type relays ; alternating-current motor-control pillars; 
and switch fuses for outdoor service on three-phase 
systems. These catalogues contain explanatory notes, 
illustrations and dimension tables where necessary. 


Type-Setting Machines.—We have received an interest- 
ing catalogue from Messrs. Intertype, Limited, 15, Brit- 
annia-street, Kings Cross, London, W.C.1, dealing with 
their machine for setting type moulds and casting the 
matter line by line. The principal subjects covered are 
the facilities for placing several magazines, each having 
a different size or style of type moulds, in position on 
the machine and for exchanging any one of the magazines 
easily and quickly. Improved details and component 
parts are made to fit machines in use. Interchangeability 
is carried out to a high degree of exactness in these 
machines. 

Machine Tools.—A catalogue issued by Messrs. Francis 
Berry and Sons, Sowerby Bridge, Yorkshire, shows an 
extensive range of machines for punching, shearing, 
bending and straightening plates, rods and angles; 
lathes from 18-in, to 50-in. centres; planing machines 
in which the tool can be operated either horizontally 
or vertically ; vertical planing machines; a number 
of types of slotting machines; and a wheel press, 
all of which are suitable for heavy work. Messrs. 
Greenwood and Batley, Limited, Leeds, have acquired 
the drawings, patterns and goodwill of this firm, and 
are now able to supply the machines. 





Hot-Wire ANEMOMETER AND WiInD-DrrRectTION INDI- 
cator.—A form of hot-wire wind-speed and direction 
meter, suitable for use over a wide range of speeds, 
is described in Reports and Memoranda No. 1019 of the 
Aeronautical Research Committee, which is now obtain- 
able from H.M. Stationery Office, price 9d. net. It is 
pointed out that a heated wire inclined at a small angle 
to the current has directional qualities of a high order, and 
can also be employed in this position as an anemometer. 
The development of the instrument from a single wire 
placed along the wind to its present form, in which three 
wires arranged in a pyramidal group are employed, is 
traced in the report, the authors of which are Messrs. 
L. F. G. Simmons and A. Bailey. It is pointed out that 
the advantage of the hot-wire instrument, in comparison 
with the tubular type, is that the former is more rapid 
in action and can be made small so as to offer but little 
resistance to the air flow. 
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LOW-TEMPERATURE CARBONISATION 
AND OIL PRODUCTION FROM.COAL. 


WueEn it was realised in this century that coal 
should be treated as a raw material, and not as a 
crude fuel, the scientific utilisation of coal seemed 
to be largely bound up with the problem of the 
chemical by-products from the tar. At present oil, 
for use as a fuel, has apparently become the chief 
product wanted next to gas and coke. But in speak- 
ing of the conversion of coal into oil and of the relative 
advantages of high-temperature and low-tempera- 
ture carbonisation, neither engineers nor chemists 
overlook the importance of the general by-products, 
and the distinction between oil and tar has become 
hazy. Oil can be obtained from coal by low- 
temperature carbonisation and by hydrogenation. 
Shales also give oil; but the retorting end of the 
shale industry is at present uneconomic, and, as 
a main product of the old-established shale distil- 
lation, oil could not compete in the market. Some of 
the advocates of low-temperature carbonisation, 
on the other hand, have embarked upon commercial 
ventures before fully investigating their processes 
in all their initial stages. 

In order to carry out such investigations and to 
study the fuel problem as a whole in its manifold 
ramifications, the Fuel Research Board was estab- 
lished in 1917. Two years ago, the Division of the 
Department of Fuel Research was authorised by the 
Government to undertake, at public expense, tests 
of any plant which claimed to be ready for the 
commercial stage, and four plants have now been 
investigated. This was announced by Dr. C. H. 
Lander, on the 8th inst., in giving an account 
of the Work of the Fuel Research Station and 
the Production of Oil from Bituminous Coal at 
the Greenwich Station, of which he -is director, 
before the Institution of Petroleum Technologists. 
Dr. Lander distinguished four stages as necessary 
for commercial carbonisation processes and for 
engineering processes generally : firstly, laboratory 
investigation of the method under close control and 
with accurate measurements ; secondly, work on an 
intermediate scale in a plant able to deal with 
several cwts. daily ; thirdly, erection of a full-scale 
unit of a daily capacity ranging from 5 tons up- 
wards, and allowing of multiplication in number; 
fourthly, and finally, a commercial battery consisting 
of several units in a suitable locality for the exami- 
nation of the economic possibilities. The four 
plants and retorts tested in this way: the Parker 
plant at Barnsley ; that of Midland Coal Products, 
Limited, of Netherfield, Nottingham; the Fusion 
retort of the Fusion Corporation, Limited, Middle- 
wick; and the Freeman retort of the British Oil 
and Fuel Conservation, Limited, Willesden, had 
all been able to substantiate their claims in the main ; 
but the Division felt that prospects were so much 
affected by local conditions that no reliable pro- 
nouncement could be made upon the commercial 
possibilities before the plants had reached the end 
of the fourth stage outlined above. At Greenwich 
they could not go beyond stage three. Mr. Cunning- 
ham Craig mentioned subsequently that several 
oil processes from cannel coal were approaching 
the fourth stage. 

Reviewing the work at Greenwich, Dr. Lander 
mentioned that the retorts put down by Sir George 
Beilby in 1919, for making small cubes of coke 
m trays subdivided into cells, were still in good 
condition. Recently some work had been done with 
retorts of the Scottish shale industry type and with 
coal briquetted at relatively low pressures without 
binder, after preheating to incipient fusion. Two 
briquetting machines had been used; one was a 
Sutcliffe Emperor press, and the other a novel 
machine with polygonal rolls designed to produce 
higher pressures in ovoid briquettes than could be 
obtained by circular rolls. Small pellets made in 
the latter machine with coal tar heated to 340 deg. C. 
at a pressure of 2 tons per square inch, seemed 
to be satisfactory; when working at full size, 
however, the briquettes disintegrated on releasing 
the pressure, owing to gas evolution. The maximum 
strength was obtained, at 2 tons pressure, by pre- 
heating to 220 deg,, but even then the briquettes 
did not prove sufficiently robust for carbonisation. 

Two settings of vertical retorts, designated D and 








E, had been put in hand and fitted with a Woodall- 
Duckham extractor gear, designed for them, 
which had given full satisfaction. The E retorts 
consisted of two iron boxes, mounted side by side, 
21 ft. high, 6 ft. 6 in. by 7 in. at the top, and 6 ft. 
10 in. by 11 in. at the bottom ; the D retorts were 
similar, but 3 in. narrower across the minor axis. 
The narrower D retorts, first worked at 650 deg. C, 
soon gave trouble by distortion, and were after- 
wards used for the production of slack coke (for 
boiler firing) from non-coking or feebly-coking coal. 
The E retorts, put under heat about Christmas, 
1925, were gradually worked up to 625 deg. C. by 
March, 1926, and were then kept at this tempera- 
ture, beyond which it did not appear advisable 
to go, till December 27, 1926, when they were cooled 
down for examination. They had been run with 
sized coals, from feebly-coking to very strongly- 
coking varieties. With Durham coal, from which 
the fines under 3 in. had been screened, and with 
Dalton main and Garforth nuts, working was 
very easy. The resultant fuel was slightly larger 
than the raw material, and a certain amount of 
distortion had been noticed ; not sufficient, however, 
to hamper the ease of working or to call for rodding. 

Retorts of this kind could be worked continuously 
or intermittently. In the former case, the coal was 
kept in continuous motion, and the strength and 
density of the coal discharged in its plastic state 
were seriously affected. Intermittent working, 
on the other hand, was severe on the metal retorts 
which grew hot when empty and were suddenly 
cooled by the incoming charge of coal. Inter- 
mittent working, dropping the coal only a few feet 
at a time, offered advantages. In actual practice, 
the extractor gear was controlled from the top of 
the retort, and the discharge into the spacious 
cooling chamber below allowed the level of the mass 
to fall by 3 ft. with extraction every hour, and by 
6 ft. with extraction every two hours. The whole 
operation, comprising exploration, with the aid of 
pokers, of the space at the top to ensure absence of 
scaffolding, required only 3 minutes, after which 
the retort could be left to itself until the next dis- 
charge. There was a very slight bulging of the E 
retorts about half-way up, but this might be 
avoided by selecting a suitable metal. The 200 
tons of coke produced had been acquired by 
180 purchasers, who were supplied with question- 
naires; the fuel was found suitable for burning 
in open grates, kitchen ranges, hot-water boilers 
and under coppers, but was not always entirely 
satisfactory for top-heated ovens. Many people 
who had kept in touch with these experiments 
agreed that the retorts had reached the end of 
the third stage; if further tests with freshly mined 
coal confirmed this opinion, the fourth stage might be 
entered upon. The motor spirit obtained was 
tested in the Ricardo variable-compression engine 
of the station, and the tars and oils were being 
worked up by outside investigators. 

Dr. Lander finally referred to oil production by 
other methods than carbonisation. Their work on 
the hydrogenation of coal in small bombs had 
proceeded steadily for four years. Investigations 
in the Bergius plant at Mannheim-Pheinan were 
partially financed by the Department of Scientific 
and Industrial Research, and were supervised by 
a committee on which there were representatives 
both of the British Bergius Syndicate and of the 
Fuel Research Division, in addition to Dr. Bergius 
himself. A plant with a throughput of about 1 ton 
a day, similar in all respects to that at Mannheim, 
had been installed at the station. Investigations 
on the production of motor spirit by synthetic 
methods were also in hand. 

That Dr. Lander did not say more on hydro- 
genation research, except to give a few general 
and certainly satisfactory yield figures on request, 
was regretted by several speakers during the dis- 
cussion. The tables on yields of oils and tars and 
other products, which Mr. F. S. Sinnatt threw on 
the screen, concerned experiments on the second 
stage made at Greenwich at temperatures ranging 
up to 700 deg. C., in which conditions were kept 
constant so far as possible in each experiment. The 
figures showed that 560 deg. C. was, in many 
respects, a critical temperature at which the gas 
yield rose rapidly and the tar yield declined. On 





the other hand, quantitative determinations of pitch 
by the use of several precipitants, and by distillation 
to dryness, indicated that the latter process was less 
destructive to tar products than was assumed. This 
statement, and the fact that oils were hardly men- 
tioned by Dr. Lander, caused Professor Brame to 
ask when a tar became an oil. Dr. Lander replied 
that the oils were obtained from the crude tar 
liquors. Dr. R. Lessing, speaking on the general 
work of the Fuel Research Board, said that its 
primary object was to supply exact data; not to 
invent novel processes. As long as we did not under- 
stand the real nature of coal, although progress had 
been made in that direction in the last four years, 
we could not devise really satisfactory carbonisa- 
tion plants. One point had been emphasised at the 
Pittsburgh coal conference last autumn: the need 
for treating and preheating the coals before retort- 
ing. Dr. Ormandy expressed his regret that the 
Fuel Research Board was so much and unjustifiably 
criticised ; their work should be made more widely 
known. Sir Thomas Holland, President of the 
Institution, concurring in this view, remarked that 
the high value of negative results seemed to be 
overlooked. Mr. Sinnatt later said, in reply to an 
enquiry about lubricants, that all claims with 
respect to lubricating oils from low-temperature 
carbonisation processes should be examined with 
caution. Dr. Lander remarked, in conclusion, that 
the Board welcomed criticisms and visitors, and he 
invited the Institution to visit the station. 








PHOTOGRAPHIC MAPPING 
METHODS. 
By Dr.-Ing. HerMann LUsoHER. 
(Concluded from page 65.) 

Ir the photographs are to be employed for 
making rectified mosaics or for mapping, the cameras 
have to satisfy some special requirements. The lens 
has to be absolutely free from distortion, and the 
shutter must not be of the focal plane type, but a 
**between-lens’’ shutter. A focal plane shutter 
would, in fact, cause distortions due to the rapid 
forward motion of the aeroplane during the exposure. 
A camera designed for the more accurate class of 
survey is shown in Fig. 10. It is the Zeiss Hand- 
messkamera ” (hand-held aerial survey camera). 
The plate is ‘‘ registered ”’ as in the photo-theodolite, 
described above. The photographs taken by its 
means are conveniently reduced to maps by a 
plotting machine (stereo-planigraph) as described 
later. The camera may be used either with a 
magazine containing six plates, or with a film 
magazine. The length of the film is sufficient for 
120 exposures. The film is pressed by suction 
against a metal plate during the exposure, so that 
it lies perfectly flat, as is required for measuring and 
surveying purposes. The camera may be held by 
hand, or it may be mounted on the aeroplane. An 
improved pattern is the Zeiss Reihenbildmesskamera 
(serial picture surveying camera). This is an 
automatic camera, the change of plates or the 
movement of the film, the action of the shutter, 
and the regulation of the overlap, being mechanically 
controlled. A series of more than 400 exposures 
may be made without reloading the magazine. 
This means that with negatives measuring 13 cm. 
by 18 cm. (5} in. by 74, in.), at a height of flight of 
5,000 m. (16,500 ft.), and with an overlap of 50 per 
cent., an area of 2,200 square km. (approximately 











900 square miles), that is the area of Nottingham- 
shire may be photographed, on a scale of 1 : 25,000 
with a single charge of the magazine. 

There are well-defined mathematical relationships 
connecting the aerial photograph with the surface 
of the earth (supposed to be approximately plane) 
and with the map. These relationships fix the ratio 
of the height of flight to the scale of the photograph 
and make it possible to derive a map-like picture 
from the perspective view. If the height of flight is 
increased, the. scale diminishes in the same ratio, 
but the area covered by the single photos is increased 
as the second power of the elevation. A serious 
hindrance to producing maps from photographs 
taken vertically, arises from the ruggedness of the 
country. Height differences of, say, 150 ft., how- 
ever, provided the slopes are not too steep, have no 
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sensible influence on the accuracy of the resulting 
map, especially when only the central parts of each 
photograph are utilised. ’ 

The laws of projective geometry provide various 
possibilities for deriving maps from aerial photo- 
graphs. If, for example the position of four points 
on the map and the images of these points on the 
plates are known, other points may easily be plotted 
from the photo by a simple procedure making use 
of the duplicate ratios of a pencil of rays. 

Graphic rectifications are, however, rather tedious. 
An optical (photographic) rectification saves much 
time, is more accurate, and is, therefore, to he 
preferred, especially in the case of large surveys. 
The apparatus needed for such optical rectifications 
is a kind of projecting camera. The photograph 
carrier can turn in its own plane, so that it may be 
set to the swing of the negative. The angles 
between the plane of the negative, the plane of the 
lens, and the plane of the projecting screen (plane 
of the map) can be varied. To obtain correct focus, 
the plane of the lens must pass through the junction 
of the two other planes (Scheimpflug principle), and 
the pair of points situated on the optical axes must 


answer the lens equation ; 1 + ; = j ; The Kon- 


sortium Luftbild G.m.b.H.—Stereographik G.m.b.H. 
Munich, is making a rectifying apparatus designed by 
Dipl.-Ing. Claus Aschenbrenner, which automatic- 
ally maintains the right perspective by means of 
special linkwork. (Fig. 11.) The apparatus rectifies 
photos with optical axes tilted to as much as 15 deg. 
Focussing (not only at a single point, but all over the 
photo by means of the one lever system) is effected 
by a hand wheel which varies the distance of the 
negative from the projecting screen; any scale 
required is set by varying the distance of the lens 
from the screen by mears of a second handwheel. 
The data necessary for rectifying may be computed 
if the map positions of at ieast four points and their 
respective images on the photo, or the positions of 
three points, of their images, and the focal length 
of the aerial camera are known. But it is easier to 
fit the photograph to a given map or tracing by trial 
and error. Thanks to the systems of linkwork 
adopted, which automatically maintain the optical 
conditions necessary for this, fitting is quickly accom- 
plished. When coincidence has been obtained, the 
map or the tracing used for locating the photograph 
is replaced by a sheet of sensitized paper, and a recti- 
fied print of the photograph is secured. The rectified 
prints are fitted together so as to form a combined 





picture, the rectified mosaic /(“‘ Luft- 
plantild”’.) A rectified mosaic is, if 
the expression may be used, a living 
map, as it shows all visible detail, 
not only conventional signs. It 
forms, moreover, a record of the state 
of the country at the time the view 
was taken, and its accuracy is | Be 
satisfactory. ee 

It is scarcely necessary to add 
that from these rectified mosaics real 
maps may be plotted. To distinguish 














such maps from those obtained by 
ground survey, the term “ Luft- 
bildkarte ” (aerial photo. map) has 
been coined in Germany. Many 
rectified mosaics have been made during the last 
two years. The Bavarian Forest Board uses the 
method exclusively, since it has been proved 
that two-thirds of the money spent for such maps 
in former times may thus be saved. A further 
advantage is that the overlap may be regulated so 
that any photo may together with the next one, be 
viewed in a stereoscope, so as to indicate to the 
forest expert even the kind and the age of trees in 
any part of the forest. The mosaics are also useful 
for showing navigation channels, hydro-electric 
stations, inundations area of rivers (Fig. 12 shows the 
Lech-river, Bavaria), foreshores. Another special 
feature is that, provided the water is not too deep, 
they show the features of the ground under water, 
so that sand banks, shoals, alluvia, the effects of 
river regulations, &c., may be seen very clearly. 
Fig. 13 is a part of a large rectified mosaic of the 
Munich Central Station and its surroundings, which 
was made for town and goods station planning pur- 
poses. 

For many purposes, especially for industrial and 
engineering projects, contours are required. A recti- 
fied mosaic shows no contours, but it may easily 
be contoured by field work. The contours are ob- 
tained by levelling the area in question or, in case 
it is an undulating one, by tachymeter work. 
Fig. 14 0n page 188 is a part of such a mosaic, show- 
ing the surroundings of Wolfratshausen, Bavaria. 

As mentioned above, the ground has to be fairly 
flat, if rectified mosaics are to be satisfactory. 
They show the planimetry very well, but cannot be 
contoured except by field work, as already explained. 
If, however, the country is hilly or mountainous, 
or if contours are required without field work, the 
ground cannot be mapped by single photographs, and 
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stereophotogrammetry must be employed. To this 
end the landscape is photographed froin two points 
in the air, which may be considered as the ends of an 
‘‘air base.” There are however, several obstacles 
to transferring the principles of ground stereo- 
photogrammetry to aerial surveying. The aeroplane 
is moving during the exposures, so that the position 
of the camera in space at the moment of exposure, 
the so-called air position, cannot be determined in 
the same simple manner as in photographic ground 
surveys. Further, a stereoscopic pair of views taken 
from the air cannot be set in the stereoautograph 
which is designed for working only with photo- 
graphs having horizontal (or at least nearly hori- 
zontal) optic axes. A thorough investigation of 
the methods employed for determining the air 
position showed that, in spite of the considerable 
amount of computation involved, resection in space 
offered the best prospect for simplification and im- 
provement. At the same time it seemed to promise 
the possibility of effecting a mechanical solution of 
the mathematical equations. Indeed the two 
patterns of mechanical plotting machines, which 
have been designed for the special purpose of working 
air photos, are based on the method of resection in 
space. 

In 1920, Professor R. Hugershoff designed a 
machine called the autocartograph, and had it built 
by the firm of Gustav Heyde, Dresden. It may be 
regarded as a perfected Orel-Zeiss stereoautograph, 
adapted to the special conditions of working 
aerial photographs. In the spring of 1923, the firm 
of Carl Zeiss, Jena, made another plotting machine, 
designed by Dr. Bauersfeld, of the same firm. This 
machine, the stereoplanigraph, is believed to be 
the best device yet produced for plotting air photo- 
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graphs by mechanical means. Both these machines 
were discussed in a paper, ‘‘ Stereoscopic Plotting 
Machines for Use in Photographic Surveying,” 
by Col. H. St. J. L. Winterbotham, Chairman, Air 
Survey Committee, which appeared in The Royal 
Engineers’ Journal, vol. xxxviii, No. 1, p. 68, March, 
1924. The present writer can only deal here with 
the most salient features of the stereoplanigraph 
(Fig. 15). The scales, levers, distance pieces, 
bridges, &c., of the stereoautograph and the auto- 
cartograph are replaced in the stereoplanigraph, 
by the ray of light itself. An optical system of 
variable focal length gives sharp focussing in all 
positions and by variable magnification of all objects 
these, whether in the foreground or in the back- 
ground of the picture, are of the same apparent 
size in both views. Tilt and swing of the plates are 
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set in the apparatus, and the pair of plates is viewed 
stereoscopically. The three spatial co-ordinates of 
any point common to both plates are found, as in 
the case of the stereoautograph, by bringing a 
pointer into apparent coincidence with this point, 
the three co-ordinates may then either be read off 
suitable scales or plotted mechanically on a drawing 
board to any desired scale. Of course the apparatus 
is also capable of plotting continuous lines and of 
mechanical contouring. Thus not only the plani- 
metry or the horizontal] plan of the country can be 
plotted, but elevations and profiles may also be 
drawn. The air position may be found by an optical- 
mechanical solution of the equations of the resec- 
tion in space. Fig. 16 on page 189 is a part of a 
map plotted on the stereoplanigraph and represents 
the surroundings of the Spitzingsee, Bavarian Alps. 





Origuiel: 


Mafistab 1: 2000 








With the stereoplanigraph air photos taken with 
any possible tilt can be used, if only they can be 
combined in pairs giving the stereoscopic effect. 
The accuracy of the maps thus plotted is of a very 
high order, as is illustrated, for example, by a trial 
mapping of the same area from a tachymeter survey 
and from aerial photos worked on the stereoplani- 
graph, carried out by the Royal Cartographic 
Institute of Hungary, Budapest (Figs. 17A and B). 

With reference to the economics of aerial stereo- 
photographic survey, experience is naturally still 
somewhat restricted. But the costs of some surveys 
undertaken by the Konsortium Luftbild—Stereo- 
graphik Munich, seem to indicate that aerial photo- 
graphy is cheaper than ground stereophotogram- 
metry when the scale of the map to be plotted is 
relatively small, i.e. 1: 10,000, (6 in. to the mile 
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appr.) and smaller. But for larger scales photo- 
graphic ground survey is as yet more economical 
as well as more accurate than aerostereophoto- 
grammetry. Air photographs are always somewhat 
‘woolly ’’; this is due to the rapid movement and 
to the vibrations of the aircraft. The determination 
of the air position is more difficult than the compu- 
tations or settings of views taken from the ground, 
therefore it involves a larger amount of time and of 
money. And last, but not least, the initial outlay 
for plotting machines like the autocartograph and 
the stereoplanigraph is by far greater than that for 
the apparatus used in plotting from ground photo- 
graphs. This arises because the optical and 
mechanical parts of these new machines have to be 
of the very first order of precision. The possibility 
of simplifying them is, however, being investigated, 
the idea being to provide only for using views taken 
under certain restrictions, which, however, will not, 
in practice, hamper the photographer. 

In the author’s opinion it is much to be regretted 
that air surveys have been comparatively seldom 
employed by engineers. True, it is only quite 
recently that these methods and apparatus have 
been developed so as to give really satisfactory 
results, but it should be borne in mind that the more 
they are known and used by engineers, the more 
rapid will be the march of improvement. 





INTERNATIONAL CONGRESS OF 
NAVIGATION. 


(Continued from page 160.) 
LarGE MaritTIME CANALS. 


THE first communications of the Second or 
Ocean Navigation Section of the Congress, had 
reference to large maritime canals, their principal 
dimensions, the maintenance of their depth, and 
statistics relating to traffic. We give below brief 
summaries of the various reports submitted. 
Mr. H. A. Reed, M.Inst.C.E., the chief engineer 
of the Manchester Ship Canal Company, stated, 
in his report, that the average yearly quantities 
of material dredged from the Manchester Ship 
Canal, during the last fifteen years, amounted to 
1,894,000 cubic yards. The quantity dredged 
during the year 1925 was 2,295,000 cubic yards. 
A portion of this material was dumped at sea 
on a deposit ground specified by the Mersey Com- 
missioners; the remainder was transported by 
well barges which were emptied by shore pumping 
plants, the material being deposited on low-lying 
areas of land adjoining the canal. The area of 
land actually in use for the deposit of dredged 
material was about 560 acres. The report sub- 
mitted by the Belgian representatives, Messrs. 
R. Derycke, J. Haché, L. Bonnet, and A. Braeckman, 
dealt with the three large maritime canals, which 
placed the ports of Bruges, Brussels and Ghent 
in communication with the sea. The Bruges- 
Zeebrugge canal was 8 miles long and had a depth 
of 26 ft. No dredging or repairs had been carried 
out since the opening of the canal in 1907. The 
canal from Brussels to the Rupel, a tributary of 
the Scheldt, was 18} miles in length. The depth 
of the canal was about 21 ft. and this was maintained 
by dredging. Some 26,000 cubic yards of muddy 
sand were removed from the bed of the canal 
every year, and this material was deposited on 
the low-lying ground in the neighbourhood of 
the canal. The canal from Ghent to Terneuzen, 
on the Western Scheldt, was over 20 miles long 
and the work of straightening and deepening it 
had been finished in 1911. Its depth was 28} ft., 
and this was maintained by periodical dredging. 
Important new works, costing nearly 200 million 
francs, were being constructed at the port of 
Antwerp. These included a maritime lock at 
Kruisschans ; a large canal dock 3 miles long and 
327 yards wide, connecting the Kruisschans lock 
with the existing docks; and the cutting of the 
necessary junction passages. 

The Brazilian representative, Mr. F. V. de 
Miranda Carvalho stated, in his report, that the 
systematic setting out of plants and hedges on 
dunes to prevent the sand, of which they were 





composed, from being blown along by the wind 


PHOTOGRAPHIC MAPPING METHODS. 





Fie. 


14, 














APPCTON EERE LIE 


Fie. 15. 


and deposited in river estuaries and ports, had 
been practised for many years in Brazil. Experience 
had shown that it was often more advantageous 
to protect dunes in this way and thus prevent 
silting up of rivers than to carry out subsequent 
dredging operations. Furthermore, the drift of 
sand along a coast, and that of river alluvions, 
should be carefully studied. The scouring effect 
of tides being the chief factor in maintaining the 
depth of a waterway, every effort should be made 
to increase this scouring and to avoid the erection 
of works which might hinder the free passage of 
the tides. In the course of his long and interesting 
report dealing with the Suez Canal, Mr. P. Solente, 
chief engineer of the Canal, stated that, in recent 
years the expansion of traffic and the consequent 
increase in receipts had brought the undertaking 
to a high degree of prosperity, and this in spite 
of the execution of several programmes of improve- 
ment works, of important reductions in tariffs, 
and of the adverse consequences of the war. 





During 1925, 5,337 ships having an aggregate 
net tonnage of 26,762,000 had passed through 
the canal. These figures were well above those 
for the previous record year (1924), namely, 5,122 
ships and 25,109,882 net tons. Furthermore, 
navigation was conducted with great regularity, 
only eight groundings, lasting more than six hours, 
having occurred in 1925. In round figures, transit 
receipts for 1925 amounted to 192 million gold 
francs; the corresponding figure for 1870 was 
5,718,757 gold francs. 

The Governor of the Panama Canal, Colonel 
M. L. Walker, pointed out in his report that the 
undertaking under his control had worked satis- 
factorily since the commencement, more so, in fact, 
than its advocates and engineers had anticipated. 
Land slides along the banks of Gaillard Cut had 
caused interruptions to traffic in 1914, 1915, 1916, 
1917 and 1920. Since the latter year the traffic 
had been maintained free from appreciable inter- 
ference. The net canal expenses during the fiscal 
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year 1925 amounted to about 1,620,000/. and the 
toll receipts to 4,270,000/. During 1925, 4,673 
vessels having an aggregate net tonnage of 22,855,151 
had passed through the canal. The corresponding 
figures for the previous year were 5,230 ships 
and 26,148,878 tons. Excavation work in the 
Gaillard Cut during 1925 had resulted in the removal 
of 1,437,000 cubic yards of material under the 
head of maintenance, and 203,500 cubic yards 
in connection with the project for the widening 
of the channel at La Pita turn. This scheme had 
been completed with a total excavation of 1,244,700 
cubic yards of material. The report presented by 
Mr. D. Alessi dealt chiefly with the new Victor 
Emmanuel III canal at Venice and the proposed 
widening of the Corsini maritime canal, which linked 
up Ravenna with the Adriatic Sea. The Victor 
Emmanuel III canal was opened to traffic in 
May, 1922, and led from Venice to the commercial 
port of the city, which was in course of construction. 
During the cutting of the new canal some 6 million 
cubic yards of solid ground were excavated, and 
the total cost of the undertaking amounted to 
52 million lira. The works in connection with the 





Corsini canal were sanctioned by Royal Decree 
in July, 1925, and an expenditure of 20 million 
lira, to be spread over five financial years, had 
been authorised. The programme provided for the 
widening of the canal over its whole length, the 
building of reinforced concrete quay walls and 
bridges, and the construction of roads along each 
bank of the waterway. 

Mr. F. Butavand, of Monte Carlo, discussed, in a 
brief report, the sliding of natural and built-up soils 
and the profile which should be given to cuttings. 
He pointed out the defects of rectilinear embank- 
ments, and showed how the slope of these should 
vary according to the depth of water contained in 
the canal. The report submitted by Mr. G. Redeker, 
of Amsterdam, was devoted to the consideration of 
the North Sea Canal, stretching between Amsterdam 
and Ymuiden. This canal, which gave Amsterdam 
direct access to the North Sea, was begun in 1865 
and finally completed in 1880; it had then a depth 
of about 23 ft. In 1899 it was decided to deepen 
the canal in order to enable large ships to pass 
through it. This work was completed in 1907, and 
gave the canal a depth of 33 ft. The position of 


Ymuiden harbour was such that silting up was 
liable to occur, and, in order to maintain the depth 
of the fairway in the harbour, three suction dredgers, 
three bucket dredgers and nine steam hopper 
barges were constantly in attendance. The suction 
dredgers worked chiefly outside the harbour, whilst 
the bucket dredgers were exclusively employed 
within the port, and in the outer canals of the 
locks. The dredged material was dumped at sea 
some three miles from the entrance to the harbour. 
Among other improvements, a new lock at Ymuiden, 
having a depth on the sill of 49 ft., was under 
construction ; it was expected to be complete in 
1928. The enlargement of the North Sea Canal 
to a depth of 42 ft., was being considered at present, 
and it was thought that a further deepening, to a 
maximum depth of 49 ft. would eventually become 
necessary. 
The report submitted by Professor V. E. Timonoff, 
the Russian representative, dealt mainly with 
improvements in the navigation of the Volga 
estuary. The improvements, which had _ been 
suggested from time to time, might conveniently be 
divided into three classes, namely : (a) the creation 
of fleets of marine barges having hulls strong 
enough to withstand navigating conditions in the 
Caspian Sea, and having a draught shallow enough 
to negotiate entrance into the Volga via the 12-ft. 
maritime canal constructed across the Bakhtemir 
passes ; (2) the creation across the Volga delta, of 
a canal of sufficient dimensions to enable sea-going 
vessels to reach Astrakhan ; and (3) the construc- 
tion, on the high seas, of an artificial islet port. 
The third solution appeared to be preferable to any 
of the others. The islet port would form a link 
between maritime and river traffic. Sea-going 
ships would have free access to it, on the one hand, 
and, on the other, river vessels would approach it 
by way of a channel maintained through the bar at 
the river mouth, by artificial means. Transhipping 
would take place in the islet port, where the neces- 
sary handling equipment and, if necessary, ware- 
houses, would be provided. An islet port of the 
type suggested would not only be of great service 
to the general commerce of the region, but would 
prove of inestimable value to the Russian oil trade. 
The general reporter of the section, Dr. L. R. 
Wentholt, of Nimegue, Holland, stated in a very 
brief series of conclusions that, when constructing a 
canal, sufficient land should be acquired to allow for 
future expansion. In the matter of canal lay-out, 
it was desirable that the minimum radius of canals, 
used by the largest vessels, should be 3,000 m. 
(1-86 miles). The conclusion of the Congress of 
Philadelphia of 1912 to the effect that it was 
desirable that the water section of a maritime canal 
should be five times larger than the immersed 
midship sectional area of the largest ship passing 
through it, and that there should be a metre 
(39 in.) of water below the keel of such a ship, 
was still applicable. It was advisable that canal- 
traffic statistics should be standardised as far as 
was practicable. 


Fisninac HARBoours. 


The second communications of the Second (Ocean 
Navigation) Section of the Congress, were upon the 
subject of the general design and layout of fishing 
harbours. A number of reports were presented 
and, of some of these, we give below a brief sum- 
mary. The report submitted by Messrs. H. Santil- 
man and E. Verschoore dealt with the fishing har- 
bours of Ostend, Blankenberghe and Zeebrugge. 
None of these ports were adequately arranged for 
the berthing of large modern sailing smacks or 
steam trawlers, and it might be said that even as 
havens of refuge their installation left a great deal 
to be desired. The result of this lack of facilities 
was that Belgium, which annually, consumed fish 
to the value of over 100 million francs, was obliged 
to import foreign fish to the extent of 70 million 
francs. The modernisation of the existing inadequate 
ports, was, however, being seriously considered at 
the present time, and operations had already 
commenced at Ostend. The main portion of the 
report contributed by Mr. C. F. Lillelund, of 
Copenhagen was devoted to a description of the 
recently completed fishing harbour at Esbjerg, 





on the west coast of Jutland. The harbour was 
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provided with all the necessary modern contrivances 
for storing, handling and shipping live as well as 
dead fish. Special installations for keeping live 
fish until sold had been provided within the harbour. 
The plant for handling dead fish, i.e., that which 
had been cleaned on the fishing vessels, was also 
very complete. All the installations for the preser- 
vation, packing, and shipping of fish had been pro- 
vided by the State. Refrigerating plants, curing fac- 
tories, smoking plants, and the like, were, however, 
built and managed by private firms. A large slip, 
capable of accommodating 24 fishing vessels, had 
also been provided by the State. The repair of 
vessels, was, however, undertaken by private 
contractors. 

The Spanish representatives, Messrs. J. R. de 
Rivera and I. Merello, stated in their report, that 
along the northern coastline of Spain, 500 miles in 
length, there dwelt some 100,000 fishermen, dis- 
tributed in 144 hamlets and villages. For the most 
part, the Spanish fishermen were an independent 
race, bound by tradition, and the arrangements for 
unloading and distributing fish were often elemen- 
tary and inadequate. The main fishing port was 
Vigo and next in importance came Pasages, San- 
turce, Santander, Gij6n, and Corogne. All these lo- 
calities had trading harbours where the fishing boats 
could find shelter and where repairs could be carried 
out. There were, however, no wharves equipped 
for the unloading of fish, which operation was done 
mostly by hand. In spite of the unfavourable 
circumstances referred to, however, fishing flourished 
in northern Spain, and this was due to the fact that 
the fishermen were placed in a specially favourable 
position for dealing with migratory fish, such as the 
sardine, mackerel, anchovy and tunny. Messrs. 
O. E. Sette and R. H. Fiedler, of the United States 
Bureau of Fisheries, gave descriptions of various 
typical fishing ports in the United States. Of these, 
Boston was the most important; docking space 
for 100 boats was provided and the stores, ware- 
houses, and railway facilities were very complete. 
Fulton fish-market pier, New York, was also of 
importance, and about 50 million pounds of fishing 
products were landed there annually. Important 
tinning and by-products installations were situated 
close to the harbours of Eastport (Maine), Biloxi 
(Mississippi) and Reedville (Virginia). The port of 
Los Angeles (California) was the only artificial 
fishing harbour in the United States constructed 
specially for that purpose. It also possessed 
important tinning, salting and by-product plants. 

That the development of sea fishing had not been 
so great in France as had been the case in other 
Western European nations, was pointed out in the 
report presented by Mr. H. Verriére, the French 
representative. With a population of fishermen 
almost equal to that of the British Isles, the value 
of the fish caught in French waters was only about 
a third of that landed at British ports. This inferi- 
ority was partly due to the fact that, owing to the 
high cost of coal in France, the change over from 
sailing to steam-propelled fishing vessels had been 
slow. Another reason was the bad organisation 
and, in some cases, the lack of organisation at the 
fishing ports. Since the war however, the Govern- 
ment had launched a scheme for the modernisation 
of the fishing ports, especially those at Boulogne, La 
Rochelle and Lorient, and a sum of 115 million 
francs had been set apart for that purpose. Mr. S. 
Sekiguchi, of Tokyo, outlined, in his report, the 
steady progress, towards the modernisation of 
fishing fleets, made in recent years in Japan. The 
number of motorboats and steam trawlers which 
were replacing the unseawerthy and flimsy native 
craft was increasing year by year. Modern fishing 
harbours were still non-existent in Japan, but the 
building of well-equipped ports at Choshi, 70 miles 
east of Tokyo, and Shimonoseki, on the Kammon 
Strait, had recently been taken in hand seriously. 
Work had already been started on the former and 
the latter project was at present under consideration. 
The report submitted by Mr. W. G. C. Gelinck, of 
Haarlem, Holland, dealt entirely with the lay-out 
and equipment of the fishing port of Ymuiden. 
This port, which sprang into importance as a result 
of the cutting of the North Sea Canal, was con- 
structed during the years from 1890 to 1896. The 
fishing boats, which, previously, had had to seek 


shelter between the locks and outer harbour, at the 
canal terminus at Ymuiden, and had greatly inter- 
fered with the navigation of steamships using the 
Canal, were upon its completion, diverted into the 
new fishing harbour. The original fishing dock 
had an area of about 12 acres and a depth of 16} 
ft.; it had, however, been enlarged and deepened 
on several occasions, and now had an area of about 
26 acres and a normal depth of 19? ft. A second 
fishing dock measuring 17 acres in area and also hav- 
ing a depth of 19} ft., had been built. All the 
market halls at the docks were provided with asphalt 
floors which had been given a pronounced slope 
towards the port, to facilitate washing operations. 

The many peculiar features of the Russian fishery 
industry were described in the report submitted by 
Professors V. E. Timonoff and V. E. Lakniski. A 
dense population of fishermen dwelt on the northern 
shore of the Caspian Sea. The fishing boats had to 
proceed far out into the open sea, and landing was 
only possible at relatively few places by means of 
shallow channels. When storms arose disasters 
were frequent. During the winter the sea froze 
and a fringe of ice of considerable width was formed 
round the coast. The fishermen travelled on 
sledges to the edge of the ice, taking their canoes 
with them. The ice-fields were, however, some- 
times broken up into huge drifting floes, and when 
the ice began to melt, in the spring, the fishermen 
found themselves stranded. Salvage steamers were 
sent out, but rescue efforts were not always success- 
ful. The formation of a fishing port on an artificial 
islet, which would serve as a base for winter 
operations, was, perhaps, the best solution to the 
difficulty. With regard to fishing in the Arctic 
Seas, the construction of several ports was under 
consideration ; among these were Podpachta and 
Teriberka, on the Murman coast. It was estimated 
that, if facilities were provided, 7,000 tons of fish 
could be landed annually at the former port and 
12,000 tons at the latter. Neither of these ports 
had railway communications with the interior, and 
the procedure adopted in such cases was that 
schooners called at the ports, collected the catches, 
and took them to Archangel or Murmansk, both of 
which ports were railway termini. 

Messrs. K. Petterson and O. Ekdahl, the Swedish 
representatives, stated that excellent fishing grounds 
were to be found in the Skagerak and the Kattegat, 
and, as a consequence, numerous harbours had 
sprung up among the islands in these straits. The 
introduction of steam trawlers and motor vessels 
had, however, caused the fishermen to take their 
catches to the port equipped with the best facilities 
for handling fish, and also possessing the most 
rapid and direct connections with the interior of 
Sweden and with foreign countries. These circum- 
stances had rendered Gothenburg the most con- 
venient centre for the trade. The present harbour 
at Gothenburg consisted of a basin 490 yards long 
and from 65 to 75 yards wide and having a uniform 
depth of 16} ft. Fishing conditions in the Baltic 
Sea differed considerably from those in the North 
Sea, and it had been decided to establish a large 
number of small ports on the south and east coasts 
of Sweden. Facilities as regards land had been 
given by the State, and, at the end of 1925, 20 of 
these ports had been finished and opened to traffic 
and four others were under construction. 

Professor M. G. Schéweller, of Copenhagen, the 
general reporter of the section, submitted a report, 
in which were set out a series of conclusions regarding 
the lay-out and equipment of fishing harbours. 
He was of opinion that the development of the 
fishing industry, by the creation of well-equipped 
fishing harbours, would involve a reduction in the 
cost of, and an increase in the consumption of fish. 
In places where the coastal fishing industry was 
active, it was advantageous to create numerous 
comparatively small fishing ports and to distribute 
them along the coast. It was essential that all 
fishing ports should be easy of access at any hour 
and in any weather. The quays or berthing lines, 
provided should be on a scale large enough to 
enable the fishing boats to discharge their catches 
as soon as they arrived. The port should be 
provided with ship-repairing yards, victualling 
facilities, and with bunkering depots ; good railway 





communication with the interior, and the provision 








of rolling-stock equipped with refrigerating arrange- 
ments were other essential features. Areas round 
the ports should be reserved for fish-drying, salting 
and smoking plants, for ice-making works, fish- 
curing factories, works for the utilisation of fish 
offal, and crate and packing-box making factories. 


DEEPWATER QUAYS AND BREAKWATERS. 


The Second Section, which dealt with Ocean 
Navigation, considered as its first question the cost 
of quays of great depth and of breakwaters or 
jetties in tideless seas. 

Among the conclusions in regard to quays sub- 
mitted by the general reporter, Mr. M. A. de Rouville 
(France), Ingénieur en chef des Ponts et Chaussées, 
Paris, it was pointed out that, without having 
produced any absolutely new types, modern practice 
had shown some disposition to adopt open-work 
forms or increasingly larger concrete blocks or 
monoliths, with the object of economy. When 
account was taken of the cost of the extra reinforce- 
ment required by open-type quays,the economy was 
less than might be expected, but on the other hand, 
the use of walls on piles without reinforcing the 
supporting face was unsuitable for ports which 
might have to accommodate vessels of modern deep 
draughts, by reason both of the strain that such 
vessels set up in quay walls and of constructional 
difficulties. Some modern shipyard equipment, 
however, enabled quay walls to be built in large and 
heavy blocks or caissons, which saved both time and 
money, and several promising arrangements had 
been described to the Congress, tending to increase 
the mechanical stability of walls constructed of 
such elements. For passengers or for cargoes that 
could be handled continuously the usual type of 
quay was not unduly costly. No significance 
could be attached to a general statement of even 
the order of magnitude of the cost of quays, for it 
depended on too many local factors. As a likely 
minimum, the cost of a quay, built without the use 
of compressed air, for a draught of about 10 m. 
would be between 2,000 and 3,000 gold francs, or 
double if its construction required special founda- 
tions. Sea dykes (breakwaters or jetties) in very 
general use were formed principally by a high mass 
of rockfill, but in very deep water, with a bed not 
open to undermining, were not the most satisfactory. 
Breakwaters consisting principally of a high vertical 
wall were meeting with increasing favour in cases 
that allowed a heavy lifting plant to be used, and the 
economic advantage of large blocks to be obtained. 
Such structures might be used even in rough seas if, 
through the depth of water or nature of the bed, 
the fear of undermining could be removed naturally 
or artificially, particularly if the depth of water 
would make a rockfill structure inconveniently high. 
Breakwaters of fascine work, or solely of rockfill, 
should be reserved for shallow or fairly calm water. 
Compromise structures embodying partly the rock- 
fill and partly the vertical wall construction were 
dangerous, for whereas in the rockfill design the 
coping is intended to resist the waves broken on 
the rockfill embankment and the vertical wall 
is so arranged as not to break the waves, a combina- 
tion might subject a wall to a greater horizontal force 
than its height and arrangement allowed it to resist. 
In rockfill breakwaters attention should be given 
specially to the emerging part of the embankment, 
and in a less degree to the protection of the landward 
side. Horizontal layers of trimmed blocks on the 
slopes or higher parts of a rockfill structure were 
liable to be disarranged or have the end blocks 
tilted by unequal subsidence, and created difficulty in 
re-making the embankment. In thin-sided caissons 
insufficient bond was secured between the walls and 
filling material, and when sunk they took too long to 
ballast with the necessarily large compartments. 

More systematic studies should be made simul- 
taneously in different countries to measure the 
stresses due to the waves and determine the instru- 
ments by which they could best be measured, 
distinguishing waves with an orbitary movement 
from breakers. 

For reasons assigned a general comparison of cost 
between rockfill and vertical wall breakwaters ap- 
peared difficult. The principal breakwaters recently 
constructed in tideless seas, 12 metres to 40 metres 
deep, had cost from 9,000 to 35,000 gold francs per 
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metre run. Where otherwise advisable the vertical 
wall type was about 20 per cent. cheaper, or as 
much as 50 per cent. for depths of 30 to 40 metres. 

Mr. L. Bonnet and Mr. A. Braeckman (Belgium), 
respectively Ingénieur en chef and Ingénieur 
Principal des Ponts et Chaussées, Antwerp, reported 
on both parts of the question on the basis of works 
in many countries besides Belgium. 

In regard to jetties they concluded that rockfills 
of random sizes were wasteful both in building and 
upkeep, and could be used only where stone was 
abundant and cement and lime dear. Even when 
graded the amount of voids occasioned settlement, 
which might affect stability. If used as they come, 
the larger should be kept for protecting the slopes, 
which should be finished off with one or two layers of 
large blocks thrown down at random, or preferably by 
trimmed blocks, while the smaller should be used for 
thecore. Vertical walls, resting direct on the ground, 
should be used in solid jetties only for unimportant 
works in seas that are never very rough, or else as 
breakwaters on hard ground, which could not be 
undermined. The best system of jetties consisted 
of large monolithic blocks with practically vertical 
walls, laid touching each other on a rockfill foun- 
dation on the sea bed, and carried to a sufficient 
height. The foot of the jetty could be protected 
against surf by close-laid large blocks. This type 
of jetty was also the cheapest, at least where cement 
and lime were cheap. 

For quays, solid walls could be used only on 
solid bottoms, and if they could be built in the dry. 
In deep roadsteads they should be built of trimmed 
blocks, resting on a very wide foundation of coarse 
rockfill, which, however, is liable to much settle- 
ment. The heaviest blocks should be used that 
the available plant will allow. The foundations 
of walls on a solid bottom at gréat depth should 
be discontinuous, as they create less surf than 
continuous walls, but careful attention to the 
facing of the slope would be required, and heavy 
outlay on upkeep would be involved. Except for 
slippery bottoms (clay) a wall or caissons was 
usually the cheapest, and could be built on improved 
ground where there was no hard bottom. The 
caissons would vary from 20 m. to 40 m. in length, 
and from 8 m. to 15 m. in width, depending on the 
nature and height of the filling. The foot should be 
protected by coarse rockfill to prevent undermining, 
and the space behind the wall should be filled with 
small broken stone. 

Mr. Jorge Lira (Chile), Secretary of the Com- 
mission de Puertos, Santiago, discussed breakwaters 
or jetties in tideless seas, which were of particular 
interest to Chilean engineers, both because few 
points on the coast of Chile were so protected by 
nature that they could dispense with breakwaters, 
sometimes of extraordiany size, and because the 
few inlets and great depth of water prevented the 
average mean tides at most parts of the coast line 
from exceeding 1 m., while spring tides rarely 
exceeded 2 m., which amounted practically to a 
tideless sea. Leading proportions were suggested 
for constructions intended actually to break up the 
waves by structures either entirely of rockfill or 
faced with natural or artificial heavy blocks, and 
for almost vertical walls, intended to deflect the 
waves without breaking them. The considerations 
that fix these proportions and the resulting designs 
were illustrated by works carried out at Valparaiso, 
Marseilles, Antofagasta, Genoa, and Algiers. As 
a matter of information, figures of cost were given, 
varying from 2251. to nearly 3,000/. per metre run ; 
but it was explained that these costs depended so 
essentially not only on the type and depth of the 
works but on local circumstances, including cost 
of living, that no conclusion could be drawn as to 
relative economy. No calculations could be made 
to determine the stresses on rockfill breakwaters, 
whether with or without the protection of artificial 
blocks, and their design and proportions had 
therefore to be fixed in the light of previous experi- 
ence and of the general considerations. For deflect- 
ing walls, however, methods of calculation were 
Suggested as giving at least useful indications, which 
so far had been borne out by observations on works 
in Chile, 

Messrs, Otto Kierulf and Jorgen Saxild (Denmark), 
described a type of quay wall for tideless seas 





said to have been developed in Denmark during 
the last twenty years, and now almost invariably 
to be used there for water 25 ft. deep or more. It 
consists of a vertical wall of close piling extending 
to about 6 in. above mean sea level, on which is 
built a low concrete wall, extending to the top of 
the soil, and joining at its base a horizontal slab 
supported by two or more rows of batter piles. 
This slab sustains the weight of the soil above it 
and of whatever is carried by the quay, as well as 
the thrust, due to the earth pressure, that is trans- 
mitted to it by the vertical wall, and the resultant 
is taken by the batter piles in direct compression. 
The wall is usually made of reinforced concrete, 
but sometimes may be of timber, steel or other 
materials. 

Mr. E. Quellennec, Administrator and formerly 
Chief Engineer of the Suez Canal Co., presented two 
papers on breakwaters or jetties, in one of which he 
described the principal types of breakwater used 
in tideless seas, and in the second gave details of the 
construction of the breakwaters of Alexandria, Port 
Said, and Suez, with an account of the circumstances 
that had determined their respective designs. 
These papers were among the most comprehensive 
and systematic discussions of the question that 
gave rise to them. 

Though in accordance with the programme of the 
Congress the author addressed himself particularly 
to breakwaters in seas with slight tides—actually 
tideless seas being unknown—the principles gover- 
ning their design were the same as those for stronger 
tides. The broad distinction being accepted between 
embankment breakwaters with sloping banks and 
wall breakwaters with vertical sides, the two types 
were subdivided further, the embankment break- 
waters into those without concrete block facing, with 
dumped facing, and with regularly laid facing, and the 
wall breakwaters, resting either on a natural bottom 
or on a loose stone mound, into those of masonry, 
medium size, massive, and hollow concrete blocks, 
and caissons. The circumstances that dictate the 
selection or assortment of grading in the materials 
having been deduced in principle from the nature of 
the sea movements that the structure had to control, 
a large number of works of different designs were 
examined to illustrate the manner in which the 
broad principles so indicated had to be applied. 

From these it was concluded that, at least in the 
sea conditions found in the Mediterranean, a stable 
breakwater can always be built either on the embank- 
ment or on the wall system, provided the circum- 
stances permit the work to be carried out. With em- 
bankment breakwaters this would always be possible, 
but with walls the difficulties would be insuperable 
where the work had to be built on a more or less 
compressible bottom, and practically so when the 
sea was nearly always rough and so impeded the 
operation of the floating apparatus to be used in 
putting the blocks into position. The wall con- 
struction usually would have the economical advan- 
tage of requiring much less material, to the extent 
of 20 per cent. or more. Even from the econo- 
mical point of view the advantage disappears in 
the case of relatively shallow waters ; and when the 
work is so situated as to be exposed to ocean storms, 
it would be uncertain whether a sufficiently strong 
wall could be built at a great depth below water level. 
An embankment breakwater, on the other hand, 
could always be designed to resist the most violent 
seas. 

The application of the principles developed in this 
paper was amplified in the history given in the 
report on the breakwaters of Egyptian harbours. 
Both reports were illustrated with a fullness that 
was conspicuous even among the many well illus- 
trated papers submitted to the Congress. 

In a short discussion of the circumstances that 
determine the choice of quays and breakwaters under 
given circumstances, Prof. R. H. Mateos reporting 
for Spain, arrived at certain definite conclusions, 
based mostly on experience in that country. 

Quay walls and their substructures were built 
most economically on land, and put in place under 
water by means of a floating crane such as the one 
for lowering the cellular blocks of the port of 
Valencia, described in ENGINEERING of December 25, 
1925. Where this was impossible, the best choice 
was either more or less continuous walls of trimmed 





blocks, or else caissons, either of reinforced concrete 
or of metal, especially where firm ground was 
found only at great depth and an artificial bottom 
had to be put in. Where the firm bottom was at a 
practically unapproachable depth the most con- 
venient construction was of piles connected at the 
top by cylinders in concrete or reinforced concrete, 
to serve as supports for the quay platform. 

For breakwaters, substructures in rubble alone 
were suitable only in sheltered situations and for 
depths not exceeding 15 metres, if suitable quarries 
were at hand to provide stones of the required 
weight. With hard bottoms and very limited 
depths masonry substructures might be used ;_ but 
generally, in default of a supply of suitable natural 
stone, concrete blocks with stones or small blocks 
filled in were convenient. In any case the use of 
some arrangement of large block. and small filling 
was necessary for great depths. Usually the best 
construction consisted of large caissons resting on 
well protected, well settled and strengthened 
mound foundations, and extending below the range 
of wave action. Whether metal or reinforced con- 
crete caissons should be preferred depended on 
circumstances. 


(Zo be continued.) 





THE BRITISH INDUSTRIES FAIR AT 
BIRMINGHAM. 


THE organisers of the British Industries Fair 
have had to face considerable discouragement in 
the past, but their prescience in refusing to accept 
defeat in the lean years following the war has now 
been amply justified. It will be recalled that last 
year the engineering exhibits at Birmingham 
occupied about three times the space covered in 
former years, and that the year was also notable 
for the first introduction of a large electrical section. 
This year another important branch of the engineer- 
ing industry will be represented for the first time 
by the presence of manufacturers of steam plant, 
and the further growth of the exhibition as a whole 
is indicated by the necessity for erecting additional 
buildings to meet the increased demand for space. 
The Fair has been referred to on more than one 
occasion recently as “‘ The British Leipzig,’ but 
those of our readers who recall the illustrations of 
the actual Leipzig Fair on pages 328 and 329 of our 
issue of March 13, 1925, will appreciate that before 
the two exhibitions can be truly comparable, the 
housing of the British Industries Fair will have to 
be greatly improved. Since the London section is 
organised by the Department of Overseas Trade, 
and the Treasury makes a grant of 25,000/. for the 
purpose of advertising both sections of the Fair 
abroad, it is justifiable to regard it as a national 
effort. 

It must be admitted, however, that neither the 
faded glory of the lath and plaster erections at 
the White City, nor the frankly materialistic aero- 
drome buildings at Castle Bromwich, are likely to 
impress foreigners favourably, and, if the Fair 
continues to grow in importance, consideration 
might well be given to housing both sections in a 
single building more in keeping with a national 
exhibition. It is to be regretted that such a build- 
ing does not at present exist in Birmingham, as the 
Chamber of Commerce have, by their able work in 
promoting the exhibition, established a strong claim 
for that city as the permanent venue for the Fair. 
We do not know whether the rebuilding of the 
Bingley Hall is in contemplation, but if this could 
be done on an appropriate scale it would make an 
admirable permanent exhibition building near to 
the centre of the city. 

Failing the transfer of the Fair to a more con- 
venient site, it must be admitted that the organisers 
have made considerable efforts to improve the build- 
ings at Castle Bromwich. A new building has been 
erected between the two halls in which the engineer- 
ing exhibits have been mainly housed in the past, 
adding 9,000 square feet to the floor space, and 
giving in effect a machinery hall having a length of 
over 600 ft. In addition, an area of 26,000 sq. ft. 
has been added to the building nearest to the railway 
station. The total space actually occupied by 
stands this year will be 120,000 sq. ft., as compared 
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with 80,000 sq. ft. twelve months ago, and the 
number of exhibitors is 600, as against 500 on that 
occasion. 

We understand that the arrangements inaugu- 
rated last year, enabling visitors to the Fair also to 
visit important works in the vicinity, will again be 
in operation. It is noticeable in the scheduled 
train service between New-street and Castle Brom- 
wich that no train will run between 11.20 a.m. and 
1.5 p.m. The same gap existed in the service last 
year and led to serious overcrowding of the alter- 
native *bus service, and it would be a great con- 
venience to visitors if the railway authorities could 
be persuaded to put on two or three additional 
trains between the hours mentioned. A new de- 
parture so far as the Birmingham section of the 
Fair is concerned is to be made in admitting a 
limited number of the general public at a charge of 
two shillings. 

We have commented in past years on the excep- 
tional opportunity afforded by the Fair to examine 
the latest developments in the design of heavy-oil 
engines for general purposes, as all the leading 
makers have been represented. While this will be 
equally applicable to the exhibition which opens on 
Monday next, it may reasonably be anticipated that 
these exhibits will no longer constitute an out- 
standing feature, due to the large increase in the 
number of stands devoted to other branches of 
engineering. 

The majority of heavy-oil engine manufacturers 
will be exhibiting models which differ but little, 
if at all, from those shown last year, as these engines 
have now reached a degree of perfection which 
appears to offer small scope for other than detail 
improvements. The only departure from previous 
practice of any importance that is made by Messrs. 
Ruston and Hornsby, Limited, of Lincoln, is 
that they have now adopted the practice of 
fitting a single fuel pump, working in conjunction 
with a distributor, to all their engines. It will be 
recalled that when the firm first took up the manu- 
facture of vertical engines, they employed a separate 
fuel pump for each cylinder, an ingenious device 
being incorporated in the fuel system to ensure 
that an equal charge was delivered by each pump. 
This device consisted of a small fuel-measuring tank 
for each cylinder, from which the engine could be 
fed for a sufficient length of time to give an accurate 
measure of the fuel consumed. At the last Fair, 
the firm showed a small three-cylinder engine, des- 
cribed on page 230 of our issue for February 19, 
1926, on which a distributor was fitted, and in 
Figs. 1 and 2, on Plate VII, we illustrate the 
distributor as fitted to larger engines. Fig. 2 shows 
the apparatus as made up for a six-cylinder engine, 
while Fig. 1 shows it in place on one of the firm’s 
open-type three-cylinder engines. The main differ- 
ence between the arrangements in the two cases is 
that two fuel pumps are employed with the six- 
cylinder engine, but as these have a common delivery 
to the distributor, a single description will cover both 
illustrations. It will be observed from Fig. 1 that 
the main engine cam shaft is coupled to an extension 
piece mounted inside the distributor unit. From 
this extension the drive is taken to a cross shaft, 
carrying the fuel pump and distributor cams, through 
skew gearing. The lower of the two skew-gear 
wheels dips into an oil trough to ensure effective 
lubrication. -The fuel pump is of the usual plunger 
type, operated by a cam roller mounted on a rocker 
arm. The latter is formed with a second arm 
above the fulcrum, and the tip of this arm is in 
contact with a small cam which is normally station- 
nary. The cam can be rotated by the hand lever 
shown projecting from -he front of the casing in 
Fig. 1, the rotation lifting the roller off the fuel 
pump cam, and thus cutting the pump out of action 
when required. In the case of the unit for six- 
cylinder engines two hand levers are provided, 
one for each pump, as shown in Fig. 2. The oil is 
delivered from the pump, or pumps, to a passage in 
the side of the distributor casing, a common overflow 
valve, visible beside the pumps in Fig. 2, being fitted 
to the unit for six-cylinder engines. The distributor 
consists of a circular rod, with a groove down one 
side communicating with the pump inlet orifice. 
A number of oblique holes, corresponding with the 
number of engine cylinders, are drilled through the 








plunger, -passing into the groove referred to on one 
side, and terminating in a series of holes in a vertical 
line on the other. These holes register in the 
correct order with a second series of holes in the 
plunger casing as the plunger rises and falls, the holes 
in the casing being connected by piping to the various 
fuel valves in the engine cylinders. The distributor 
casing is closed at the bottom, the distributor being 
connected by a bridge piece at the top to a parallel 
guide bar, which is in turn coupled by a link to a 
ball-crank lever constituting the rocker arm. This 
lever is fitted with two rollers, one on each side of 
the fulcrum, bearing on separate cams, so that the 
plunger is positively driven without slack on both 
its upward and downward strokes. Careful atten- 
tion has been paid to effective lubrication throughout, 
and as an instance it may be mentioned that a slight 
leakage of oil is arranged for past the distributor, 
which after lubricating the latter, leaves at the top 
of the casing, from which point it is returned to the 
base of the plunger, by which it is finally pumped 
back to the fuel-storage tank. Covers are provided 
at various points to render all parts of the unit 
readily accessible. 

As the section of the Fair devoted to electrical 
exhibits only reached important dimensions in 
1926, several of the leading firms exhibited for 
the first time on that occasion. The Metropolitan- 
Vickers Electrical Company, Limited, were, how- 
ever, not represented, and as their presence is 
essential in anything approaching a complete 
display of one of our most important industries, 
it is satisfactory to note that they have decided 
to participate this year. Their exhibits will include 
typical examples of motors, switchgear, welding 
equipment, and of their comprehensive range of 
electrical accessories and domestic appliances. 
The firm’s standard motors and switchgear have 
been described from time to time in our columns 
in the past, and are now too well known to require 
further comment. Among the more recent develop- 
ments to be exhibited on their stand, however, is a 
coal cutter protection system with which we have not 
dealt previously. This has been developed to meet 
the demand for fuller protection on underground 
electrical apparatus, and is especially applicable 
to coal cutters and conveyors driven by direct 
started squirrel-cage motors. In addition to giving 
fuller protection than has hitherto been afforded 
against injury to operators and apparatus, the 
system effects important savings in working costs 
and facilitates increased output. 

The essential apparatus consists of a special gate- 
end starting box, illustrated in Fig. 3, Plate VII, 
containing a main contactor with protective and 
resetting devices; a control switch suitable for 
mounting in any form of coal cutter; and standard 
form of trailing cable with suitable terminal plugs. 
The motor cannot be started other than by a simple 
flameproof drum switch mounted on the coal 
cutter, having only three positions—forward, off 
and reverse. The control circuit does not exceed 
20 volts, the power circuit to the motor being 
made and broken in the gate-end starting box. 
The latter consists of a strong flameproof box, 
made from boiler plate, and mounted on skids. 
Both front and back covers slide within deep 
machined grooves, and have handles for easy 
withdrawal. These covers are not shown in the 
figure. A riveted steel cross bar, pivoted at the 
end of the box remote from the handles, engages 
with catches to lock the covers in position. The 
crossbar engages with a lever which breaks the 
overload relay contacts unless both covers are 
fully home and the crossbar properly in place, 
and this is also the only position when the gate 
switch main contractor can be closed. The bar 
can be padlocked in position, leaving sufficient 
freedom, however, to stop the coal cutter from 
the gate-end switch in an emergency. Strong glass 
windows are fitted in the side of the box to show, 
by red and white lamps respectively, when power 
is on the box from the incoming supply, and when 
it is connected through to the coal cutter. 

The apparatus shown in the figure mounted 
inside the box includes the main contactor, an 
overload and other relays, a small transformer 
for supplying low-voltage current for the control 
circuits, and fuses to protect the primary windings 





of the transformer, the operating coil of the main 
contactor and red signal lamp, and the reset 
circuit. A simple form of tilting switch is included 
in the box, which opens if the latter becomes 
tilted more than 15 deg. from the vertical, and 
thus makes it impossible for the main contactor 
to either remain closed or to be closed when the 
box is not approximately upright. 

We illustrate two other exhibits, which will be 
shown on Messrs. Metropolitan-Vickers stand, in 
Figs. 16 and 17, page 193. The arc welding set shown 
in Fig. 16 consists of a direct-current generator 
driven by a direct-current motor, arranged as a 
semi-portable unit complete with control gear and 
switchboard. The generator is designed in such a 
way that as the current increases at the weld the 
voltage automatically falls. With this characteristic 
it is exceptionally easy to strike and maintain an 
are giving constant heating effect combined with 
the penetration and fusion necessary for the best 
results. The generators are built to withstand short 
circuits, so that no protective device is required 
between the machine and the work. The generators 
are separately excited, and if no convenient source 
of supply for this purpose is available, a small 
exciter can be included in the equipment. The 
machines are designed with open circuit voltage 
varied between 60 and 90 volts, regulation being 
effected by a shunt-field rheostat to obtain the 
current range necessary for welding plates of different 
thicknesses. With this type of machine, each 
operator is provided with a separate generator, but 
several of the latter can be driven from a single motor 
if required. The firm also manufacture multiple- 
operator sets, the generators in this case being pro- 
vided with a compound winding, and equipped with 
separate stabilising resistances for each operator. 

The switch panel shown in Fig. 17 is equipped with 
a circuit breaker of the three-pole oil-break type and 
is suitable for the control of power-distribution cir- 
cuits, or for use in conjunction with a starter for the 
control of A.C. motors. It can be supplied as a single 
unit, or assembled with enclosed bus-bar chambers 
for switchboard assembly. Single panels can be 
supplied either for wall mounting, or carried on 
a wrought-iron stand as shown in the figure. In 
all cases the breaker is totally enclosed in a cast- 
iron case, rendering it dust and weather proof, and 
affording complete security from accidental contact 
with a live part. The breaker is fitted with a loose- 
handle device which prevents closing except when 
the no-volt coil is energised. It is fitted with no-volt 
release, and with either two or three overload 
releases. For use with squirrel-cage motors, 
means are provided for preventing the breaker 
being tripped by the heavy starting current. This 
device takes the form of a push-button, which 
renders the overload release mechanism temporarily 
inoperative. The circuit breaker has three poles, 
each having two main contacts giving a double 
break at each pole. Both fixed and moving con- 
tacts are shielded from the tank by barriers of 
treated wood. The six fixed main contact carriers 
are secured to insulated steel rods by clamps, and 
to ensure rigidity, each carrier is clamped to two 
bars. The two main moving contacts for each 
pole are pivotted at either end of a cross bar, the 
latter being fixed rigidly to a pair of insulated 
steel bars, which are in turn fixed to the operating 
mechanism. The opposite moving contacts are 
joined by flexible copper strip, to that the hinged 
joint is not depended upon to carry current. The 
two moving contacts of each pair are forced apart 
by a helical spring, the contacts closing with a com- 
bined rolling and sliding action which maintains 
the surfaces in good condition. 

A few years ago, the proposal to utilise a small 
turbine-driven centrifugal pump for boiler-feed 
purposes would hardly have been taken seriously, 
as the recognised field for this class of pump was in 
raising large quantities of water to a moderate 
height. Thanks to the work of a number of firms, 
however, of which the Rees Roturbo Manufacturing 
Co., Limited, Wolverhampton, have been prominent, 
this particular type of pump is now recognised as 
being entirely suitable for pumping relatively small 
quantities of water against high pressures. The 
Rees Roturbo Company will be showing their 
latest turbine-driven boiler-feed set on their stand, 
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Fig. 16. Arc-Wetpine Set; Messrs. THE METROPOLITAN-VICKERS 
ELEcTRICAL CompANy, LIMITED. 


together with a number of other pumps for various 
purposes. We reproduce a photograph of the 
boiler-feed pump in Fig. 4, Plate VII, and a 
sectional elevation through the same set is given in 
Fig. 18, page 194. As will be clear from the figures, 
the set is exceptionally compact, due to the pump 
being mounted on the turbine pedestal instead of 
on an extension of the base plate. The turbine 
shaft is extended through the pump, and carries the 
impellers of the latter, as shown in Fig. 18. The 
turbine is of the firm’s two-stage type, fitted with a 
single row of blades. The casing is of cast iron, 
and is split horizontally to provide easy access to 
the internal parts without disturbing the alignment. 
The turbine wheel is a steel forging, machined to 
receive the blading. The wheel complete with its 
blading is tested before despatch at a speed in excess 
of the maximum working speed, and it is also tested 
for static and running balance. The blading is of a 
special quality bronze, which combines high strength 
and ductility with a high resistance to the action of 
the steam. The steam chest, in which the nozzles 
are located, is cast separately from the turbine 
casing, and, apart from the valves, is the only 
portion of the turbine which is subject to the high- 
pressure steam. It is tested to stand double the 
working pressure. Stuffing boxes are provided 
where the shaft passes through the casing, as 
shown in Fig. 18. The arrangement of the bearings 
will be clear from the same illustration, and it will 
be seen that they are of the pedestal type, with 
removeable caps. They are lubricated by means 
of oil rings dipping into wells. The shaft is of steel, 
and is of sufficient diameter and strength to have a 
critical speed considerably above the normal running 
speed, so that the turbine does not pass through a 
critical speed when running up. A pressure regu- 
lator, operated by the pump discharge, is fitted. 
This actuates a double-beat throttle valve in the 
steam main, thus reducing the supply to the turbine. 
By this means the pump discharge pressure is 
prevented from rising above a certain predetermined 
amount, and the turbine speed is controlled when the 
pump is delivering quantities of water less than the 
specified volume. A centrifugal knock-off gear is also 
fitted. Thisis located in the pedestal remote from the 
pump, and consists of a small spring-loaded plunger 
with a semicircular head passing through the main 
shaft. The actual location of this rod is in the 
enlargement of the shaft to the left of the ring oilers 
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in Fig. 18. A separate view of the knock-off gear is 
given in Fig. 19 from which its action will be 
evident. It will be observed that a hand trip is 
also provided, either the automatic or hand trip 
releasing a catch holding a spring-loaded rod 
coupled to a butterfly throttle in the main-steam 
passage. 

The pump is of the well-known Rees Roturbo 
type. These pumps have been dealt with on more 
than one occasion in our columns, and we need not 
therefore take up space by a further detailed 
description. As regards the leading features, the 
pump is provided with a cast-steel casing to stand 
the high pressure against which it is required to 
work. The suction branch is opposite the end of the 
shaft, as shown in Fig. 18, and the discharge is 
vertical. The cover is secured by turned bolts and 
mild-steel nuts, and is readily removeable to provide 
access to the impellers without disturbing the 
alignment. The whole of the rotating portion is 
dynamically balanced on the shaft. We under- 
stand that although this set has only been on the 
market for a short time, the pumps already in use 
are proving extremely reliable and efficient. 

The other pumping sets shown by the same firm 
consist of a double-entry single-stage pump of the 
medium lift type, in which particular attention 
has been given to accessibility, a multi-stage pump 
coupled to a Rees Roturbo direct-current motor, and 
an extremely-compact self-contained set in which 
the pump is mounted directly on the motor frame. 
The last set referred to is made for either A.C. or 
D.C. circuits, and is giving excellent results when 
employed for such purposes as domestic-water 
supply, agricultural pumping, and so on. 

A marked change has taken place in the last few 
years in the methods of testing all types of engines, 
and it is now becoming generally recognised that 
neither the fan brake nor Prony dynamometer are 
satisfactory for accurate tests. No firm has played 
a part comparable with that of Messrs. Heenan and 
Froude, Limited, of Worcester, in bringing about 
this change, and there are now probably few engine- 
test shops in the country which do not contain one 
or more examples of the firm’s standard water 
dynamometer. Two of these machines, of high and 
low-speed type respectively, will be exhibited on 
Messrs. Heenan and Froude’s stand, but as they 
must be familiar to every experienced engineer, we 
can at once pass to the recently-developed Heenan- 
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Fell air brake and Heenan-Highfield electric dynamo- 
meter, both of which will also be exhibited. The 
former, which is illustrated in Fig. 5, Plate VIII, was 
described without illustrations in page 546 of our 
issue for April 30, last, and it will be sufficient to 
recall that the load is adjusted by varying the 
area of the outlet orifice of an enclosed chamber, 
in which a fan is driven by the engine under test. 
The engine is carried on a torque table which is 
free to oscillate about the axis of the crankshaft, 
the table being connected through an extended lever 
arm to weighing apparatus. This type of dynamo- 
meter is particularly suitable for testing aircraft 
engines, especially of the air-cooled type, as the 
blast from the fan affords a convenient means of 
cooling the cylinders during the test. 

The Heenan-Highfield dynamometer is based on 
the well-known electric-absorption prineiple, in 
which the engine is directly coupled to an electric 
generator, and the power is measured from the 
output of the latter corrected for electrical losses. 
As the losses vary to a slight extent with the degree 
of heating up of the generator, and therefore, with the 
time the set has been running, and also upon the load 
being absorbed, it is difficult to ensure a high degree 
of accuracy. The method, however, has the advant- 
age of simplicity, and further allows of the power 
developed by the engine being returned to the 
mains or otherwise expended usefully. The brake 
may also be employed for running in an engine, 
and these various features render it particularly 
suitable for installing in a test shop where a con- 
siderable number of engines have to be dealt with. 
A large number of these dynamometers are, for 
example, employed by Messrs. Morris Engines, 
Limited. During the running-in process, the friction 
being overcome is automatically measured, and 
should it rise beyond a predetermined amount, due 
to heating up of the bearings, the machine comes to 
rest before any damage can result. As will be clear 
from Fig. 6 on Plate VIII, the dynamo is mounted in 
a casing with the field control above it, and the con- 
nections are arranged so that a series of coloured 
lights, mounted immediately below the instruments, 
record the conditions under which the generator is 
running. As soon as the engine has been coupled up 
ready for running in, the attendant completes the 
electrical circuit and a red light appears. As the 
speed rises to a predetermined point, a white light 
appears. When the engine commences to drive 
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the dynamo, the white and red lights go out and a 
green light appears ; a blue light indicates that the 
engine has reached the ‘‘ pass” speed and output ; 
and a yellow light indicates that the attendant has 
carried out all the operations necessary previous to 
uncoupling the engine. The instruments fitted at 
the top of the machine are a watt-meter, graduated 
directly in horse-power and reading in both direc- 
tions, and a speed indicator, and it will be evident 
that with these arrangements, a single semi-skilled 
operator can attend to several sets at the same time, 
thus very appreciably lowering the wages bill as 
compared with other methods of testing. 

Messrs. Heenan and Froude are also showing 
examples of their coolers, two of which are illus- 
trated in Fig. 7, Plate VIII, and in Fig. 13, Plate X. 
The appliance shown in Fig. 13 is particularly suitable 
for use as a cooler for the circulating water of 
internal-combustion engines, steam engine con- 
densers, air compressors, and so on; but it may also 
be used as an oil cooler, as an air cooler and filter, 
and as a humidifier or dehumidifier of air in various 
industrial processes. As shown in the illustration, it 
consists of a rectangular outer casing, which is 
built up of heavy plates of mild steel, stiffened where 
necessary with angles. The base of this casing forms 
a tank into which the liquid being cooled drains 
previous to re-circulation. The liquid after passing 
through a strainer enters the top of the cooler, and 
falls in succession on to a series of horizontal trays or 
screens, visible in the illustration set one above the 
other in the body of the cooler. A current of cold 
air is drawn in through the opening near the top 
opposite to the fan. The fan runs in an escagot, 
and delivers the air to the space below the 
screens, through which it is forced under slight 
pressure, and finally leaves by an opening in the 
top of the casing. The screens are held in 
welded-steel frames, and are formed of phosphor- 
bronze metallic wool. This material has been 
found entirely satisfactory in the majority of 
cases, but screens having a higher resistance to 
corrosion than bronze can be supplied if required. 
A door is provided on the side of the casing for with- 
drawing the screens for cleaning or inspection. This 
door has been removed on the cooler shown in the 
figure. The fan shaft is carried through a water- 
tight tube, and is fitted with a two-step pulley at 
the back, one step carrying a belt for driving the 
shaft from a separate motor or from line shafting, 
while the other carries the belt for a circulating pump 
mounted at the base of the casing. The pump is of 
the centrifugal type, and can be arranged for direct 
drive from an electric motor, if preferred. The space 
occupied by the cooler is exceptionally small, and 
when used as an air filter, a high proportion of the 
mechanical impurities are extracted, the air being 
effectively cooled at the same time. A large 
number of these coolers have been installed on 
various ocean-going vessels, and have been found 
particularly suitable for dealing with the circulating 
water for emergency oil-engine lighting sets. 

The other cooler, shown in Fig. 7, operates on 
the same principle as that described, but is of 
smaller size, and has been specially developed for 
use with small internal-combustion engines. It 
offers an effective alternative to the tanks usually 
employed for this purpose. The apparatus consists 
of a cast-iron casing in which two metallic-wool 
screens are fitted vertically, the cooling effect being 
obtained by distributing the hot water over the 
screens, through which a current of air is forced by 
means of a fan. The latter can be seen in the illus- 
tration mounted on the front of the casing, and direct 
driven by an electric mo‘or, The hot water from 
the engine jackets is delivered to a trough, formed 
in the top of the casing, and after passing through a 
detachable strainer, is evenly distributed over the 
screens through perforated brass plates, fitted in the 
bottom of the trough. The cooled water collects 
in the base of the casing, and is returned to the 
jackets by a small pump. The latter is of the gear 
type in the smaller coolers, and of the centrifugal 
type in the larger. A simple form of eliminator is 
fitted to the air-discharge side of the cooler to pre- 
vent moisture leaving the machine. The blades of 
the eliminator are mounted en bloc in a separate 
frame work, and the whole appliance is readily 
detachable. As will be clear from the illustration, 
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the whole cooler is very compact, and is of neat 
appearance. 

In view of the increasing importance of the Fair, 
and of the number of foreign and colonial visitors, 
it can only be regarded as unfortunate that few 
machine tools will be on exhibition. We have 
commented on this omission in former years, and 
need not now refer to it again beyond stating that 
it is the more regrettable in that several of the 
leading firms in this branch of engineering have their 
works in or around Birmingham. The omission of 
metal-working tools, in particular, is emphasised 
by the presence of several of the leading manu- 
factures of wood-working machines. 

Messrs. Wadkin and Co., Green-lane Works, 
Leicester, will be exhibiting an example of the 
dise and bobbin sander, described on page 20 of 
our issue for July 4, 1924, a combined chain and 
chisel mortiser generally similar to the chain mortiser 
described on page 525 of our issue of April 23 last, 
and several other machines of which we have selected 
a motor-driven cross-cutting and trenching machine, 
a vertical double-spindle moulding machine, and a 
roller-feed saw, for description. 

The double-spindle moulding machine is illus- 
trated in Fig. 8, Plate VIII. The machine is 
specifically designed for heavy duty, and will 
take heavy cuts up to a depth of 6 in. in hard 
wood. As will be clear from the illustration, 
the main frame is a substantial casting designed to 
resist vibration, support being afforded to the table 
close up to its front edge. The table is heavily 
ribbed to give stiffness, and is bolted to machined 
seatings on the main frame. Dovetailed grooves 
are provided for securing the fences, which are inde- 
pendently adjustable for each spindle, and can be 
locked by a hand lever in any desired position. The 
fences, which are provided with a fine adjustment, 
are fitted with spigots registering with the table 
grooves, thus assuring that they always remain 
parallel to each other. Each fence is provided with 
a sliding front plate, as shown in the figure, to 
which wood fences can be attached. Adjustable top 
and side pressure springs for the work are provided, 
the side springs being mounted in the dovetailed 
grooves. The cutter spindles are accurately 
machined and ground, and run in heavy-type ball 
bearings. The thrust is taken by a ball-thrust race 
immediately below the spindle chuck, thus relieving 
the spindle of longitudinal stresses, and ensuring 
an absence of chatter. The spindles are arranged 
to run in opposite directions, and are fitted with 
short pulleys in order to keep the bearings as close 
together as possible. The spindle slides are excep- 
tionally rigid, and are raised and lowered by the 
handwheels visible at each end of the machine. 
These wheels operate through steel bevel gears 
actuating a nut and screw mechanism, the parts being 


completely protected from chips and sawdust. The 
slides can be locked in any desired position. The 
spindles are driven by belt from a countershaft at 
floor level behind the machine, and as will be clear 
from the figure, the belt pulleys are completely pro- 
tected in front so that in the event of a belt breaking, 
the operator is effectively safeguarded. The counter- 
shaft is fitted with striking gear operated from the 
front of the machine. This gear is not shown in the 
illustration. The countershaft runs on ball bearings, 
and the same type of bearing is fitted to the loose 
pulley. The table is 6 ft. 6 in. long by 3 ft. wide. 
The distance between the spindles is 3 ft. 6 in., and 
the normal spindle speed is 4,000 r.p.m. When 
used for French spindle or collar work, a speed of 
6,000 r.p.m., is preferable. The net weight of the 
machine is 23? ewt. 

The cross-cutting and trenching machine which will 
be shown by Messrs..Wadkin is illustrated in Figs. 9 to 
11, Plate IX. A special feature of the machine is that 
the head carrying the saw can be rotated on a verti- 
cal axis for angular cutting, an illustration of the 
employment of this arrangement being given in 
Fig. 10. In addition, the saw spindle may be 
canted from the horizontal position, thus enabling 
a mitre to be cut at an oblique angle. A grooving 
head may also be substituted for the saw, as shown 
in Fig. 11, thus further extending the utility of the 
machine. Turning now to the details of construction, 
the main frame is a heavy casting, machined to 
receive the large circular slide carrying the horizontal 
sliding saw frame. The slide is raised or lowered 
by the large hand wheel visible in front of the column 
in Fig. 9, the motion being effected through machine- 
cut steel gears operating a nut and screw mechanism 
enclosed within the column. The weight of the 
slide is taken by a ball-thrust washer. The saw 
carriage is mounted on ball bearings, thus enabling 
the saw to be drawn through the wood with light 
effort and complete control. The motor frame is 
mounted on a trunnion carried in a recess in the 
end of the saw carriage. This enables it to be 
canted as explained, and it can be locked at various 
important angles by a plunger pin registering with 
any one of a series of holes. The head carries a 
scale of degrees to assist in angular setting, and a 
locking device is provided for holding the frame in 
intermediate positions between the plunger holes. 
The motor has been specially designed for the 
machine, and the saw spindle, mounted on ball 
bearings, is of sufficient length to ensure steady 
running when employed with a cutter head. An 
automatic stop bar, for fixing on the back edge of the 
table, can be supplied if required. This fitting is 
normally provided with six spring stops, and saves 
much time in marking out and setting the work in 
the machine. Additional stops can be provided 
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The machine can be supplied for either A.C. or 
D.C. circuits. In the former case, a cut 20 in. wide 
and 4 in. deep, can be taken, but with a D.C. motor 
the depth of cut is limited to 34 in., as the motor 
is rather larger and will, therefore, not give the same 
clearance. The vertical range of the saw head is 
6} in., the saw spindle runs at 2,800 r.p.m., and the 
net weight of the machine is 9} cwt. 

The third machine to which we have referred is 
illustrated in Fig. 12, Plate X. This is a 42-in. 
circular sawing machine, with roller feed, specially 
suitable for re-sawing deals or flitches into boards, 
and for bevel sawing at high rates of feed. The 
machine will thus be found of great value in box 
and case making. It can also be employed with 
advantage, however, for plain sawing by hand feed. 
The saw spindle is of large diameter, and is mounted 
in three heavy-type ball journal bearings. The 
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outside bearing, provided for taking the pull of the 
belt, is rigidly bolted to the side of the main frame, 
and, in addition, is carried down to the floor level 
and secured by foundation bolts. The table is 
6 ft. by 3 ft. 1 in., and the roller-feed fence shown is 
arranged to cant to 45 deg. for bevel sawing. Fast 
and loose pulleys are fitted to the saw spindle, 
and the machine is started and stopped by a self- 
locking belt-shifting gear. The machine is thus 
self-contained. The roller feed mechanism is 
driven from a pulley fixed on to the saw spindle. 
This mechanism embodies several new and dis- 
tinctive features. The roller-feed gear is operated 
by machine-cut gears, cut from the solid, and run- 
ning in a totally-enclosed gear-box. Three rates of 
feed are provided and are quickly variable by a 
change-gear mechanism. Should occasion arise, 
the rates of feed can be changed by the operator 
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while the work is actually being sawn, and, in 
addition, the machine can be started and stopped 
from the feeding-in position by the operator. The 
machine is thus under perfect control, and in case 
of emergency can be instantaneously stopped. The 
feed rollers are of large diameter, and have machine- 
cut teeth. An efficient saw guard is supplied 
which fully meets the Home Office regulations, and 
a riving knife or spreader also forms part of the 
equipment. 

When it is required to transfer cases containing 
fragile materials from one floor to another by means 
of a steel-plate chute, difficulty may be experienced 
in ensuring that crates of different sizes and weights 
can be handled without danger to the contents, as 
it is impossible to satisfactorily regulate the speed 
to the varying requirements. To overcome this 
difficulty, Messrs. W. and C. Pantin, of 147, Upper 
Thames-street, E.C.4, have patented a belt-lowering 
apparatus which will be shown in operation on 
their stand. We illustrate the apparatus in Fig. 
14, Plate X, from which it will be seen that the 
box or crate rests on two belts, spaced about 6 in. 
apart, on the inclined portion of the conveyor, and 
that when it reaches the bottom it is picked up by a 
single belt and passed on to the ordinary roller 
conveyor. As the two inclined and the single 
horizontal belt all travel round a common drum, 








their surfaces are moving at the same speed, and the 
crates are therefore transferred from one to the 
other, without the slightest shock. The angle of 
the inclined portion of the conveyor can be anything 
up to 20 degrees, and the bottom horizontal portion 
need only be the same length as the maximum size 
of crate being handled, so that in addition to offering 
effective security against breakage, the apparatus 
is relatively compact. Both portions of the 
conveyor are fitted with steel rollers mounted on 
ball bearings. The common driving drum for the 
three belts is driven through two sets of spur 





gearing from a 1 brake horse-power motor. +In 
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addition to this interesting exhibit, we understand 
that Messrs. Pantin will be showing the swing-tray 
elevator described in our issue for February 19, 
1926, page 232, and examples of their standard 
types of gravity roller conveyor. 

Messrs. Hollings and Guest, Limited, Thimble 
Mill Lane, Birmingham, will be exhibiting a range 
o! their well-known hydraulic presses. The machines 
shown will include a tyre press for dealing with 
solid rubber tyres. This machine will illustrate the 
latest development in this direction, it being possible 
to fit or remove the tyres of Foden and similar wheels 
without taking the wheel off the axle. To effect 
this, the axle, complete with the wheels, is lifted 
into the press by means of a runway. The largest 
press of this type will exert a pressure of 200 tons. 

Another interesting exhibit will be a vertical 
four-column press with steam-heated platens, 
specially designed for the manufacture of insulating 
materials for the electrical industry. We illustrate 
this exhibit in Fig. 15, plate X. The press is 
fitted with two hot plates, made of cast iron, into 
which the steam heating coil is cast, making it prac- 
tically impossible for a fracture to occur at any 
steam pressure which may be reached. The steam 
coil is made from the best quality hydraulic piping, 
and is bent to give the maximum heating surface to 
the plate. The hot plates in the standard 20-ton 
press are 12 in. square, machined on both faces, and 
polished on their working surfaces. The top plate is 
attached to the press head, and the bottom to the 
table. The cylinder and base of the press are of 
high-quality cast iron. The ram is of mild steel and 
has a stroke of 12 in. It is fitted with hydraulic 
packing, and is machined and polished on its working 
surface. The table is a strong iron casting into 
which the ram is spigoted, and, as shown in the 
illustration, is provided with guides which are a 
sliding fit on the columns. The table is insulated 
from the bottom hot plate by the cored air ports 
visible in the figure, the object of this arrangement 
heing to prevent damage to the hydraulic packing. 
The press head is of cast iron, well flanged and ribbed, 
and is bored and faced for the columns. The latter 
are of mild steel, machined all over. They are 
secured by being screwed and fitted with split 
collars and nuts, and enable a clearance of 12 in. to 
be obtained between the plates. The platens can 
be arranged for water cooling, when required, in 
order that the temperature of the dies may be 
lowered for rapid handling. The connections to the 
platens are made by ordinary fixed pipes in the case 
of the top platen, and by means of flexible piping for 
the bottom, or moving, platen. The steam or water 
services are controlled by ordinary stop valves to 
regulate the temperature and speed of cooling 
required for the work in hand. The press can 
be supplied in various sizes to suit different classes 
of work. The firm are also showing hydraulic 
pumps, metal-bundling presses, and examples of 
moulded Bakelite products marketed by their subsi- 
diary company, The Ellmar Mouldings Company, 
Limited. 

Although the exhibit of Messrs. A. Reyrolle and 
Co., Limited, Hebburn-on-Tyne, will consist mainly 
of their smaller products, such as wall plugs for 
domestic and industrial use, self-aligning fuses, 
cable-dividing boxes, air-break and_ oil-break 
switches, &c., the features of which are probably 
familiar to our readers, it will also include a 
number of items to which particular reference can 
be made. Of these we may mention a 60-ampere 
oil-immersed circuit breaker for three-phase currents 
up to 660-volts pressure, which will be shown both 
mounted on a cast-iron flooi pedestal and as a gate- 
end switch for colliery use. In this latter form it is 
illustrated in Fig. 20, on page 195. The tank is of 
welded boiler plate with wide machine-faced flame- 
proof flanges, and the top plate is a ribbed casting 
with flanges corresponding to those of the tank. 
Supporting lugs are cast on the back of the top plate 
so that the tank can be removed for inspecting the 
mechanism without disturbing the latter or the 
cable connections. The mechanism, including the 
cable terminals, is carried by a cast-iron supporting 
plate fitted to the top plate by three screws, so that 
the working parts can be removed complete. The 


contact brushes are of laminated copper with 
renewable sparking tips, and either two or three 





series overload trip coils and one low-voltage release 
coil may be fitted, as desired. Inverse time-limit 
dashpots can also be provided, and, for switching a 
small squirrel-cage motor directly on to the line, 
a special starting dash-pot may be fitted. This 
device is self-adjusting to allow a heavy starting 
current and to give a normal setting for running 
conditions. 

Cable connections can be provided for three single- 
core incoming and outgoing cables let straight 
through the top cover, fibre-bushed brass glands, 
with hemp packing, being fitted in the latter and 
arranged so that when it is tightened down the cables 
are firmly gripped. Kither vertical or horizontal 
dividing boxes, with glands for lead-covered or 
armoured cables, can be fitted to the top plate, one 
of the horizontal types being shown on the left of 
Fig. 20; the earth-bonding strip fitted is clearly 
shown in this illustration. The plug connection for 
the trailing cable, on the right of Fig. 20, takes the 
place of one of the dividing boxes, and attention 
should be drawn to the special handle and inter- 
locking gear forming part of this attachment. The 
interlocking is effected by means of a latch fitted 
inside the socket and operated by the plug when it is 
pushed home ; its object is, of course, to prevent the 
switch from being closed unless the plug is in place. 
The cap shown suspended from the socket in Fig. 20, 
is provided in addition to the plug for those cases 
in which it may be required to take a double supply 
from the switch, one possibly going to a lighting 
circuit. In such cases, it is necessary to provide 
means for enabling the switch to be operated when 
the plug is out, and the effect of screwing on the cap 
is both to protect the open end of the socket 
from accidental contacts and to operate the latch 
of the interlocking gear, so as to enable the switch to 
be closed to supply the auxiliary circuit. Other 
somewhat similar circuit breakers for wall or pillar 
mounting will be shown for heavy service in factories, 
shipyards and other industrial applications in which 
a flameproof construction is unnecessary, and 
mention should also be made of some examples of 
cable-sealing bells to be included in the exhibit, 
their object being to provide a satisfactory termina- 
tion for a cable run. 

One other exhibit of particular interest will be a 
new 100-ampere mining type weatherproof and 
flameproof plug and socket, which has been developed 
in accordance with the British Standard Specifica- 
tion No. 279 of 1927, shortly to be issued, and also 
complies with the requirements of the Coal Mines 
Act of 1911. Drawings of the plug are reproduced in 
Figs. 22, 23 and 24, and of the socket in Figs. 25 and 
26, while Fig. 21 shows the complete component in 
position on a mining draw-out pillar. It has been 
designed for heavy service in mines in connection 
with coal cutters, underground conveyors and gate- 
end switches. The socket, which carries the contact 
pins, is provided with a brass cap which can be bolted 
on over the pins to prevent dust and water from 
entering when the plug is removed, and is suitable 
for fitting to any standard coal-cutting machine, 
although a special adaptor is required in some 
cases ; it can also, of course, be easily fitted on to a 
gate-end switch. The plug, in which the contact 
tubes are mounted, is attached to the ends of the 
flexible trailing cable, and as the plugs at each end 
of the cable are indentical, the latter can be reversed 
to distribute the wear equally. The standard end 
and cable grip is shown on the right of Fig. 22, while 
Fig. 24 illustrates the gland assembly used with 
trailing cables having Ferflex braiding. The plug 
is secured in the socket by means of a bolt, which is 
fornfed with a cam surface fitting into a recess in the 
plug, as shown in Fig. 25. This bolt is interlocked 
with the switch mechanism so that the plug cannot 
be inserted in or withdrawn from the socket unless 
the switch is open. The electrical interlocking is 
effected by means of the smaller auxiliary pin shown 
in Figs. 25 and 26. An earth wire is connected to 
the screw, shown in Fig. 22, so that it is visible, and 
the arrangement ensures that the earth connection 
will be made before, and broken after, the power 
connections. It will be clear from the drawings that 
there is no possibility of making contact with live 
conductors when the plug is either in or out. The 
drawings, and the photograph reproduced in Fig. 21, 
also indicate the robust character of the construction 





adopted, this being, of course, essential for the 
particular service for which the fitting is designed. 

Many cases arise in which it is economical to 
fire a boiler with low-quality fuels, such as slack 
or lignite and, in these circumstances, a forced- 
draught system is practically essential. Careful 
design, however, is necessary to avoid local overheat- 
ing in such systems, and an example of a forced- 
draught system in which the various points involved 
have been given very adequate attention will be 
shown at the Fair by The Underfeed Stoker 
Company, Limited, of Africa House, Kingsway, 
London, W.C.2. The arrangement developed 
by this firm is known as the Usco impelled- 
draught system, and the front of a Lancashire 
boiler to which it has been fitted is shown in Fig. 27, 
on page 200. The system embodies a rectangular 
brick conduit running along the front of the boiler, 
or range of boilers, as the case may be, below the 
stokehold floor. The impelled draught is delivered 
to this conduit by a motor-driven fan, or other 
suitable means, and is conveyed to the furnace 
front by means of vertical pipes of rectangular 
cross section, two of which .can be seen in the 
figure. The furnace fronts are of special design, and 
embody a cooling space round the end of the fur- 
nace. The bulk of the air flows through the grate 
bars and fire in the usual way, but a proportion is 
tapped off to flow through the cooling space referred 
to, which is extended to form a lining for the fire 
doors. The air finally passes, in a heated condition, 
into the furnace above the fire. Both the furnace 
front and doors are thus effectively cooled, and this, 
in conjunction with the fact that the grate bars 
are made from a special fire-resisting alloy, permits 
of a high rate of firing without danger to the 
furnaces. The combustion is under complete 
control, thus enabling varying loads to be readily 
met, and giving flexibility to meet a sudden demand 
for an increased output. It is evident that, with 
suitable modifications, the arrangement can be 
adopted to all types of boilers, or even to metallurgi- 
cal and other special furnaces. We hope to refer 
to other exhibits by the Underfeed Stoker Company 
in our next issue. 

Among the few foundry exhibits, the Pneulec- 
Royer sand-mixing machine, which will be exhibited 
on the stand of Messrs. Pneulec, Limited, Mafeking- 
road, Smethwick, is certain to attract considerable 
attention. This machine, which was originally 
manufactured by the Royer Company, of America. 
is very popular in that country, and is now being 
manufactured by Messrs. Pneulec for the English 
and Colonial markets by arrangement with the 
patentees. We illustrate the machine in Fig. 29, 
page 200, from which its small size will at once be 
evident. In spite of its appearance, however, it 
has a large capacity, the smallest size being capable 
of dealing with 300 lb. of sand per minute. The 
claim put forward for the machine is that it aerates, 
separates and blends moulding sand in one operation, 
and we imagine that those who see it in operation 
at the Fair will agree that this claim is well founded. 
The sand is shovelled into the hopper, falls on to a 
moving belt covered with steel sprigs, and is 
thrown forward through a steel comb, finally 
leaving the machine in-a spray, as shown in the 
illustration. The machine is electrically operated, 
the motor being totally enclosed in a housing cast in 
the body of the machine, where it is fully protected 
from sand and dust. The drive from the motor 
armature to the belt spindle is also completely 
encased. The belt is made up of a special composi- 
tion, and the steel sprigs with which it is studded 
are spaced to form a series of pockets to carry the 
sand. The top surface of the belt, forming the base 
of the hopper, is inclined at about 45 deg. with the 
floor, and the surface speed is about 900 ft. per 
minute. It is claimed that the bottom surface of the 
sand is torn away as it reaches the belt, the grains 
of sand thus being effectively separated. The spray 
delivery ensures effective aeration, cools down the 
sand, and allows the escape of any steam which may 
have been formed during casting. The machine 
will evidently be particularly useful where the sand 
is being used over and over again at frequent 
intervals, as flash and other solid matter will be 
separated out by the comb, and the sand will be 
ready for re-use as soon as it reaches the ground. 
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The overall dimensions of the smallest machine, 
which, as already stated, will deal with 300 lb. 
of sand per minute, are :—Height, 3 ft. 4 in., width, 
2 ft. 6 in., and length, 3 ft. 

Messrs. Pneulec will also be exhibiting the 
testing machine shown in Fig. 28 on the same 
page. As will be clear from the illustration, this 
machine is of the direct-acting type, and is of 
extremely simple construction. A test bar of 
the usual form, either with shoulders or screwed 
ends, is placed in the grips between the fixed 
and moving head, and the load is then applied by 
means of the two hydraulic cylinders constituting 
the side columns. It will be evident that the pull 
on the test piece is direct, and that no side loading 
is likely to be introduced. The working fluid is 
mineral oil, which is supplied by a special four- 
throw pump giving a uniform delivery free from 
pulsations. In the smaller machines, this pump is 
worked by hand, the full load capacity in this case 
being 12 tons. The machine is, however, made up to 
60 tons capacity, and, in the larger sizes, the pump is 
driven by a small electric motor, }-h.p. being sufti- 
cient for the largest machine. The working pressure 
of the fluid serves to measure the load, which is 
indicated on the gauge shown in the figure. When 
the ‘Specimen breaks, the gauge pointer remains 
stationary, and is subsequently returned to zero by 
the operator. Test bars varying in length from 3 in. 
to the usual standards can be employed. When the 
bar is broken, the grips are returned to the starting 
point by means of a relief valve. The machine 
shown is of sufficiently compact design to be accom- 
modated on an ordinary office table. 


(To be continued.) 





THE HUSUN-ANDREWS ENEMY 
SPEED-FINDER. 


THE instrument, which we illustrate in the 
above diagrams, Figs. 1 to 3, was one of the 
exhibits of Messrs. Henry Hughes and Son, Limited, 
of Fenchurch-street, E.C., at the Physical and Optical 
Societies’ Exhibition, and was mentioned in our issue 
of January 14 last, on page 52. It is a new instru- 
ment, designed for estimating the speed and course of 
an enemy ship which is to be the object of torpedo 
attack by torpedo-carrying aircraft. The essential 
parts are a metal frame, made of brass and provided 
with a divided circle, and bracket fittings ; the bracket 
's fixed diametrically across the frame. Inside the 
divided circle is a grid ring carrying a number of 
fixed equidistant parallel wires W, and also a single 
sliding wire S movable at right angles to the parallel 
wires by means of a milled head. The grid ring also 
carries a substantial standard, or height bar, B. This 
bar is scaled for altitudes and carries a slider, in which 
4 horizontal rod, provided with a sight-hole H at the 
end, can be set and clamped at any desired length. 

The aircraft on which the instrument is mounted, is 
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supposed to carry a pilot and observer, and to be 
equipped with the usual compass, turn indicator and 
altimeter. Seeing a ship, the pilot alters his course until 
the observer, by rotating the grid ring, finds that his 
course is approximately at right angles to the enemy 
ship’s wake. He then moves his sliding wire up to 
the wake to obtain better conditions for comparison, 
altering his course again, if necessary. By this time, 
the ship may be in a position unsuitable for accurate 
determination ; in that case, the pilot mancuvres for 
position, coming back to the compass course noted as 
approximately correct. Meanwhile, the observer sets 
his height bar slide to the altitude at which the aircraft 
is flying. As soon as the pilot has steadied his course 
again, the observer shifts the sight-hole to check his 
true course and the ship’s wake. He then slides his sight- 
hole along until the ship’s bow or foremast, or some 
other prominent feature, is exactly on the centre wire ; 
at that moment, he starts a stop-watch. After a 
run of 30 or 60 seconds, he counts how many wires 
the ship has passed, the number so obtained giving the 
ship’s speed directly in multiples of 5 knots ; 44 wire 
intervals, for example, would indicate a speed of 
224 knots. By arranging the aircraft course so as 
to cross the ship’s wake when approximately over 
the ship, one observation can be obtained before 
crossing, and ariother can be taken after crossing 
by rotating the ring and sight through 180 deg. by 
means of the divided circle ; a change-over from port 
to starboard, or vice versa, may have to be made for 
this purpose. By reading the divided circle, and by 
taking account of the course steered by the aircraft, 
the observer has simultaneously determined the ship’s 
course and its speed. It will be understood that the 
calculations are possible since the movements of the 
ship and the aircraft are practically at right angles 
to one another, and thus do not possess any common 
component. 





VACANCIES FOR AIRCRAFT APPRENTICES.—The Air 
Ministry informs us that 500 aircraft apprentices, between 
the ages of 15 and 17, are required for entry into the 
Schools of Technical Training, Halton, Bucks., and 
Flowerdown, near Winchester. They will be enlisted 
as the result of an open competition, and of a limited 
competition held by the Civil Service Commissioners 
and the Air Ministry, respectively. Successful candi- 
dates will be required to complete a period of 12 years’ 
regular Air Force service from the age of 18, in addition 
to the training period. The open competition, for which 
a fee of 5s. is charged, is open generally to boys, within 
the age limits, who forward completed application forms 
to the Secretary, Civil Service Commission, Burlington- 
gardens, London, W.1, not later than March 10 next. 
The sons of officers, warrant officers, and senior N.C.O.’s 
of the three services receive special consideration. 
In their case, applications for nomination should be 
made to the Secretary, Air Ministry, Kingsway, London, 
W.C.2, not later than March 1. All candidates for the 
limited competition must receive a nomination before 
they can attend this examination. These nominations 
should be obtained either from the local education 
authority or from the local Advisory Committee for 
Juvenile Employment. There is no fee for this examina- 
tion, and nominations must be received by the Air 
Ministry from the nominating authorities not later than 
May 3. Full information regarding the aircraft appren- 
tice scheme may be obtained on application to the Royal 
Air Force, Gwydyr House, Whitehall, London, 8.W.1. 





YEAR BOOKS AND ANNUALS. 

The Practical Electrician’s Pocket Book, 1927.— 
Electricity is now so largely used for operating and 
ensuiing the safe working of railway-signalling equip- 
ment that it is a little surprising that the subject is so 
infrequently dealt with in the various electrical pocket 
books, which exist. The chapter, by Mr. M. G. 
Tweedie, on “ Railway Signalling and Communication 
Apparatus,” which appears in this year’s “ Practical 
Electrician’s Pocket Book,” is therefore a welcome 
novelty. The usefulness of the pocket book is further 
increased by the sections on the laying, testing, and 
jointing of lead-covered cable, which has been written 
by Mr. G. W. Stubbings. The tables at the end of the 
book, which give the system and voltage of supply 
of the various electricity-supply undertakings in the 
country, will doubtless be frequently referred to by 
purveyors of electrical goods, until the time when 
general standardisation renders that exercise unneces- 
sary. We endorse the hope, somewhat pathetically 
expressed by the publishers, that it may soon be 
possible to simplify this section. The book is pub- 
lished by Messrs. S. Rentell and Co., Limited, 36, 
Maiden-lane, London, W.C.2, at 2s. 6d. net. 





British Waterworks Year Book and Directory, 1926. 
—The British Waterworks Association, 173, Rosebery- 
avenue, London, E.C.1, have published, for the first 
time, ‘‘ The British Waterworks Year Book and Direc- 
tory.”” The volume, which contains a great deal of 
information relative to waterworks undertakings, is 
divided into three sections, namely, directory, statis- 
tical data, and general information. In the directory 
section, the full name and location of each water under- 
taking is given, together with details regarding the 
area supplied, the sources and limits of the supply, 
the character of the water, the charges imposed, meter 
rents, and other matters. The statistical section con- 
tains a large number of tables dealing with water 
supply, filtration and distribution, analyses of accounts 
of municipal and of company undertakings, water 
charges, meter rents, public water rates, &c. The 
miscellaneous information section contains lists of the 
officers of the British Waterworks Association, of the 
Institution of Water Engineers, and of various other 
societies and councils concerned with, or interested in, 
water supply. The book is priced at one guinea net. 





Industrial Supplement to the Sheffield Daily Telegraph, 
1926.—This publication was presented with an issue of 
The Sheffield Daily Telegraph, at the end of the year, 
and, while generally similar in its scope to the other 
supplements noticed in these columns, is perhaps rather 
more directly concerned with the analysis of conditions 
obtaining in local industries, and with the prospects 
for such industries. Of the other articles on wider 
lines, @ world survey of some modern tendencies in 
trade and commerce by Sir Max Muspratt, and a 
consideration of the opportunities for permanent trade 
recovery by Sir William J. Larke, are of particular 
interest. The Master Cutler, Mr. David Flather, is 
very sanguine of a return of prosperity, while Sir 
Arthur Balfour utters a timely warning on the dangers 
of political interference with trade. 





Directory of Contractors and Public Works Annual, 
1927.—Edited and compiled by Mr. ©. W. Biggar, and 
published by Messrs. Wightman and Co., Limited, 
104, Regency-street, London, 8.W.1, the ‘‘ Directory 
of Contractors and Public Works Annual” has just 
been issued. As was the case in previous years, the 
directory proper is divided up into various appro- 
priate sections. These include railway, dock, harbour, 
pier and bridge contractors; dredging and reclama- 
tion contractors; waterworks contractors; gas 
works contractors; reinforced-concrete contractors ; 
road and drainage contractors; building contractors ; 
and cartage, haulage and lighterage contractors. 
Complete lists of architects, gasworks engineers, 
managers and consultants, railway engineers, sanitary 
engineers, and county, city, borough, urban, and rural 
district council surveyors are also given. Other 
sections deal with the Port of London Authority, the 
Thames Conservancy, the Metropolitan Water Board, 
the Corporation of the City of London, the London 
County Council, the Ministry of Transport, H.M. Office 
of Works, the Admiralty, and other public bodies and 
government departments, and lists of officers and 
members are given in each case. The volume con- 
cludes with a buyers’ guide for contractors’ plant and 
material. The work contains 480 pages, and is priced 
at 17s. 6d. net. 

The Locomotive Engineers’ Pocket Book.—This 
commendable little volume contains a great amount of 
interesting matter compressed into a small space. It 
opens with a condensed list of mechanical railway 
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officials, &c. Something like 150 pages are then 
devoted to locomotive design problems from the 
machine point of view. Subsequently the boiler is 
dealt with, and then the subject of balancing is con- 
sidered. Particulars are given of recent notable classes 
built for various railways, and notes on many of the 
new developments, such as the Ramsay, Zoelly and 
Ljungstrém turbine locomotives, and the Sulzer- Diesel 
machine. The information on the latter class of 
locomotive might reasonably be extended in view 
of the many examples now in experimental use. 
Copious notes on shop arrangement, and miscellaneous 
subjects such as lubrication, injectors, painting, &c., 
conclude a very useful little companion. The squared 
paper might well be omitted. The book is most likely 
to be used by draughtsmen, who have at hand, as a 
rule, better supplies of this material. The pocket- 
book is published by the Locomotive Publishing 
Company, Limited, 3, Amen-corner, E.C.4, at the 
price of 3s. 6d. net. 


The Blue Book, 1927.—The 45th annual edition of 
“The Directory and Handbook of the Electrical 
Engineering and Allied Trades: The Blue Book, 
1927,” has just been issued. As has previously been 
the case, the volume is arranged in six main geogra- 
phical divisions, namely, those covering the United 
Kingdom, the Overseas Dominions, the Continent, 
Asia and Africa, Central and South America, and the 
United States. Each of these divisions is again sub- 
divided into a handbook section, an alphabetical 
directory, and a classified-trades directory. The 
handbook section of the British division occupies over 
400 pages and contains information regarding patents, 
trademarks, testing rules, municipal loans, import 
duties, technical and scientific societies, universities 
and colleges, and British Government departments. 
A digest of the law relating to electrical plant and 
installations is also included. The other geographical 
divisions are dealt with in similar fashion, but the 
handbook section of each is compressed into a much 
smaller compass. The information supplied is usually 
limited to a list of government departments having 
association with the electrical industry, and brief 
accounts of the principal technica! societies and institu- 
tions. The book, which contains over 1,400 pages, is 
published by Messrs. Ernest Benn, Limited, Bouverie 
House, 154, Fleet-street, London, E.C.4, and the 
price is 25s. net. 


The Journal of Commerce Annual Review of 
Shipping, Shipbuilding, Marine Engineering, &c, 
issued by The Journal of Commerce of Liverpool, in 
January is of a rather less ephemeral appearance than 
the supplements provided by the daily Press. It is 
printed on well-finished paper, and contains some good 
reproductions of notable ships and machinery of the 
year recently closed, as well as a series of full-page 
portraits of prominent men in the shipping industry. 
The Right Hon. Walter Runciman prefaces the general 
contributions with a short article on the difficulties 
in the restoration of the shipping industry which 
can be overcome. Two unsigned articles on ship- 
building at home and shipbuilding abroad give a 
concise view of the industry as it stands to-day, while 
contributions from Sir Samuel Instone, Professor 
T. B. Abell, Dr. Brysson Cunningham and others, all 
admirably summarise different branches of it. 





The Concrete Year-Book.—This year-book is now in 
its fourth edition and continues to grow in size, and, 
we may likewise add, in utility. The volume consists of 
three main sections, the first being composed of chapters 
dealing with various matters of interest and impor- 
tance in connection with concrete construction, while 
the two latter are, respectively, devoted to a directory 
and catalogue material. The first part of the volume 
discusses cement and concrete from numerous aspects 
and the suitability of various forms for particular 
purposes. Tables are given for reinforced-concrete 
design, and the use of concrete for structures of various 
kinds is dealt with. The design of water towers is 
discussed, and the use of concrete for roads and floors 
is treated at considerable length. Memoranda on 
proportioning, &c., complete much valuable data. 
The volume is prepared by Dr. Oscar Faber and 
Mr. H. L. Childe, and this fact will undoubtedly be 
accepted as a recommendation. It is published by 
Concrete Publications, Limited, 20, Dartmouth-street, 
Westminster, S.W. 1, at the price of 2s. 6d. net. 





The Directory of Shipowners, Shipbuilders and 


Marine Engineers, 1927.—Compiled under the direc. 
tion of the editor of Shipbuilding and Shipping Record, 
“The Directory of Shipowners, Shipbuilders and 
Marine Engineers,”’ is a comprehensive volume of inter- 


shipping and shipbuilding firms. The book forms a 
handy desk companion, and furnishes particulars of 
all the leading steamship companies, shipbuilders, ship 
repairers and marine engineers in all parts of the 
world. The volume also contains information regard- 
ing each vessel of the various merchant fleets, and the 
details supplied include, in addition to the owner’s 
name, the builders’ and engine constructors’ names, 
the tonnage, the draught, and other features, and the 
year in which the vessel went into commission. Other 
sections of the work give the capacities of various 
shipyards, the names of the directors and leading 
officials of all the shipowning and shipbuilding com- 
panies, and details of the personnel of the Government 
Departments which have associations with the indus- 
tries concerned. Lists of consulting marine engineers, 
naval architects and societies, associations and federa- 
tions connected with shipping and shipbuilding, are 
also included. A new feature of the volume is an index 
to telegraphic addresses. The book contains 790 pages 
and measures 84 in. by 53 in. It is published by the 
Directory Publishing Company, Limited, 33, Tothill- 
street, London, 8.W.1, and the price is 20s. net. 








BOOKS RECEIVED. 


Treatise on Thermodynamics. By Dr. Max PLAncK. 
Translated by Alexander Ogg, B.Sc. Third edition. 
London : Longmans, Green and Co., Limited. [Price 
15s. net] 

Department of Scientific and Industrial Research. Report 
of Tests by the Director of Fuel Research on the Freeman 
Multiple Retort of the British Oil and Fuel Conserva- 
tion, Ltd., Willesden. Tests carried out June to November, 
1925. London: His Majesty’s Stationery Office. 
[Price ls. net.] 

Canada, Department of Mines. Mines Branch. No. 670. 
Investigations in Ore Dressing and Metallurgy. 1925. 
No. 672. Investigations in Ceramics and Road 
Materials. 1925. Ottawa: Director, Mines Branch, 
Department of Mines. 

Der Talsperrenbau. Vol. II. C. Die Berechnung Massiver 
Talsperren. By P. ZieatEeR. Third revised edition. 
Berlin: Wilhelm Ernst and Sohn. [Price 29-40 


marks. ] 

Makers of Science. Electricity and Magnetism. By D. M. 
TuRNER, B.Sc. Oxford University Press. London: 
Humphrey Milford. {Price 7s. 6d. net.] 

A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry. Vol. VII. Ti, Zr, Hf, Th, Ge, Sn, Pb, 
Inert Gases. By J. W. MeEttor, D.Sc. London: 


Longmans, Green and Co., Limited. [Price 63s. 
net. | 

Aluminium: The Metal and its Alloys. By M. G. 
Corson. London: Chapman and Hall, Limited. 


[Price 36s. net.] 

Textbook of Mechanics. By E. H. Woop. New York: 
John Wiley and Sons, Inc. London: Chapman and 
Hall, Limited. [Price 15s. net.] 

Principles Underlying the Design of Electrical Machinery. 
By W. I. Sticurer. New York: John Wiley and 
Sons, Inc. London: Chapman and Hall, Limited. 
[Price 18s. 6d. net.] 


Elements of Heat Power Engineering. Part Il. Thermo- 
dynamics and Prime Movers. By W. N. BARNARD, 
F. O. ELLENWoopD and C. F. HtrsHFetp. Third edition, 


New York: John Wiley and 
Chapman and Hall, Limited. 


The Elements of Radio-Communication. By O. F. 
Brown, M.A., B.Sc. Oxford University Press. 
London: Humphrey Milford. [Price 10s. 6d. net.] 


completely rewritten. 
Sons, Ine. London: 
[Price 22s. 6d. net.] 





PERSONAL,—The address of the London office of 
Messrs. Guest and Chrimes, Limited, Rotherham, 
which has hitherto been 4 and 5, Adam-street, Adelphi, 
has now been changed to Rooms -413 and 414, Cecil 
Chambers, 76, Strand, W.C.2.—It is announced that 
under an arrangement with Messrs. William Foster 
and Co., Limited, Lincoln, a new company has been 
formed to be termed Gwynne’s Pumps, Limited, to 
carry on the old-established business in centrifugal 
pumps, &c., formerly conducted by Messrs. Gwynne’s 
Engineering Company, Limited. For the present, work 
in hand at Hammersmith will be continued there, but 
ultimately the intention is to transfer the manufacturing 
side to Messrs. Foster’s works at Lincoln. Mr. Neville 
Gwynne and Mr. C. Armitage, of the Hammersmith 
Iron Works, will join the board of Messrs. Fosters, 
while the board of Gwynne’s Pumps, Limited, will be 
composed of Sir William Tritton, Mr. Neville Gwynne 
and Mr. C. Pennell.—We have been informed that the 
change of name of Messrs. Vickers-Petters, Limited, 
to Messrs. Petters (Ipswich), Limited, has now been 
officially sanctioned, and use of the new name is being 
made forthwith.—The private firm of Messrs. McKie 
and Baxter, marine engineers, Copland Works, Govan, 
Glasgow, has been taken over by the junior partner, 
Mr. Wilson Harvey, who has incorporated the business 
as a limited company, of which he is to be chairman. 
The senior partner, Mr. P. MacLeod Baxter, who is 
retiring, will continue to be connected with the new 
company as consulting engineer.—Messrs. The Cambrian 
Wagon Company, Limited, East Moors-road, Cardiff, 
have obtained the sole rights to manufacture equipment 
of Easton design, from The Easton Car and Construction 
Company, Easton, Pennsylvania, U.S.A. This latter 
firm are builders of cars or wagons of special designs 
constructed of steel and especially suitable for quarry 





national scope, giving more than 24,000 references to 


work, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Cleveland pig iron is not 
quite so scarce as it has been, and arrears of deliveries 
are now being overtaken, but only limited quantities 
are as yet available for sale. Producers are still 
absorbing the bulk of the output at their own consuming 
plant. Customers are showing less disinclination to 
negotiate for forward supplies, and quotations for 
delivery over periods ahead are steadier. There is 
very little No. 1 to be had, and that quality commands 
5s. above No. 3, the quotation being 87s. 6d. while 
No. 3 is 82s. 6d. No. 4 foundry is 81s. 6d., and No. 4 
forge, 81s. 


Hematite—East Coast hematite iron keeps very 
scarce. Prompt parcels of Nos. 1, 2 and 3 readily 
realise 90s., but price concessions are obtainable for 
delivery a little way ahead. 


Foreign Ore.—Heavy imports of foreign ore have 
increased consumers’ stocks considerably. New business 
is still confined to transactions in odd cargoes, but 
hope is entertained that resumption of ordinary nego- 
tiations will take place shortly. Best rubio is put at 
228. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Local consumers of blast-furnace 
coke are reluctantly paying the high prices asked. 
Larger supplies are urgently needed, and sellers are 
unyielding in their attitude as regards prices. The 
minimum figure for Durham good average qualities 
is 26s., and up to 27s. 6d. is stated to have been paid. 


Manufactured Iron and Steel.—Producers of finished 
iron and steel are very busy. In the steel trade, there 
is great pressure for delivery of shipbuilding requisites, 
work at some of the shipyards being held up through 
lack of supplies. Prices are steady. Common iron bars 
are 12/7. 5s.; iron rivets, 121. 15s.; ships’ castings, 
121. 10s. ; packing (parallel), 87. ; packing (tapered), 11/. ; 
steel billets (soft), 77. 12s. 6d.; steel billets (medium), 
81. 2s. 6d.; steel billets (hard), 81. 12s. 6d.; steel ship 
plates, 81. 7s. 6d. ; steel angles, 7/. 17s. 6d. ; steel joists, 
7l. 17s. 6d.; heavy steel rails, 8/7. 10s.; black sheets, 
1ll. 5s.; and galvanised corrugated sheets, 15/. 5s. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Hull Coal Traffic.—Official returns for January indicate 
a considerable recovery in export business. The total 
quantity received at Hull was about 20,000 tons less 
than in January last year. On the other hand, the total 
of exports to foreign countries was greater by a similar 
amount. Increased business was done with Germany, 
Norway, Sweden, Belgium and Italy. Next to South 
America, Germany was the largest buyer, France coming 
next. Sales to South America, though aggregating 
17,000 tons, were 7,000 tons below those of January 
1926. ‘There was also a considerable decline in business 
with Holland. 


Iron and Steel.—The quieter tone reported last week 
continues to be the outstanding characteristic of these 
trades. The basic steel industries are accounting for 
heavy outputs, some of the most favourably situated 
works producing a bigger tonnage than for four or five 
years past. At the same time, a substantial proportion 
of the manufacturing capacity is still idle. The main 
complaint is that, though arrears of work ensure activity 
for some time ahead, new business is not coming forward 
at anything like the rate at which contracts are expiring. 
The scarcity and dearness of coke is the main cause. In 
special steel, most home and overseas users are buying 
cautiously until prospects become more clearly defined ; 
there are exceptions, however. Among these rank 
several of the British engineering trades, which are big 
buyers of the best quality steel produced in this district. 
Sheffield steelmakers are more concerned at the installa- 
tion of electric furnaces in South Africa by British 
engineers than by the South African proposals to finance 
a big development in basic steel production. Sheffield 
has a valuable connection with South Africa in high- 
speed steel requisites for mining operations, which con- 
nection is not likely to be improved by local competition. 
One of the most gratifying features of‘ the latest ship- 
building contracts, from the Sheffield standpoint, is that 
the use of British steel is specified. The lighter trades 
report patchy conditions, but, taking the larger view, the 
tendency is towards slow revival. 


South-Yorkshire Coal Trade.— Despite the wagon 
shortage, the colliery position is improving. Increased 
demands on export account are assisting in finding a 
channel for current outputs, though sales of industrial 
coal for inland use are retarded by the fact that some of 
the principal consumers are still using foreign fuel 
ordered during the coal stoppage. Iron masters are 
paying between 5s. and 6s. per ton more for blast-furnace 
coke than before May last. The house coal trade is 
improving, despite the fact that orders are mostly of 
small quantities in anticipation, apparently, of further 
price reductions. Pit prices are still nominal. 





TRADE IN Pataconta.—The Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, has received 
from H.M. Vice-Consul at Comodoro Rivadavia, 4 
report on trade conditions in Argentine Patagonia, 
which report aiso contains a description of a suggested 
itinerary for the representatives of British firms visiting 
that territory. A copy of the report may be obtained 
by any United Kingdom firm interested on application 
to the Department. 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—Active conditions rule at the 
Scottish steelworks, but the position has not changed 
over the week. Consumers on all sides are pressing for 
deliveries, and this is particularly so in the case of ship- 
builders, who are much in need of materials. 'The latter 
have quite a fair amount of work with which they 
want to proceed, but they are being hampered owing 
to the shortage of supplies. New business in steel is not 
very plentiful at the moment, as buyers continue to hold 
back, and producers are mainly employed fulfilling old 
contracts. These, in many cases, represent quite a 
respectable tonnage, but, at the current rate of production, 
there will be need for augmentation of order books 
soon to ensure continuous running. Prices keep firm, 
and it is just this firmness on the part of makers which is 
causing buyers to hold off as long as possible before 
committing themselves, in the hope that prices will be 
reduced before long. In the black-sheet trade there is 
no sign of any slackening off in the demand and, in fact, 
it seems stronger than ever. Business in the heavier 
gauges is not so good as in the lighter gauges, for which 
there is an increasing inquiry. The prospect of a good 
steady run for both black and galvanised varieties 
during the spring months is very bright. The following 
are the current market quotations :—Boiler plates, 111. 
per ton; ship plates, 8/. 7s. 6d. per ton; sections, 
7l. 17s. 6d. per ton ; and sheets, under + to } in., 121. 
to 131. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—There is little change to report 
in connection with the malleable-iron trade of the 
West of Scotland. While producers have a fair amount 
of work still on hand, there is a dearth of fresh business, 
and the outlook is not quite as good as it looked a few weeks 
ago. A certain amount of quietness also prevails in the 
steel re-rolling branches, and even the lower prices now 
named have not enabled buyers to book much. The 
price of Crown bars is unchanged at 111. 15s. per ton 
delivered at Glasgow stations. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron trade 
the most important feature this week is, perhaps, the 
fact that a few more blast-furnaces have been relighted. 
When these are all producing, the number in operation 
will be raised to twenty-six. A fair demand is general, 
both for hematite and foundry grades, but in the latter 
case certain brands are still very difficult to secure. 
Inquiries for forward lots are fairly satisfactory. The 
market quotations are as follow :—Hematite, 90s. per 
ton, delivered at the steel works; foundry iron No. 1, 
95s. to 97s. 6d. per ton, and No. 3, 91s. 6d. to 94s. per 
ton, both on trucks at makers’ yards. 

Scottish Pig-Iron MShipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, February 12, were poor, and only 
amounted to 384 tons. Of that total, 171 tons went 
overseas and 213 tons coastwise. For the correspond- 
ing week of last year the figures were 2,073 tons to 
foreign destinations and 44 tons coastwise, making a 
total shipment of 2,117 tons. 








NOTES FROM THE SOUTH - WEST. 

CarpiFrr, Wednesday. 
The Coal Trade.—Alarm has been created in Welsh 
anthracite coal circles by a report that the French 
Government propose to impose a tax of 5 per cent. on 
the c.i.f. value of anthracite coal imported into France. 
The matter is of considerable interest to South Wales, 
as over 1,000,000 tons of anthracite coal are shipped from 
the Swansea district annually, the bulk of which goes to 
France. The question has been considered by the com- 
mercial committee of the Monmouthshire and South 
Wales Coalowners’ Association, and a deputation has 
gone to London to put the matter before the Minister of 
Mines with a view to making representations to the 
French Government, who, it is stated, also intend to 
increase the tax on patent fuel by 2 to 3 francs per ton. 
The disputes which had arisen in the anthracite coalfield 
in connection with the employment of hauliers and the 
older men, have been settled by representatives of the 
men meeting the directors of the companies concerned. 
In January, 1,664,235 tons of coal were shipped from 
South Wales, compared with 500,943 tons in December 
and 1,909,387 tons in the first month of 1926. The 
average price realised for the coal shipped in January 
was 22s. 6d. per ton, against 26s. 1d. in December and 
23s. 1ld. a year ago, when the wages of the workmen 
were subsidised by the Government. Shipments from 
Cardiff in the past month totalled 1,099,673 tons, at an 
average f.o.b. price of 23s. 5d. per ton; at Newport 
to 270,427 tons at 22s. 5d.; at Swansea to 162,178 tons 
at 22s. 6d.; and at Port Talbot to 131,957 tons at 
22s. 10d. The present position of the coal trade is still 
unsatisfactory. Demand remains on hand-to-mouth 
lines, though buyers are showing more interest in the 
question of contracts. The output of large coal, despite 
frequent stoppages at the pits owing to wagon diffi- 
culties, is still excessive, with the result that prices are 
irregular, on the basis of 22s. 6d. for best Admiralty 
large, and from 20s. 6d. for ordinary qualities. Smalls, 
however, are steady, production being retarded by the 
frequency of temporary stoppages, while the quantity 
available for disposal is also curtailed by collieries having 
to reserve a larger proportion than usual for use under 
their own boilers. The best bunker descriptions are 
round l4s. 9d., with other classes at relative levels. 
Sized coals are weak, washed dry nuts ranging from 
198. to 238. for export, and bituminous nuts from 183. 
to 19s. A well-known shipping and coal-exporting 
group 1s reported to have contracted for 1,000,000 tons 
of second-class Admiralty-large coal for delivery over 

the remainder of the year, on the basis of 20s. 9d. f.0.b. 





NOTICES OF MEETINGS. 





THe InstiTuTION oF MECHANICAL ENGINEERS.— 
To-night, at 6 p.m., at Storey’s-gate, S.W.1. Annual 
General Meeting. Adjourned discussion on “The Use 
and Economy of High-Pressure Steam Plants,’ by 
Professor A. L. Mellanby and Professor W. Kerr. ‘‘ The 
Economic Value of Increased Steam Pressure,” by Mr. 
H.L. Guy. Monday, February 21, at 7 p.m. Graduates’ 
Section. ‘‘ The Screw Propeller,” by Mr. F. C. Johansen. 
Friday, February 25, at 7 p.m. Informal Meeting. 
Discussion on ‘‘ Waste Heat Recovery,” introduced by 
Major William Gregson. 


THe Junior INstitTuTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘‘ Modern 
Concrete Construction: A Review of Recent Progress 
and Problems,” by Mr. Leslie Turner. 


THe NortaH or Enetanp Institute or MINING 
AND MECHANICAL ENGINEERS.—Saturday, February 19, 
at 2.30 p.m., in the Lecture Theatre of the Institute, 
Neweastle-upon-Tyne. ‘‘ Screening and Washing Plant 
at Deaf Hill Colliery,” by Mr. L. F. H. Booth. ‘“ The 
Economic Working of Thick Seams in New South 
Wales ” by Mr. W. Rawling. ‘‘ The Chemical Relations 
of the Principal Varieties of Coal.’ by Professor G. 
Hickling. 

Tue BrrmMincHaM METALLURGICAL Socrety.—Satur- 
day, February 19, at 7 p.m., at the Girls’ High School, 
Dudley. ‘‘ Blast-Furnace Practice,” .by Mr. R. P. 
Bethell. * 


Tue Institute oF British FOUNDRYMEN: LANCA- 
SHIRE BRANCH, JUNIOR SECTION.—Saturday, February 19, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester. ‘‘ Pattern Making in Plaster of Paris,” 
by Mr. C. Heggie. 

Tue Institute or TRANsPoRT: MipLanp LocaL 
Srctron.—Monday, February 21, at 6 p.m., at the 
Queen’s Hotel, Birmingham. ‘ Present Day Problems 
of Road Passenger Transport,” by Mr. W. Vane Morland. 


THe INSTITUTION OF AUTOMOBILE ENGINEERS; 
GiLascow CENTRE.—Monday, February 21, at 7.30 p.m., 
at the Royal Technical College, Glasgow. ‘The 
Straight-Eight Engine,” by Mr. E. W. Sisman. 


THe BraprorD ENGINEERING Soctrety.—Monday, 
February 21, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. ‘‘ Reducing Values,” by 
Professor G. F. Charnock. 

THE Ratbway CLus.—Monday, February 21, at 7.30 
p-m., at 25, Tothill-street, S.W.1. Annual General 
Meeting. Presidential Address. 


THE Royat Society or Arts.—Monday, February 21, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘‘ Photo-Elastic Measurements of Stress Dis- 
tribution ’’ (Lecture II), by Professor E. G. Coker. 


THe Newcomen Socrety.—Tuesday, February 22, 
at 5.30 p.m., at the Institution of Mechanical Engineers, 
Storey’s-gate, S.W.1. ‘‘'The Early British Railways as 
seen by Mare Seguin in 1825: The Four-Cylinder Loco- 
motive, ‘ Chittaprat,’” by Mr. F. Achard and Mr. L. 
Seguin. “The First British Locomotives of the St. 
Etienne-Lyon Railway,” by Mr. F. Achard. 


Tue INstTITUTION oF Civi ENGINEERS.—Tuesday, 
February 22, at 6 p.m., at Great George-street, S.W.1. 
“The Maramsilli Reservoir Automatic Siphon Spill- 
way,” by Mr. Powys Davies. 


THE ILLUMINATING ENGINEERING SocreTy.—Tuesday> 
February 22, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ Artificial Light as an 
Aid to Aerial Navigation,” by Mr. H. N. Green. 


Tue INSTITUTION OF AERONAUTICAL ENGINEERS.— 
Tuesday, February 22, at 6.30 p.m., at the Junior 
Institution of Engineers, 39, Victoria-street, S.W.1. 
‘* Aviation in Australia,” by Flight-Lieut. J. Renison 
Bell. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS: NORTH 
Miptanp CEenTRE.—Tuesday, February 22, at 7 p.m., 
at the Hotel Metropole, King-street, Leeds. ‘‘ Notes on 
the 60,000-volt Underground Network of the Union 
d’Electricité,” by Col. E. Mercier. 


Tue INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
In Scortanp.—Tuesday, February 22, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. ‘‘The Application of 
Pre-cooling by Primary Evaporation and Multiple-Effect 
Compression to COg Refrigerating Machines,’”’ by Mr. H. 
Brier. 

THE SHEFFIELD METALLURGICAL ASSOCIATION.—Tues- 
day, February 22, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘‘ Practical Crucible Steel Melting,” by Mr. J. 
F. Kayser. 

Tue INSTITUTION OF THE RUBBER INDUSTRY.—Tues- 
day, February 22, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W.1. Sales Section. “‘The Export Trade 
of Great Britain in Rubber Goods,” by Sir William 
Clark. 

Tue InstiTuTION oF MECHANICAL ENGINEERS: 
WESTERN Brancu.—Wednesday, February 23, at 7 p.m., 
at the Merchant Venturers’ Technical College, Unity- 
street, Bristol. ‘‘ The Feuerheerd Pump,” by Mr. 8. G. 
Strudwick. ‘‘The Burn Reducing and Reversing Gear,” 
by Mr. L. G. Burn. 

Tue InstiTuTION oF LocomoTIVE ENGINEERS: 
Lonpon.—Thursday, February 24, at 7 p.m., at the 
Engineers’ Club, Coventry-street, W.1. ** Railway 
A for Locomotive and Carriage Work,” by Mr. T. 

. Sanders. 





Tue Norts-East Coast INstTITuTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, February 25, at 6 p.m., at 
the Literary and Philosophical Society, Newcastle-upon- 
Tyne. ‘Loading and Unloading Facilities on Board 
Ship and Land,” by Mr. R. I. Dodsworth. 


Tue Institute or TRANSPORT: NortTH-WESTERN 
Locat Srection.—Friday, February 25, at 6.30 p.m. 
‘““The Organisation of a Railway Signalling Depart- 
ment,” by Mr. R. Falshaw Morkill. 

THE INstiTUTION oF CrviL ENGINEERS: BIRMINGHAM 
AND District AssocratTion.—Friday, February 25, at 
7 p.m., at the Grand Hotel, Birmingham. Annual 
Dinner. 


Tue Institution or Locomotive ENGINEERS: MAN- 
CHESTER CENTRE.—Friday, February 25, at 7 p.m., at 
the College of Technology, Sackville-street, Manchester, 
a Locomotive Superheating,’”” by Mr. H. E. 

eer. 


THe MANCHESTER ASSOCIATION OF ENGINEERS.— 
Friday, February 25, at 7.15 p.m., at the Engineers’ Club, 
Albert-square, Manchester. ‘‘ Recent Developments in 
Machine Tools,” by Mr. G. E. Bailey and Mr. Thos. 
Smith. 

THe INstitTuTION OF ENGINEERING INSPECTION.— 
Friday, February 25, at 7.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘' The Economic 
Production of Steam by Electricity,” by Mr. C. J. 
Wharton. 


THE INSTITUTION OF PRODUCTION ENGINEERS.— 
Friday, February 25, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders, Limited, 83, Pall 
Mall, S.W.1. ‘The Production of Cylinder Blocks in 
Quantities of 25, 250, and 2,500 per Week,” by Mr. H. 
Mantell. 


THE Roya Instrrution.—Friday, February 25, at 
9 p.m., at Albemarle-street, W.1. ‘‘ The Solids of Plato 
and Archimedes,” by Professor D’Arcy Thompson, 


Tue NortH or ENGLAND INSTITUTE OF MINING AND 
MEcHANICAL ENGINEERS.—Saturday, February 26, at 
3 p.m., at the Mining Institute, Newcastle-upon-Tyne. 
Associates’ and Students’ Section. ‘‘ Winning Thin 
Seams in Great Britain,’’ by Mr. W. Leebetter. 


Pi 





NorRTHAMPTON ENGINEERING COLLEGE.—The Walmsley 
Memorial Lecture will be delivered by Dr. W. R. 
Ormandy, F.1.C., at the Northampton Engineering 
College, St. John-street, London, E.C.1, on February 23 
next, at 4.15 p.m. Admission to the lecture is free. 
Dr. Ormandy’s subject will be ‘‘ Fuels and the Internal- 
Combustion Engine.” 





A Tames Motor Tuc.—The motor tug Tommy 
Atkins, which, we understand, was the first vessel of its 
class on the Thames, has now seen over ten years’ con- 
tinuous and successful service. The vessel, the dimen- 
sions of which are: length 61 ft., breadth 15 ft. 6 in., 
and draught 7 ft. 4 in., has just undergone a complete 
overhaul in the Faversham yard of Messrs. James Pollock, 
Sons and Co., Limited, the original builders, and the 
propelling machinery has been brought up to date by 
the installation of a 100-h.p. Bolinder engine in place of 
the original 80-h.p. model. 





Contracts.—Messrs. Edward Bennis and Co., Limited, 
28, Victoria-street, Westminster, S.W.1, have received 
the order for the complete equipment of mechanical 
chain-grate stokers for Stirling boilers and mechanical 
coal-handling plant for the new generating station of 
the City of Coventry. Included in the contract are the 
following: 16 Bennis chain-grate stokers, two barge- 
unloading telphers, hopper weighing machine, jib crane 
and track, &c.—Since the beginning of February the 
Electric Furnace Company, Limited, 17, Victoria-street, 
S8.W.1, have received orders from British firms for 
fifteen 75-kv.-a. Ajax-Wyatt electric induction furnaces 
for melting brass.—Messrs. Wm. Simons and Co., 
Limited, Renfrew, have received an order for a powerful 
cutter and drag suction hopper dredger for the port of 
Chittagong, India.—Three contracts of interest have 
been secured by Messrs. Clayton Wagons, Limited, 
Abbey Works, Lincoln: (1) the New Zealand Govern- 
ment, after trials of the Clayton railway steam car on 
the New Zealand railways, have now ordered, from the 
same firm, a light geared steam locomotive, embodying 
the Clayton power unit. (2) The Crown Agents for the 
Colonies have placed an order for the construction of 
three railway steam cars for service on the Ceylon 
railways. (3) The Cleansing Department of the Bir- 
mingham Corporation have placed an order for a 
3}-ton electric wagon fitted with an all-steel refuse- 
collecting body.—Messrs. James Pollock, Sons and Co., 
Limited, 'The Shipyard, Faversham, Kent, have re- 
ceived an order for a twin-screw motor launch of 
unusual design for service on the West Coast of 
Africa. The length of the vessel, which will be of steel 
throughout with all plates galvanised, will be 70 ft., 
the breadth 13 ft., and the draught 3 ft. Large accom- 
modation will be provided for both European and native 
passengers, and the top deck will be arranged for carrying 
a large quantity of baggage and bulky cargo. The 
propelling machinery will consist of two sets of two- 
cylinder Bolinder direct reversible heavy-oil engines, 
each developing 50 brake horse-power at 500 r.p.m., 
the expected speed being 10 m.p.h.—The India Office, 
after trial in India of the new Wolseley 16/45-h.p. light 
six car, have just placed an order with Mr. W. R. Morris for 
28 of these cars for uso in that country.—Messrs. Vickers 
Limited, announce that they have received an order 
from the Admiralty for a fleet-repair ship. 
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Moror-TRANSPORT EXHIBITION, COLOGNE.—An Inter- 
national Commercial Transport Exhibition, organised 
by the Reichsverband der Automobil-Industrie, the 
Deutscher Automobil-Hiandler- Verband and the Messeamt 
K6ln, will be held at Cologne from May 20 to 31 next. 
The exhibits will be divided into eight sub-divisions, 
comprising a historical and instructional section; a 
section for heavy and light lorries, trade and delivery 
vans, and electric vehicles; and sections for public 
vehicles, including omnibuses and chars-i-banes ; muni- 
cipal vehicles, including fire-brigade apparatus, ambu- 
lances, street-cleaning and refuse-collecting vans; and 
agricultural vehicles, including motor ploughs and field 
tractors. The remaining sections cover, respectively, body 
building ; equipment and accessories; and motor-car 
road and track construction, traffic plans, garage building, 
repair workshops, and journals and literature. Full 
particulars regarding the exhibition may be obtained 
on application to the Messeamt Koln, K6éln-Deutz, 
Germany. 

Baitish Cast-Iron ResearcH Assocration.—The 
year ending June 30, 1926, has proved to be by far the 
most important in the development of the British Cast- 
[ron Research Association. At the beginning of the 
year, the Association amalgamated with the Falkirk 
Technical Institute, which thereby became the Associa- 
tion’s Scottish laboratory, and a Scottish committee 
was formed to guide the new activity. This committee 
is the first territorial committee to be formed by the 
Association, and appears likely to serve a very useful 
and important function. The year mentioned also 
concludes the first period during which grant aid was 
guaranteed the Association by H.M. Government. 
Negotiations have resulted in the securing of Govern- 
ment aid for a further period of five years. The 
third main development during the year concerns 
premises. Arrangements were recently completed to 
combine the offices and the laboratory of the Association 
in one building. Suitable pr2mises were obtained at 
24, St. Paul’s-square, Birmingham, and these have 
been appropriately modified, and are now in use. Accord- 
ing to the fifth annual report of the Association, which 
was presented at the annual general meeting held in 
London in December last, the total membership of 
the Association was 284, compared with 275 at the 
end of the previous year. Members joining since the 
end of the financial year, however, have brought the total 
up to 294. Twelve researches are now in progress ; 
all of these are carried out by fully-qualified investiga- 
tors on the staff of the Association, and three channels 
are utilised, namely: (a) laboratory investigations in a 
university laboratory, in the laboratory at a member's 
foundry, or in the laboratory of the Association; (b) 
works investigations on a full-size scale in foundries and 
works of members; and (c) chemical, microscopical and 
mechanical tests incidental to investigations, conducted 
in the Association’s laboratory. 
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TRIAL TRIP OF THE M.S. “ Apapa.”’—On January 28, the 
twin-serew motor passenger liner Apapa, which has been 
built by Messrs. Harland and Wolff, Limited, to the 
order of Messrs. Elder Dempster and Co., Ltd., left 
Belfast for her official trials. he new vessel, which is a 
sister ship of the M.S. Accra, now on her third voyage to 
West Africa, has the following principal dimensions :— 
Length, 468 ft. 9 in. ; breadth, 62 ft. ; depth, 35 ft. and 
gross tonnage, 9,333. By means of her cruiser stern 
and single low funnel, her general appearance is made 
very pleasing. There are six decks and seven water- 
tight bulkheads, forming eight watertight compartments, 
and the double bottom extends right fore and aft and 
is arranged to carry oil fuel and water ballast. The 
accommodation provides for nearly 500 passengers and 
crew, provision also being made for the conveyance of 
troops and native passengers. The main propelling 





machinery consists of two Harland-Burmeister and Wain 
six-cylinder, four-cycle, double-acting Diesel engines, 
each developing 3,750 h.p. at normal revolutions, Com- 


pressed air for fuel injection is supplied by a three-stage 


air compressor mounted at the forward end of the engine 
and driven off an extension of the crankshaft. Forced 
lubrication is fitted throughout, and oil is used for 
piston cooling, the cylinder jackets and covers being 
cooled by fresh water. Manceuvring air, at 25 atmos- 
pheres, is stored in four steel reservoirs, which are kept 
charged by a pair of two-stage electrically-driven air com- 
pressors, and three Diesel-engine generators supply the 
current for the lighting, heating and power throughout 


the vessel, one oil-fired vertical boiler being installed for 


generating steam for distilling, emergency and other 
purposes. <A reference to the launch of the M.S. Apapa 
will be found on page 804 of our last volume. 
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STATICALLY INDETERMINATE 
STRUCTURES. 

THERE is, we should imagine, a general concensus 
of opinion that those responsible for the design of 
bridges, roofs, and buildings, should at need, be able 
to determine the stresses in a statically indeterimnate 
structure, but great differences of opinion exist with 
regard to the extent to which such calculations 
should be resorted to in actual practice. There are 
innumerable cases in which it is commercially im- 
possible to make the complicated computations in- 
volved, and individual judgments also differ widely 
as to how far the assumptions on which the analysis 
is necessarily based, correspond with conditions 
actually met with in practice. It is probably safe 
to assert that our structural materials being what 
they are, a statically indeterminate structure which 
appears to be safe under any reasonably plausible 
hypothesis, as to the distribution of the stresses, is 
safe in actual fact. This being so, it is very doubtful 
whether there is any justification for indulgence in 
these lengthy calculations, save in certain somewhat 
exceptional cases. Girders with multiple web 
systems can be proportioned quite as adequately 
by the simple procedure of Rankine, as by the more 
elaborate methods, and with a very great saving in 
time. Similar considerations apply to the framesfand 
floors of reinforced concrete buildings. A judicious 
assumption regarding the position of the points of 
contrary flexure in ferro-concrete floor beams having 
multiple supports, will prove in practice quite as 
satisfactory as if the ostensibly true position were 
deduced by an elaborate analysis. Indeed, even in 
the matter of precision there is probably, in this 
case, little to choose between the two methods. 
Whichever procedure is adopted, assumptions have 
to be made which are, of necessity, inexact, and the 
point at which they enter into the calculation is not 
necessarily the controlling factor in the precision 
of the ultimate result. 

The late M. Gustave Canet, in an address delivered 
in 1907 to the Junior Institution of Engineers, 
observed that he.started his professional life with 
a profound confidence in the mathematical theory of 
elasticity, as the sole reliable guide to structural 
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design. Thirty years’ experience in the design and 


construction of artillery had, however, greatly 
weakened this assurance, and convinced him that the 
teachings of the text-books were by no means to be 
implicitly accepted. 

The 20 years which have elapsed since M. Canet’s 
address, have only served to strengthen the case for 
this conclusion. Indeed, it would hardly be extrava- 
gant to assert that the whole logical basis of the 
mathematical theory has been destroyed by the 
concordant results of recent experiments in America, 
Sweden and at home. It had, of course, always 
been admitted that, under dead loads, bars might 
be strained without fracture far above their elastic 
limits, but it was long believed that in the case of 
alternating stresses the elastic limit afforded a 
much more reliable criterion of the true factor of 
safety of a structure,’ than did the ultimate 
strength of the material used. All recent experi- 
mental work has, however, pointed towards a 
diametrical opposite conclusion. The experiments 
in question have, it is true, been made mainly with 
ordinary structural materials, and it would be, 
perhaps, a dangerous extrapolation to assume that 
the rule held good universally. Nevertheless, the 
results quoted throw the onus of proof on those who 
maintain that there are materials, the practical 
strength and endurance of which is more directly 
connected with the elastic limit than with the ulti- 
mate strength. 

This being the condition of affairs, it would seem 
now, to be impossible to claim any foundation in 
logic for much of the elaborate investigations into 
secondary stresses advocated by a certain school of 
computers. Indeed, even as regards such structures 
as arches, continuous girders and the like, it would 
seem that the best argument in favour of computing 
the stresses involved, by means of the mathematical 
theory of elasticity lies in the fact, that we obtain 
thus a plausible distribution of the stresses, and 
hence by the maxim above formulated, structures 
proportioned in this way are probably safe in actual 
fact. Moreover, since by this theory the work stored 
in a redundant structure is a minimum, the stresses 
deduced as above, must on the average be less than 
if calculated on any other hypothesis. There should 
therefore, be some economy of material. 

As illustrating the older, as we think indefensible, 
standpoint, we note in a recent American text book 
the statement that a settlement of 14 in. at the 
central support of a plate girder, continuous over two 
spans of 50 ft. each, might be disastrous. We do 
not believe that any maintenance engineer would 
admit this for one moment. Indeed, if he were 
convinced that the settlement was not likely to go 
further, he would probably, and we think wisely, 
consider it unnecessary to restore the support to its 
original level. With an impractically deep girder 
it is conceivable that there might be a crack over 
the point of support, but that anything in the 
nature of a disaster could arise from the cause 
assumed is opposed to all experience. As Sir 
Benjamin Baker pointed out many years ago, the 
idea that a material is necessarily ruined by being 
strained for once beyond its elastic limit is disproved 
daily by the use of plates and rails bent or 
straightened in the cold. 

It may be noted, moreover, that whilst there have 
been not a few disastrous failures of statically 
determinate structures, the record of the redundant 
type is singularly good. Partial failures may be 
met with, but though the critics of the type 
have been challenged for years to instance a single 
disaster due to a redundancy of frames or fixings, 
they have so far failed to produce one. The Tay 
Bridge fell not because it was continuous over a 
number of spans, but because of the inadequacy of 
its piers. During the war an attempt was made to 
destroy by explosives one of the great bridges over 
the Danube. The damage done was such as to have 
assured the ruin of a statically determinate struc- 
ture, but as the bridge in question had a double 
system of web bracing, it held up, and the pursuing 
army had little difficulty in restoring it to service. 

A certain class of computer seems to stand in terror 
of secondary stresses. The explanation seems to be in 
fact that there are many who find it much easier to 
calculate than to think. Give them a formula and they 
are happy. The labour in applying it may be great, 





but the results are perfectly definite. On the other 











202 


ENGINEERING. 


[FEB. 18, 1927. 








hand, a judgment formed on the basis of observation 
and experience may be perfectly sound, but it 
is necessarily more or less personal to the individual, 
and is possibly formulated vaguely and in general 
terms. A past generation of American bridge en- 
gineers carried their fear of uncalculated stresses 
to the extent of cutting up into independent sections 
the floors of bridges of large span, thus deliberately 
reducing the true factor of safety of the structure. 
On the other hand, the late M. Rabut, took advan- 
tage of the reinforcement provided by the floor to 
increase from 40 metres to 48 metres the span of 
a bridge carrying heavy road traffic over a railway. 
When this bridge was originally designed, the effect 
of the fioor had been neglected, but on taking it 
into account it was found possible to increase the 
span as stated without thickening the flanges. 

In the text book to which we have already made 
reference the authors assert that it may be doubted 
whether an ordinary riveted truss can be designed 
satisfactorily without an analysis of the secondary 
stresses involved. Here again, not a single record 
from experience is advanced in support of this con- 
clusion, which is based entirely on computations, 
although, as indicated above, these have a somewhat 
shaky logical foundation. 

The same mental attitude was displayed in a paper 
read some time ago before the American Society 
of Civil Engineers. In this the author professed 
to prove that for every statically indeterminate 
structure it is possible to devise an alternative of 
the determinate type which with approximately 
“the same figure of inclusion ” will carry the same 
loads and weigh less. If the author in question had 
experimented instead of calculated, he would 
probably have reversed his conclusion. In fact 
most jointed frameworks are certainly less strong 
than would be similar frames cut out of a single 
plate, although in the latter case the fixation of the 
joints makes the frame highly redundant. 

Where temperature stresses are involved, however, 
it may be that the statically determinate design 
has the advantage. This, of course, will depend 
upon the relative importance which may be attached 
to temperature stresses, a point regarding which very 
little is known. There have been repeated instances 
in which expansion joints have been removed from 
bridges of moderate span without disastrous results, 
but it would be a very bold extrapolation to assume 
that this could be done with equal impunity in the 
case of really large spans. The result might, perhaps, 
not be actually disastrous, but the racking action 
due to temperature changes might necessitate 
frequent repairs. A case bearing on the foregoing 
was discussed some years ago by Sir Benjamin 
Baker, who was asked to report on an old iron bridge 
erected early in the past century. The design 
had the peculiarity that there were two arch ribs 
of very different versines, which were coupled 
together. Owing to the temperature changes, the 
bolts at the points of coupling were continually 
needing repair, and it was proposed to replace the 
structure by a simple plate girder. This proposal 
was rejected by Sir Benjamin in view of the 
historic interest attached to the early design, and 
the plan was therefore adopted of using slotted 
holes at the junction points so as to permit of a 
certain freedom of movement there. In Sir Ben- 
jamin’s opinion the second rib served a useful 
purpose in rendering the structure more rigid. 
The extraordinary growth of road traffic has, 
however, we understand, since made it necessary to 
replace this bridge with one designed for modern 
loadings. 





UNEMPLOYMENT INSURANCE. 


THE report of Lord Blanesborough’s Committee 
on Unemployment Insurance was published last 
week. It was for the committee “ to consider in the 
light of experience gained in the working of the 
unemployment insurance scheme, what changes in 
the scheme if any, ought to be made.” Keeping 
closely within the bounds so set, the committee have 
refrained from dealing with anything but a contri- 
butory scheme. They are careful to point out that 
this is not a scheme for out-of-work donation, which 
is a very different thing. They have enumerated 
the following conditions which every such.scheme 


ought to provide for:—l. The workers’ contri- 
bution must be moderate in amount. It should 
never exceed 5d. a week and, supplemented by the 
contribution of his employer and the State, should 
secure him an insurance sufficient in the great 
majority of cases to save him, during inevitable 
unemployment, from recourse to public assistance. 
2. The scheme must not, by the extent of the 
benefit promised, tempt the insured contributor 
to improvidence when in receipt of good pay. 3. It 
should provide benefits definitely less in amount than 
the general labourer’s rate of wage so that there may 
be no temptation to prefer benefit to work. 4. It 
must not interfere unduly with the mobility of 
labour in this country. 5. It must not deter from 
emigration those who would be benefitted by a life 
overseas. 6. Subject to these conditions, the scheme 
should be made as attractive in its benefits to the 
insurer contributor as, on a strictly actuarial basis, 
it is possible to make it. 

It is well to emphasise these points before con- 
sidering the recommendations made by the com- 
mittee. They constitute, together, an ideal or 
standard which the committee would seek to attain, 
and their recommendations should fall to be 
examined in the light of the standard which 
they have themselves set up. 

The first recommendation is “ that there should 
be an unemployment fund subscribed in equal 
proportions by employers, employed, and the State 
of amounts actuarially certified to be sufficient 
to enable the outgoings in benefits and administra- 
tion to have met over a trade cycle.” With this 
must be read the “condition”? that normally the 
amounts payable by a worker must not exceed 5d. 
a week. So read, could the ideal ever be attained 
in practice ? A number of troublesome questions 
occur to the mind. What actuary—what group of 
actuaries—could hope to predict with any degree 
of certainty how much is likely to be required to 
provide for the cost of unemployment over a trade 
cycle ? What is a trade cycle? Have the com- 
mittee, in setting 5d. as the limit of a worker’s 
contribution, taken into account the fact that he 
may be thrown upon the unemployment fund, not 
because he is party to a trade dispute, but merely 
because he is deprived of work by some such event 
as the coal dispute of 1926? As the committee 
point out, that calamity caused an increase in the 
deficit of the unemployment fund from 7,100,0001. 
in April to over 21,000,000/. in December, 1926. 

We often heard, several years ago, the cry of 
“9d. for 4d.” in relation to National Health 
Insurance. It was a mere slogan; one of those 
high-sounding phrases which, to use a racing 
metaphor, ‘‘ makes a good starter, but seldom passes 
the winning post.’’ Here, in this report, a prospect 
of complete indemnity against unemployment is 
held out for a sum which (normally) is not to 
exceed 1s. 3d. a week. Given a series of prosperous 
years it may be attained, but we doubt very much 
whether it will be sufficient to protect workers 
generally against the ordinary vicissitudes of un- 
employment. 

That actuarial calculation is a matter of difficulty 
is evidenced by the fact that the actuary who was 
consulted in 1911 had assumed 8-6 per cent. of 
unemployment over a cycle of years as the normal 
figure for certain special trades. In 1920 a lower 
rate was assumed because trades with a better 
record were included. In 1921, however, the pro- 
portion of unemployment was 14 per cent. in the 
insured industries, a proportion which dropped to 
10 per cent. in 1924 and rose to 11 per cent. in 1925. 

Certain figures given by the committee indicate 
the magnitude of the problem. According to a 
summary in The Times, it appears that up to July 1 
1926, the total sum paid into the fund by employers, 
and employees since 1912 was 202,775,0001. ; 
that paid by the Exchequer was 70,454,000/. In 
1925-26 the Exchequer contributed 13,002,000/., 
and the employers and workers jointly 33,867,000/. 
These enormous sums notwithstanding, the unem- 
ployment fund is (as we have already seen) in debt 
to the tune of twenty-one millions. 

In order, apparently, to improve the chance of 
making the scheme self-supporting, the committee 


weekly rates are proposed :— 

8. 
Men nae ae noe ee “eae 
Women ... <a ae a2 seen 
Adult dependents (not more than one 

for any insured contributor) 

Dependent children under 14 
Young men (18-21) 
Young women (18-21)... 
Boys (16-18) ; 
Girls (16-18) aie aa 

It should be mentioned, too, that with a view 
to meeting the deficit on the existing scheme, the 
weekly rate of contribution of each worker should 
be increased, roughly speaking, by 1d. in the case 
of adults and 4d. in the case of minors. 

We anticipate that these proposed reductions 
in benefit will be approved by large numbers of 
people. and they will certainly tend to make it 
possible for the whole system of unemployment 
insurance to be self-supporting. There is a strong 
suspicion abroad—and its presence is hinted at by 
the committee in No. 2 of the “ conditions ” already 
referred to—that the payments are at present 
sufficiently large to encourage idleness. 

There is another very general opinion which the 
report of the committee will do something to allay. 
We refer to the commonly accepted view that large 
numbers of persons are receiving out-of-work benefit 
—generally described as the ‘“‘ dole ”—who are not 
entitled to it. It appears, however, from the report 
that cases in which relief has been granted to 
persons who are not entitled to it are relatively few, 
and it is pointed out that this is due to the care 
with which the Ministry of Labour guards against 
abuse. Nevertheless, it is somewhat startling to 
hear that in 1925 fraud was suspected in no less 
that 11,413 cases, prosecutions were initiated in 
1,964, and convictions were obtained in 1,844. 

Although (as the committee aver) these figures 
may be “almost negligible when contrasted with 
total claims running into millions,” why should there 
be over eleven thousand cases of suspected fraud ? 

Every one who has had anything to do with 
Courts of Referees can say without any reserve that 
so far these excellent tribunals, under their existing 
procedure, do everything that is possible to detect 
an improper claim. This court consists of an 
independent chairman, usually a member of the 
Bar, who is nominated by the Minister of Labour, 
a representative of employers and a representative 
of labour, who is often an official of a trade union. 
If a claim for benefit is disallowed at the Labour 
Exchange an insured person may appeal to the 
Court of Referees. No better tribunal could there 
be, and usually the representative of labour is 
certainly just as anxious to see that the fund is fairly 
administered as the other two members of the 
court. But this tribunal is hampered in its proce- 
dure by two rules. In the first place, it has no 
power to take evidence on oath; and, in the second 
place, it must sit in private. A chairman of a 
Court of referees was once heard to say: “An 
applicant for benefit made a long statement to us. 
When asked if he would repeat that on oath, he 
said emphatically, ‘No.’” Seeing that public 
money is being expended on unemployment benefit, 
not in thousand of pounds, but in millions, it 
would not be too much to ask that those who are 
demanding it should be ready to swear to the truth 
of their assertions. The committee make no 
recommendation on this point ; nor do they suggest 
that the inquiries should be held in public. It is 
this secrecy in the mere matter of procedure which 
is responsible for a large part of the suspicion which 
now surrounds the administration of unemploy- 
ment benefit, and it is surprising that the attention 
of the committee does not appear to have been 
drawn to this matter. But that they were aware of 
the existence of something more than discoverable 
fraud appears from the following paragraph in the 
report : ‘‘ There are latent in all compulsory schemes 
of unemployment insurance certain tendencies to 
abuse more subtle than those with which we have 
so far been dealing, and no system can claim to be 
completely satisfactory which does not by its 
corrective provisions succeed in neutralising these 
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Certain minor suggestions remain to be noticed. 
In the opinion of the committee there should be 
only one kind of benefit; ‘‘extended” benefit is 
not recommended. As the new scheme will start 
under a load of debt, the contributions must be 
raised in order to enable it to shoulder the burden. 
There ought to be an actuarial inquiry every five 
years, when necessary adjustments could be made, 

The committee also propose a fuller indication of 
the meaning of the condition “ genuinely seeking 
work but unable to obtain suitable employment,” 
and a modification of the existing provisions relating 
to the suitability of employment. There is only 
too much reason to believe that there are con- 
siderable numbers of unskilled workers who manage 
to keep body and soul together on the out-of-work 
benefit, and make no very serious attempt to obtain 
work. Again, the rule that a man is entitled to 
demand the kind of work to which he has been 
accustomed has been much too rigorously observed 
in the past. As the committee point out elsewhere 
in their report, “‘ specialisation ” is the root cause of 
unemployment. 

To conclude, it is apparent from a perusal of the 
report that the committee are of opinion that an 
attempt to devise and make effective a scheme of 
insurance against unemployment must be accom- 
panied by the taking of every possible step to 
reduce the evil against which it is desired to insure. 
They believe that the scheme they have recom- 
mended will be of practical value to the insured 
persons when they are unemployed and advanta- 
geous, not to them only, but to the employer and 
the State.” 








RIVER POLLUTION. 


As the population of a country grows, and its 
industries develop, continually increasing demands 
are made upon its water resources. The risk that 
certain of these resources, rivers especially, may 
be polluted also increases. Considerable care is, 
therefore, necessary to ensure not only that no 
pure water is wasted, but that no contamination 
from effluent, of water that might be otherwise 
utilisable, takes place. Dealing with the first 
part of this joint problem on the broadest lines 
the Water Power Resources Committee, in their 
second interim report, recommended the appoint- 
ment of a body, which should be charged with 
general control over the allocation of water. In 
so doing they followed the example of many other 
similar bodies, and are followed in turn by a 
Joint Committee of the British Waterworks 
Association and the Salmon and Trout Association. 
This committee is, however, at the moment mainly 
concerned with the pollution of rivers, and the case 
which they presented when they were received by 
Lord Balfour and the Ministers of Health and 
Agriculture on Tuesday last is set out in a memo- 
randum, which carefully reviews the existing position 
from that point of view. 

In this document it is pointed out that the 
pollution of the rivers of England and Wales is pro- 
gressive, and that the longer action is delayed 
the more difficult and expensive will be the 
remedy. As stated in the third report of the 
Standing Committee on Rivers Pollution, the 
problem is complex, partly owing to the number 
of interests involved and partly owing to the lack 
of scientific knowledge necessary for defining a 
method of dealing with a particular effluent. This 
“rowing impurity of our rivers not only sets up 
Insanitary conditions, but rules out numerous 
potential sources of water supply. This is 
important; for, as the memorandum remarks, 
water authorities will have in future to rely more 
largely on river water supplies, which have 
hitherto been unutilised owing to the existence of 
pollution. The reason for this obviously is our 
growing population; the increasing amount of 
water consumed per inhabitant for a variety of 
Purposes ; and, finally, the development of 
incustry. 

To remedy this state of affairs the Joint Com- 
mittee have no very original solution to offer. 
As we have said, they suggest the establishment 
of some central control in the form not of a new 
sovernment department, but of an authority 





which will consider all river problems from a 
national, not a departmental, point of view. But 
rivers form only a part of our water resources. 
If such a central body is necessary (and of that 
there is little doubt) it will, therefore, only attain 
its maximum usefulness by being given the widest 
possible scope. 

This point was duly emphasised by Lord Balfour 
who, in his reply, assured the deputation that the 
Government felt very acutely all the evils that 
had been dwelt upon, and would favourably 
consider any scheme which would help to solve 
the problems raised. Everybody, he continued, 
admitted that the remedy lay in the establishment 
of a central body, but there was no general agree- 
ment regarding the precise powers that body 
should have, or what relationship it was to bear 
to existing organisations. He thought that those 
who stated that such a body would require neither 
money or fresh legislation were rather sanguine, 
and he was not sure that the machinery suggested 
for increasing the number of river boards would be 
adequate to provide more water for domestic 
purposes. Co-ordination and advice was not all 
that was required. It was absolutely necessary 
to set the best scientific brains in the country 
to work upon the whole problem of pollution. 
That the Government was anxious to do, both by 
making use of existing knowledge and by employing 
the whole machinery of scientific research. Science 
was the only path along which we could issue 
from the present apparent impasse. But the path 
was not a short one. For scientific research 
meant not only laboratory, but full-scale manu- 
facturing experiments, and for that the co-operation 
of interests most nearly affected might be needed. 
This is all impeccable. It now remains for the 
Government to translate this statement of policy into 
action, a step which we trust may be early taken. 





NOTE. 
ELECTRICAL PROGRESS. 

THE inauguration of a public telephone service 
between this country and the United States marks 
a very definite step in the progress of electrical 
science and in its application. To those familiar 
with the development of wireless transmission 
over recent years, this latest step was not un- 
expected but, as the Prince of Wales said at the 
annual dinner of the Institution of Electrical 
Engineers on the 10th inst., it is surprising how 
calmly it has been received by the general public. 
He compared the present attitude with the excite- 
ment aroused by the opening of the first Trans- 
atlantic telegraph cable. It may be that, in these 
days of crystal sets and loud speakers, the general 
public considers that it knows all about wireless 
telephony, and certainly Transatlantic telephony 
has not come to the non-technical world with quite 
the unexpected revelation of Transatlantic tele- 
graphy. With the entry of scientific applications 
of various kinds into every sphere of daily life, this 
formless notion on the part of the lay public that 
it knows all about technical subjects, of which, in 
fact, it knows nothing, may be expected to grow. 
It is, however, not to be commended. In too many 
directions a rechauffé of technical terms and ill- 
digested ideas is being put forward for educationa! 
and allied purposes, and an important part of the 
growing generation is being led to suppose that any 
subject may be mastered in some twelve, or twenty- 
four, chatty lessons. One of the great defences 
against this type of superficiality lies in the great 
technical institutions of which, in its own field, the 
Institution of Electrical Engineers stands at the 
head. The nature of the proceedings and the 
quality of the membership of this institution are 
guarantee that it has ever in sight the high technical 
accomplishments that are now necessary for advance 
in any sphere of scientific work. It is, however, 
well to be reminded at times of, as the Prince of Wales 
expressed it, the amount of hard work and brain 
power expended in carrying forward the develop- 
ment of such an activity as electrical engineering. 
That this country is taking a leading place in that 
sphere is happily illustrated by the progress it is 
making in electrical manufacturing. The whole 
position was analysed in our article of January 14 





last, but the matter was strikingly put by Dr. 
Eccles, the President, at the dinner, when he stated 
that this country last year obtained overseas 
orders to the extent of 20,000,000. This satis- 
factory position is not a little due to an underlying 
sound technical body of knowledge which the 
Institution of Electrical Engineers has done much 
to help to create. 





THE ELECTRICAL RESEARCH 
ASSOCIATION. 


ALTHOUGH the importance of research is now being 
realised to a greater extent than was formerly the 
case in many industries, there is none in which it is of 
more obvious value than the electrical-engineering 
industry, which is based entirely upon the applications 
of physical science. In the past, investigations of 
fundamental importance to industry have been carried 
out by individuals, and doubtless this will continue to 
be the case in the future, although the number and 
character of the problems now confronting industry 
are, in general, too great to be solved by individual 
effort. Many private firms, of course, carry on 
research work on an extensive scale, the results of 
which eventually benefit industry as a whole, but 
apart from this there is obviously a distinct need for 
co-operation in research in order to avoid overlapping, 
to distribute the costs and to enable the results to 
be applied generally with the minimum of delay. 
Such an organisation was formed, for the electrical 
industry, some years ago, under the name of the 
British Electrical and Allied Industries Research 
Association, and the sixth annual report of this body 
has just been issued. 

At a luncheon following the annual general meeting 
on Friday last, the 11th instant, Dr. W. H. Eccles, in 
proposing the toast of “The Association,” pointed out 
that the objects of research were to improve existing 
products and to lead to new inventions. He also 
referred to the fact that many of the inventions in use 
in this country had had to be purchased from abroad, 
so that a large revenue had to be paid to foreigners, 
in some cases for inventions which had originated 
here. In supporting the toast, Mr. Ll. B. Atkinson 
mentioned the valuable work carried on in the National 
Physical Laboratory, urging the need for the fullest 
financial support for this work, while, in responding, 
the new president, Mr. W. B. Woodhouse, referred to 
the necessity for greater support for the work of 
the Association, which, he said, was only limited by 
the funds available. The support of the Overseas 
Dominions in research, he added, would be welcome. 

From the report we gather that the ordinary members 
of the Association now represent about 85 per cent. of 
the capital employed in manufacture in the industry, 
while the associate members, representing the electric 
supply section of the industry, are responsible for about 
half the total output in this country. The work of the 
Association is divided into a large number of sections 
and sub-sections, covering such subjects as dielectrics 
in general, fibrous and other insulating materials, syn- 
thetic resins, insulating coils, cables, control apparatus, 
turbines and condensers, materials, primary cells and 
many others. An outline of the work of each section 
is given in the report, and, although our space will not 
permit us to refer to all of these, we may mention that 
the work on insulating materials has resulted in the 
preparation of a number of proposals for standard 
purchasing specifications which were urgently needed. 
The investigations into the nature of the breakdown 
of insulation and into the methods of measuring the 
properties of insulating materials are stated to show 
great promise. Researches on circuit breakers have 
also yielded useful results. One series of experiments, 
to which reference is made in the report, has shown 
that by using devices incorporating features based on 
previous research work, a considerable reduction in the 
energy released on opening heavy circuits and a corres- 
ponding reduction in the stresses produced, can be 
effected. Three reports have been issued during the year 
as a result of the work on steam and steam turbines, 
and reference to these has already been made in our 
columns. An account of Professor Callendar’s work 
on the total heat of steam was given in a series of 
lectures before the Royal Society of Arts, which were 
reported on pages 649, 681, and 712 of our last volume, 
while, on page 505 of volume cxxi, a reference was 
made to the Mollier chart and heat-drop tables issued 
by the Association. ; 

With regard to the application of research work, it 
is interesting to note that efforts are being made to 
ensure that the intended results are actually obtained 
in practice, and until it has been ascertained that this 
is the case the work on any particular subject is not 
now regarded as completed. The report concludes 
by pointing out that the present income of the Associa- 
tion is only just sufficient for the minimum scale of 
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working, so that, for financial reasons only, many 
promising programmes have had to be deferred inde- 
finitely. 

In view of the diminishing contributions from the 
Department of Scientific and Industrial Research, 
efforts must, in fact, be made to increase the Associ- 
ation’s income in order to continue operations on the 
present restricted scale. 





LETTERS TO THE EDITOR. 


CO, RECORDING IN FLUE GASES 
FROM OIL-FIRED FURNACES. 


To THE Eprror oF ENGINEERING. 

Sir,—With reference to the article on “‘ Laidlaw 
and Drew Oil-Fuel Burners” in ENGINEERING dated 
February 4, may I be permitted to draw attention to 
@ passage in the last paragraph, which states “ In 
another installation of Thompson boilers . . 
the CO, content of the flue gas was given as 16 per 
cent.” Previously the same paragraph gives results 
from Babcock and Wilcox boilers “using Anglo- 
Persian furnace oil with a calorific value of 19,500 
B.Th.U./lb.” It does not, however, state whether the 
same oil was used on the John Thompson boilers. 

Figures as high as this for CO, claimed for oil-fired 
furnaces are frequently met with, and there appears 
to be a popular belief that CO, values for hydrocarbon- 
oil fired furnaces are comparable with those obtainable 
from coal. If a standard Persian fuel oil was actually 
used, a figure of 16 per cent. CO, is theoretically just 
not possible, even if the air supply were the theoretical 
minimum and all the available oxygen were burnt 
out of it. In the best practice, there would actually 
be 20 to 30 per cent. excess air. 

The following is an analysis of ordinary Persian 
oil fuel :— 

Per cent. 


Carbon . 86-2 by weight, which at atomic weight 
12 gives 7-2 atoms C. 

Hydrogen .... 12-4 by weight, which at atomic weight 
1 gives 12-4 atoms H. 

Oxygen 0-1 by weight, which at atomic weight 


8 gives 0-012 atom O. 
1-3 by weight, which at atomic weight 
16 gives 0-08 atom S. 


Remainder 

(sulphur) 

100 per cent. 

The composition of the oil, neglecting sulphur and 
oxygen, is in the proportion 72 C.: 124 H. 

The amount of CO, possible is calculated then as 
follows :— 

Burn 72 C and 124 H completely as follows :— 
72C +720, 72 CO, 
(72 vols). (72 vols). 
62H, +310, = 62 H,O 
(31 vols). (62 vols). 
Hence O, burnt out of air = 72 “4+ 31 = 103 vols. 

Since O, represents 21 per cent. by vol. of air, the 
proportion of nitrogen and other inert gases is 79 
per cent. 

i.e., nitrogen to correspond with 103 vols. 
of O, is =x assah codeochacsb3<sasers Sea meen RIS 


21 


.*. Total vol. of air required ................ = 490'vols. 





CO,= 72 vols. 
H,O0 = 62 vols. 
N,, &c. = 387 vols. 


After combustion we have :— 


Total 


If the ordinary Orsat apparatus is used 
for volumetric determination at atmo- 
spheric temperature, the H,O condenses 
and drops out in the Orsat, i.e., deduct 


521 vols. 





for H,O dropped out oon. 62 
.*. Net vol. gases tested In Orsat ................ 459 vols. 
And amount. CO, possible in these 459 
ne, eR TA. REG MELTS UE 72 vols 
.*. Percentage of CO, possible in dry flue 
_ 72 x 100 ee 
gases = —F5 .. = 15-69 per cent. 


Unless some special oil containing many unsaturated 
compounds and very little hydrogen was used, it would 
seem that the high values obtained were due to 
inaccuracy of measurement. In many apparatus in 
practice, the temperature is not recorded or kept 
constant, and a volumetric difference of 0-376 per cent. 
would be caused by 1 deg. C. temperature difference. 

To compare with good coal-furnace records, about 
75 per cent. of the theoretically possible figure should 
be considered a very good CO, reading. This would 
give between 11 and 12 per cent. actual CO, with an 


.| what an opportunity is passing (if, alas! it has not 


*|the other flank facing Parliament-square, which at 


ordinary Persian fuel oil. A cooling of the vapours 
in the instrument of only 12 deg. C. would be quite 
sufficient to raise this figure to 16. Generally speaking, 
any figure so high as this should be looked upon as 
open to question, and carefully investigated for in- 
accuracy in methods of measurement. It would, I 
think, be of general interest to know whether careful 
temperature corrections were made to obtain the 
figure of 16 per cent. quoted, or whether any special 
oil was used. 
Yours faithfully, 
R. Rotieston WEstT, 
D.S.0., B.A., A.M.I.C.E. 
9, Queen’s-gate-gardens, S.W.7, 
February 11, 1927. 





AN ENGINEERING CENTRE 


To tHE EpiTor oF ENGINEERING. 
Srr,—I wonder if the engineering profession realises 


already passed) of concentrating the headquarters 
of its national societies in the historic home of engineer- 
ing in Great George-street. 

On the one hand, Messrs. Armstrong, Whitworth’s 
offices are being demolished, leaving only the old house 
No. 11 standing between the buildings of the Institution 
of Civil Engineers and the Surveyors’ Institution. On 
the other hand the Institution of Electrical Engineers, 
far down on the Embankment, away from the haunts 
of engineers, are being pressed by their precocious 
tenant, the British Broadcasting Corporation, for more 
and more room, and the time is not distant when the 
phenomenal growth of broadcasting would justify the 
B.B.C. in making an offer for the whole building. 

What an opportunity for the electrical engineers 

to come back to Westminster into a building of their 
own. We should then have in line the electrical 
engineers, the civil engineers, and the mechanical 
engineers, the parent engineering institution being 
appropriately in the centre. 
The three buildings could be interconnected, and 
used practically as one great national engineering 
headquarters, with many of the advantages and all 
the prestige which the national societies of America 
derive from concentration under one roof. Although, 
owing to the financial stringency of the times, the 
Institution of Civil Engineers has recently had its 
lease of No. 1, Great George-street slightly extended, 
no doubt this will be pulled. down in time, the institu- 
tion building completed, and one may hope, connected 
with the mechanical engineers by a bridge thrown 
across Princes-street and/or by a subway between 
the lower ground floors of each building. We should 
then have (if No. 11 could be acquired) a complete 
range of handsome headquarters of closely allied 
professional bodies extending from Little George- 
street to Storey’s-gate. 

The secretaries, councils and committees would be 
in close touch with one another, the meeting rooms of 
all would be contiguous and available for conferences 
and joint gatherings, and (an important point) the 
respective libraries would be closely adjoined and 
might be administered on some co-operative plan. 
Not only would the individual societies and their 
respective memberships benefit by physical juxta- 
position, but the engineering profession as a whole 
would be strengthened and its public prestige enhanced. 
That closer co-operation between these great institu- 
tions, which is so desirable both in the interests of the 
profession as a whole and in the wider public interest, 
would receive a fresh impetus, and the Engineering 
Joint Council, with a united profession behind it, 
organised in strong individual societies, might one day 
speak with authority on behalf of all qualified profes- 
sional engineers as the governing bodies of the older 
professions speak to-day. 

This, however, :is looking to the future. Returning 
to Great George-street, even further developments 
are possible. The Stationery Office still occupies its 
old building behind the Institution of Civil Engineers, 
its departure being postponed by post-war economy. 
One day that site, or part of it, may also become 
available ; or there is the magnificent island site on 


one time, long before the war, the Institution of Civil 
Engineers thought of acquiring, but unfortunately 
did not. There are possibilities at least, which should 
be watched, for the other engineering societies to 
acquire accommodation on this splendid site; the 
Naval Architects, the Municipal and County Engineers, 
the Iron and Steel Institute, and others; and not only 
the societies, but also such bodies as the B.E.S.A., 
and the B.E.A., and then the Engineers’ Club might 
be induced to move from Coventry-street. One large 
office building, with a common meeting room, and the 
club on the top floor (as in New York) might serve 
all these other bodies, and be within reach of their 
joint resources. 





All this may be dismissed as visionary, but is not the 
vision realisable in stone and steel if only the common 
driving force were present? If we had a Carnegie 
or other enlightened millionaire, it would be possible 
even now, given the true spirit of co-operation in the 
engineering profession, to translate the vision into 
solid fact. 

But must we wait for a millionaire ? These are 
admittedly hard times in the engineering profession 
and industry, and to put forward now, in the days of 
our adversity, what some might term a grandiose 
scheme, would be nearly as courageous and as question- 
able as Wembley. But there is a great future yet 
before this country, and especially before that basic 
factor in modern civilisation, the engineer. Here is an 
incomparable site, which deserves to be developed 
architecturally as a whole in a manner worthy of its 
position at the administrative heart of the Empire. 
The whole of the other side has been transformed by 
the administrative buildings of the Government, and 
the island site behind Great George-street enriched 
by the Middlesex Guildhall; the south side might, and 
of historic right should, be the home of the engineering 
and allied professions. Is not this great synthesis 
worth, not only the sustained effort and self sacrifice 
of the engineering profession and industry, but also 
(as would surely be the case in other countries) the 
support and authority of the State ? 

Yours faithfully, 
** Assoc.Inst.C.K.” 

Great George-street, 8.W.1, February 14, 1927. 





THE DESIGN OF HIGH-SPEED 
ECONOMISERS. 
To THE EprtTor oF ENGINEERING. 


Srr,—In a letter published in your issue of February 4, 
Mr. Arthur Rényi refers to my article on ‘‘ The Design 
of High-Speed Economisers,” which you published 
recently. Mr. Rényi offers no criticism of the methods 
which I proposed but gives an alternative method, the 
possible error of which he states does not exceed 2 or 
3 per cent. While this may be true of certain older 
types of economisers, Mr. Rényi’s method would 
appear to possess sources of error much larger than 
the above if applied to the design of high-speed eco- 
nomisers. 

I would refer specifically to the formula for the co- 
efficient of heat transmission. Without being con- 
cerned with units, this is given as being proportional 
to a constant plus a further constant multiplied by the 
square root of the velocity, and is practically identical 
with that proposed by Hudson in 1890. The formula 
is purely empirical and has no physical basis, as with 
Reynolds law employed by the author. Dimen- 
sional reasoning alone shows that, with turbulent 
flow, the rate of heat transmission should vary directly 
as the velocity of the gases. An examination of the 
most accurate data* shows that the exponent of the 
velocity term is never so low as one-half, as in the 
Hudson formula, but is somewhat less than unity. 
With older types of economisers, the exponent may fall 
as low as 0-6, but it is only necessary to refer to tests 
of high-speed economisers to see that the exponent of 
the velocity term is practically unity over a wide range. 
Such test results are given in curves in the Prime 
Movers Committee’s 1923 Report to the National 
Electric Light Association of New York. In the 1926 
report, further proof of the linear law will be found, 
based on tests of two entirely different types of eco- 
nomisers used by the Cleveland Electric Illuminating 
Company, Ohio. ; 

There are further points which might be raised, but 
enough has been said to indicate that the design of a 
high-speed economiser calls for accurate data on the 
basic question of heat transfer, and it is clear that the 
Hudson formula will not fit the facts. 
I am, Sir, 
Yours faithfully, 
B. M. THORNTON. 
46, Winnington-lane, Northwich, Cheshire, 
February 14, 1927. 





THE Propuction oF Pia IRoN AND STEEL.—'hie 
National Federation of Iron and Steel Manufacturers, 
Caxton House (East), Tothill-street, London, 8.W.1, 
states that the number of blast-furnaces in operation 
at the end of January was 152. On the eve of the 
stoppage there were 147 furnaces in blast, and the 
number at the end of January, 1926, was 144. The 
production of pig iron during January amounted to 
434,600 tons; the figures for December and for April 
last were, respectively, 98,000 tons and 539,100 tons. 
The output of steel ingots and castings amounted to 
730,700 tons during January, compared with 319,300 tons 
during December and 661,000 tons during April. 


* Heat Transfer for Forced Flow of Air at Right Angles 
to Cylinders, EK. L. Chappell and W. A. McAdams. New 
York meeting, A.S.M.E., 1926, 
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THE LATE SIR GEORGE GREENHILL. 

Ir is with great regret that we have to record the 
death of Sir Alfred George Greenhill, F.R.S., who 
for many years was Professor of Mathematics at 
the Royal Artillery School, Woolwich. He was 
born on November 29, 1847, and was thus in his 
8lst year at the time of his death, which resulted 
from an accident on December 20 last, when Sir 
George was alighting from an omnibus. 

The subject of our memoir was educated at Christ’s 
Hospital, where he gained the Thompson mathe- 
matical gold medal, and at Cambridge, where he 
was placed second in the list of Wranglers in- 1870. 
In the previous year he had gained a Whitworth 
Scholarship, since the original scheme of the founder 
of this important benefaction provided for entries 
both from the shops and from the colleges. This 
plan had to be modified subsequently, because it 
led to scholarships being awarded to candidates 
who had no intention of following the profession 
of the engineer. In 1871 Greenhill was appointed 
Professor of Applied Mathematics at Cooper’s Hill, 
but found himself on uncomfortable terms with Sir 
George Chesney, the head of this institution, whose 
name was at one time very familiar as the author of 
the “‘ Battle of Dorking.” In consequence of this 
incompatibility of temperament, Greenhill returned 
to Cambridge, being awarded a Fellowship at 
Emmanuel in 1873, in which year also he acted as 
one of the examiners for the mathematical tripos. 

Later on he was appointed Professor of Mathe- 
matics at Woolwich, an appointment he held till 
compulsorily retired on his attainment of the 
age limit. In this connection attention may 
perhaps be drawn to the treatment he then 
received. Greenhill, in spite of his eminence as a 
mathematician, and the lustre thereby added both 
to the Woolwich school and to his country, was 
retired without a pension. 

At Woolwich he did much to develop the study 
of elliptic functions, probably impelled in this 
direction by questions of exterior ballistics. Early 
investigators of the flight of projectiles were prone 
to assume that the frictional resistance was a con- 
tinuous function of the velocity, and that it could 
be represented as simply proportional to a power of 
the speed. Experiment showed that the resistance 
increased distinctly faster than did the square 
of the velocity, and that over a considerable range 
it could be fairly well represented as proportional 
to the third power of the speed. In this case 
the mathematical discussion of the trajectory 
involves the use of elliptic functions. Whilst Green- 
hill’s studies may well have originated as above 
suggested, the same class of functions are involved 
in the mathematical discussion of gyroscopic actions. 
Whether, however, Greenhill took up his exhaustive 
study of the mathematical theory of the gyroscope, 
because of his prior study of elliptic functions or 
because of the fact that the shell from a rifled gun 
1S & gyroscope, we are unable to say, As the path 
of a projectile is curved, gyroscopic actions would 
lead to drift if the axis of the projectile remained 
tangent to the trajectory. Greenhill found, how- 
ever, that the drift then arising would be in the wrong 
direction, and the drift is now generally associated 
with the so-called Magnus effect, wliich was, how- 
ever, originally discovered and fully described by 
Robins in 1743. Some of the results reached in 
Greenhill’s study of the gyroscope were very 
beautifully illustrated by stereoscopic slides drawn 
by Mr. T. I, Dewar, of which a number were repro- 
duced in our columns.* Greenhill’s work on elliptic 
functions has hitherto found little or no application 
in engineering problems, but it seems possible that 
this may be altered by the relatively recent discovery 
that mathematical hydrodynamics can no longer 
be defined as the science which has no relationship 
to the motion of real fluids. The circulation theory 
of aeroplane support has effected a revolution in 
this regard, and we can now map out with some 
confidence the stream lines round an aeroplane 
wing. If, however, two or more wings are involved, 
the mapping of the stream lines necessitates the 
introduction of elliptic functions. 

_ The article on hydro-dynamics, which appeared 
in the ninth edition of the Encyclopedia Britannica, 





* See ENGINEERING, vol, Ixiv, page 311. 





was contributed by Greenhill, and was revised by 
him for the eleventh edition. 

Of more immediate practical interest was the 
paper he contributed to the Institute of Naval 
Architects in 1888, in which he explained a new 
theory of the screw propeller. Rankine’s theory was 
based on the supposition that the fluid passed 
through the propeller without change of pressure, 
save such as might be caused by the rotation of the 
race. Greenhill, on the other hand, suggested that 
the thrust was due to a change of pressure combined 
only with such sternward momentum as was neces- 
sary to equalise the axial and radial pressures. Both 
theories were merely mathematical, not physical, 
and were correspondingly little illuminative, 
although, by the use of empirical coefficients, 
Rankine’s served for many years as the basis of 
propeller design. To-day owing to the development 
of the Lanchester-Prandtl circulation theory, some 
progress has been made in determining the mechan- 
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ism by which the thrust is produced, and in view 
of the distinction between the Rankine and Green- 
hill theories, it is of interest to note that the 
lift of an aeroplane of infinite aspect ratio is half 


due to pressure, and half due to the downward | 


momentum developed. 

Sir George Greenhill also wrote on the whirling of 
shafts, contributing three articles to our columns 
on this subject in 1918, but his methods have so far 
been little followed in practice, because in the cases 
of most immediate interest, the shaft is generally 
far from uniform in diameter, and recourse is, there- 
fore generally had to the late Lord Rayleigh’s 
plan of equating the kinetic energy of a vibrating 
shaft, when the displacement is zero, to its potential 
energy when the displacement is a maximum. 

Sir George Greenhill was a notable defender of 
the use of engineering units in theoretical investi- 
gations, and a strong opponent of Prof. Perry’s slug. 
Much, of course, depends upon the kind of investiga- 
tion that may be in hand, but there is very much 
to be said for the general use of the C.G.S. system 
in original studies of any intricacy, since the danger 
of inadvertently using the term lb. with two 
different significations, is thus automatically 
avoided, and the final results are easily translated 
into the more familiar units. 

During the war, he contributed to our columns 
an article dealing with super range artillery,t which 
originated in the long-range bombardment of Paris 
by the Germans. Other contributions included an 
article (ENGINEERING, vol. cviii, page 720), dealing 
with the attraction of light towards the sun as 
evidenced by the famous eclipse expedition, organ- 





¢ See ENGINEERING, vol. cv, page 464, 


ised in 1919, to test Kinstein’s doctrine of Relativity, 
and in 1920, we published a series of articles by him 
on ‘Collision Dynamics.” Mention may also be 
made of a note on Echelon Waves, which he read at 
the Spring Meeting of the Institute of Naval Archi- 
tects, in 1916. 

Hefread and contributed many important papers 
to the more purely scientific institutions, and he 
was commissioned to direct the preparation of the 
table of Elliptic Functions, published by the Smith- 
sonian Institute. In 1885, he published a useful 
little treatise on ‘‘The Integral and Differential 
Calculus.” 

Though of a kindly, naturally courteous, dis- 
position, Greenhill was very shy and reserved, and 
became difficult of approach as he grew old. 
Independent in character and judgment he evaded 
criticisms and direct questions; the ordinary ‘‘ how 
do you do,” was one of the formalities he dis- 
liked, and he objected to being photographed. 
When he attended the British Association Meeting 
at Toronto in 1924, he insisted upon joining in the 
strenuous excursion across the Canadian Continent 
and he caused some anxiety to the officials of the 
Association. In his last years he was almost a 
recluse in his rooms in Staple Inn. 








THE LATE DR. J. R. ERSKINE- 
MURRAY. 

Dr. JaMES Rospert Erskine-Murray, F.R.S.E., 
who died at Portsmouth on Saturday, at the age of 58, 
played a considerable part in the development of wire- 
less communication, especially in its early days. After 
studying at Glasgow under Kelvin and at Cambridge 
under Sir J. J. Thomson he became experimental 
assistant to Mr. Marconi in 1898, and took part in 
the invention of many wireless telegraph devices. 
Subsequently he was for some years engaged in teaching 
and later, in conjunction with a lectureship at the Nor- 
thampton Institute, he took up consulting work in 
London, as a partner in the firm of Clarke, Forde, 
Taylor and Erskine-Murray. As an engineer who was 
independent of the numerous commercial enterprises 
which were developing wireless communication before 
the war, he played a useful part in investigating and 
ciearing up a number of problems, and was one of the 
earliest to deal with the important question of atmos- 
pherics. He was also the author of a well-written 
‘* Handbook of Wireless Telegraphy,” and of ‘‘ Wireless 
Telephones”; and was responsible, both for the 
translation of Ruhmers ‘ Wireless Telephony,” and 
for numerous articles on wireless and other subjects 
in the technical press. These included a valuable 
contribution on ‘‘ A Direct Experimental Method for 
the Determination of the Radiation Efficiency and 
Other Constants of a Wireless Transmitter,” which 
appeared in the “ Jahrbuch der Drahtlose Telegraphie.” 

In 1917, Dr. Erskine-Murray joined the R.N.V.R., 
and in the same year was given a commission as 
lieutenant-commander in the Royal Naval Air Service. 
Advantage was taken of his experience in wireless 
matters to place the investigation of numerous pro- 
blems, the solution of which was necessary for the 


‘prosecution of the war, under his charge. In 1918 


he became Director of Wireless Research and Design 
at the Air Ministry. He retained this position until 
1922, having in the meantime been promoted to major. 
Subsequently, he was appointed Experimental Engineer 
at H.M. Naval Signal School, Portsmouth, a position 
he held at the time of his death. 

Dr. Erskine-Murray was well-known as a lecturer. 
One of his most interesting efforts in this field took 
place shortly after the war, when he gave a demon- 
stration of communication by wireless telephony 
between an aeroplane in flight and the lecture theatre 
of the Institution of Electrical Engineers. This was 
a war-time development, which at the period was 
generally unknown to the public. 

Dr. Erskine-Murray was a Fellow of the Royal 
Society of Edinburgh, and of the Institute of Physics, 
and a member of the Institution of Electrical Engineers. 
He was also a past-president of the Wireless Society of 
London. 





THE LATE MR. JOSEPH HORNER. 


Ir is with great regret that we have to record the 
death of Mr. Joseph Horner, whose name is so familiar 
to many engineers from his contributions to technical 
literature. Mr. Joseph Gregory Horner died on the 
9th inst., at the age of 79, after only a short illness. 
His early education was obtained at the Bath Forum 
School, but at the age of 13 he was apprenticed to 





Messrs. Stothert and Pitt in that city, with whom he 
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served for the full term of seven years. He continued 
with the firm as a journeyman until he was 33 years of 
age, when he was promoted to foreman patternmaker. 

Subsequently he turned his attention to. technical 
literature, and for many years has been a valued 
contributor to ENGINEERING. He was the author of 
numerous works, including ‘‘ The Principles of Modern 
Pattern Making” and “ Practical Pattern Making,” 
“‘ Practical Ironfounding ” ‘‘ Smithing and Forging,” 
&c, compiling also an ‘‘ Encyclopedia of Practical 
Engineering.”” He contributed also to the Encyclo- 
pedia Britannica. His contributions to our columns 
date back to 1897, when he wrote a series of articles on 
machine moulded wheels. This was followed by a 
series on die forging. Another long series, commencing 
in 1910, dealt exhaustively with foundry plant. On 
several occasions he wrote accounts for our pages of 
machine tools at exhibitions. This he first did in 
connection with an exhibition at Olympia in 1906. 
Subsequently he described the tools at the Franco- 
British Exhibition of 1908. Although latterly advanced 
to a considerable age, he kept in touch with develop- 
ments to the last, and only in our last volume the 
modern development of centreless grinding machines 
formed the subject of articles from his pen. Although 
his writing for ENGINEERING was confined mainly to 
tools and shop methods, Mr. Horner was a man of wide 
tastes followed as hobbies practical microscopy and 
astronomy. He was elected as an Associate Member 
to the Institution of Mechanical Engineers in 1895. 





ENGINEERING TRAINING AND 
EDUCATION. 


Apprentice Advancement Scheme.—As an incentive 
to apprentices to pursue technical studies, to keep good 
time, and to become efficient workmen, Messrs. Central 
Marine Engine Works, West Hartlepool, instituted, 
twenty-four years ago, an apprentice advancement 
scheme. Marks are allotted to each boy for success at 
science classes, and in workmanship, conduct, and time- 
keeping. The maximum number of marks obtainable 
during each year is 400, and apprentices gaining 276 
marks, and above, receive an increase in wages of Is. 
a week for the subsequent twelve months. Apprentices 
earning from 259 to 275 marks receive a weekly increase 
of 9d., and those gaining from 230 to 258 marks, 
6d. The results for the year ending December 31, 
1926, show that 49 per cent. of the total number of 
apprentices employed in the works have qualified for 
the awards. This percentage is an improvement on 
the preceding year and is the highest recorded. Two 
of the apprentices gained the maximum number of 
marks—namely, 400—and four others earned 300 
marks and over. An analysis of the awards shows 
that 13 per cent. of the apprentices will receive the 
maximum increase in wages, 6 per cent. will receive a 
weekly increase of 9d., and 30 per cent. an increase of 





Faraday and Maxwell Scholarships.—The annual 
examinations for the Faraday Scholarship of 50 
guineas per annum, tenable for two years in College 
and one year in a manufacturing works, and for the 
Maxwell Scholarship of 50 guineas per annum, tenable 
for one year in College and one year in a works, will 
be held at Faraday House, on April 5, 6 and 7, next. 
Exhibitions may also be awarded to candidates who 
acquit themselves creditably in the examinations, but 
who do not obiain the necessary number of marks to 
qualify for either of the scholarships. The subjects of 
examination for the Faraday Scholarship are geometry, 
algebra, trigonometry, dynamics, statics and hydro- 
statics, geometrical and freehand drawing, chemistry 
and physics. For the Maxwell Scholarship the subjects 
are mathematics, dynamics, statics and hydrostatics. 
Further particulars may be obtained from the Secretary 
Faraday House, 62-70, Southampton Row, London, 
W.C.1. 

Institute of Transport Examinations.—The Council 
of the Institute of Transport informs us that the 
Institute examinations will be held in London and 
in certain provincial centres on April 28, 29 and 30 
next. Candidates are reminded that the latest date 
for the receipt of completed application forms is 
March 1. These forms may be obtained from the 
Secretary of the Institute, 15, Savoy-street, London, 
W.C.2. 

Henry Saxon Snell Prize.—Founded to encourage 
improvements in the construction or adaptation of 
sanitary appliances, the Henry Saxon Snell prize is 
to be awarded by the Council of the Royal Sanitary 
Institute at intervals of three years. The prize for 
1927 will consist of 50 guineas and the Medal of the 
Institute; it is offered for an essay on “ Sanitary 
Accommodation, Appliances and Fittings, for Hotels 


and Flats, with Suggestions as to Proper Placing, 
Arrangement, Ventilation and Lighting, particularly 
where there are no External Walls in which Windows 
can be Placed.” Essays, which should not consist 
of more than 5,000 words, must be delivered on or 
before September 30 next, addressed to the secretary 
of the Royal Sanitary Institute, 90, Buckingham 
Palace-road, London, 8.W.1, from whom full particulars 
may be obtained. 








THE MARAMSILLI RESERVOIR 


AUTOMATIC SYPHON SPILLWAY.* 
By Powys Davis, Assoc.M.Inst.C.E. 

THE Maramsilli storage-reservoir in the Raipur District 
of the Central Provinces, India, which has a capacity of 
about 5,800 million cub. ft., was built to provide 
supplementary storage in connection with the Mahanadi 
canal irrigation project. This scheme comprises a 
diversion weir and under-sluices, the Maramsilli 
storage-reservoir with its syphon spillway, a main canal 
about 80 miles in length with a capacity of 3,000 cusecs 
at its head, and the usual complement of branch canals 
and distributaries. 

The headworks of the scheme, which is expected to 
irrigate about 300,000 acres of rice when fully developed, 
were completed in 1914, and the canal has been partially 
opened for irrigation since that year, though the 
distribution system has not yet been fully completed. 
The primary object of the scheme is the protection of 
the existing rice crop from the vicissitudes of the 
monsoon rainfall in ordinary years—not only against 
shortage of rainfall, but even more against its uneven 
distribution. 

The Mahanadi river, from which the canal derives its 
supplies, is entirely rain-fed, and, as the catchment- 
area above the headworks is only about 1,429 square 
miles, the discharge of the river decreases rapidly after 
the cessation of rain, so that supplementary storage is 
necessary to keep the canal running at full supply 
during breaks in the monsoon. The Maramsilli 
reservoir is situated on one of the tributaries of the 
main river above the canal headworks. 

Construction of the reservoir was begun in 1915 
immediately after the completion of the headworks, 
but work was stopped after a few months, mainly for 
reasons connected with the war. 

The dam is an earthen one, and the difficulties in the 
way of accelerating the construction were unusually 
great, owing to the material for the hearting having 
to be conveyed from a distance of several miles. When, 
at the beginning of 1921, the author was placed in 
administrative charge of the Circle in which the 
Maramsilli reservoir was situated, it seemed to him 
that the adoption of a syphon spillway in place of the 
ordinary overflow type offered a reasonable prospect of 
reducing the remaining period of construction by two 
years, owing to the substantial reduction it was possible 
to make in the height of the dam for the same capacity. 
Work on these lines was begun in October, 1921, the 
syphons and reservoir being sufficiently completed to 
enable the latter to fill by June, 1923. 

In very small syphons there is no great difference 
between the priming depth with and without the 
sealing cistern, but, as the size of syphon increases, the 
priming depth for an open outlet becomes comparatively 
large. Such syphons, therefore, cannot be used for 
close regulation of water-level, and, if the size of the 
syphon is substantial, much of the saving in flood lift 
is lost. This difficulty has been solved in the Maram- 
silli reservoir designs by a priming device consisting of 
an auxiliary or ‘ baby”? syphon constructed in the 
crest of the main syphon, which performs the dual role 
of rapidly evacuating the air and interposing a powerful 
jet of water moving at a high velocity across the outlet 
of the syphon, thereby preventing the return of air into 
the syphon-barrel during the earlier stages of priming. 
The flood discharge to be dealt with in the Maramsilli 
design, however, exceeded 40,000 cub. ft. per second. 

The Maramsilli syphons, as finally built, consist of 
28 syphon units built according to type A (Fig. 1) 
and six units built according to type B (Fig. 2). The 
horizontal sections BB and DD show the effective 
area of the syphons used in computing the discharge. 
The construction is of reinforced concrete, and the 
units are divided into seven batteries of four syphons 
each in the case of type A, and two batteries of three 
syphons each in the case of type B, the latter being 
placed at the flanks. The syphons are situated at 
the right flank of the reservoir, the surplus water 
discharging into the main river about } mile below 
the dam. The right flank of the syphons rests on 
the hillside, and the left flank abuts directly on to 
the main (earthen) dam of the reservoir. The syphons 
discharge into a short concrete flume, which, in turn, 





* Abstract of a paper to be read before the Institution 





of Civil Engineers on Tuesday, February 22, 1927. 


discharges the water over a masonry fall having a 
20-ft. drop. ” 

As originally designed the syphons were of the 
A type, but with sealing cisterns and a plain crest 
of a type suitable for use with the latter. In order 
to reduce the number of units and consequently the 
cost and the period of construction to a minimum, the 
author turned his attention to the devising of means 
whereby the efficiency could be improved. As a 
result the sealing cisterns were omitted, and priming 
was arranged for by means of a small syphon built 
into the crest of the main syphon, as shown in Fig, ], 
by which means a rise of 6 in. in the level of the water 
in the reservoir over that of the priming syphon-crest 
causes priming of the small syphon. The latter then 
projects a powerful jet across the outlet leg of the 
main syphon, which, striking the downstream face wall, 
falls vertically to the floor, thereby forming a screen 
across the exit, so that as air is carried out of the 
syphon-barrel by the falling water and a difference 
of pressure is created between the air inside the 
syphon and the air at atmospheric pressure outside it, 
the jet checks the passage of air back into the syphon 
and enables a difference of pressure to be maintained, 
The reduction of pressure inside the syphon causes the 
water in the syphon upstream of the crest to rise and 
fall over the main crest, thereby adding to the thickness 
of the jet and enabling an even greater difference of 
air pressure to be maintained. The action is pro- 
gressively intensified until the syphon becomes fully 
primed. The main crest is sloped so as to throw the 
water across the syphon and to avoid depressing the 
stream of the priming syphon away from the face wall 
during priming; the jet must strike the face wall at 
all stages of priming, otherwise air would enter the 
syphon barrel and cause an instant stoppage of the 
priming action. 

The mouth of the syphon is carried down several 
feet into the reservoir so as to prevent floating timber 
from entering the syphons. The sealing of the upstream 
side of the syphons is, however, only effected when the 
water rises above the air vent at full supply level; and 
conversely, when the water falls below that level, air 
enters the syphon and breaks the action. Similarly 
an air vent is provided in the priming syphon hood at, 
or preferably slightly above, the level of the vent of 
the main syphon. A baffle wall is provided in front 
of the main air vent to minimise the effect of wave 
action and thereby maintain still water at the vent 
while the syphon is working. Special additional air 
vents, closed by a cast-iron door, are provided at a 
higher level so as to make it possible to throw any 
syphon out of action at any time, the primary object 
being to control the scouring of the channel below the 
fall during the first years of working. 

Investigations with models showed that the loss of 
head in the upper bend of these syphons was very 
considerable, and, to reduce this loss, type B was 
evolved (Fig. 2), with the upper bend designed to give 
a@ minimum loss. They design of the priming syphon 
was also considerably improved to give a much greater 
discharge, since subsequent experiments indicated that 
the discharge of the priming syphon in the A type 
would probably be rather less than that required to 
prime the syphon at the desired level. Construction of 
the spillway had proceeded too far to permit of a 
reduction in the most important source of loss, namely, 
the lower bend. 

The structure was sufficiently completed by June, 
1923, to pass the floods of that moonsoon, but the 
reservoir did not fill sufficiently to permit of tests 
under normal working conditions. The syphons are 
designed with their air vents at slightly different 
levels, so as to come into operation separately, and 
the water level rose in October, 1924, to within } in. 
or so of the top of the air vent of two of the B type 
priming syphons. The latter primed, but were appar- 
ently only discharging at about half their capacity. 
Their air vents were temporarily blocked to enable 
them to prime fully, and the main air vent of one of 
the syphons was similarly blocked. The main syphon 
then started to prime immediately the subsidiary 
air vent was closed, and it discharged at its maximum 
capacity in what appeared to be about 15 seconds, 
though the exact time was not recorded. The syphon 
was given a continuous running test for 34 hours, 
during which time the water level in the reservoir 
fell by about 7} in. 

This reduction in the water-level at the very end 
of the monsoon made it impossible to prime one of 
the A-type syphons under normal working conditions. 
The priming syphon of one of them, however, has had 
its air-vent similarly blocked and was running, but its 
discharge jet was insufficiently powerful to cause 
priming of the main syphon with the water in the 
reservoir well below crest-level of the main syphon. 
In order to enable most of the tests to be carried out, 
however, a temporary cistern was improvised on the 
downstream side, and the main syphon was successfully 
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primed by this means, the temporary cistern being 
removed for the subsequent tests. .This syphon was 
then run continuously for 424 hours, the main air vent 
having been temporarily closed for the purpose. 

In both of the syphons tested—that is, one of each 
type—small pipes were inserted in the walls at various 
places throughout the structure during construction in 
order to determine by piezometer tests the actual 
stresses operating in the various parts and to ascertain 
the losses of head with tolerable accuracy ; the observa- 
tions made are recorded in an appendix to the paper. 
These tests demonstrate the following propositions :— 

(1) The motion of the water round the bends approxi- 
mates to that in a free vortex, and the curve of velocities 
in a section taken normal to the direction of flow is 
hyperbolic. 

(2) The pressure in the outlet leg of a syphon changes 
its character as compared with atmospheric pressure 
from a suction to a positive pressure at such a level 
that the resulting static head above the outlet is the 
exact net sum of all the losses of head experienced down- 
stream of that point. And, conversely, the vertical 
distance between the water-level upstream of the syphon 
and the point within the outlet leg at which the pressure 
changes its character is the exact net sum of all the 
losses of head that occur upstream of that point. 

The discharges of the syphons were measured on a 
specially designed sharp-crested weir about a quarter of 
a mile below the syphons, and the results were worked 
out by Barnes’s exponential formula (foot-second 
units)— 

Q = 3-324 H1-49 19-93 (L + 2H)?-0, 

The weir was 268 ft. 7 in. long. 

Twenty-one of the 34 syphons came into successful 
operation during floods on July 9 to 12, 1925. 

A much larger flood occurred on August 15, 1925, 
during which 32 of the 34 syphons came into opera 
tion, whilst a third but smailer flood was experienced 
on September 7, 1925. 

The original design of the Maramsilli syphons followed 
the general lines found successful in Italy, where the 
syphons hitherto built, which were fitted with cisterns, 
appear to vary in efficiency from 39 to 41 per cent. 
Considerably higher efficiencies had apparently been 
attained elsewhere, cases of 60 and 70 per cent. 
efficiencies having been recorded, but these cases 
referred to syphons of comparatively small capacity. 

The modification of the original design, as in type A, 
by the omission of the sealing cistern and the adoption 
of the auxiliary syphon method of priming, results in an 
efficiency of 44 per cent. As redesigned in accordance 
with type B, the efficiency is approximately 53 per cent. 
The lower bend is responsible for the loss of 51 per cent. 
of the operating head. This was only realised when the 
foundations of the whole structure and much of the 
superstructure had been completed, and this rendered 
modification of the design in this respect out of the 
question. Even had it been possible, however, other 
considerations had to be taken into account, which 
made any such modification undesirable. As a matter 
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detail the efficiency obtainable with the Maramsilli 
A and B type syphons, modified by the necessary struc- 
tural alteration at the outlet to give a 45-degree bend 
in piace of the existing 90-degree bend, on the assump- 
tion that the relationship found by Professor Gibson 
for the loss in small elbows holds equally for large 
section bends of this nature. The efficiencv thus 
attainable is approximately 54 per cent. for the A type 
and 70 per cent. for the B type. 

The matter of efficiency of discharge has been some- 
what confused, in the case of many syphons hitherto 
built, by its computation on the sectional area at the 
throat of syphons in cases where the outlet leg has been 
flared like the draught-tubes of turbines. The priming 
syphon of type B is a case in point, its efficiency, 
calculated on the outlet section, being 45 per cent., 
whilst that at the throat section is 73 per cent. Con- 
siderably higher throat efficiencies than this, and not 
limited to 100 per cent., are attainable, and whilst 
experimenting with models the author obtained in 
one case an efficiency of 127 per cent. at the throat, 
though even this is not the limit attainable. 

The cost of the Maramsilli syphons was Rs. 6,91,000, 
or Rs. 18 per cusee for the total discharge of 38,200 
cusecs, which will be obtained from all the syphons 
acting under the normal operating head of 23 ft. These 
figures are unfortunately of little value as a guide to 
the probable cost of installations built elsewhere in 
normal circumstances. For reasons already stated, the 
importance of rapid completion of the reservoir over- 
rode all other considerations, including that of prime 
cost. The novel nature and the magnitude of the work 
—the first of its kind to be undertaken in India—were 
such as to call for not less than a preliminary year for 
the carrying out of experiments and the preparation 
of the detailed designs, and, in addition, a construction 
period of three seasons, if unnecessary duplication of 
the falsework for the superstructure was to be avoided. 

Actually, however, everything was compressed into 
a period of 27 months, and the superstructure of eight 
out of the nine batteries was constructed in 8 months, 
necessitating the employment of double the amount 
of falsework that would have been necessary in normal 
circumstances, this being one of the main items of 
cost. Construction was started, too, at a time when post: 
war prices had reached their zenith, the price of cement, 
in particular, being so high, that the actual average price 
of the cement used on this work (Rs. 87 per ton) was 
nearly two and a-half times the price quoted by the 
same company for a similar quantity a year after the 
work was completed. Labour costs, not unnaturally 
where work had to be rushed to this extent, were 
abnormally high, skilled labour being non-existent in 
the locality. In spite of the necessarily high cost of 
the work, however, it is of interest to note that the 
cost of the spillway was less than the estimated cost, 
at pre-war rates, of an alternative type of overflow 
spillway, allowing for the difference in the cost. 

Apart from the high cost, the design itself is anything 
but an economical one in the light of the knowledge 





of interest, the author has worked out in approximate 


now available, in that it provides for stresses substan- 
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tially in excess of those which, it is now apparent, 
actually occur. No account was taken, for example, 
of the undoubted fact that the motion of the water 
round the bends approximates to that in a free vortex. 
Mainly on this account, the suction load allowed for in 
the design at the crown of the type B siphon is 1,310 lb. 
per square foot, compared with the actual suction load 
of 800 lb. per square foot. In the absence of precise 
knowledge of the loads obtaining throughout the 
structure wide margins of safety were adopted. 





Heavy-O1t Enetve Locomotive Competition.—The 
representative, in Germany, of the Russian Government 
Department of Communications, Lietzenburger Strasse 
11, Berlin, W.15, informs us that the closing date of the 
competition for the design of a heavy-oil engine locomo- 
tive, organised in May last by the U.S.S.R. Govern- 
ment, has now been postponed until May 1, 1927. 





Steet Caisson ror Montevipro.—Messrs. Harland 
and Wolff, Limited, have completed, at their Govan 
shipyard, and delivered in sections on board the 
8.S. Lombardy, for shipment to Montevideo, a steel 
caisson for the Maua dry dock, to the order of the 
Montevideo Gas and Dry Dock Company, Limited. 
The caisson is 52 ft. 6 in. long, 4 ft. broad, and 26 ft. 3 in. 
deep, and is fitted with two floats on either side. Two 
sluices of 2 ft. diameter, for filling the dock, have been 
provided, together with a 12-in. valve in the bottom 
of the caisson. 





THe MANCHESTER ASSOCIATION OF ENGINEERS.—The 
seventieth annual dinner of the Manchester Association 
of Engineers was held at the Midland Hotel, Manchester, 
on Friday, January 14, the chair being taken by the 
President, Sir Benjamin Longbottom. The toast of 
“The Association”? was proposed by Mr. William 
Reavell, President of the Institution of Mechanical 
Engineers, who, after alluding to the work of the early 
local engineers, said he looked upon Manchester as a 
very sensitive trade barometer, as by its large export 
connection it responded quickly to foreign influences. 
He believed labour was beginning to doubt if the 
extremists had really its interests at heart, while the 
masters seemed to realise more clearly that they and their 
men were fighting in the same battalion. He referred 
to the freedom from shop restrictions in the United 
States, and thought it was thoroughly understood there 
that it was impossible to perfect the standard of life by 
destroying the means of living. Sir Benjamin Long- 
bottom, in the course of his reply, expressed the opinion 
that too many technical papers were now read before 
Societies. He thought more attention might be given 
to such subjects as workshop administration and the 
economic side of engineering. Engineers and work- 
men were too easily satisfied when there was work to 
do. It was easy enough to make work, but the chief 
difficulty was the disposal of finished goods, Alderman 
F. J. West, proposed ‘‘ Our Guests,’”’ in a speech full of 
humour. This toast was replied to by Sir Percy Wood- 
house, President of the Manchester Chamber of Com- 
merce, who said that everything pointed to a better 
year than 1926, but it was impossible to rush into a 
trade boom. Industrial peace meant industrial welfare, 
and both would come if trade could be kept free from 
outside interference. Mr. J. E. Lloyd Barnes, President 
of the Liverpool Engineering Society, also replied to this. 
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LABOUR NOTES. 
An editorial note in the February issue of the A.#.U. 
Monthly Journal suggests that the time has arrived 
when the question of an increase in wages to those 
engaged in the engineering industry should be revived. 
‘** We have on occasion,” the writer says, “ referred to 
the fact that sections of the industry have been for 
a considerable time past in a position to well afford an 
increase in wages to their workpeople, and now that the 
industry in general is showing a decided tendency 
towards improvement, we claim that this question should 
receive attention. In 1921, when the employers asked 
us to meet them for the purpose of considering the 
cost of production in relation to the state of trade and 
cost of living, their chairman informed us that the 
state of industry demanded that something should be 
done, and that the state of the country demanded that 
what was necessary to be done was not to be done and 
borne by any particular section of the community, but 
must be borne by all.” 





Editorial notes in the union’s principal official publi- 
cation are not necessarily official pronouncements ; but 
as the writer is an official, they are, obviously, not 
without some authority. What follows has, therefore, 
a certain degree of significance. ‘*‘ We are confident,” 
the writer of this note says, ‘“‘ most people will agree 
that the engineering workers have borne more than 
their share in this connection; not only have their 
wages been reduced very considerably, but short time 
and unemployment have told heavily upon our section. 
It appears to us that this would be a most opportune 
time for the engineering employers to intimate that 
they were prepared to make an offer of an increase in 
wages to their workpeople. This would have an im- 
portant bearing upon the relationship between em- 
ployer and employed, and would, in our opinion, be 
the best means of bringing about that which is the 
subject of discussion in the public Press at the present 
time, viz., Peace in industry.” 





In a note dealing with the Government’s proposed 
factory legislation, the editor expresses the opinion 
that strenuous opposition should be offered to the 
giving of permission for the working of overtime by 
women and young people. ‘In our view,” the writer 
says, ‘ overtime is bad for the worker, the employer, 
and the industry as a whole; it is costly, therefore, 
not economically sound, and certainly has a detri- 
mental effect upon the physique of employees. Again, 
in view of the huge army of unemployed, it would 
appear that there is a greater argument for restricting 
the provisions already granted in various industries, 
rather than making it easier for employers to increase 
the number of hours women and young persons can be 
called upon to labour.” 





In view of the alterations recently made in the rules 
of the Amalgamated Engineering Union, representa- 
tives of the Amalgamated Engineering Union and 
the Transport and General Workers Union have agreed 
to add the following to the agreement arrived at 
between the organisations on February 12, 1925 :—‘‘ It 
is hereby agreed (1) To foster and encourage the friendly 
relationship existing between the two unions; (2) 
That each union will decline the membership of persons 
who have previously been members of the other union 
unless sanctioned by this joint agreement ; (3) That if, 
in the opinion of either side of this joint committee, 
the organising activities of either union are likely to 
engender friction, a meeting of the joint committee be 
called at the earliest convenience to review the position ; 
(4) That the existing agreement between the two 
unions, dated February 12, 1925, shall continue in 
operation.” 





A letter on the subject of this supplementary agree- 
ment has been sent by the Amalgamated Engineering 
Union to its district delegates. In it the executive 
state that the agreement is intended to operate in 
such a way that if arrangements have to be reached 
with employers for grades of labour in which the 
Transport and General Workers have members, such 
negotiations shall be conducted jointly by repre- 
sentatives of the two unions. There is to be no 
poaching of each other’s members, and the Transport 
and General Workers’ Union will continue to refuse 
to accept men who have served an apprenticeship in 
the class catered for by the Amalgamated Engineering 
Union. Negotiations with the object of reaching 
agreements on similar lines have taken place with 
representatives of the United Society of Boiler-makers 
and Tron and Steel Shipbuilders, and the Shipwrights 
and Shipconstructors’ Association. The representatives 


of these organisations undertook to report to their 
respective executives “who would, in all probability, 
communicate their views later.” 


During January, the home branch membership of 
the Amalgamated Engineering Union decreased from 
200,021 to 196,842, and the colonial branch membership 
increased from 26,591 to 26,719. The number of 
members drawing sick benefit increased from 5,615 to 
6,435; the number of members drawing superannua- 
tion benefit decreased from 9,714 to 9,649, and the num- 
ber drawing donation benefit from 10,715 to 7,775. 
The total number of unemployed members decreased 
from 26,679 to 21,527—or 10-27 per cent. of the 
membership reckoned in the customary manner. 





According to the latest report of the United Pattern- 
makers’ Association, the membership is 11,276, and 
the total number of men signing the books, 1,163. 
The unemployed figures are appreciably lower than 
they have recently been—a point which Mr. Findlay, 
the general secretary, emphazises in his “‘ Remarks.” 
The improvement is, he says, welcome, and to none 
more than to the general officers. The overdraft, he 
adds, again demands attention. ‘‘Our excess of 
expenditure over income on the year is,” he says, 
* approximately 7,9001., which will bring the indebted- 
ness of our General Fund, when the yearly allocation 
of funds is made, up to about 26,0001. 





The Ministry of Labour states that on February 7, 
1927, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,303,500, of whom 1,027,900 were men, 37,600 boys, 
198,600 women, and 39,400 girls. Of the total number, 
71,900 men, 100 boys, and 1,000 women were “ persons 
normally in casual employment.” On January 31, 
1927, the number of unemployed persons was 1,331,543, 
of whom 1,050,127 were men, 38,163 boys, 202,968 
women, and 40,285 girls; and on February 9, 1926, 
it was 1,164,957, of whom 909,346 were men, 33,177 
boys, 186,945 women, and 35,489 girls. 





According to an authoritative statement issued in 
the beginning of the week, the dates upon which the 
disqualification for State unemployment payments 
ceased in the various mining districts were as follows :— 
Lancashire and Cheshire, November 29; Scotland, 
November 29 (in a very large number of cases the 
date was December 13); Northumberland, November 
29; Staffordshire and Warwick, November 29; 
Durham, December 1 and December 13 (about an equal 
number on each date); Wales, December 23; York- 
shire, December 1; and Cumberland, December 3. 





In the course of a report—which is shortly to be 
published—on industrial conditions in the United 
States, Mr. H. B. Butler, deputy director of the Inter- 
national Labour Office, says that almost every employer 
with whom he spoke emphasised his belief in the 
payment of high wages, both as being an incentive to 
production, and as creating a purchasing power among 
the workers which maintained prosperity. ‘It may 
be doubted, however,’ Mr. Butler goes on to say, 
‘*“whether wages would have reached their present 
level unless there had been a considerable shortage of 
labour. They [the employers] now have 
generally accepted the principle that it is good policy 
to avoid reducing wages, if possible, that piece rates 
for the same job should never be lowered, and that 
economies should be looked for in every other depart- 
ment before touching them. This in itself represents 
a change of emphasis which may become important 
when times of slack trade set in.” 





Mr. Butler does not share the view, which is largely 
held on this side of the Atlantic, that the level of 
American wages is uniformly high. The wages of 
skilled workers, especially in the organised trades, 
certainly reach very high figures—sometimes as much 
as 80 dols. a week—but unskilled workers, even in 
the prosperous trades, do not earn more than 20 dols. 
to 25 dols. a week. ‘‘In the less prosperous trades,” 
Mr. Butler says, “ such as textiles, wages are on a much 
lower level, particularly in the Southern States, where 
the women earn from 8 dols. to 15 dols. a week, and 
the average figure for common male labour is about 
30 cents an hour, or 16-20 dols. for a week of 54 hours. 
It has also to be remembered that, as a rule, the 
American worker has no State provision against 
unemployment, sickness, old age, or other industrial 
risks except accidents, and even as regards accidents 
there are five States which have as yet no workmen’s 
compensation laws . . an important factor in 
considering his general well-being and in estimating the 
real value of his wages.” 





The Blanesburgh Committee, which inquired into 
the working of the Unemployment Insurance Act, 
has reported unanimously in favour of the continuation 
of a compulsory scheme, but suggests a number of 
important alterations of the existing scheme. This 
subject is discussed elsewhere in this issue. 


The London District Secretary of the Amalgamated 
Engineering Union stated on Wednesday that the 
Engineering Trades Joint Committee had decided to 
recommend the District Committees of the various 
unions to make an application to the London employers 
for an advance of 3d. per hour—which was equivalent, 
he reckoned, to about 12s. per week. The recommenda. 
tion would, it was added, have to be considered by 
each District Committee before any application could 
go forward. 


The Ministry of Labour Gazette states that, follow- 
ing the usual seasonal decline immediately after 





Christmas, employment during January showed 
considerable improvement. There were further sub. 
stantial improvements in those industries which 


had been most affected by the stoppage in the coal- 
mining industry, notably in the iron and steel, iron- 
ore mining and tinplate industries, and also among 
workers at coke ovens and by-product works. General, 
marine and constructional engineering and shipbuilding 
showed reductions in the numbers unemployed, and a 
slight improvement also took place in the cotton and 
linen industries. In some other industries, however, 
such as building, the distributive trades, and certain 
food industries, the seasonal decline continued during 
January while there was also a slight falling-off in the 
wool textile industry. Among the workpeople (num- 
bering approximately 12,000,000) insured against 
unemployment under the Unemployment Insurance 
Acts in Great Britain and Northern Ireland, the 
percentage unemployed at January 24, 1927, was 12-1 
as compared with 11-9 at December 20, 1926, and 11 at 
January 25, 1926. If coal-mining is excluded at both 
dates the percentages for all other industries taken 
together show a reduction from 12-1 at December 20, 
1926, to 11-6 at January 24, 1927. 





Bermondsey Borough Council, on which there is a 
Labour majority, has been put into a difficult position 
by a section of the workers in its Electricity Depart- 
ment. A wireman’s mate, who was not a member of 
the Electrical Trades Union, was engaged by the 
Department, and the expectation was that, following 
the usual arrangement, he would be allowed seven days 
in which to make arrangements to join a union. The 
E.T.U. men, however, declined to act in accordance 
with any understanding of the kind and insisted that 
the man’s services should be dispensed with at once. 
On the Department refusing to discharge the worker, 
the others, to the number of about 40, struck, and at 
the time of writing are still idle—apparently with the 
consent of their union. The aim of the strikers seems 
to be to close the Bermondsey Electricity Department 
to all workers who are not members of the Electrical 
Trades Union. On its face, that is a most extravagant 
claim. It is also a dangerous one, and may easily 
lead to serious trouble. 





At a conference in London on Wednesday between 
representatives of the railway companies and repre- 
sentatives of the railwaymen’s unions, agreement was 
reached on the question of the guaranteed week. The 
terms of the settlement were, in effect, as follows :— 
“The principle of the national agreement as to the 
guaranteed week to be restored but with a view to 
minimising the dismissal of men, the following arrange- 
ments to apply: 1. As from Monday, February 21 
next, each employee concerned to be guaranteed 
weekly earnings equivalent to not less than four days’ 
pay at ordinary rates; 2. As from Monday; March 14 
next, the guarantee under clause one to be extended 
from four days to five days per week; 3. In carrying 
out clauses one and two, the provisions of the agreement 
between the parties dated May 21 and June 2, 1926, 
respectively to apply; 4. As from Monday, April 11 
next, the guaranteed week for conciliation grades 
under the national agreement and full time working 
for clerical, supervisory and other staffs on salary or 
equivalent basis to be restored.” 





British STANDARD SPECIFICATIONS FOR ZINC.— 
Three standard specifications have just been published 
by the British Engineering Standards Association for 
different qualities of zinc, namely :—No, 220, 1926, Fine 
zine (or spelter) ; No. 221, 1926, special zine (or spelter) ; 
and No. 222, 1926, foundry zine (or spelter). All three 
publications are divided up into three clauses, the first 
of which is entitled ‘‘ Quality of Material”? and gives 
definitely the minimum percentage of pure zine in 
each quality, and the maximum percentages of impurities 
such as iron, lead, tin, ete. The two ‘“ Fine” classes 
specify a purity of 99-90 and 99-95 per cent. of zinc 
respectively, the third allowing a percentage of 98-50. 
The second clauses define how the samples are to be 
taken for analysis, giving the means to be used, and also 
the position in the plates from which they are to be taken. 
The last clause is titled ‘‘ Marking,” and merely states 
that each plate is to be legibly marked with the maker's 
brand. Copies of ‘these three new specifications can 
be obtained from the B.E.S.A. Publication Department, 
28, Victoria-street, S.W.1. Price, 2s, 2d. each, post. free. 
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INVESTIGATIONS ON RIVETED 
JOINTS. 


Some valuable evidence on the subject of the strength 
of riveted joints was contained in a paper entitled 
“ An Investigation of the Behaviour and of the Ulti- 
mate Strength of Riveted Joints under Load,” which 
was read by Commander E. L. Gayhart before the 
recent New York meeting of the Society of Naval 
Architects and Marine Engineers. The paper led up 
to certain conclusions based on tests carried out by the 
Bureau of Construction and Repair of the United 
States Navy Department. The tests, which were 
described in the paper were planned in collaboration 
with Professor Hovgaard, of the Massachusetts Institute 
of Technology, and were carried out at the Bureau of 
Standards under the general supervision of the author 
of the paper. 

The objects of the investigation were the study of 
slip phenomena and stress distribution in riveted joints, 
and also the behaviour of joints in high-tensile steel 
plating. With these objects in view the series of joints 
illustrated in the accompanying Fig. 1 was selected for 
testing. All joints were constructed both of mild steel 
and of high-tensile steel (35 T.) plates and covers ; 
the rivets for the former were of mild steel, while the 
latter were duplicated, one set having mild-steel rivets 
and the other high tensile-steel rivets. These parti- 
culars are indicated in Table I. In addition a few tests 





finding how much of the load on a row of rivets was 
carried by rivet shear and how much by frictional resist- 
ance due to grip. From Table II on the next page, 
taken from the paper, it will be seen that for all types 
of joint the tendency is for the rivet loads to be greatest 
for the outer rows at low plate stresses, for the loads to 
equalise as the stresses increase, and, with the exception 
of type A, for the load to become greatest on the inner 
rows at still higher stresses. With type A, with two 
rows of rivets, the loads on the outer rows were the 
larger up to failure, decreasing from 80 per cent. only 
to 66 per cent. of the total; with three rows of rivets, 
type B, the distribution becomes almost uniform at full 
working load, while, with type C, the condition of 
uniformity is not reached until rather above working 
loads ; joints of types D and E and joints with the 
harder rivets behaved somewhat similarly but with 
less regularity. The results lead inevitably to the 
conclusion that there is an optimum arrangement to 
give the best distribution of load amongst the rivets, 
and the author of the paper suggests that this is obtained 
by the use of three full rows of rivets ; there does not, 
however, appear to be any reason to believe that this 
is the ideal number for other conditions, nor, in fact, 
that the optimum arrangement is obtainable by a 
particular number of rows, rather than by a particular 
relation between total shear area of rivets and net 
sectional area of plate. 

It is not surprising to find that the measurements of 
slip were not entirely conclusive. The following 
general tendencies are clear: that the initial slip takes 


2. “ The question of omission of alternate rivets is to 
be determined by opposing considerations of holding, 
caulking, or of economy in rivets, the actual tearing 
strength being substantially the same whether the 
alternate rivets are omitted or not.” 

3. “Working efficiency of joints with all rows 
complete is 1-05 x calculated efficiency.’’ 

4. “ Working efficiency of symmetrical joints with 
alternate rivets omitted in outer rows is 0-93 x calcu- 
lated efficiency.” 

The author admits a considerable degree of doubt 
about the general importance of slip, but for those joints 
in which it is considered desirable to reduce the slip he 
recommends the use of (1) complete rows of rivets 
only ; (2) two or more plates where the highest stresses 
occur; (3) ample rivet area; (4) mild steel rather than 
high-tensile steel rivets. 

During the discussion, Professor Hovgaard gave 
some additional information with regard to slip; he 
stated that some experiments had been made to study 
the influence of the driving temperature of the rivet, 
and also of the nature of the surfaces in contact. As a 
result it was found that as much as 40 per cent. increase 
of load at first slip could be obtained by lowering the 
temperature at which the rivet is closed, buton the other 
hand, the variation of the surfaces gave no consistent 
results. Professor Hovgaard does not regard the 
results relating to slip as being particularly satisfactory, 
and he pointed. out that the tests were entirely of a 
static nature and can give no indication of slip condi- 
tions under alternating stresses ; with the recommenda- 
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were made with “ special treatment ” steel plates, with 
high-tensile-steel covers and rivets of mild steel and of 
high-tensile steel. All plates were of 30 lb. plating, 
covers were of 20 1b. plating, and the rivets 1 in. in 
diameter, at 44 in. pitch. All joints received special 
care in drilling and riveting, so that the standard of 
workmanship was admittedly higher than is usual in 
shipbuilding practice. Three joints of each type were 
constructed and were tested to failure, strainmeters 
being employed for the measurements of stress distri- 
bution and slip. 

The figures for the breaking loads of the joints are 
fairly consistent ; of the types A, B and C, in which all 
rows of rivets are complete, the ultimate strength of 
those which failed in tension exceeded the calculated 
strength by from 7 per cent. to 12 per cent. for mild- 
steel plates, and from 5 per cent. to 7 per cent. for high- 
tensile-steel plates, the calculated strength being 
obtained from net section, and the ultimate strength of 
the actual material as determined by tensile test. 
Joints D and E, with alternate rivets omitted from the 
outer rows, gave an ultimate strength which was less 
than that calculated on the net section through the 
outer rows of rivets by about 5} per cent. for mild- 
steel plates, and 63 per cent. for high-tensile steel. 
Joints F and G, with unequal covers, gave fairly close 
agreement between the actual and calculated strengths. 
although a noticeable bending was set up and a few 
Tivets failed in tension. Little information is available 
about the strength of the joints in shear, as the shear 
area was sufficient to cause all but two sets to fail in 
tension ; there is sufficient to show, however, that a 
mild-steel rivet is no weaker in high-tensile steel or 
special-treatment steel plates than in mild-steel plates ; 
in fact, the mild-steel rivets in the special treatment 
steel plates failed at an average of 12 per cent. above 
the calculated load. 

_ The measurements made to determine the distribu- 
tion of stress amongst the rows of rivets provide some 
interesting results; as these are, however, contrary 
to previous conceptions, it is early to accept them 
without further confirmation. The distribution was 
obtained by measuring the strain in the cover plates 
between the rows of rivets ; there was no means of 





TaBLE I.—Schedule of Tests. 
































. ne Material. 
2° | he Serial 
Joint. Specimens. | Plate. | Straps. | Rivets Numbers 
3 MS MS MS 1-3 
3 HTS HTS MS 4-6 
A 3 HTS HTS HTS 7-9 
3 STS HTS MS 10-12 
3 STS HTS HTS 13-15 
B { 3 MS MS MS 16-18 
3 HTS HTS HTS 19-21 
C { 3 MS MS MS 22-24 
3 HTS HTS HTS 25-27 
D { 3 MS MS MS 28-30 
3 HTS HTS HTS 31-33 
E { 3 MS MS MS 34-36 
3 HTS HTS HTS 37-39 
F { 3 MS MS MS 40-42 
3 HTS HTS HTS 43-45 
G { 3 MS MS MS 46-48 
3 HTS THS HTS 49-51 




















Note. For all joints:—Plate thickness—3? in. Strap— 
4 in. Rivet diameter—1 in. All rivets panhead and snap 


point ; spacing of rivets, edge distances, and spacing between 
rows as given for type “ A ” joint. 


stresses, at about 3 tons per square inch shear for 
mild-steel rivets and less for the high-tensile steel ; 
that the load at initial slip increases with the number 
of rivets, but the unit load per rivet decreases as the 
number increases; and also that the high tensile steel 
rivets are considerably more erratic in behaviour than 
the mild steel rivets. 

The general conclusions on the strength of joints 
at which the author arrives are :— 

1. “ Joints should be designed to have a shearing 
strength in excess of the calculated plate strength. 
They can then utilise the increase in strength con- 
servatively amounting to 5 per cent., which the plate 
material shows over its strength by ordinary tensile 


that some additional improvement may be obtained 
by a higher standard of workmanship, by the main- 
tenance of the riveting pressure until the rivet is quite 
black, and possibly by the use of large rivets. 

The tests were carefully planned and most thoroughly 
carried out, so that the conclusions are worthy of 
serious attention ; strictly, however, they must apply 
only to the limited class of joint tested, and how far 
they may be extended to cover other conditions must 
remain a matter of opinion or of further investigation. 

In conclusion, we may quote, in abstract, the 
recommendations put forward by Professor Hovgaard, 
in his remarks on the paper. These recommendations 
refer primarily to double butt-strapped joints in plating 
of 30 lb., or more, per square foot, but several of them 
apply also to other joints. 

1. Basis of Design ; Strength Cdlculation of Riveted 
Joints.—In the present state of the art of riveting it is 
irrational to base the strength calculation of riveted 
joints on their resistance to slip. The point of slip, 
although fairly well defined in medium steel joints, is 
in heavy work well below the working stress, and in 
high-tensile steel joints it is very much lower, and its 
magnitude erratic. It seems best to make the ultimate 
strength of a joint conform to a certain standard, such 
as the strength of the plating along beams and framing. 
In adjusting the strength of a joint under various modes 
of fracture, it is recommended to make the strength of 
the net section of the plate along the outer row of rivets 
equal to the desired standard, and to make the shearing 
strength of the rivets well in excess of that standard, 
so as to secure good clamping power of the rivets. 
This is accomplished in double-strap joints by adopting 
treble riveting. 

2. Arrangement of Rivets in the Joints.—The design 
by which alternate rivets are omitted in the outer row, 
is based on a false theory. Instead of endowing the 
joint with greater strength as commonly supposed, it 
causes @ distinct, although small, loss in efficiency or 
ultimate strength as well as in resistance to slip, and is 
also prejudicial to efficiency of caulking. It is possible 
that a considerable gain in efficiency, perhaps con- 
current with a gain in slip resistance, may be obtained 





test.” 


by a modified form of the tapered or diamond joints 
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discussed in his work on “ Structural Design of War- 
ships,” page 160 et seg. Hereby the number of rivets 
in the outer row is increased. On the whole it appears 
that symmetrical joints are to be preferred to unsym- 
metrical because the stress distribution is more uniform. 

3. Rivet Material—In the Bureau of Standard’s 
tests, medium steel rivets in medium steel plating 
showed more than twice the clamping power of high- 
tensile steel rivets in high-tensile steel plating. It seems 
reasonable to suppose that medium steel rivets will 
prove euperior in this respect also in high-tensile steel 
plating. Since medium steel rivets in treble and 
quadruple riveted joints of high-tensile steel plating are 
superior to the plate in strength, it is recommended to 
use this combination until means have been found to 
improve the clamping power of high-tensile steel rivets. 
In single-strapped joints of heavy high-tensile steel 
plating it is probably necessary to use high-tensile steel 
rivets in order to secure adequate strength of the rivets. 
If it were possible to develop the same clamping power 
in high-tensile steel as in medium steel rivets, the 
former should be used in all connections of high-tensile 
steel plating. 

4, Significance of Slip.—It must be admitted that 
the full significance of slip in complete ship structures 
is not cleared up. Although there is a general feeling 
that looseness in the joints is a thing to be avoided, it 


lated according to the size of the rivets, and should not 
be less than 50 tons for large rivets of mild steel. [Judging 
from the practice of boiler makers, higher pressures 
should be used for rivets above 1 in. diameter. Pre- 
sumably the pressures for high-tensile steel rivets should 
be higher in the same proportion as the yield point of 
the materials, but no information on this point seems 
to be available. (c) The rivets should be heated in an 
oil furnace, slowly and uniformly, but should not be 
soaked by lying unnecessarily in the fire. 

(d) The rivets should be driven at a dull red heat, 
and the pressure should be maintained on the rivets 
until they have cooled to blackness. 

6. Load Partition among the Rivets—The Bureau of 
Standards tests, and in particular the refined strain 
measurements showing the stress distribution among 
the rivets, seems to establish as a fact that ultimately, 
when a joint breaks down due to shearing of the rivets, 
the load is fairly uniformly distributed among all the 
rivets. Only at low stresses, such as occur well within 
the elastic limit (except for double-riveted joints) 
but after the first slip has appeared, does the outer 





row bear a disproportionate part of the load. This is 
| contrary to a generally accepted opinion that the outer 
row always carries the principal part of the load and 
that, therefore, it is erroneous to base the design on 
the total rivet area. 


TABLE I1.—Parrition or Loap amone Rivet Rows For vARIOouS MAIN PLATE STRESSES. VALUES ARE 
AVERAGE OF THREE JOINTS FOR EACH TYPE. 






































Percentage of Load Transmitted by Different Rivet Rows for Various Type Joints and 
Rivet as Affected by Material in Joints. 
Stress in Gross Bow 
Section of Main Counting | 
Plate. from A B Cc D E 
Lbs./sq. in. Centre. 
M.S. H.T.S. || M.S. H.T.S. M.S. H.T.S. M.S. H.T.8. M.S. H.T.S. 
| 

1 20-0 27-3 20-0 18-2 22-2 18-1 3 20-0 30-0 

5,000 2 80-0 72°7 40-0 27:3 11-1 30-0 36-4 25-0 10-0 20-0 
3 — _ 40-0 45-5 22-2 30-0 45-5 37-5 40-0 30-0 

J 4 — _ _ oe 44°5 40-0 — — 30-0 20-0 

1 23-0 40-0 29-2 85-7 20-0 0 34- 29-4 10-0 32-0 

: 77-0 60-0 37-2 28-6 10-0 34-8 26-1 29-4 25-0 20:0 

10,000 3 _ _ 33-3 35-7 35-0 31-4 29-1 41-2 30-0 28-0 
4 — _ —_ _ 35-0 34-8 —- — 35-0 20-0 

1 23-0 38-3 30-6 24-4 23-5 8-6 36-0 24-1 14-3 32-5 

7 2 5-0 61-7 38-8 36-6 17-6 25-7 33-4 41-4 31-4 20-0 
15,000 3 _ _ 30-6 39-0 29-4 28-6 30 34-5 28-7 22°5 
4 _ _ _ —_— 29-4 37-2 — —- 25-8 25-0 

1 34-8 | 41-8 31-0 20-6 25-9 9-4 35-1 23-3 11-5 29-1 

2 65:2 | 58-2 39-6 38-0 24-0 20-8 35-1 41:8 40-4 18-2 

20,000 3 — — 29-3 41-4 24-0 34-0 29-8 34-9 25-0 27-3 
4 _ —_ _ _— 25-9 35-8 _ _ 23°21 25-4 

z 33°7 37-2 38-6 21-3 28-3 8-2 35-6 9 14-0 25-3 

2 66-3 62°8 36-6 37-2 25°3 21-2 38°3 43°8 40°8 20-7 

30,000 3 — _— 24-8 41-5 24-2 34-1 26-1 20-4 26-4 
4 — — _ _ 22-2 35-3 _ - 24°8 27-6 

) 1 = ied — 7. == 13-9 — 4:0 a 26-2 

2 _ . _ 28- -— 19°7 “= 38°5 _ 18-9 

40,000 } 8 _ _ _ 44-7 -- 35-3 _ 37°5 _ 26-2 
4 — _ _ _- -- 31-2 — — _ 28-7 
























































is not known that breakdown of the hull of a ship has 
ever been caused thereby. The only serious effect 
on record is leakage, notably in oil-tankers. It is 
probable that the importance of slip has been somewhat 
exaggerated, since all butt joints are supported on 
either side by passing intact strakes. Yet, it must be 
admitted that if greater thicknesses of plating are to be 
adopted in the main strength members of high-speed 
ships, and high-tensile hard materials are to be used, 
the looseness produced by slip may be the cause of 
early breakdown. Static tests, such as those carried 
out by the Bureau of Standards, give no indication of 
what will happen under conditions of high alternating 
stresses. Every effort should therefore be made to 
increase the adherence factor as much as possible. 

5. Method of Riveting.—In the development of ship 
construction and especially in the case of large warships 
of high speed, a point has been reached where the 
method of riveting requires to be taken up for renewed 
consideration. The increase in thickness of plating, 
the use of harder alloy steels, both in plates and rivets, 
and the higher stresses render it necessary to adopt new 
or improved means and methods of riveting. The 
following recommendations have in view the improve- 
ment of riveted joints in heavy plating in cases where high 
efficiency and solidity are required. (a) Great care 
should be exercised in preparing and assembling the 
work. The holes should be drilled, leaving the smallest 
practicable clearance (J, in. to yy in.). All burrs 
should be scraped off or removed with a broad counter- 
sink drill. The work should be bolted up close so as 
to ensure an intimate junction between plates and 
straps, for which purpose the plates should have their 
edges finished by planing or other effective method. 
(6) A hydraulic riveter, or a pneumatic bull riveter, 
capable of exerting a powerful pressure, should be used 


7. Further Measures to Increase the Solidity of the 
Structure—(a) If it proves impossible to secure 
adequate solidity in joints of heavy plating, applying 
the means and methods here suggested, the use is 
recommended of two, or if necessary three, thicknesses 
of plating instead of one. This construction, which is 
extensively used by civil engineers, but to a more 
limited extent in shipbuilding, permits the use of a 
very great total thickness where it is most needed 
and a gradual taper. By a free use of quilting rivets, 
frictional slip in the joints may be much reduced, 
and can probably be entirely avoided when three 
courses of plating are used. (6) If hydraulic riveting 
be adopted, it would be worth considering whether 
larger rivets than now required in the specifications, 
might not be used to advantage in plating of more 
than medium thickness. Provided such rivets can 
be effectively driven, they will probably add con- 
siderably to the solidity of the joints. As regards his re- 
commendation of the use of hydraulic riveting, he wished 
to add that the tests of Montgomerie and other experi- 
menters on this subject, as also the experiences of 
boiler-makers, seem to indicate very conclusively that 
hydraulic riveting, or bull-riveting with pneumatic 
power, if properly carried out, gives the maximum 
clamping power of the rivets, and this rule applies 
especially to heavy plating. This opinion is endorsed 
by Sir Westcott Abell.* To what extent hydraulic 
riveting is applicable outside the shops is for the 
practical shipbuilder to decide. Evidently it is not 
always possible to use this method on large areas of 
deck plating or side plating unless the lay-out of the 
plating is arranged especially for this purpose. This 
was done in the Mauretania, where the seams of the 
outside plating in the bottom were arranged clinker 








wherever practicable. The pressure should be regu- 





* Trans. Inst. Nav. Arch. 1923, p. 194. 


fashion. It appears that the failure to obtain satis. 
factory work in heavy high-tensile steel joints, as 
evidenced in the tests of the Bureau of Standards, was 
essentially due to the use of too light tools. It requires 
greater and more sustained power to force the harder 
and more rigid plates together and properly to upset 
and compress the harder rivets, so as to make them fil! 
the holes completely. In the Mauretania, where 
mild steel rivets were used in plating of high-tensile 
steel, a pressure of 50 tons was used for rivets of 1} in. 
in diameter. 





DOPES AND DETONATION (1926).* 
By H. L. Catuenpar, C.B.E., LL.D., F.R.S. 
(Concluded from page 184.) 

(18) Effect on H.U.C.R. of Additions of Organic. 
Peroxides to Engine Fuel.—Preliminary experiments 
were carried out with the readily obtainable benzoyl 
peroxide, a white granular substance at ordinary 
temperature, sparingly soluble in petrol, but slightly 
more so in benzene. It was necessary to use engine 
fuel containing as much as 50 per cent. benzene to 
obtain small quantities of the peroxide in solution for 
engine trials. 

Results of Enginé Trials. 











Decrease | Decrease 
Fuel ) of 

H.U.C.R. | B.M.E.P, 

Per cent. | Per cent. 
With } per cent. peroxide oe Py 4-7 2 
With 14 per cent. peroxide 4 a 8°5 4 
With 4 per cent. peroxide os oe 15-0 9 








The experiments show that small additions of a very 
stable organic peroxide have a marked effect in 
promoting detonation. 

A further engine trial was undertaken using the very 
unstable acetyl peroxide prepared as follows :—50 c.c. 
of acetic anhydride was dissolved in 200 c.c. of ether, 
and barium peroxide added in small quantities at a time, 
the whole operation being carried out in a freezing 
mixture. After the reaction had gone on for some 
time the solution was added to 1 litre of B.P. petrol and 
used at once as engine fuel, the engine meanwhile 
running on a similar ether-petrol fuel without the 
peroxide addition. On switching over to the peroxide 
fuel, detonation of such violence occurred that it was 
considered advisable to stop the engine without taking 
the time necessary to adjust the compression ratio to a 
value at which detonation would cease. Following 
these experiments and with a view to obtaining 
quantitative results, engine fuels were made up with 
additions of organic peroxides which could be got into 
solution in the fuel in approximately definite propor- 
tions. The results obtained from the trials were as 
follows :-— ; 

















Per cent. Decrease. 
Peroxide addition. Pia 4 
H.U.C.Rj B.M.E.P. 
Per cent. |Percent. 
0-5 per cent. by weight methyl B.P. 10 10 
ethyl ketone peroxide 
1-5 per cent. by weight acetone | B.P. plus: 15 11 
peroxide 10 per cent 
benzene. 
2-0 per cent. by weight ethyl hy- | B.P. plus 15 12 
drogen peroxide 10 per cent. 
ether 
3 per cent. by volume nitrogen B.P. 15 12 
peroxide 








Referring to the table of results, the quantities of 
the peroxides in solution are probably correct to within 
a tenth of the stated percentage, but there is some 
uncertainty with regard to the amount of peroxide 
finally present in the fuel as used in the engine. The 
peroxides tend to decompose on warming; they were 
not isolated on account of their high instability, but 
were prepared in solutions which were added to the fuel, 
and the engine trials carried out as soon as possible 
thereafter. 

The results of the engine trials with peroxide additions 
to the fuel have been plotted, Fig. 3. The full-line 
curve for the well-known detonation-inducing substance 
amy] nitrite is given for comparison. It will be seen 
that the unstable peroxides used in the last engine 
trials are of the same order of effectiveness in inducing 
detonation, and that the stable benzoyl peroxide and 
the inorganic nitrogen peroxides are less effective. 





* Experiments made in the Air Ministry Laboratory 
at the Imperial College of Science, London, under the 
direction of R. O. King, M.A.Sc. (McGill), A.F.R.Ae.5.; 
by E. W. J. Mardles, D.Sc., F.1.C., and W. J. Stern, 
A.R.C.S., D.1.C., B.Sc., assisted by N. R. Fowler, 
A.R.C.S., D.L.C. Published by permission of the 
Director of Scientific Research, Air Ministry. 
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(19) Engine Conditions and Peroxide Formation.— 
Experiments having shown that the rate of peroxide 
formation in fuel-air mixtures is determined mainly 
by the temperature at which combustion occurs, it 
becomes of interest to examine the temperature 
conditions prevailing in an engine during the com- 








Temperature Temperature 
Companies at beginning of at end of 

. compression. compression. 
Deg. Deg. 
| ae 169 377 
4:1 133 384 
5:1 112 407 
6:i 102 429 
ae | 95 452 
6st 90 479 











Note. Air entering the engine cylinder at 5 deg. C. 


pression stroke. Owing to experimental difficulties 
there are no complete data generally available on the 
limits of temperature for a comprehensive range of 
compression ratios. However, from optical indicator 
experiments carried out during recent years at the Air 
Ministry Laboratory on single-cylinder aero engines, 
it has been possible to deduce the figures given in the 
table above with a fair degree of accuracy. 

The figures bring out the significant fact that as the 
compression ratio is increased, the temperature at the 
beginning of the compression stroke decreases rapidly, 


Fig.3. DETONATING EFFECT OF VARIOUS PEROXIDES. 
 (AMYL NITRITE CURVE FOR COMPARISON) — 
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thus allowing an increasing proportion of the fuel to 
continue to exist as liquid drops. The fall of tempera- 
ture at the beginning of the compression stroke with 
increase of compression ratio is explained mainly by the 
reduction of the quantity of hot exhaust gas left in the 
cylinder after each exhaust stroke as the volume of the 
clearance space is diminished, and in part by decrease 
of waste heat as the thermal efficiency of the engine 
increases. 

The state of the fuel as to the proportion of liquid 
drops and vapour at the beginning of the compression 
stroke can be determined by a consideration of its 
distillation curve and the temperatures given above. 
Fig. 4 is a distillation curve for a sample of ordinary 
petroleum, and it will be seen that with a temperature 
of 90 deg. at the beginning of the compression stroke 
corresponding to a compression ratio of 8 : 1, practically 
the whole of the fuel could exist as liquid only. At a 
compression ratio of 3:1, only 18 per cent. could be 
evaporated, even if the fuel temperature did not lag 
behind the compression temperature. The distillation 
curve for Shell Aviation, a much more volatile fuel, is 
given by Fig. 5, and it shows that at the 8:1 com- 
pression ratio and a corresponding temperature of 
90 deg., 50 per cent. of the fuel could exist as liquid 
drops, though in practice the proportion would be still 
greater, owing to time lag. With the low value of 
3:1 for the compression ratio corresponding to a 
temperature of 169 deg. at the beginning of the com- 
pression stroke, this fuel would be completely vaporised 
if given sufficient time. It will be seen that, at the 
higher compression ratios, as the compression stroke 
advances, the temperature rises rapidly to a value 
greatly in excess of that required for the complete 
evaporation of even the higher molecular weight 
paraffin hydrocarbons, but the initial conditions have 
ensured a plentiful supply of liquid drops to form nuclei 
of condensation. These can persist at temperatures 
far beyond that required for their evaporation, due to 
the vapour of such compounds tending to recondense 
on the drops from which it emanates, with the increase 
of pressure which necessarily accompanies the increase 
of temperature. 

_ These considerations show that increase of compres- 
810n ratio promotes the continuation of the fuel in the 
form of liquid drops, a state most favourable to peroxide 
formation, while at the same time providing a residuum 








which can persist even after the passage of the spark, 
and in which detonation can occur due to the sudden 
ignition of the peroxides at the high final temperature 
reached during further compression. 

The view that detonation takes place in that part of 
the fuel remaining unburnt at a late stage of combustion 
leads to the suggestion that radiation from the 
advancing flame may be effective in promoting the 
formation of peroxides in the still unburnt fuel, although 
the exposure time would be of the order of ;,);5 second 
only. The formation of peroxides in ether by the 
action of sunlight has already been mentioned, so it 
becomes of interest to determine the effect of radiation 
on the formation of peroxides in fuel-air mixtures. 

Preliminary experiments have been carried out on 
the effect of weak ultra-violet radiation on peroxide 
formation in hexane-air and ether-air mixtures main- 
tained at temperatures from 150 deg. to 250 deg., and 
@ positive result has been obtained after a long exposure. 
The magnitude of the effect is small and leads to the 
conclusion that radiation in the engine for the very 
brief period during which it acts, can have little, if 
any, effect in promoting the formation of peroxides. 
However, a final conclusion cannot be reached until 
experiments have been carried out under conditions 
similar to those existing in the engine during combus- 
tion. 

(20) Experimental Evidence of the Formation of Peroxides 
and Aldehydes in an Engine During the Compression 
Stroke.—Experiments with fuel-air mixtures passing 


Temperature ; Degrees Centigrade. 





Percentage 
Paraffin Fuel Density:792. 
at 19 Degrees Centigrade. 


Temperature;Deg”? Centigrade. 





Percentage Distilled 
‘Shell Aviation Petrol. 
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very slowly through a combustion tube allow ample 
time for the formation of peroxides. In a four-stroke 
engine running at 1,200 r.p.m., a single complete 
compression stroke is made in ~, of a second, and 
peroxides must be formed in this brief interval of time 
if subsequent detonation is to be attributed to their 
presence. The most satisfactory experimental method 


Particulars of First Trials. 
Engine speed, 1,200 r.p.m. Jacket water temperature 








60 deg. Compression ratio, 7:1. Mixture strength 
normal. 
Esti- 
Heat Peroxide} Alde- 
Fuel. f ned uated | input to | in hyde in 
, Tome. carbr. sample. |sample. 
Deg. Deg. 
B.P. 5 270 Nil Nil Nil 
BP. ae 30 330 2,000 watt | slight slight 
B.P. plus 10 30 330 2,000 watt | slight | marked 
per cent. 
ether 




















of detecting peroxide formation in the fuel-air mixtures 
being used by an engine running under power, would be 
to abstract a sample of the mixture at the end of the 
compression stroke and determine its peroxide content. 
This method presents some difficulties, and preliminary 
experiments have been made by running the engine 
under power, then switching off the ignition, con- 
tinuing the rotation of the engine by motor and testing 
samples of mixture abstracted from the exhaust, for 
peroxides and aldehydes. 


The first trials were made with the sampling apparatus 
arranged as in Fig. 6, collecting gaseous products 
mainly. The first trials having shown, as indicated in 
the table in the previous column, the existence of both 
peroxides and aldehydes, arrangements were made to 
take samples from the exhaust containing a greater 


Particulars of Second Trials. 


Engine speed, 1,200 r.p.m. Jacket water temperature 
80 deg. Mixture strength normal. Powerrunning on 
petrol/benzol mixture. Fuel supply changed to 
undecane for peroxide and aldehyde tests. Heat input 




















to carburettor 2,000 watts. 
Compn. | Inlet | Estimated Peroxides | Aldehydes 
Ratio. | Temp.} Compn. in sample. | in sample. 
Temp. 
Deg. Deg. 
6:1 60 325 none none 
€3 2 60 375 slight slight 
ER 60 390 marked marked 
8:1 80 425 marked marked 
and with autoignition 
and detonation. 











proportion of liquid and to run the engine with higher 
jacket temperatures. The new arrangement of samp- 
ling apparatus is shown by Fig. 7, the principal feature 
being a baffle plate arranged in the exhaust pipe to 
deflect the liquid drops coming from the engine into a 
collecting pocket, which also serves to hold the baffle 


Inlet 





i Water cooled portion 
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plate away from the exhaust gas while the engine is 
running under power. The results are tabulated above. 

In considering the results of these experiments, 
allowance must be made for the fact that the maximum 
temperatures are much lower than those occurring in 
the engine while running under its own power. Under 
these unfavourable conditions the experiments show 
definitely that peroxides can be formed in the fuel 
in the short time of ., second required for the 
compression stroke. When the engine is firing, the 
temperatures reached during the compression of the 
unburnt mixture after ignition, are much higher, and 
the conditions far more favourable to peroxide forma- 
tion, the rapidity of which depends, as previously 
explained, on the “activating temperature excess” 
above that of initial oxidation. The rapid increase of 
pressure towards the end of combustion is doubtless 
also favourable to the accumulation’ of the peroxides in 
the nuclear drops. 

(21) Effect of Liquid Drops on Peroxide Formation.— 
The experiments described in section (17) show that 
peroxides are formed during the slow combustion of 
detonating fuels at atmospheric pressure and varying 
temperatures not exceeding 300 deg. Further slow- 
combustion experiments with paraffin fuel, using two 
combustion tubes side by side in the furnace, were 
carried out to determine whether peroxide formation 
occurs more readily in a mixture of liquid fuel drops 
and air, than in a mixture of the fuel vapour and air. 
These experiments showed that when the fuel-air 
mixtures were passed through the tubes slowly, so 
that the drops in the one tube and the vapour in the 
other reached the same maximum temperature, with 
complete vaporisation of the drops, there was no notice- 
able difference in the rate of peroxide formation as 
determined by the colour change in the potassium iodide 
solution through which the products of combustion 
were passed. 

A second experiment in which air in a fine stream was 
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bubbled through undecane heated to various tempera- 
tures up to 200 deg. C., shows that the formation of 
peroxides in the liquid began at a lower temperature 
than in the vapour mixture. Peroxide was detected 
in the liquid undecane at the low temperature of 145 
deg., while the lowest temperature at which any change 
occurred in the vapour was 190 deg. 

The difficulty in the first experiment, with complete 
vaporisation, appeared to be that the peroxides in the 
vapour decomposed, with formation of aldehydes, 
almost as fast as they were generated. In order to 
secure persistence of these unstable compounds, it is 
necessary to remove them from the sphere of action as 
quickly as possible, and to keep them at a lower 
temperature preferably in solution in the liquid. 

(22) Combustion-tube Experiments at High Tempera- 
tures.—It appeared that engine conditions could be more 
nearly approached in combustion tube experiments 
by a rapid flow through the tube of a rich fuel air 
mixture with the fuel mainly in the form of liquid 
drops, the heat of the furnace being sufficiently great 
to maintain a temperature inside the combustion tube 
of approximately that reached at the end of compres- 
sion under conditions of engine detonation. In an 
engine, the part of the fuel existing as liquid drops at 
the beginning of compression is maintained as such, in 
spite of the increase of temperature, by the tendency 
of the vapour emanating from the drops to recondense 
on them as the pressure increases (nuclear theory.) 
Chemical change due to combustion takes place most 
readily in rich mixtures as already shown in section (4), 
so would occur in the layer of rich mixture surrounding 
the drop and the products of initial combustion would 
become concentrated in the drop by condensation with 
increase of pressure. The conditions of the engine 
compression stroke can be reproduced in the open 
combustion tube only to the extent that by using a 
combustible mixture composed mainly of liquid drops, 
& proportion of them will not have time to vaporise 
while passing through the zone of combustion. The 
important feature of the re-condensation of vapour on 
the drops, carrying with it products of initial com- 
bustion is not obtainable. 

The furnace was arranged with two combustion 
tubes and one thermometer tube side by side, the 
three tubes being symmetrically placed with respect to 
the heated tubular wall. A rapid flow of liquid 
drops of paraffin was maintained through one com- 
bustion tube by the use of compressed air and an 
atomiser. In the second combustion tube a flow of a 
rich mixture of paraffin vapour and air was maintained. 
The furnace temperature indicated in the thermometer 
tube being 516 deg., striking results were obtained. 
The products of combustion from the tube carrying 
liquid drops gave the strongest reaction for peroxides 
yet obtained, the colour of the potassium iodide 
solution through which they were passed changing 
rapidly from white to a deep reddish-yellow, while the 
products of combustion from the tube carrying the 
vapour gave only a very faint reaction for peroxides, 
During the experiment, slight explosions with flashes 
of flame occurred in the combustion tube carrying the 
liquid drops, reminiscent of the flash obtained by 
the ignition of a few grains of gunpowder in the open. 
On increasing the heat of the furnace until the tempera- 
ture in the thermometer tube was 666 deg., still more 
striking results were observed. The mixture in the 
tube containing vapour reached its ignition tempera- 
ture and burned with a steady flame, while the mixture 
of liquid drops and air in the other tube continued to 
give slight explosions and flashes of flame, but with 
much greater rapidity and regularity than at the lower 
temperature. 

These results indicate that a considerable excess of 
temperature is required for the rapid formation of 
peroxides, but that the presence of liquid is required 
to secure their persistence and consequent accumu- 
lation in sufficient quantity to cause ignition. 

The high temperature combustion tube and engine 
experiments taken together are, perhaps, sufficient 
to show that the flashes of flame in the combustion 
tube are due to the sudden ignition of peroxides, and 
are a reproduction of detonation as it occurs in the 
engine, lacking only the fac tor of high pressure to make 
it of equal violence. 

This conclusion has been confirmed by an extension 
of the high temperature combustion tube experiments. 
In these it was found that on the addition of a metallic 
dope to the liquid drops the flashes of flame were 
extinguished ; whereas on the addition of a detonation 
inducing substance such as amyl nitrite, flashes of 
flame occurred at a lower temperature than with the 
fuel only. Thus the action of dopes in delaying 
detonation in an engine, and of substances such as 
amyl nitrite in promoting it, is reproduced in this 
simple experiment. 

(23) Conclusions—The obvious conclusions from 
these experiments is that detonation in paraffin fuels 
and ether is due to the accumulation of peroxides 





in the nuclear drops during rapid compression. The 
amount of peroxide formed would not in itself be 
sufficient to cause the detonation observed, but acts 
as a primer, causing simultaneous ignition of the drops. 
The metallic dopes act by reducing the peroxides 
as fast as they are formed, and preventing their accumu- 
lation, thus delaying the ignition of the drops. 





THE PHYSICAL SOCIETY. 


At the meeting of the Physical Society, held on 
Friday, December 10, 1926, at the Imperial College 
of Science, with Professor O. W. Richardson, F.R.S., 
in the chair, a paper on “Electrical Polarisation in 
Selenium Cells and the Effects of Desiccation”’ by 
A. O. Rankine, D.Sc., and J. W. Avery, B.Sc., 
was presented. The paper described measurements 
of the secondary E.M.Fs. displayed by selenium 
cells and the apparently abnormal effect of illu- 
mination on the corresponding secondary currents. 
Both were shown to be probably due to an invisible 
water film in parallel with the selenium. That this 
film was the principal seat of the polarisation seemed 
to be proved by the fact that the polarisation dis- 
appeared almost completely with prolonged drying. 
On this basis, a satisfactory quantitative explanation 
of the various effects was given. An important 
practical consequence of the desiccation of the cell 
was the large increase obtained in its sensitivity to 
light. 

7 the discussion, Dr. A. B. Wood remarked that 
the authors had used Thirring cells, which were 
made on an improved design and were comparatively 
non-hygroscopic. He had found that cells of the 
Fournier d’Albe type, in which a coating of graphite 
on unglazed porcelain .was divided by scratches 
bridged by selenium, were very hygroscopic. They 
could be freed from moisture by immersion in melted 
paraffin at 100 deg. C., and in this way quite useless 
cells could be restored to activity, or cells with a 
dark—light resistance ratio of 4:1, for instance, 
would have their sensitivity increased up to a resistance 
ratio of 10:1. Dr. D. Owen suggested that the cells 
should be hermetically sealed, while Dr. E. H. 
Rayner disagreed from Dr. Wood as to the non- 
hygroscopic character of Thirring cells. Although the 
mica used in their construction was a good insulator 
in itself, moisture was able to penetrate into the 
interspaces between the lamine, forming a surface 
layer of appreciable conductivity. Professor E. N. 
da C. Andrade suggested that the cells might be 
sealed in glass vessels transparent to the illumination 
employed. 

Professor Rankine, in reply to the discussion, said 
that Thirring cells varied considerably in quality, 
that used in the present experiments being a specially 
selected one. Professor Thirring covered the front 
surface of the cells with collodion, which sealed them 
against moisture on that side, but the back surface, 
on which there was no selenium, was unprotected. 
In the present experiments, the cell was at first 
roughly sealed, together with phosphorus pentoxide, in 
a brass cylinder with a glass window. Subsequently, 
the cylinder was hermetically sealed, being, however, 
in communication with an air reservoir, consisting 
of a toy balloon to allow for changes of pressure. 
The difference between the times taken in the two 
cases to reach a steady hygrometric state was con- 
siderable. The experiments had not been extended 
to cells of the Fournier d’Albe type, but it was inter- 
esting to hear that they could be improved by drying. 
It was desirable for manufacturers to seal the cells 
before putting them on the market, and no doubt 
the paraftin used by Dr. Wood acted as a seal. 

A paper on “‘ Synchronous Alternating-Current Motors, 
and Mechanical Vibrating Systems Maintained by 
Thermionic Valves at the Frequency of the Vibrating 
System” was read by Mr. T. G. Hodgkinson, A.M.I.E.E. 
The paper stated that the design of a chronograph 
which would give a time trace subdivided into units 
and fractional units, required the association of a 
rotating system and a vibrating or time-keeping system. 
If a low-frequency vibrating system were employed, 
the rotating system, although keeping good average 
time, might show exaggerated errors in unit sub- 
divisions, due to acceleration and deceleration between 
periods of control. The paper discussed the association 
of a high-frequency synchronous alternating-current 
motor with a high-frequency valve-maintained tuning- 
fork. It dealt with the design of valve-maintained 
motors and condenser-tuned valve-maintained tuning- 
forks, and gave expressions for the frequency of the 
maintained system for motors coupled to tuning-forks, 
both without and with tuning condensers. 

Opening the discussion, Professor O. W. Richardson 
congratulated the author on the thoroughness of his 
investigation, and on the precision attained by means 
of his design. When he saw a monumental paper 
like the present devoted to engineering problems 





arising out of the application of thermionic systems, 
he was greatly impressed by the developments that had 
occurred in this branch of physics. Mr. R. S. Whipple 
said that the instrument in itself was a chronograph 
of high accuracy, but the actual error must depend 
ultimately on the accuracy of the fork. Presumably, 
for an error of 1 part in 10,000 an Elinvar fork must 
be used, or a fork kept at constant temperature. He 
congratulated the author not only on the thoroughness 
of his theory, but on the excellence of his mechanical 
design; his drawings had been such that they could 
be used as shop drawings with very little preparation. 
Dr. D. Owen said that whatever the purpose of the 
apparatus, it was very interesting in itself. He asked 
if the author had measured the mechanical amplitude 
of the fork as distinct from the anode current, 
In a case like the present, where the fork was coupled 
to an otherwise independent system, the amplitude 
was not independent of the frequency, and it would 
be interesting to learn what was the functional relation 
between frequency and amplitude. 

A demonstration illustrating some physical problems 
connected with apple transport was given by Dr. Ezer 
Griffiths, F.R.S. A sketch was given of some of the 
problems which had been tackled in connection with 
the refrigerated transport of fruit from overseas. 
The first problem was to determine the most effective 
method of cooling down a compactly stowed mass of 
fruit when the ship had to perform the dual function 
of pre-cooling and carrying. Fruit must not be frozen, 
and this sets a limit to the temperature gradients. An 
additional difficulty was the fact that fruit generated 
heat in the course of processes going on analogous 
to respiration. The author showed a number of 
graphs giving the results of investigations and 
illustrated by a model a new system of vertical dunnage 
for producing channels through the cargo. The second 
problem was to provide means of removing the carbon 
dioxide produced by the fruit. An apple would 
generate its own volume of carbon dioxide in 40 hours 
if kept at a temperature of 70 deg. F., and in 14 days 
if kept at 34 deg. F. An experiment was shown to 
prove the generation of carbon dioxide by apples. 
The presence of carbon dioxide above 12 per cent. 
caused disease in the fruit. The suggested systems 
for supplying moisture-free air for ventilation were 
illustrated. The third problem was that of instrument 
design. An improved form of resistance thermometer 
bulb was shown which was robust and had good heat- 
dissipating capacity. One notable feature was the 
method of arranging the resistance coil on the internal 
surface of a brass tube. For the experiments on 
board ship, a number of special instruments were 
constructed, such as hygrometers, air-current measuring 
instruments, &c. 





REPEATED-BENDING TESTING 
MACHINE. 


THE value of alternating-stress tests of materials, 


to be used for engine and machine construction, as 
well as for some classes of structural work, is now 
so generally realised that considerable attention has 
been devoted in recent years, both in this country 
and on the Continent, to the matter of carrying out 
such tests as conveniently and rapidly as possible. 
As an example of the progress made in this direction 
by Continental engineers, we illustrate, opposite, the 
equipment for alternating-stress tests of the rotating- 
beam type, designed and constructed by Messrs. Carl 
Schenck, of Darmstadt, for whom Messrs. C. F. R. 
Giesler, Limited, 580, Gray’s Inn-road, W.C.1, are 
the British agents. The equipment is complete and 
self-contained, and is suitable for research work as 
well as for works laboratories, having the advantage, 
in the latter application, that the fatigue limit can be 
determined in a few minutes, by energy consumption 
measurements, with sufficient accuracy for most 
practical purposes. Ordinary tests to the fatigue 
limit can, however, be carried out in a comparatively 
short time, since the machine is automatic in action, 
and can be run day and night without attention at 
a definite speed in the range 2,000 to 6,000 r.p.m. 

A longitudinal section, plan and end elevation of 
the machine are given in Figs. 1, 2 and 3, respectively, 
while the complete equipment is illustrated by the 
photograph reproduced in Fig. 4. The machine is 
mounted on a pad of felt on a wooden bench, in the base 
of which is a small motor-generator set. The motor o. 
this set is connected to the mains, while the generator 
supplies continuous current for driving the motor of 
the testing machine. The main switches, fuses, 
starting and regulating resistances, &c., are mounted on 
a marble switchboard at the back of the bench, and two 
precision instruments,. shown on the left-hand side of 
the table in Fig. 4, are provided, one to measure the 
temperature of the specimen by means of a thermo- 
couple, and the other to obtain the power input to the 
driving motor of the testing machine. 
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REPEATED-BENDING TESTING MACHINE. 


CONSTRUCTED BY MESSRS. CARL SCHENCK, ENGINEERS, DARMSTADT 





(9745.4) 





Fig, 4. 


The construction of the latter can best be followed 
by an examination of Fig. 1. It will be seen from 
this figure that the machine comprises a hollow cast- 
iron bedplate with a small motor mounted on one 
end, the shaft of this machine, which is of the 
shunt-wound type, being connected through a revolu- 
tion counter and a flexible coupling, to the specimen 


holder. The specimens, it should first be explained, 
consist of a central cylindrical portion, 75 mm. long 
and 7-5 mm. in diameter, with enlarged and tapered 
end portions. These fit into conical sockets, and are 
held in position by draw bolts tapped into the ends of 
the specimen, as will be understood on reference to 
Fig. 1. At their outer ends, the conical sockets are 





Fig.3. 












































a 


“ENGINEERING” 





¥. 
EL SPECIMEN 


Power in Watts 





o ¢ 8 2 
gus.c. Range of Stress. Kgs.perSq."/m 


146 20 BRB 32 


carried in §.K.F. ball-bearings mounted on short 
pedestals fixed to the bedplate of the machine,'and 
near their inner ends are larger ball bearings of the 
same type, to which the load is applied. By this means 
the specimen is subjected to a uniform bending moment, 
the magnitude of which depends upon the load and 
the distance between the fixed and movable bearings. 
The method of applying the load to the specimen 
will be clear from our illustrations with but little 
explanation. As shown, a counterbalanced weighing 
arm, enclosed in the bedplate, is provided with a 
movable weight, the position of which is altered to vary 
the load by means of a screw operated by an external 
handwheel through mitre gearing. A link and a system 
of levers transmits the load from the weighing arm 
to the movable bearings, to each of which a glycerine 
dashpot is fitted in order to damp out vibrations, and 
a locking device, operated by the handle clearly shown 
on the left of the bedplate in Fig. 4, is provided on the 
loading mechanism to prevent the specimen from being 
strained while being placed ir position. The load, 
as determined by the position of the movable weight, 
is read by a scale fixed to the front of the bedplate, as 
shown in Fig. 4, but this scale is actually graduated 
to read the stress in kilogrammes per square millimetre, 
which is possible since the specimens used are all of 
the same dimensions. Dial gauges, in contact with the 
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movable bearings, enable the deflection produced by 
any load to be read to within 0-005 mm., and, if 
required, the temperature of the specimen can be 
obtained during the course of a test by fitting a special 
form of thermocouple over the specimen and con- 
necting it to the precision indicating instrument above 
referred to. If, on the other hand, it is desired to 
keep the temperature of the specimen constant, a 
split casing is fitted over it, as shown in Fig. 1, 
and oil is supplied to this from a small pump 
driven from the motor-generator shaft, but not shown 
in our illustrations. The oil delivered at the top of 
the casing falls on to the specimen, and is returned 
from the casing to the pump by gravity ; it is prevented 
from escaping in an axial direction by oil-thrower 
rings formed on the ends of the conical sockets holding 
the specimen. 

The usual procedure in testing a material the pro- 
perties of which are unknown, is to carry out a series 
of fatigue tests on two or three specimens at various 
loads to determine the particular stress at which the 
material will withstand 10 million revolutions without 
failure. Such tests, as already mentioned, can be 
continued without attention throughout the night, 
since the failure of the specimen will stop the motor 
automatically. This is effected by a switch in the 
bedplate, shown on the right of Fig. 1, the switch being 
located below the end of the weighing arm so that it 
is opened when the arm falls. The inertia of the moving 
parts is very small, so that the driving motor stops 
almost instantaneously when the current is cut off 
and the correct number of revolutions is shown on 
the counter. For such tests it is possible to ascertain 
whether the load is above or below the fatigue limit 
by measuring the power consumption of the machine, 
and in this way the time required for the tests can be 
materially reduced. 

The principal use of the machine, however, is for 
carrying out routine tests on material which is required 
to reach some pre-determined fatigue limit. Such 
tests can be carried out in about 20 minutes by power 
consumption measurements, which are checked by 
deflection and temperature measurements. In such 
tests, the specimen is first run at no load, and the load 
is then increased at intervals of about 2 minutes in 
steps corresponding to an increase of stress of, say, 
4 kg. per sq. mm. The power consumption is 
measured for each load, as well as the deflection and 
temperature, and the results are plotted against the 
range of stress. The curves obtained are similar in 
each case, and those for the power consumption of 4 
steel specimen having an ultimate strength of 60 kg. 
per sq. mm., are shown in Fig. 5. In this, the curve 
lettered L gives the total power as measured, while 
that lettered L, represents the power absorbed in 
bearing friction, determined by a separate test. The 
third curve, lettered L,, is obtained by subtracting 
the friction power from the total power, and represents 
the power absorbed by the specimen. As will be seen, 
it consists of two straight-line portions connected by 
a curve, the second straight-line portion rising steeply 
and showing that the power absorbed increases rapidly 
and uniformly after a certain stress range is passed, The 
fatigue limit, which lies between the two straight-line 
portions of the curve, is obtained by continuing the 
second portion back to cut the base line in B, which, 
in this case, indicates a fatigue limit at a stress range 
of about 24-5 kg. per sq. mm. Temperature and 
deflection readings are similarly dealt with, and the 
results should be in agreement, It is not necessary, 
or course, actually to fracture the specimen in such 
tests, as, if the loading is continued sufficiently to 
bring the power consumption well past the bend in 
the curve, the fat'gue limit can be quite definitely 
obtained by the graphical process outlined above. 





THE SOCIETY OF GLASS 
TECHNOLOGY. 


At the meeting of the Society of Glass Technology, 
held in Manchester, on January 18 and 19, 1927, the 
following papers were presented :— 

“The Effect of Cullet on the Melting of Glass,” by 
Professor W. E. S. Turner. In the course of his 
remarks, Professor Turner said that cullet was used 
largely for economical reasons, and the desire to use 
waste materi The amount of cullet mixed in 
batches might vary greatly, according to the type 
of glass being made and according to the method by 
which the glass was being worked out. The questions 
they had to consider were what was the effect on the 
melting and on the working of glass and what was the 
cause of the change in the working properties of glass 
as the amount of cullet changed. It had been stated 
that manufacturers using all cullet never succeeded in 
getting seed-free glass. With regard to the influence 
of cullet on the working properties, it would appear 
that, after a certain proportion of cullet was reached, 
the glass became stiffer to handle. The important 





question was, how much cullet could be employed, 
especially in machine working. With a large pro- 
portion of cullet in the batch, the viscosity of the 
glass tended to become high and the working range 
to become shorter. The usual explanation of this 
was that there was a volatilisation of alkali; experi- 
ments, however, did not substantiate this. Mr. V. H. 
Stott, in a recent paper to the Society, found that it 
was only between 1,500 deg. and 1,600 deg. C. that 
volatilisation of alkalis began to be a factor. Was 
there then some change in molecular state which influ- 
enced the viscosity ? How far real viscosity was affected 
was a problem still to be settled. There was some- 
thing more far-reaching than change of chemical 
composition. 

“Investigation of the Glassy State by the Method of 
Forced Crystallisation,” by Professor J. F. Ponomareff, 
of Tomsk, Siberia. The paper stated that in glass the 
ability to spontaneous crystallisation was so weakly 
expressed, and its speed was usually so small, that 
in ordinary conditions of cooling the molecules of glass 
had no definite position in the space lattice which 
accounted for the formation of the crystalline structure. 
Accordingly, the substance chilled in an amorphous 
state producing a glass. The method of forced crystal- 
lisation made it possible to crystallise every glass and 
to determine the temperature of the beginning of 
crystallisation, as well as the melting-point of the 
newly-formed crystals. In the glass under investi- 
gation, a constant lowering of temperature was main- 
tained, so that the temperature was reached at which 
the number of spontaneously forming nuclei reached 
its maximum value. This value could be very small, 
as in his study of acid borates of sodium in mixtures 
approaching pure B,O,, he was obliged to maintain 
a certain temperature condition for three weeks 
uninterruptedly until the crystals began to form. The 
method of forced crystallisation could be used for 
determining the temperature and speed of devitrifica- 
tion. It should also be used in research work with 
organic pitch-like substances which resembled glasses 
in their properties; also, in the case of carbohydrates, 
glycerine and explosives. In conclusion, Professor 
Ponomareff gave a definition of glass which he believed 
to be the first approach to a precise characterisation of 
the substance. His definition was ‘‘ A substance is to be 
regarded as a glass, independently of its chemical com- 
position, which, being a strongly under-cooled fusion, 
gives on crystallising from the molten mass, crystals 
of the same composition as the mass itself.” 

“The Durability of Some Soda-Lime-Magnesia 
Glasses,’ by Violet Dimbleby, M.Sc., and Professor 
W. E. 8. Turner. This paper dealt with a series of 
glasses tested by the powder method. The first member 
of the series was obtained by the replacement of 0-2 
molecule of CaO by 0-2 molecule of MgO, in the parent 
glass, 6 SiO, : 1-2 Na,O : 0-8 CaO. Succeeding members 
of the series were obtained by the gradual replacement 
of CaO by MgO molecularly. The boiling reagents 
used were water, hydrochloric acid of constant boiling 
strength, and twice normal caustic soda solution. 
From the results obtained, it was concluded that the 
gradual molecular substitution of magnesia for lime 
produced the following effects: (1) Durability towards 
boiling water was slightly enhanced ; (2) Resistance to 
attack by boiling hydrochloric acid was slightly im- 
paired; (3) Resistance offered to the action of boiling 
caustic soda solution was somewhat decreased. 

“The Present Position of the Glass Industry in 
Germany”’ by Professor W. E. 8. Turner. The 
paper began by stating that the greatest concentration 
of the glass industry in Germany was in the Lausitz 
district ; indeed, the Germans claimed this to be the 
greatest concentration of glass works in the world. 
There were two sections of Silesia in which one encoun- 
tered a number of works, some of which were, in a 
way, relics of the former mountain and forest industry. 
Saxony had a strongly-developed glass industry. 
Dresden could boast of a number of glass factories. 
Then there was Thuringin, which was a strong centre. 
On the western borders of Bavaria, also, touching upon 
Czecho-Slovakia, one came across another glass centre ; 
whilst in the Saar district there was a considerable 
glass industry. Similarly, in the district between 
Cologne and Essen there was a strongly-developed 
industry, and a still further group of factories as one 
came into the neighbourhood of Aix-la-Chapelle. Out 
of about 350 factories which existed in Germany 
in 1924, not more than between 50 and 60 were 
concerned with glass-bottle production. The largest 
group of factories was that known as the hollow-ware 
group, which was identified with the production of all 
kinds of domestic articles. The manufacture of window 
glass and plate glass was also more widely separated 
than in Britain. Chemical and scientific glassware 
was also produced in considerable volume, the 
Thuringin factories being particularly important from 
this particular aspect. 

As regards raw materials, the German manufacturer 





might be said to be well supplied, although as regards 
fuel, supplies of hard coal were not so well distributed 
as in England. The Lausitz district, for instance, 
had depended almost entirely for its fuel supplies on 
the enormous beds of brown coal situated thereabouts, 
In respect to other raw materials, Germany was 
particularly fortunate. German glass making had not 
undergone anything like such drastic changes since 
the war as had been the case in England. In Germany, 
sheet glass was still being produced by methods which 
did not involve continuous operation. The general 
anticipation, however, seemed to be that within a year 
or two, the hand production of sheet glass would be a 
negligible quantity. In the making of electric light 
bulbs, automatic equipment was only just being 
installed. In the bottle section, conservatism was far 
deeper than in any other branch of the industry, 
The machines which had been developed were largely 
of the semi-automatic type. It was noticeable that 
something had been done directly and definitely during 
the last four or five years to encourage research work 
in glass technology. In this connection, such institu- 
tions might be mentioned as the one at Zwiesel; a 
trade school in Bavaria in which technique played a 
part; the technical school at Karlsruhe, in which, in 
1923, there was set-up a department of glass tech- 
nology; the high school at Hannover, where there 
was a section devoted to glass and ceramics; and the 
department of silicates which was opened in May, 
1926, at the Kaiser Wilhelm Institute, in Berlin. 

“* Developments in the Glass Industry in Russia,” 
by Professor J. F. Ponomareff, of Tomsk, Siberia. 
According to this paper, one of the many difficulties 
encountered by the glass industry in Russia was 
the great distances which separated the various 
factories. Many works were run without having any 
technical or trained men in authority. The supplies 
of raw materials were good, there being plentiful 
deposits of sand and limestone. Sodium sulphate was 
obtained cheaply by evaporation from natural lakes. 
Since the revolution, the number of glass factories had 
been reduced from 200 to 100; some 40,000 labourers 
were now employed. Stress was laid upon the need 
for attracting young educated men to help in the 
development of the glass industry in Russia. At the 
same time, it was noteworthy that the simple worker 
could do excellent work, although he was uneducated. 





CATALOGUES. 


COzg Recorder.—A manual of instructions for fixing, 
operating, adjusting and cleaning their COg recorder, is 
to hand from the A.E.G. Machinery and Apparatus 
Company, Limited, 76, Victoria-street, London, 8.W.1. 

Pulverised-Coal Firing.—Engineers interested in boiler 
firing with pulverised coal will find a very complete 
description of the Lopulco system and plant in a new 
catalogue issued by Messrs. International Combustion, 
Limited, Africa House, Kingsway, London, W.C.2. 

Locomotives.—A catalogue to hand from the Baldwin 
Locomotive Works, Philadelphia, U.S.A., contains a 
very large number of illustrations and descriptions of 
locomotives built since 1900. These include some 
examples of articulated engines built for narrow-gauge 
railways. 

Marine Oil Engines.—Messrs. Schneider and Co., Paris, 
have sent us a copy of their catalogue of oil engines of 
the Burmeister and Wain type, which they build for 
vessels of French construction, and also alist of Schneider 
engines now under construction, including four two- 
stroke engines of 3,000 h.p. each, 

Lifts.—Messrs, Marryat and Scott, Limited, 57, Hatton- 
garden, London, E.C.1, have issued a new catalogue 
of lifts, fully describing all the principal elements, includ- 
ing safety gear, and giving lists of components and spare 
parts in forms that will be specially useful to archi- 
tects and engineers having to prepare schotnes for 
installations, 

Air Compressors.—A catalogue of air compressors 
aan from 2 h.p. to 210 h.p., at the flywheel when 
delivering air at 100 lb. per square inch, is to hand from 
Messrs. Broom and Wade, Limited, High Wycombe. 
A series of portable air compressors is also dealt with. 
Full specifications are given with special notes on valves, 
filters, separators, receivers, &c. Belt, steam, petrol, 
oil and electric drives are all provided for. 

Electrical Machinery.—We have received a catalogue 
dealing with the main features and arrangements of 
automatic substations, including descriptions of the 
automatic and protective devices and a schedule of 
component parts, from the English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
as well as a series of excellent illustrations of electric 
locomotives designed for industrial work. 

Oil Engines.—A catalogue of vertical heavy-oil engines 
to hand from the National Gas Engine Company, 
Limited, Ashton-under-Lyne, gives particulars of a range 
of engines having from one to six cylinders and develop- 
ing from 50 brake horse-power to 330 brake horse-power, 
running on crude, residual, refined or tar-oil fuels, 8° 
well as a similar list of engines convertible from oil to 
gas fuel. Complete specifications are given, with detailed 

escriptions of the important parts and the usual ship- 
ping particulars. 
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‘‘ ENGINEERING ’? ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

oo ; where none is mentioned the Specification is not 
‘ r } 

Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in italics. 

Copies of enone may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform "ge of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed”’ is a; . 

Any person may, at any time within two months from the date of 
the advertisement of the tance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of @ 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


257,974. Enclosed Motor Company, Limited, Hay 
Mills, Birmingham ; N. W. Gilbert, Hay Mills, 
Birmingham ; C. E. Jacoby, Hay Mills, Birming- 
ham; and A. E. Jabet, Hay Mills, Birmingham. 
Dynamo-Electric Machines. (2 Figs.) May 12, 1926. 
—tThe invention has reference mainly to enclosed electro- 
motors in which central cooling of the rotating parts is 
provided for by forming the shaft with intake and 
delivery passages for cooling fluid in connection with a 
pump or impeller, and by forming the spider or member 
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that carries the rotating parts with an annular cooling 
chamber having connection with the intake and delivery 
passage in the shaft. According to the invention, the 
spider 6 is provided on its inner face with a recess such 
that, when the spider is secured on the shaft a, an annular 
chamber h is formed, extending substantially throughout 
the length of the spider. The chamber h has connection 
with intake and delivery passages d, e, respectively, in 
the shaft a, and, if desired, with other rotating parts that 
are required to be cooled.—( Accepted, September 22, 1926.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


255,279. A. Parker, Headingley, Leeds. Carbo~ 
nisation. (2 Figs.) October 7, 1925.—The invention 
relates to apparatus for gas-making. and coal or fuel 
carbonisation, of the kind embodying a water-gas gene- 
rator in combination with a vertical retort for the 
carbonising of coal arranged within a chamber or casing 
connected with the water-gas generator, the water gas 
passing through the retort or retorts during the carbo- 
nising operation. In one embodiment of apparatus in 
accordance with the invention, two vertical retorts a, b 
are arranged within an outer chamber c, the lower part 
of which is connected by a pipe connection d with the 


Fig. 




















upper part of a water-gas generator e. The upper part 
of the chamber c is an pe smn with the peared oe 
of the generator e, by a further pipe connection having 
& valve ¢ therein, and from this latter connection a 
further pipe connection k, provided with one or more 
valves 1, may be taken to the lower part of the generator 
beneath the fire-bars m, the arrangement so described 
enabling the generator to function for both up-runs and 
down runs, as may be desired. The chamber ¢ is 
preferably such that the gases passing therethrough are 
compelled to take a sinuous or zig-zag course. The 
Strows indicate the direction taken through the chamber 


c by the blow-gases which enter at d’ and leave through 
the stack valve n. On the other hand, the water gas 
enters at h’ and travels in the reverse direction, finally 
entering the retorts by the ports or flues a’ and b’ 
respectively, which are closed during the blow period. 
(Accepted, July 28, 1926.) 

257,035. Barr and Stroud, Limited, Anniesland, 
Glasgow, and J. W. French, Anniesland, Glasgow. 
Internal-Combustion Engines. (1 Fig.) May 27, 
1925.—The invention refers to the dissipation of heat 
from internal-combustion engines to the atmosphere, 
and consists in Pope pean a@ cylinder head B composed 
of different kinds of metals; at the outside a metal 2 
suitable for constructive and wearing considerations, 
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and at the inside a metal 3 exposed to the products 
of combustion having comparatively high heat con- 
ductivity. The head B comprises an outer case or 
sheath provided, where necessary, with fins for the dis- 
sipation of the heat to the atmosphere, the sheathing 2 
being made of cast-iron together with a core 3 formed of 
copper, the core 3 being placed in close connection with 
the sheath 2.—(Accepted, September 1, 1926.) 

257,311. John I. Thornycroft and Co., Limited, 
Westminster, London, and T. Thornycroft, West- 
minster, London. Internal-Combustion Engines. 
(5 Figs.) April 25, 1925.—The invention relates to a 
combustion head for an internal-combustion engine 
cylinder, having an improved construction of turbulence 
chamber. According to the invention, the turbulence 
chamber c extends over upwardly-opening fuel-inlet and 
exhaust valves d, d1, respectively, at one side of the engine 
cylinder a, and communicates with the cylinder a through 
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a diametrically arranged outlet c? that is of less width 
than the diameter of the cylinder, and extends entirely 
across the diameter of the cylinder. The turbulence 
chamber c is made of concave shape in longitudinal 
section at its inlet end cl located over the valves d, dl, 
and merges into a downwardly inclined line terminatin 
at the side of the cylinder remote from the inlet end o 
the chamber. The chamber c is also of concave shai 
in cross section, and of decreasing width from its inlet 
end to its outlet end.—(Accepted, September 8, 1926.) 
259,050. A. H Phillips, Manchester, and T. S. 
Rigby, Manchester. Pistons. (3 Figs.) November 
2, 1925.—The invention relates to pistons for internal- 
combustion engines, and consists broadly of a piston 
comprising a forged crown a, b, a separately formed skirt 
consisting of a light metal ring, and gudgeon-pin bearings 
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composed of light metal tubing h, the crown a, 6, skirt 
d, and bearings h being connected by means of a light 
skeleton framework i, j, of stamped or pressed sheet metal, 
welded, hard soldered or brazed thereto. The crown a, b, 
is composed of two portions a, b, welded, hard soldered or 
brazed together, and with grooves c for the piston rings, 
the skirt a, of such diameter that it is a sliding fit in t 





cylinder. The bearings h for the gudgeon pin g may be 


formed initially from a single length of drawn tube, the 
central portion being removed after the tube has been 
welded, hard soldered or brazed to the side ’ ae of the 
framework ¢, 7.—(Accepted, October 13, 1926.) 

257,717. Richardsons, Westgarth and Co., 
Limited, Hartlepool and W. S. Burn, Hartlepool. 
Internal-Combustion Engines. (2 Figs.) June 30, 
1925.—The invention relates to internal-combustion 
engines having cooled pistons in which the cooling fluid 
flows into and out of the piston by way of the crosshead 
and a hollow piston rod. In such an engine, the con- 
nections between the crosshead and the source of supply 
include a telescopic pipe, which comprises a plunger 
pipe a attached to a bracket b mounted on the crosshead, 
and a casing d attached to the cylinder jacket or other 
stationary part of the engine. According to the inven- 
tion, the upper end of each casing d is connected to its 
support by a bearing h, which comprises a _— pin f, 
about which the casing is free to swing and follow any 
lateral movement of the plunger pipe a imparted to it 
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by the crosshead. Slight axial clearance is also given 
to the bearing in order that slight fore and aft movement 
of the piston-cooling pipes, due to bad alignment, is also 
possible. In conventional practice, the plunger pipe 
and its casing is duplicated, one constituting the inlet 
for the cooling fluid and the other the outlet. According 
to one embodiment of the invention, the two casings 
are mounted side by side upon the common pivot pin f 
somewhat after the manner of a simple hinge. The 
cooling fluid connections ¢ are arranged as close as pos- 
sible to the pivotal mounting of the casings d where the 
minimum of movement takes place, the required flexi- 
bility of the pipes being provided for by constructin 
them of copper and bending each of them into a co 
close to the connections with their respective casings 
or be a length of flexible piping.—( Accepted, September 15, 
1926.) 


LIFTING AND HAULING APPLIANCES. 

259,006, Ropeways, Limited, Westminster, 
London, and H. T. Thorne, Westminster, London. 
Aerial Ropeways. (6 Figs.) September 5, 1925.—A 
load carrier for use with the travelling rope of an aerial 
ropeway, according to the invention, comprises a load 
hanger 1, the upper horizontal end portion of which is 
adapted to serve as a spindle upon which is journalled 
a wheel 2 for engagement, when desired, with a shunt 
rail, and also a sleeve 3 carrying a clip device 4 for engage- 
ment with an endless travelling rope 5, the wheel 2 being 
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located between the sleeve 3 and the downwardly ex- 
tending portion of the hanger 1, the lower end of which 
is adapted, in the ordinary way, to support a bucket 
or equivalent load-carrying device. The wheel 2 is 
retained in om endways between a shoulder on the 
upper end of the hanger 1 and a collar 6 fixed to the 
spindle portion of the hanger, the sleeve 3 being retained 
in place endways between the collar 6 and another 
collar 7 fixed to the outer end of the spindle.—( Accepted, 
October 13, 1926.) 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 

255,784. Sir W. G. Armstrong, Whitworth and 
Co., Limited, Newcastle-on-Tyne, and F. W. 
Palmer, Whalley Range, Manchester. Boring 
Bars. (3 Figs.) April 19, 1926.—The invention 
relates particularly to boring bars for use with a horizontal 
boring mill. a are pads, or steadying members, each 
carried by an arm 6 which, as with the similar arm o 
c ing the cutter d, are fulcrumed on the head e of 
the boring bar f. The arms b, c are moved about the 
pivots g by means of the triple wedge h, mounted on the 
central rod ¢, to which a sliding movement is imparted 





by a screwed sleeve serving as a rotatable nut for the 
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threaded end of the rodi. The triple wedge h is guided 
during its sliding movements with the rod 7, by means of 
grooves in the head e of the boring barf. The sliding of 
the triple wedge h imparts the required feed movements 
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to the cutter d and simultaneously imparts corresponding 
movements to the pads, or steadying members, a to 
ensure the maintenance of the desired rigidity of support 
for the cutter d. (Sealed.) 


MINING, METALLURGY AND METAL- 
WORKING. 

255,321. Babcock & Wilcox, Ltd., London, and 
A. Lennox, London. Rotary Tipplers for Coal 
Wagons. (3 Figs.) January 5, 1925.—The invention 
relates to rotary tipplers for use in tipping coal wagons. 
A shaft a has two drums 8, ¢ located on the top of 
the tippler. The ends of a rope d are secured to the 
drum b. The rope d is led from the top of the drum 
b round fairleads /, h, k, m, n and o, then over fair- 
leads p, g, 7, 8 t, u, and finally the rope is taken to 
the underside of the drum b. The fairleads k, m,n and s 
are, respectively, journalled to clamping bars /,/' adapted 
to engage the top edges of the wagon. The fairleads 
h, t are journalled on arms i! which are carried at the 
ends of a buffer ¢ and are pivotally mounted on the 
end rings g, g' of the tippler. When the arms i are 
caused to swing upwardly, the buffer ¢ approaches 
the adjacent side of the wagon. The drum c, which 
is of smaller diameter than the drum 8, serves to hoist 
the clamping bars /, /' from contact with the top edges 
of the sides of the wagon, and permits the bars J, 7 
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to be lowered. Ropes c!, secured to the bars J, 1, are 
led over fairleads to the drum c. In operation, on 
rotation of the shaft a in clockwise direction, the rope d 
is wound on to the drum }, and, at the same time, the 
ropes c are paid out from the drum c. The clamping 
bars 1, P will continue to descend until they contact 
with the top edges of the sides of the wagon to be held 
in position. Continued rotation of the shaft a causes 
arms ¢! to swing ey and consequently the buffer ¢ 
to approach and bear against the adjacent side of the 
wagon. Rotation of the shaft a is now discontinued, 
the wagon being clamped between the rails and the bars 
i, @, and supported against the buffer ¢. The end 
rings g, g) are rigidly interconnected and rest on rollers g° 
mounted on shafts g4. Rotation of the rollers g} causes 
the tippler to be tilted. To release the wagon, the shaft a 
is rotated in counter-clockwise direction, whereby the 
bars I, 2 are hoisted by the drum c, and the rope d bein 
unwound from the drum b, the buffer ¢ is sal | 
to swing clear of the wagon by gravity. (Sealed.) 


RAILWAYS AND TRAMWAYS. 

257,729. Cammell Laird and Co., Limited, Shef- 
field, and R. S. Bailey, Sheffield. Vehicle Bodies. 
(21 Fige.)—August 19, 1925.—The invention relates to 
vehicles made of metal plate, with timber or metal interior 
trimmings or linings, and with window openings formed 
at [the sides by vertical-spaced pillars and at the top and 


fet Fig.2. 
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bottom by flanges on the top and waist panels. The 
body comprises body pillars 1, of flanged or el sec- 
tions, spaced at suitable intervals apart, to which the 
outside waist panel is secured, the top panel 3 being 
equivalently attached. The panel 2 is flanged inwards 
between pillars 1 associated with the windows so as to 


secured to an angle-formed longitudinal member 5 at- 
tached direct to the pillars 1. The top panel 3 is flanged 
on.the bottom edge to form the top edge of the window 
openin The sides of the window openings are formed 
directly by the pillars which serve as the bases for 
window runs and, having no covered parts, are readily 
accessible for cleaning and painting. The margins of 
the panels 2, 3, which bear against the pillars 1, are 
thoroughly jointed to the latter, so that there are no 
ledges, crevices or joints where moisture can lodge and 
set up corrosion. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 

258,912. The Hon. Sir C. A. Parsons, Newcastle- 
on-Tyne. Surface Condensers. (21 Figs.)—March 
30, 1925.—The main object of the invention is to reduce 
or prevent erosion of the tubes of surface condensers. 
With such an object, the invention consists in the 
arrangement in the water box 4 of a condenser in front 
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of the tube plate at the entry end, and spaced apart 
therefrom, of an integral screen A, comprising @ series of 
juxtaposed ducts having their axes parallel to the axes 
of the condenser tubes 3, the ducts being long in relation 
to their transverse dimensions, and the number of the 
ducts being preferably large in relation to the number of 
the condenser tubes.—(Accepted, October 13, 1926.) 

257,306. Simon-Carves, Limited, FManchester, 
and B. F. Clark, Manchester. Water-Tube Boiler 
Furnace. (6 Figs.) March 31, 1925.—The invention 
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relates to a water-tube boiler furnace adapted for the 
combustion of pulverised fuel. Inclined sets of water 
tubes 1 are connected to an upper and a lower set of headers 


main drum 4. The lower ends of the headers 2 are 
connected to the pipes 5 supporting the arch or roof 6 
of the furnace. These pipes meet in another header 7 
from which descend a series of vertical pipes 8 down the 
front of the combustion chamber 9. At the bottom of the 
combustion chamber, these pipes pass into another 
header 10, connected to the mud drum 11 or another 
header. The mud drum is connected with the main 
drum directly by a wide feed pipe 12 and indirectly, via 
tubes 13 along the back of the combustion chamber, with 
the lower series of headers 3. The vertical pipes 14, 
which cool the sides of the chamber, are supplied by 
headers 15 connected to the mud-drum feed pipes 12, 
and are connected by sloping headers 16 to the main 
drum. The operation is as follows: The feed water 
passes from the drum 4 down the feed pipe 12 into the 
mud drum 11. Here part passes up the screen of tubes 
13, through the headers 3, up the tubes 1 and so back 
to the drum 4. The remainder passes up the vertical 
tubes 8, through the arch supporting tubes 5 and so 
back to the drum 4. Part of the water from the feed 
pipe 12 passes to the headers 15 bg the tube screen 14 
and so back to the drum 4. (Sealed.) 


255,540. The Hon. Sir C. A. Parsons, K.C.B., 
Newcastle-on-Tyne, A. Q. Carnegie, Newcastle- 
on-Tyne, and D. C. P. Willis, Newcastle-on-Tyne. 
Turbines. (2 Figs.) April 24, 1925.—The invention 
relates to turbines and has for its object the provision 
of er means for preventing or reducing losses 
caused by the erosion of the blades. The invention 
consists in a set of turbine blades provided with anti- 
erosion shielding means acting to bind the blades of the 
set together. A number of obliquely-running strips a 
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are provided near the tips of a set of rotating blades 
b, so that each strip is attached to a number of 
blades into which it may be notched and attached by 
brazing, welding or other suitable process. The strips 
a, as seen in Fig. 2, project beyond the plane of the 
leading edges of the blades, so that as the rotor rotates, 
the projecting portions come into contact at a high 
velocity with the comparatively slow-moving water 
particles suspended in the steam, and thus themselves 
suffer erosion and act as anti-erosion shields to the 
neighbouring blades. (Sealed.) 


MISCELLANEOUS. 


257,038. F. Knott, and Maxted and Knott, Limited, 
Westminster, London. Brick-Making Machines. 
(4 Figs.) May 28, 1925.—The invention has relation to 
brick-making machines of the kind in which the clay is 
mixed in a chamber having a power-driven revolving 
shaft with mixing arms. According to the invention, a 
brick-making machine has a mould-carrying table 20 
disposed below the outlet of the chamber 11 from which 
the mould 21 is directly filled, an arm 22 actuated by a 
cam 23 on the power-driven shaft 15 to move the moulds 
21 across the mould-carrying table 20, and a striking 
plate disposed in relation to the chamber outlet to 
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prevent clay protruding beyond the top of the mould. 
Further in accordance with the invention, the machine 
has a horizontally-disposed chamber 11, from which the 
mould is filled, of a length considerably greater than its 
width or diameter, with an inlet 14 on its upper side at 
one end and an outlet 19 on its lower side at the other 
end, an abutment 13 dis above the outlet 19, a 
power-driven shaft 15 extending longitudinally of the 
chamber 11, and a series of knives 18 mounted on the 
shaft to mix the clay and cause it to travel along the 
chamber and, in conjunction with the abutment, to 








form the sills for raising lights or louvres, the flange being 


2 and 3. The tops of the upper headers 2 lead to the 


force it through the outlet.—( Sealed.) 
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THE FLOOD PROTECTION WORKS OF 
THE MIAMI VALLEY, OHIO, U.S.A. 
By E. W. Lane, M.Am.Soc.C.E. 


A GREAT storm swept over the north-eastern 
part of the United States in March, 1913, being 
so far as is known the worst which has occurred in 
that part of the United States. In this storm, the 
damage and loss of life were greatest in the basin of 
the Miami River, and to prevent a recurrence of the 
disaster, a system of retarding basins and channel 
improvements has been built, to protect the valley, 
at a cost of about 7,000,000/. This flood prevention 
system is interesting not only because of its magni- 
tude, but also because the studies upon which the 
design was based are probably the most thorough 
ever given to a hydraulic engineering project. 


(population 6,100). Below Dayton all the towns 
were severely damaged: West Carrollton (1,300), 
Miamisburg (4,300), Franklin (2,700), Middletown 
(13,200), and Hamilton (35,300), suffered roughly 
in proportion to their populations. On account of 
the greater size and low elevation, the damage was 
greatest in Dayton. It had a population of 117,000. 
The greater part of the business and manu- 
facturing sections of the city and much of the 
residential district are located on low land along the 
rivers, and were protected against overflow by levees 
| which resisted the floods for many years. 

| The Flood of March, 1913.—The rain began on 
| March 23, and fell heavily most of that day and the 
next. The danger, however, was not appreciated. 
|In the early morning of the 25th, the river over- 





| topped the protecting levees and flooded the town. | 


area passed somewhat to the north of the region of 
heaviest rainfall, and was followed, two days later, 
by the second low-pressure area which passed 
directly over the heavy rainfall region. The rainfall 
of any single day of the period was not extreme, 
but at Richmond, Indiana, the precipitation to 
the end of the second, third, fourth and sixth days 
of heaviest rainfall exceeded all previous records 
for those time periods in that region. In the Miami 
Valley most of the rain fell on the three days, 
March 24-26. The maximum amount recorded was 
11-74 in. in six days. On an area of 121,300 sq. 
miles, equal to the area of the United Kingdom, 
an average of over 64 in. of rain fell, and an 
average of 4-2 in. fell on an area of 492,000 square 
miles, equal to the combined areas of France, 
Germany, Belgium, Holland and Switzerland. 
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The drainage basin of the Miami River covers an 
area of about 4,000 square miles as shown in Fig.1. 
The country is gently rolling and nearly all cultivated. 
It lies at about 800 to 900 ft. elevation and has a 
mean annual rainfall of about 36} in. The main 
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Most of the people were trapped in their homes, 
retreating to the upper floors and then, in many 
places, to the attic or roof as the water rose. In 
places the water was more than 15 ft. above the 
streets, and over most of the area was more than 


Many of the streams reached the highest stages 
ever recorded, among these being the Wabash 
and Hudson Rivers, which are 600 miles apart. 
Fig. 2 shows the isohyetal or equal rainfall lines 
for the five day rainfall. The area on which two 


tiver has a length of about 160 miles and a nearly |10 ft. deep. To add to the discomfort which | or more inches of rain fell was over 492,000 square 


uniform slope of 3:44 ft. per mile. About the 
middle of its course it is joined by its two largest 
tributaries, the Mad and Stillwater Rivers, which 





cramped quarters and lack of heat and food caused | 
to the marooned people, the weather turned bitterly | 
cold and fire started in some sections and threatened | 


miles, the distance from one end of it to the other 
being over 1,500 miles. 
Preceding this storm, there had been frequent 


have lengths of about 65 miles each and slopes of | large areas from which the people were unable to | moderate rains, and the ground was well saturated, 


7-1 and 4-4 ft. per mile respectively. | 

On the flood plain formed at the junction of these | 
two tributaries with the Miami River is situated | 
Dayton, the largest city of the valley. At this | 
point the Miami has a drainage area of 1,162 square | 
miles and the Mad and Stillwater Rivers 689 and | 
674 square miles respectively. A small creek of | 
73 square miles drainage area also enters the Miami | 
at Dayton, making the total drainage area at that | 
city about 2,600 square miles. The junction of these | 
large tributaries at the same point is a contributing | 
factor in the high rate of run-off which resulted from | 
the storm. 


rose, all the towns on their banks were damaged to 


some extent. Above Dayton those which suffered | reality two storms in succession, each having a 
most were Piqua (population 13,400) and Troy | distinct low-pressure area. The first low-pressure | 


| Streams. The property loss was about twenty 
Because of the great height to which these rivers | million pounds, about half of which was in Dayton. 


escape. Fortunately, it did not spread far. The | 
maximum stage of the flood was reached about | 
midnight of the 25th, after which the level receded | 
rapidly, but it was not until the 27th that most | 
of the people were released. 

The loss of life was over 360, the city of Hamilton 
suffering most in this respect. Considering the 
rapidity with which the river rose, and the great 
number of people caught in the flooded area, even 
this high figure is remarkably low. The total area 
of cities and towns flooded was 9,800 acres, about 
45 per cent. of the total area of the cities along the 


The storm which caused the great tlood was in 





but not frozen when the great rain occurred. The 

most intense part of the rainfall centered over the 

valley of the Miami River in south-western Ohio. 
Measurement of Flood Flows.—Before the wreck- 


|age and mud were cleaned from the houses and 


streets the engineering work for the flood preven- 
tion system was started. The first step was 
to send men throughout the valley to mark 
permanently on the trees and telegraph poles 
the well-defined marks at the maximum flood 
height. These were followed by surveying parties, 
who determined from these marks the slope of the 
flood plane and the extent of the area flooded. 
These data were also used to determine the flood 
discharge of the Miami and its tributaries at a 
number of points in the watershed. 

Two methods were used to estimate the flood 
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discharges. Wherever a stretch of stream valley 
could be found where the cross-section and vegetal 
cover of the flooded area was reasonably uniform 
throughout, and in which the flow was not obstructed 
by bridges, serious bends or embankments, detailed 
surveys were made to determine the surface slope 
of the flood water and its average cross section. 
From an inspection of the nature of the land surface 
a factor of roughness was determined, and from 
these data by means of the well-known formula 
of Ganguilette and Kutter, the discharge was 
computed, after making due allowance for any 
difference of velocity head which might have 
existed in the flow at the two ends of the reach. 

A second method of determining discharge, which 
in many cases afforded a comparison with the 
channel flow method, was based on the theory of 
flow through contractions in an open channel. At 
a number of places along the streams, high embank- 


ments for railroads or highways extended across | 
the valleys, and, if high enough, contracted the | 


entire flood flow to the width of the bridges which 
carried the roadbeds over the river. 


in the water surface elevations on the upstream and 


downstream sides of the opening. Careful determi- | 


nations were made of the magnitude of the drop 
from the high-water marks, and the cross sections 
of the waterway in the bridge openings were also 
measured. The following computations will illus- 


At these | 
bridge openings a considerable difference existed | 


Length of drop-off section = 300 ft. 
Slope above drop-off = 0-00030 


Then friction loss = 300 x 0-00030 x re 


= 0-75 ft. 





| 
| 
| 
| 
{ 
| 
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trate the method of dete:mining the discharge from 
these data :— 


Velocity of approach = 4-2 ft. per second. 
Head at opening : 

Head due to velocity of approach = 0-3 ft. 
Drop at opening: 

Average elevation at beginning of drop-off = 786-4 
Average elevation below drop-off = 781-6. 
Drop-off = 4-8 ft. 

Total head = 4-8 + 0-3 = 5-1 ft. 
Friction head : 

Assume 0-8 ft. lost in friction. Then actual 
velocity head = 4-3 and corresponding velo- 
city = 16-6 ft. per second. Average velocity in 
drop-off section = square root of average squares 


16°62 + 4°22 te 
= /— = ,/146°6 








Quantity : 
Area at point of maximum contraction = 7,960 


sq. ft. 
Velocity = 16-6 ft. per second. 





Hence the assumption is considered to be correct. 





Quantity = 132,100 second feet. 
Fig. 3 shows the results of the surveys from which | 


to 40 ft. per mile the discrepancy was as much as 
146-6 | 39 per cent. The computations based on the drop 
in general gave smaller values of discharge, which 
are believed to be more reliable than the results 


obtained by the channel flow method. 


Fig. 4 is a map of the Miami River watershed 
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miles, and the number equal to the fraction gives 
the run-off in cusecs per square mile. The results 
seem to be reasonably consistent throughout. The 
highest rates occur in the regions of the greatest 
rainfall, as shown by the map, Fig. 2. These results 
are further confirmed by the greater damage to 


the drop used in this computation was determined, | roads and bridges on the higher land in that region. 


and also the slopes used in computing the discharge | 


The small lakes in the upper part of the watershed 


by the first method. Experiments have since | are reservoirs for storing water to supply a naviga- 


confirmed the theoretical basis of this method | tion canal. 
runoff somewhat in their vicinity, their effect 


of computing the discharge from the drop of the} 


Although they reduced the rate of 


water surface at a contraction in an open channel. | further down was negligible. 


On the larger streams the results of these measure- | 


Flood Prevention Plans.—Before the debris of the 


ments gave results within a few per cent. of those | floods had been completely removed from the 
computed from the slope measurements, although | streets, a campaign was started in Dayton for 
on some of the small streams with slopes of from 15 | raising funds for the prevention of a repetition of 
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the flood. Within ten days the citizens pledged 
themselves as individuals to pay over 400,000/. 
toward the work. The availability of part of this 
fund for investigation work was to a large extent 
responsible for the thoroughness with which it 
was carried out. Much of the fund collected, was 
later partly refunded, when other methods of 
financing the project were worked out. 

Following the flood plane surveys, a topographical 
survey of the entire flooded area was undertaken. 
For part of it the topographical maps of the United 
States Geological Survey were available. Although 
these were to a scale of only 1 in. per mile, they 
were quite satisfactory as regards detail and accu- 
racy for use in the preliminary studies. When it 
became evident that retarding basins might be a 
solution, surveys were first made to fill in the gaps 
in the small-scale maps in order to enable the 
preliminary investigations to proceed until surveys 
for detailed large-scale maps of the most promising 
basin sites could be completed. As soon as sufficient 
information was at hand, the studies of flood 
prevention plans were undertaken. 

The first investigations centered around the 
protection of the city of Dayton, as the engineers 
were engaged at first to study only this problem. 
Plans were worked out for the protection of the city 
by various channel improvements. One scheme 
was the enlargement of the existing channel with the 
smoothing out of irregularities; others involved 
various cut-off channels across the bends which the 
river makes in passing through the city and com- 
binations of these cut-offs with enlargements of the 
main channel. All of these proved very expensive, 
on account of the highly-developed property along 
the main channel and the sites of the proposed 
cut-offs. 

Protection by retarding basins involved the 
study of a number of possible basins, most of them 
having several possible dam sites, which, on account 
of their effect on the storage capacity, required 
separate treatment. The investigation showed that 
basin sites of sufficient capacity were not available 
at a reasonable cost to protect the city without 
improvement of the river channel, but that using 
retarding basins combined with some channel 
improvement it was possible to protect Dayton at 
much less cost than with either basins or channels 
alone. This discovery greatly broadened the field 
of investigation, for the retarding basins which 
were necessary to protect Dayton would also greatly 
assist in the protection of the other cities of the 
valley, and it was, therefore, clearly desirable to 
study plans for complete protection of the whole 
valley in order equitably to distribute the cost of 
the retarding basins. From this study it was 
found that with retarding basins combined with 
limited channel improvements at the various cities, 
the entire valley could be protected at less cost than 
was possible for Dayton only by channel improve- 
ment, and that each town, bearing its proportion of 
the costs of the combined system could be protected 
more cheaply than would be possible by any other 
method. 

Plans for the protection of the individual towns 
by channel improvement only were worked out in 
considerable detail for the purpose of showing that 
each town could be protected more cheaply as part 
of the system than by individual treatment. Detailed 
studies were also made to show the cost of protecting 
the entire valley by channel improvement only, as 
this was the plan proposed by the opponents of the 
retarding basin scheme. Various systems of small 
retarding basins were also investigated, but they 
were found greatly to exceed the cost of the system 
of a few large ones, as well as being less reliable in 
action. 

The flood prevention basins in the Miami Valley 
are used exclusively for flood prevention, no power 
or water storage being accomplished. They are 
formed by large dams across the Miami River and 
its principal tributaries, through which there are 
permanent openings, without gates, which allow 
the ordinary flow of water to pass without restraint, 
but are too small to pass flood flows, the excess water 
being retained in the basin until the flood subsides, 
When it gradually escapes through the opening 
and leaves the basin empty and ready for another 
flood. To distinguish this type of control works 

















from reservoirs, in which flood water is stored and 
used later to increase the low-water flow, or for 
other purposes, the term ‘‘ retarding” basin is used, 
since the action of the basin is simply to retard the 
run-off of the peak of the flood until the river channel 
can carry it without overflowing. Extensive channel 
improvements, consisting of enlargement of levees 
were necessary at the cities, as sufficient basin 
capacity was not available to take care of all the 
flow in very large storms. 

The four principal factors which control the 
height of dams and size of outlets used in a system 
of retarding basins are: (1) The amount and dis- 
tribution of run-off of the maximum flood to be 
provided for, (2) the maximum outflow rate per- 
mitted, (3) the storage capacity of the basins for 
different depths in the basin, and (4) the types of 
outlet used. 

The first step in the design of a retarding basin 
system is to decide on the maximum flood to be 
protected against. In this decision it is necessary to 
consider many factors. From a study of all 
available data on rainfall and run-off, it was decided 
that the greatest flood ever to be expected in the 
Miami Valley was 94 to 10 in. of run-off in three 
days, or 40 per cent. larger than the 1913 flood. 
From a study of the run-off of the Miami River, the 
distribution decided upon was as shown in Fig. 5. 
In the Miami Valley it was found economical to 
protect against the greatest flood which was at all 
likely to occur, but in some cases the cost of protec- 
tion against the very unusual flood might be pro- 
hibitive. Although it was felt that a run-off of 
93 to 10 in. was a very remote probability, practical 
absolute safety was demanded for the dams, and a 
run-off of 14 in. in three days, with 5-ft. freeboard, 
was decided upon as being sufficient to make the 
safety of the dams absolutely assured. 

While a criterion of this kind for maximum storm 
is very useful, it must not be considered as the only 
requirement. Basins with relatively large outlets 
are taxed more heavily by severe short storms, while 
those with relatively small ones are most severely 
strained by long drawn-out run-offs. Therefore, 
after the size of basins has been decided upon, 
using the standard selected, its suitability should be 
tested for storms of equal probability but of greater 
intensity and short duration, and of lesser intensity 
and longer duration. If the basins do not meet these 
tests, adjustments should be made. Fig. 6 shows the 
capacities of the various Miami Basins for storm 
run-offs of various intensities and durations. 

In the Miami system the 94-in. run-off in three 
days was used for the Taylorsville and Huffman 
basins. These had large drainage areas and, 
therefore, had relatively large outlets. The Engle- 
wood basin had a drainage area as large as the 
Huffman, but since the outlets were small, it would 
have a long emptying period and might not empty 
when a second flood came. To allow for this 
contingency a capacity of 10 in. in three days was 
selected, or the same as for the basins with smaller 
drainage areas. These capacities were modified 
somewhat by practical considerations. It was also 
found that by raising the dam at Germantown 
above the level demanded by the foregoing con- 
siderations, a spillway could be built through 
a saddle in the hills surrounding the basin the 
total cost of the dam and spillway being thus 
reduced. This resulted in a greater basin capacity 
than the 10 in. run-off in three days would require. 
Somewhat similar conditions at Englewood resulted 
in an increase of capacity of this basin, as will be 
described later. 

The maximum outflow rate permitted also 
depends upon a number of factors. It is not 
always economical to develop the basins to the 
largest extent possible, as protection may, in 
some cases, be more economically secured by 
channel improvement. The method of securing 
the most economical combination of channel 
enlargement and retarding basins will be explained 
later. Where the topography is favourable, basins 
of sufficient capacity may be secured to impound 
the entire flood flow of the river. The outflow 
permitted in this case is dictated by the necessity 
of having openings of sufficient capacity to preclude 
clogging by drifts or ice, and which will empty 
the basin in a reasonable time to prepare for another 








flood, and permit the use of the valley for agri- 
culture. The Lockington, Englewood and German- 
town basins were of this type. 

With a given inflow, type of conduits, and storage 
capacity, the maximum outflow rate is often 
dictated by the storage available. At the Taylors- 
ville basin the capacity was limited to the height 
which would not flood the city of Troy. The 
Huffman basin was limited to the height to which 
the railroads passing through the valley could 
be raised economically. These limitations on the 
height largely fixed the maximum outflow rates 
of these basins. 

The storage capacity of the basins at different 
depths has a limited influence on the maximum 
rate. For the basins of the Miami system, it was 
found that the capacity varied practically as the 
depth of storage to the power of §. If it had 
followed a different law the effect on the floods 
would be somewhat different. 


(To be continued.) 
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Condensing Plant. By R. J. Kauta, M.I.E.E. and I. V. 

Rosinson, Wh.Sce., M.I.Mech.E. London: Sir Isaac 

Pitman & Sons. 1926. [Price 30s. net.] 

Untin quite recently no adequate text-book on 
surface condensers existed, although the type ousted 
the jet condenser at sea, 50 or 60 years ago. Few 
of those who constructed and ran these condensers 
had any idea of the meaning of the term partial 
pressure. Proportions were fixed by rule of thumb, 
the surface provided being made proportional to the 
indicated horse-power, the coefficient used being 
increased a little if the steamer was to run mainly 
in tropical waters. In view of the reciprocating 
engine’s poor response to a high vacuum, this general 
ignorance mattered little. The point was to secure 
reliability in running. Hence water speeds were 
kept low, with a consequent high resistance to the 
transfer of heat between the steam and the circu- 
lating water. This, however, was relatively unim- 
portant, since a good deal of air leaked into the con- 
denser through the glands of the L.P. cylinder, thus 
increasing the resistance to heat transfer on the 
steam side of the tubes. Since there was quite a 
large difference of temperature between the exhaust 
steam and the circulating water, these high resist- 
ances demanded no extravagant amount of cooling 
surface. 

With the advent of the steam turbine, ignorance 
ceased to be bliss, and drastic departures were 
required from the existing standard practice. The 
lead was taken by Sir Charles Parsons, who in addi- 
tion to minor improvements in the design of con- 
densers, introduced the vacuum augmenter, some 
variant of which is to-day part of the equipment of 
every condenser coupled to a large steam turbine. 

The search for methods of securing the high 
vacua essential to obtain the best results with a 
steam turbine, led also to a more careful study of the 
problem of heat transfer between the steam and the 
cooling water. Seventy years ago many physicists 
naively assumed that the temperature of any metal 
wall exposed to steam was that of this steam, and 
so long as this idea was entertained, little progress 
was possible. Even such a prince of experimenters 
as Joule fell into this trap, with the result that his 
many careful experiments in this field led to no 
useful result. Callendar following up the pioneering 
work of Osborne Reynolds, showed that with air free 
steam extraordinarily high rates of heat transmission, 
from vapour to cooling water, were possible, and 
it has since been pointed out that his observations 
could be explained if the outer surface of the con- 
denser tubes were covered with a film of water 
having a thickness of the order of ys in. Most 
experimenters, however, simply measured steam 
and water temperatures and deduced purely empiri- 
cal formule for the heat transfers observed. Such 
formule commonly took the form that the rate of 
heat transmission varied as some power of the tem- 
perature difference. Formule of this type are, of 
course, quite irrational, and little was accomplished 
until a more careful analysis was made of the various 
resistances which had to be overcome by the flux 
of heat between the steam and the cooling water. 
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In the book under review, Messrs. Kaula and 
Robinson have discussed this part of their subject 
along these lines. Both authors have had much 
experience in the design and operation of condensing 
plant. The volume opens with a description of the 
various types of condenser now used, the theory 
and the detailed design of the plant being discussed 
in detail in the succeeding chapters. 

The practical character of the treatise is well 
illustrated by the section dealing with the economic 
advantages of high vacua. Here a detailed calcu- 
lation is given to demonstrate that even with steam 
turbines it is not always the highest vacuum which 
gives the largest annual saving. Thus in a case 
in which the circulating water had to be supplied 
from cooling towers, it is shown that the total 
annual costs would be less with a 28 in. vacuum than 
with one of 284 in. In this connection, however, it 
should be noted that much depends on the character 
of the water available. Where hard water has to be 
used it is exceedingly difficult, perhaps impossible, 
to keep the tubes clean, and in some stations, in 
spite of frequent cleanings, the rate of heat transfer 
averages less than one-half of what it would be with 
clean tubes. 

On the other hand, there are stations, in 
which the supply of weter to the cooling towers is 
so soft and pure that vacua of over 28} in. are 
obtained without difficulty or extravagant cost. 
In fact, at Bradford, the tubes will run for a 
year before it is necessary to clean them, and this 
is accomplished, as described recently in these pages, 
by the simple device of shooting a rubber plug 
through each tube by means of compressed air. 
The deposit is so soft that the plug easily expels it. 
In Chapter IV, the authors discuss in detail the 
effects of air in a condenser and explain clearly 
the advantage of thoroughly cooling the condensate. 
Methods of fixing the dinfensions of condensers are 
discussed in the next chapter which includes some 
valuable notes on the number of water passes advis- 
able, which it is pointed out may depend largely on 
extraneous conditions. 

Constructional details form the subject of 
Chapter IX, in which attention is called to the 
troubles which arise occasionally from tube 
vibrations. Methods of calculating the natural 
periodicity of the tubes are described, and stress 
is laid on the importance of making sure that 
this periodicity does not coincide with the 
frequency of plant pulsations. Various forms of 
tube glands are illustrated in this chapter, and 
there are also useful notes on the thickness of 
the shell plates. Typical designs by various 
builders are next described, and this is followed 
by a chapter on corrosion, erosion, and the fouling 
of the tubes. The Cumberland method of stopping 
corrosion, which has been in use at Brighton for 
twelve years past, is explained, and there are 
some interesting extracts from a power station 
log-book, illustrating the serious effect of scale 
on rates of heat transfer. Evaporative condensers 
form the subject of a separate chapter, which is 
followed by a section on jet condensers in which 
are described the relative advantages of different 
types and methocs of calculating the heads required. 
A number of typical designs by various makers are 
also illustrated and described. 

The subject of air pumps is next considered, 
those of the reciprocating type being dealt with 
first. The air ejector type, the design of which 
is still largely empirical, is then discussed in some 
detail. This chapter contains, however, a quotation 
from Callendar’s properties of steam, which, isolated 
as it is, may perhaps be a little misleading. It is 
true that at very high vacua, “the limit to the 
state of dry supersaturated steam in rapid expansion 
is reached when the pressure is eight times the 
normal saturation pressure,” but both theory and 
experiment show that this rule does not hold good 
in other conditions. In fact, when the temperature 
of condensation is about 95 deg. C. both theory 
and direct experiment show the ratio to be about 
3:1 instead of 8. The theory of the ejector is 
probably as adequately given by the authors 
as is possible in our existing ignorance. The calcu- 
lated results require in all cases correction by a 
substantial empirical coefficient. Considered thermo- 
dynamically, the steam jet ejector is extraordinarily 


inefficient, but at the same time it is amazingly 
effective. 

After a short section on the hydraulic air pump, 
we have a chapter in which a variety of standard 
makes of air pump are illustrated and described, 
and in a subsequent section the authors have 
collected together much useful data derived from 
tests of condensers and their auxiliaries. 

The use of closed feed systems is comparatively 
new, and the advantages of the method in reducing 
the amount of air entering the boiler are clearly 
explained in a later chapter. A table of the 
properties of steam at various vacua is included 
in the text, and is supplemented by a useful table 
showing the quantity of cooling water required 
for various service conditions. 

The book is clearly printed, and is illustrated by 
upwards of 200 engravings. It will undoubtedly 
prove of the greatest value not only to the designer 
of condensers, but also to the station engineer in 
supplying him with a reliable guide to the operation 
of his condensing plant. 





Die Wasserbaulaboratorien Huropas. On behalf of the 
Verein Deutscher Ingenieure edited by G. de THIERRY 
and C. Martscuoss. Berlin: V.D.I.-Verlag, G.m.b.H. 
[Price 50 marks. ] 

Tus volume is devoted to hydraulic construction 

and to the investigation of the problems of rivers. 

canals and estuaries, and of ports and locks, and 
such forms of civil engineering. It owes its origin 
to Dr. John R. Freeman, of Providence, U.S.A., who 
suggested the compilation of these monographs 
to the Verein Deutscher Ingenieure in 1914, after 
having visited the hydraulic laboratories of Berlin, 
Dresden, Karlsruhe and Briinn. The general intro- 
duction on the historical development of hydraulic 
research and on some notable hydraulic laboratories 
of America, which Dr. Freeman has contributed, 
and which Dr. de Thierry has translated, would 
probably have been even better appreciated, in 

Germany and in his own country, if it had been 

left untranslated or had been published in both 

English and German. Dr. Freeman concludes his 

introduction by pleading for model experiments. 

The two subsequent chapters by Dr. H. Engels 

on the value of model experiments, and by Dr. R. 

Winkel on the principle of similarity, and the limits 

of applicability of experimental results, take the 

same line. It would have been interesting to compare 
the terminology of experts in the two languages. 

The concluding chapter by Dr. G. de Thierry ends 

with quotations from Spencer and from Kant, 

the former fortunately in English. 

Apart from these general sections, the volume 
consists of monographs on the chief hydraulic 
laboratories of Europe, and the work done in 
them, independently compiled by the chiefs or 
leading officials concerned. The laboratories de- 
scribed are at Braunschweig, Dresden, Karlsruhe, 


excellent illustrations—512 photographic reproduc. 
tions and diagrams, in addition to coloured plates, 
in a volume of 432 pages—and the clear type, 
deserve special mention. 


Methods of Amalgamation: and the Valuation of Busi. 
nesses. By A, E, Currortnu, C.B.E., F.C.A. London: 
G. Bell and Sons, Limited. [Price 25s. net.] 

In this book Mr. Cutforth, who is a member 
of a leading firm of accountants in the City, has 
generously placed at the disposal of the public 
the fruits of his professional experience in the 
amalgamation of businesses. He discusses the 
different forms of amalgamation—the merger of 
‘businesses, holding-company schemes, and pooling 
agreements—and, with perhaps a slight but exeu. 
sable bias in favour of amalgamation, its advantages 
and disadvantages. Many chapters are devoted to 
the discussion of points arising on the valuation of 
various classes of assets, including goodwill, and 
liabilities, that on goodwill being especially valuable. 
| These chapters might, indeed, be studied with 
| profit with a view to the preparation of balance. 
|Sheets and for other purposes, apart altogether 
from amalgamation, although the author modestly 
acknowledges that he has dealt with their subjects 
merely in broadest outline and that whole volumes 
could be written about each of them. The book is 
a very good one indeed, and we commend it to 
accountants and solicitors engaged in company work, 
and to company officials and directors. The author 
thinks clearly and boldly, and is not afraid of a 
certain amount of repetition to enable each chapter 
to be read by itself. When busy professional men 
write books, however, they or their publishers 
should, in most cases, submit the manuscript, 
or the proofs, for revision, to some literary friend. 
Had Mr. Cutforth or Messrs. Bell done this the 
author might have been saved from a number of 
solecisms and, above all, from a habit of compli- 
cating his statements by such expressions as “it 
will be appreciated that,” “‘in this connection it is 
necessary to remember that,” and “it may be 
explained.” 











LicHt AEROPLANE FLicHtT To Inp1A.—Leaving Stag- 
lane Aerodrome, Edgware, on November 15 last, two 
De-Havilland Moth light aeroplanes,fitted with 27/60 h.p. 
Cirrus engines, arrived safely at Karachi, India, on 
January 8, a performance which reflects great credit on 
the designers of both the machines and the engines, as well 
as on the pilots, Capt. T. Neville Stack and Mr. Bernard 
M. T. S. Leete. The distance covered, of about 5,600 
miles, easily constitutes a world’s record flight for light 
aeroplanes, and the achievement is the more noteworthy 
when it is borne in mind that each pilot acted as his own 
navigator and mechanic and that no elaborate arrange- 
ments were made for the provision of petrol dumps, spares 
&c. Both machines and engines are of the type adopted 
for use in the Air Ministry Light Aeroplane Clubs, the 
only modification being the fitting of an extra petrol 
tank, necessitated by the fact that long distances had to 
be covered without a stop. We illustrated and described 
a Cirrus engine, similar to that used on the flight above 





Berlin and Charlottenburg, Graz, Darmstadt, Lenin- 
grad, Wilhelmshaven, Vienna, Munich, Briinn, | 
Stockholm, and Danzig. They differ greatly - 
equipment. Much work of a cognate character is, 
of course, done in all these institutions, most of 
which are connected with technical colleges, and 
the endeavour has been made to avoid repetition 
as far as possible. Among the problems studied at 
Braunschweig are shingle and bed displacements in 
rivers and the effect of waves. The erosion of the 
foundations of bridge piers has been investigated 
at Dresden. At Karlsruhe, Professor Rehbock has 
examined the line of flow through sand dunes, and 
the protection of river beds below weirs by means of 
aprons. At Graz syphons and water cushion have 
been studied by Dr. Forchheimer. Karlsruhe made 
the model experiments upon which the design of 
the drainage locks for the Zuyder Zee reclamation 
scheme was based. At Berlin many of the problems 
of towage on canals, erosion of the bottom by | 
propellers and effect of rudder position, and the | 
construction of the valveless locks for the Rhine-Ems | 
canal have received attention. Earth dams have | 
been tested by model experiments at Charlottenburg | 
and rockfill dams at Briinn. Wilhelmshaven has 
made a special study of tidal currents and mole 
construction ; Leningrad, of similar problems and 
of quay walls. The Danzig laboratory, which was 














begun in 1912, was only completed last year. The 


referred to, on page 573 of our 119th volume. 





Tue Pyro-Porous Gas Fiurer.—One of the most 
important questions in connection with flue-gas analysis 
is the filtration of the gas before it enters the sampling 
line. The Pyro-porous gas filter of the Uehling Instru- 
ment Company, 473, Getty-avenue, Paterson, N.J., U.S.A., 
was described in ENGINEERING, vol. cxix, p. 212. It 
consists of a small open-ended drum, which is placed 
on the end of the gas-sampling tube, within the boiler 
or flue. The two open ends of the drum are closed by 
porous refractory discs held by means of a central 
bolt and nut. The soot and ash contained in the flue 
gases are deposited on the outer surfaces of these porous 
discs. This deposit is itself porous, and does not interfere 
with the flow of the gas; the discs can therefore remain 
in position for long periods without requiring cleaning 
or replacement. In certain special cases, however, the 
standard filter is unsuitable. In cement kilns and in 
certain metallurgical processes, and also when burning 

e coke breeze on chain-grate stokers, or powdered 
fuel by air-blast, incandescent particles of ash impinge 
upon the filter, and owing to their molten condition, 
seal the pores of the discs by causing a slag film to form 
over the surface. This is likely to Leones even though 
the filter is located in a position in the last pass, where 
the flue-gas temperature is not over 400 or 500 deg. F. 
This slagging action is completely prevented, and the 
filtering discs protected indefinitely against sealing up, 
by means of circular metal shields, which are now appli 
to the outer surfaces of the pyro-porus filter. The 
shields, while protecting the discs against direct imping®- 
ment of molten particles, are placed a short distance 
awey from them. This clearance enables the gases to 
pass behind the shields and flow through the discs, In 
cases where very high temperatures are employed other 
special features are necessary. 
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STRESS DISTRIBUTION IN MILD 
STEEL AS INDICATED BY SPECIAL 
ETCHING. 

By J. D. JEvons, Ph.D., B.Sc. 
(Concluded from page 157.) 

8. Impact Specimens.—A number of experiments 
were made to see if any appreciable difference could 
be observed in strain figures produced on square 
and round-cornered specimens of the type illustrated. 
The specimens, held in a vice, were strained by 
repeated blows from a weighted pendulum, and 
were then sectioned and strain-etched. Figs. 30 
to 33 illustrate four typical examples of the strain- 





over the whole area through which it (the fracture) 
passes. It seems highly probable, however, that 
in such cases as these at least one distortion wedge 
(not always visible after fracture), in and along which 
fracture takes place, jumps across the gap of 
undistorted metal. 

It is most interesting to observe that on straining 
specimens of the type illustrated by repeated 
blows, deformation, as revealed by surface scale 
effects, always occurs at different points in the fol- 
lowing order : first beneath the blow; next, round 
the vice grip on the side remote from the blow; 
thirdly, at the other vice grip (bottom corner of the 
specimens); fourthly, on the neck opposite the 





the side of the blow; thirdly, at the other corner, 
and, lastly, half way up the tooth on the side 
remote from the blow (see Fig. 36). The chief point 
of interest is that, excluding the area beneath the 
actual blow, the greatest initial stress concentration 
exists at the corner remote from the side of the 
blow, and not, as might be expected, at the corner 
adjoining that side (cf. previous series of impact 
specimens). 

The Effect of Direction of Rolling on Strain Figures 
produced on Rolled Bars.—If the strain-etch figures 
on any rolled bar be examined, it will be seen that 
the direction of rolling has a distinct influence on 
any outshooting distortion wedges, the latter being 






































Fia. 30. Fig. 31. Fig. 32. 


Fies. 30 To 33. 
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Fig. 35. SPECIMEN REPRESENTING GEAR TooTH, 
STRAINED BY Impact, SECTIONED AND STRAIN- 
ETCHED. 
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etch figures produced on such specimens. It will | apex of the corner on the side remote from the latter, 
be observed that the neck of the round cornered | and, lastly, round the apex of the corner (see Fig. 34). 
Specimen (Fig. 31) has been bent considerably | This order is invariable and indicates clearly that, 
further back and subjected to much heavier stress | in the initial stages at any rate, a greater stress 
than the square cornered specimen (Fig. 33) which | concentration exists on the straight side of the speci- 
has fractured, as evinced by the vice marks visible | men, opposite the corner, than round the apex 
in the photograph and by the many more blows | of the corner itself—a new and interesting obser- 
required to produce the deformation shown in Fig. | vation which contradicted the writer’s expectation. 
31 compared with that shown in Fig. 33. On| Fig. 35 shows a specimen from a series intended 
Tepeated tests this always proved to be the case, | to illustrate, very roughly, the strain caused in 
although, as can be seen, the width of the neutral|a gear-wheel tooth by a sudden shock, such as 
axis in the more severely deformed round-cornered | occasionally occurs, in a less severe form, in most 
Specimen (Fig. 31) is considerably less than that of the | gear transmissions. In both specimens the corners 
one which exists at the moment of fracture in the| at the base of the tooth, though not square, were 
Square cornered specimen (Fig. 33). It may be| purposely made of relatively small radius. The 
temarked in passing that specimens in which | order in which deformation takes place at various 








applied stress produces a principal neutral axis are, | points is as follows: first, beneath the blow (about 
apparently, the only ones in which fracture occurs | two-thirds the way up the tooth on the right side 
before distortion wedges have completely intersected ' in the photograph) ; next at the corner remote from 


Fia. 33. 


RounpD AND SQUARE-CORNERED SPECIMENS, STRAINED BY Impact, SECTIONED AND STRAIN-ETOHED. 





longer, and often finer and straighter, when the 
principal stress has acted in a,direction parallel to 
the direction of rolling. Microscopical examination 
of such steel showed that the apparent influence of 
rolling on the structure of the bar was very slight, 
and it seemed probable that the existing difference 
in the type of strain figure was caused largely by 
the resistance of the parallel segregation layers to 
penetration by advancing distortion wedges. 

The Influence on Strain Pigures of Chemical 
Composition and Type of Steel.—It has been 
observed that if specimens of different steels, but 
of similar shape, be strained an equal amount, 
the shape and character of the strain-etch figures 
differs considerably, the chief points of variation 
being (a) average number of main distortion 
wedges, (b) average number of secondary distortion 
wedges, and (c) relative size of distortion wedges. 
No definite connection has yet been traced between 
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the character of strain figures and either micro- 
structure or chemical composition of various steels. 
The difficulty of obtaining exactly similar stresses 
in any two specimens adds considerably to the 
problem of forming accurate comparisons. 
Mechanism of Deformation of Mild Steel—As a 
result of the development of strain figures by 
special etching, combined with the value now 
attachable to “‘ Liiders lines ’’ or surface phenomenon 
(it has been shown above that these latter are the 
surface manifestation of actual distortion wedges 
in the metal beneath), the mechanism of deformation 
in mild steel can now be made visible and thereby 
studied in a manner not possible before the advent 
of strain-etching. The following is a brief general 
outline of the apparent mechanism in question. 
When a mass of mild steel is subjected to increasing 
stress, elastic deformation occurs up to the yield 
point with the production of slip bands in a few 
crystals. (It has been shown* that traces of slip 
take place in these latter at stresses much below 
the yield point). The recognised yield point occurs 
when a solid wedge of permanently distorted metal 
springs into existence with its base situated at the 
point of greatest local stress concentration. This 
wedge grows rapidly in length and comparatively 
slowly in area of base until its apex reaches a 
position where there is insufficient stress to produce 
permanent deformation. (In narrow specimens the 














Fig. 38. 


apex may soon reach the edge, in which case the 
wedge appears and continues to develop as a 
practically parallel-sided block.) It is an observable 
experimental fact that tensile specimens are reduced 
in cross sectional area wherever distortion wedges 
exist, and for the purpose of visualising what 
happens when a piece of steel is being strained 
it must be realised that these wedges are composed 
of relatively plastic metal, while the normal or 
undistorted metal surrounding them is relatively 
rigid. Very soon, however, the metal composing 
the wedge becomes sufficiently hardened through 
work or strain-hardening to be able to transmit 
stress to the surrounding normal metal at its 
boundaries, with the result that a new distortion 
wedge is formed at what is now the point of greatest 
local stress concentration, for the slight physical 
deformation suffered by the specimen will have 
moved this from its initial location. The new 
wedge forms, grows, hardens, and again transmits 
stress to its boundaries of undistorted metal with 
the resulting formation of still another wedge, the 
process being repeated (often at several places 
together) with a simultaneous broadening at a 
later stage of the original, and now relatively 
soft, wedges, until, at approximately 4 per cent. 
reduction, they have intersected over a whole area, 
all traces of individual wedges having vanished. 
This area, although continually becoming harder 
and harder through work hardening, now behaves 





* “A Valve Method of Detecting Minute Slipping in 


nn 





Metals,” Philosophical Magazine, May, 1924, page 896. 





approximately as a plastic mass, increasing stress 
increasing or decreasing its cross-sectional area 
until after excessive barrelling or necking, according 
to the nature of the applied stress, failure is 
produced. As has been mentioned previously 
distortion wedges appear to grow along three 


Fig. 37. 
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Fia. 40. 


Fia. 39. 


sets of planes which bear a definite orientation 
to the direction of applied stress. It has been 
shown also that each of the three distinct yields 
which are observed during the compression of 
mild steel coincides with the formation of distortion 
wedges on one of these three planes, and it seems 
highly probable that the yields which, on account 
of their smallness, are much less frequently 
observed during tensile testing, but which never- 
theless are to be seen on many stress-strain 
diagrams, are due to the same cause. In rect- 
angular bars strained in tension these three planes 
are defined very clearly, and exist at an angle of 
approximately 45 deg. to the direction of applied 
stress. In cylindrical specimens, strained in com- 
pression, the planes are not so well defined, but 
their orientation to the direction of applied stress 
is certainly more obtuse than in tensile specimens, 
being always more than 45 deg. but less than 
66 deg., which latter value is the half angle of 
the apex of the cone in the “cone effect,” to 
which reference has been made previously. Local 
conditions may, and often do, prevent dis- 
tortion wedges from adhering to these ideal 
planes. 

In connection with the term “‘ distortion wedge,” 
first used in the papers read in 1925* to describe 
the peculiar wedge-shaped blocks of permanently 
distorted metal revealed by strain-etching, it should 
be understood that this wedge-shaped formation may 
not necessarily be due to any fundamental effect 





* ENGINEERING, 1925, vol. cxix., page 588. 


connected with the permanent deformation of mild 
steel. Strain-etch figures indicate beyond a doubt 
that, under practical conditions, a perfectly uniform, 
axial application of stress is never obtained. and 
Fig. 37 shows how a non-axial stress tends to 
produce a wedge-shaped mass of permanently 
distorted metal where ideal loading might, perhaps, 
produce a perfect plane. Even if a specimen were 
loaded in a perfectly axial manner, however, any 
slight change in cross sectional area, such as a mark 
left by a machine tool or even scratch, or any 
non-homogeneity in the actual metal would produce 
a slight stress concentration at some particular 
point as distinct from a plane, with the resulting 
formation of a wedge. Finally, if a perfectly 
homogeneous specimen of uniform cross-sectional 
area and smooth surface could be obtained, some 
very special method of stressing, such as magnetised 
grips in which both grips and end of specimen were 
perfectly flat, would have to be employed if local 
stress concentrations were to be avoided. Such a 
specimen would probably be found to possess 
abnormal properties when tested; c.f. Griffith’s 
experiment on glass.* It certainly appears 
highly improbable ,that anything but wedges are 
ever produced during the actual deformationof 
steel. Ifa true plane is ever produced, its formation 
must be regarded as being due to a very exceptional 
combination of circumstances. 




















; Fie. 41. 
Fias. 38 to 41. SPECIMENS OF THE GULLIVER TYPE, STRAINED IN TENSION TO 2°5 Per Cent. ELONGATION ON 2 IN., SECTIONED AND STRAIN-ETCHED. 


A Comparison of Strain-Etch Figures with the 
Figures obtained by (a) Photo-Elastic Methods, (b) 
Scale on Surface Effects—(a) Doubt has been 
expressed as to whether the assumption that glass 
(a supercooled liquid) will behave under stress in a 
manner exactly similar to that of steel (a crystalline 
solid) is justifiable. Results obtained in this 
research, although unfortunately providing no 
visible evidence of the conditions which exist below 
the yield point, which is what photo-elastic strain 
figures purport to indicate, do show in a perfectly 
definite manner that after the limit of proportion- 
ality has been exceeded, ever so slightly, the sup- 
posed similarity ends, for no counterpart of the 
distortion wedge, a fundamental characteristic of 
deformation in mild steel, has, to the writer's 
knowledge, ever been observed in glass or nitro- 
cellulose. Furthermore, it is inconceivable that 
distortion wedges can originate from anywhere 
but points of greatest stress concentration, and in 
many, though not all specimens, distortion wedges, 
as revealed by strain-etching, do not originate from 
the points of greatest stress concentration as shown 
by photo-elastic strain figures for specimens of 
similar shape. It is true that photo-elastic strain 
figures show elastic strain, and strain-etch figures 
the result of permanent strain, but, even so, the 
points of greatest stress concentration. under 
conditions approaching and just past the yield point, 
as indicated by the respective methods, do not 





* “The Phenomena of Rupture and Flow in Solids,” 
Griffith, Phil. Trans, Roy. Soc., A., vol. 221, 1921. 
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always agree even within the limits of probable 
experimental error. 

After carefully comparing (a) photo-elastic figures 
in nitro-cellulose, (6) strain-etch figures in mild 
steel, and (c) surface deformation maps of steel 
specimens,* the suggestion is advanced that (a) and 
(c) are equally subject to the misleading compli- 
cation that longitudinal and transverse stresses of 
opposite sign acting on the same part of a specimen 
tend to decrease or neutralise the indications of 
strain given by the respective methods. 

For these reasons it would appear that, when 
considering stress distribution in steél specimens, not 
too much reliance should be placed on strain figures 
obtained by optical means in glass or nitro-cellulose 
specimens of similar shape. 

(6) In comparison with the prominence given to 
the photo-elastic method of stress investigation, 
interesting and informative though it undoubtedly is, 
but little importance seems to have been attached to 
the very beautiful surface markings produced by 
Dr. Gulliver some years agot by straining variously 
shaped steel specimens which were covered with a 
hard coating of mill scale. Now that it has been 
shown that ‘‘ Liiders lines ” or surface markings are 
the surface manifestation of distortion wedges in 
the metal beneath, it will be realised that Dr. 
Gulliver’s strain figures were of unappreciated 
importance, and that this very simple method of 
stress investigation is of great value, being more 
accurate and informative as regards strain in steel 
than photo-elastic comparison methods. Figs. 38 to 
41 illustrate four typical specimens from a series of 
shaped tensile bars made, from photographs very 
kindly sent by Dr. Gulliver, to imitate his specimens. 
Although more distinct and plentiful in detail, the 
strain-etch figures here reproduced are funda- 
mentally identical with the scale markings produced 
by Dr. Gulliver, and described by him in the paper 
on stress distribution to which reference has been 
made. 

After nearly four years work upon this subject 
the writer is firmly convinced that strain-etching, 
to make visible permanently deformed areas, 
provides a most welcome means of investigating 
strain phenomena in mild steel. The reception by 
engineers in this country, U.S.A., France and 
Germany of the work on strain detection published 
in 1925 was most gratifying, and it is hoped that 
the present contribution will lead to a useful 
addition to our knowledge of this important subject. 





Tue IsHERWooD System oF SHIP ConsTRUCTION.— 
Annual progress returns furnished by Sir J. W. Isherwood, 
4, Lloyd’s-avenue, London, E.C.3, show that 49 ships, 
having a total deadweight carrying capacity of 446,750 
tons, were built on the Isherwood and the ‘ Bracket- 
less” systems during 1926. The corresponding figures 
for 1925 were 30, and 241,030 tons, respectively. The 
first vessel built on the bracket-less system was the 
British Inventor, an oil tanker constructed for the 
British Tanker Company, Limited, by Messrs. Palmers 
Shipbuilding and Iron Company, Limited, Jarrow, and 
put into service in July last. The success of this vessel 
has been such that contracts for 14 ships, to be built 
on the new system, and aggregating about 180,000 tons 
deadweight carrying capacity, have been placed recently. 
These vessels include, a second tanker, which is to be 
built at the shipyard of Messrs. Palmers’ Shipbuilding 
and Iron Company, four large vessels to be constructed 
by Scandinavian shipbuilders, two ships, for the Com- 
pagnie Auxiliaire de Navigation, Paris, to be built in 
PF rance, a 21,000-ton tanker forthe Standard Oil Company, 
New Jersey, and three vessels to be constructed in British 
yards. Two of these latter are for Messrs. Imperial 
Oil, Limited, Toronto, Canada. Among recent contracts 
for vessels built on the Isherwood system are orders for 
three vessels for service in transporting oil from Maracaibo 
to the Caribbean Sea, there to be discharged into ocean- 
going ships. ‘These vessels are building at Messrs. Palmers 
Shipbuilding and Iron Company, Limited. Other vessels 
include a 13,000-ton tanker to be built in America by 
the Sun Shipbuilding Company, a passenger and cargo 
vessel for the Southern Pacific Company, a repeat order 
to Messrs, Lithgows, Limited, Port Glasgow, for a sister 
ship of the Pulpit Point, recently placed in commission 
by the Vacuum Oil Company, and two specially-designed 
general-cargo vessels to be built for Messrs. James 
: a and Co., Liverpool, on the Isherwood Combina- 

2 system, 





* See “The Detection of Strain in Mild Steels,” 
ENGINEERING, 1925, vol. cxix, page 588. 

tA New Method of Investigating Certain Systems 
of Stress,” Gulliver, Proc. Royal Soc., Edinburgh, 1909-10, 
vol. xxx, page 38. See also ‘ Phénoménes qui Accom- 
Ppagnent la Déformation Permanente des Métaux,’’ Hart- 
mann, Congrés International des Méthodes d’Essai, 1901, 
vol. 1, page 95. 





THE BRITISH INDUSTRIES FAIR AT 
BIRMINGHAM. 


(Continued from page 197.) 


THE twelfth British Industries Fair was opened in 
London and Birmingham on Monday last, both 
sections being on a much larger scale than in 
previous years. The section at Birmingham is that 
with which we are, naturally, most intimately 
concerned, and of this we gave a preliminary notice 
in our issue of last week, but some reference must 
be made to the inaugural proceedings in London, 
which included a banquet given by His Majesty’s 
Government at the Mansion House on Monday 
evening, at which His Royal Highness the Prince 
of Wales was present. After the Royal toast, and 
one to the Sovereigns of the Kingdoms and Presi- 
dents of the Republics represented, the Prince of 
Wales proposed “The British Industries Fair,” 
making a very optimistic and encouraging speech, 
in which he made reference to the trouble of the 
past twelve months and pointed out that even they 
had not been able to affect the Fair adversely. 
There was, His Royal Highness pointed out, no 
particular reason why foreign countries should buy 
from us in preference to doing business with others, 
and in order to compete successfully for trade we 
would have to adapt and improve upon the best 
methods we could find. There were, he thought, 
possibilities in the federation of industries and in 
standardisation, and the concentration of units. 
Within the Empire the tide was flowing strong in 
favour of buying British materials and products. 

The toast was replied to by Sir Philip Cunliffe- 
Lister and by Colonel H. J. Walduck and Mr. W. G. 
Woolcock, who laid stress on the great expansion 
which the fair had witnessed this year. The toast 
of “The Guests” was given by the Rt. Hon. 
Winston S. Churchill, and replied to by His Excel- 
lency the Spanish Ambassador and the High 
Commissioner for Australia. 

Continuing our account of the exhibits at Bir- 
mingham, we may refer to one of Messrs. Blackstone 
and Co., Limited, of Stamford, a fuel-oil filter tank 
which is illustrated in Figs. 30 and 31, on page 
224. It has been designed by Messrs. Blackstone 
as a result of a large amount of experimental work 
on the most effective means of removing the foreign 
matter which is practically always present in 
oil supplied in bulk. They have found that when 
the oil is heated the very appreciable quantity of 
matter carried in suspension will settle out, and 
in the filter shown effective heating is provided 
by the exhaust gas from the engine, while the 
movement of the oil is sufficiently slow to allow 
the impurities, including any water which may be 
present, to settle to the bottom of the tank. The 
apparatus consists of an outer and an inner vessel, 
the former containing the main bulk of heavy oil, 
while the latter is filled with light fluid oil for 
starting up the engine. After the engine has been 
running on the light oil for a sufficient length of 
time to allow the exhaust gases to warm up the 
main oil supply, the light oil tank is turned round 
by means of the handles provided near the top. 
This has the effect of opening a stop valve at the 
base of the light oil supply pipe, through which the 
heavy oil, having passed upwards through the 
flat gauze filter shown near the centre of the 
apparatus, flows down the supply pipe to the 
engine. The pipe from the light oil tank remains 
open, and the small quantity of oil remaining 
in this tank is allowed to mix with the heavy oil 
passing to the engine. The flap valve shown in 
the exhaust pipe can be opened or closed by a 
handle mounted on the side of the tank, thus 
regulating the quantity of exhaust gas by-passed 
through the tank-heating chamber. The impurities 
may most effectively be separated from the oil 
by filling up the tank before stopping for the 
night, thoroughly heating the fuel, and allowing 
it to settle throughout the night. The branch for 
drawing off the sludge is shown in Fig. 30. 

The special method developed by Messrs. Black- 
stone of injecting the fuel in cold-starting oil engines, 
was described on page 60 of our issue for July 11, 
1924. This method, termed “ spring injection,” has 
proved extremely satisfactory on the large number 
of Blackstone engines in actual service, and is fitted 





to all the heavy-oil engines on the firm’s stand. 
These include a three-cylinder horizontal engine 
of 195 brake horse-power, together with several 
smaller engines of both the horizontal and vertical 
types. These differ but little from the various 
models that we have described in the past, and 
the description of one of the firm’s two-cylinder 
horizontal engines on page 638 of our issue for 
November 7, 1924, will be found to cover all the 
leading features of the Blackstone range, which 
includes engines of 6 to 900 brake horse-power. 

In addition to the engines referred to, the firm 
are also exhibiting a combiaed petrol engine and 
compressor, and the fuel-oil filter tank already de- 
scribed. These represent recent developments, and 
merit careful consideration from those in charge of 
oil-engine installations. The compressor is shown in 
Figs. 32 to 35, on Plate XI, from which it will be 
seen that it consists of a combination of a single- 
cylinder petrol engine, operating on the two-stroke 
cycle, with a two-stage air compressor. It has 
been particularly designed to charge up the com- 
pressed-air bottles used in connection with large 
gas and oil engines, and should prove exceptionally 
convenient for this purpose. The Blackstone 
spring-injection engines are provided with a special 
valve for charging up the bottles directly, but 
even in this case it is advisable to provide a small 
compressor to meet the eventuality of the bottles 
being accidently discharged. It. will be clear 
from Fig. 32 that the petrol-engine cylinder is 
horizontal and that the arrangement of the ports 
follows the usual two-stroke practice, lubrication 
being on the petroil system. The compressor 
cylinder is vertical, and the piston is driven by a 
rod articulated on the big-end bearing of the petrol 
engine connecting rod. The first-stage valves are 
mounted in a cage in the side of the compressor 
cylinder between the two stages, while the second- 
stage valves are arranged in the head, the inlet 
valve being horizontal and the delivery valve 
vertical. The petrol engine is fitted with magneto 
ignition, and both the engine and compressor 
cylinders are water-cooled from’ a common tank 
mounted above the former. The compressor is 
fitted with safety valves to obviate excessive 
pressures in the intercooler or pipe line to the 
bottle which is being charged. The engine has 
a bore of 44 in. and a stroke of 5 in., and develops 
4} brake horse-power at a speed of 550 r.p.m. 
The bore of the first stage of the compressor is 
3} in., and the second stage 1 in., the stroke being 
5 in. The output at normal running speed is 
9 cub. ft. of air per minute against a pressure of 
450 lb. per square inch. 

We illustrate a two-spindle dimension saw bench 
shown by Messrs. Thomas Robinson and Son, 
Limited, Rochdale, in Figs. 36 and 37, Plate XI. 
This machine is designed for accurate sawing, such 
as is required in pattern-making or fine joinery, 
and can be employed for cutting compound angles, 
roughing-out core boxes, and fine sawing operations 
generally. Practically the whole of the working 
parts are housed inside the frame, which, as will 
be clear from the illustrations, is a box casting pro- 
vided with a hinged iron door at the front, through 
which access to the saw spindles is obtained for 
changing the saws. The saw spindles are carried on 
a revolving frame, or yoke, which can be revolved 
about a horizontal axis, thus bringing either the 
ripping or cross-cutting saw into position in the 
table slot. The yoke is revolved by the handwheel 
on the side of the main frame, the shaft on which 
this wheel is keyed being connected to the yoke 
spindle through a worm and wheel. The mechanism 
is self-locking in all positions. The yoke is heavily 
ribbed to give adequate stiffness and is supported 
on a bearing at each end. The saw spindles are 
mounted in ball bearings, enclosed in dust-proof 
housings. Both spindles are driven by a common belt 
from the motor, but instead of a single triangular 
drive, the belt also passes over two jockey pulleys 
mounted on a gravity-loaded swinging arm. The 
five pulley centres are so arranged that when one 
of the saw pulleys is in the working position at the 
top, the belt rides clear of the other saw-belt pulley, 
so that the second saw is stationary. The jockey 
pulleys run on self-lubricating bushes. The table is 
well ribbed on the underside, as shown in Fig. 37- 
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and has an accurately-machined surface. It can be 
canted for mitreing, as shown in the same figure, 
up to a maximum angle of 45 deg., the degree of cant 
being indicated by the pointer shown, registering 
with ascale. The canting is also effected by a worm 
and wheel mechanism. The worm spindle terminates 
in the handwheel shown at the back of the machine 
in Fig. 37, and the link, visible below the tilted table 
in the same figure is coupled at the bottom to a pin 
projecting from the worm wheel. The front part 
of the table is mounted on small rollers running in 
suitable guides, so that it can be slid out of the 
way for cross-cutting. The separate sliding portion 
isjvisible in Fig. 36. Sufficient movement is avail- 
able to cross-cut up to 36 in., and the width of the 
saw gap can be increased to allow a cutterblock, 
24 in. wide, to be fitted. for such operations as mould- 
ing and grooving. The sliding portion of the table 
is thus mounted on two sets of guides at right-angles 
and is locked in position by means of spring stops. 

The fence may be quickly moved away from the 
saw to rip up to 21 in. wide on the right-hand side, 
the width being shown on a graduated scale. A 
micrometer screw is fitted for fine adjustment. The 
fence can be canted to 45 deg., will swivel to an 
angle of 30 deg. either way, and can be used on 
either side of the saw as required. A taper pin 
locates the fence parallel with the saw, and a single 
hand screw holds it firmly when canted. The 
mitring and cross-cutting fence, shown to the left 
in Fig. 36, is pivoted on the sliding portion of the 
table, and can be set in any position by means of a 
graduated scale. The principal angles are located 
by a spring catch. The rod shown in the illustration 
has a movable stop for cutting off up to 36 in. In 
addition to the mitring and cross-cutting fence, a 
mitring and cutting-off gauge is provided, visible 
between the two fences in Fig. 36. This gauge has 
a graduated scale, and can be used on either side 
of the saw. It slides in ways planed in the table. 
On the face of this gauge is a steel sliding piece to 
form a support for the timber close up to the saw 
when the gauge is set at an angle. Provision is also 
made for a rod with sliding stops to be carried. The 
table top is 44 in. long by 40 in. wide, the front 
moving portion being 16in. wide. When two saws are 
fitted, each may have a diameter of 16 in., giving a 
maximum projection of 4} in. above the table top. 
If only a single saw is fitted, it may be of 20 in. 
diameter, giving a maximum projection above the 
table top of 6} in. The saw spindles run at 2,500 
r.p.m., and the approximate power required is five 
brake horse-power. 

Messrs. Robinson, in addition to the above 
machine, are showing examples of their high-speed 
moulding and planing machine, described on page 
492 of our issue for April 16, 1926 ; and of their sur- 
facing, thicknessing and sizing machine, described 
on page 289 of our issue for March 6, 1925. 

The problem of designing a positively-driven 
infinitely-variable gear, has exercised a fascination 
for inventors for many years, but of the gears 
actually devised, it must be confessed that the 
greater number have been little more than toys. 
The most recent gear of this type, which is being 
shown by the P.I.V. Gear Syndicate, Limited, of 
7, Princes-street, S.W.1, would appear on a casual 
inspection to be hardly likely to stand up to its work 
for any length of time, and to have a low mechanical 
efficiency. That neither of these suppositions are 
actually true, however, is shown in the first instance 
by the fact that the gears actually in use show no 
appreciable signs of wear after many months of 
use, and in the second by the results of tests carried 
out at the National Physical Laboratory. These 
tests establish that when transmitting the full 
power for which the gear is designed, the mechanical 
efficiency is over 90 per cent., and that the fall in 
efficiency is very slight down to about half load. 


We illustrate two applications of the gear in| 


Figs. 38 and 39, on Plate XI. The essential features 
are a pair of cone-shaped expanding pulleys carry- 
ing a special chain, running in oil, the variation in 
gear ratio being obtained by closing up the cheeks 
of one pulley while those of the other are separated 
a proportionate amount. One pulley is mounted 


on the constant speed shaft to which the drive is 
applied, while the other is mounted on a shaft 
coupled to the mechanism on which the variable 
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speed is required. The cone faces of the two discs 
making up each pulley are provided with radial 
teeth, as shown in the illustrations. Each link of 
the chain is made up of several stampings somewhat 
similar to the side plates of an ordinary chain link, 
but having an elongated hole in the centre. These 
holes form a housing for a small frame open at each 
end, and in this housing are a large number of 
thin metal strips, or slats, packed closely together 
but with sufficient freedom to slip over one another 
when pushed from the end. These slats project 
at both ends of the frame, and their travel in either 
direction is limited by a lip at each end. The teeth 
on the working faces of the pulleys are shallow, 
and taper to the centre of the wheel. They are of 
constant depth, and are so arranged that the teeth 
on one disc are opposite to the spaces on the other. 
The spaces are identical in shape with the teeth. 


.| As a link on the chain reaches the working faces, 


the teeth on one face push the requisite number 
of slats laterally across the chain so as to form a 
compound tooth which engages with the space in 
the opposite disc. It should be noted that the 
small movement of the slats necessary is com- 
pleted before the pack is in position to take up the 
load, so that only the friction between adjacent 
slats has to be overcome. Once the pack is in the 
vee and the tooth fully formed, no further move- 
ment of the slats take place until the link leaves 
the pulley. The driving edges of the wheel teeth 
are not at right angles to the wheel faces, but are 
inclined at an angle which prevents the possibility 
of half a slat being required to fill a space com- 
pletely. The chain is kept in tension by a light 
spring bearing on the back. 

The first application of this gear, shown in 
Fig. 38, illustrates an attachment to a gear-box 
enabling the power necessary to change the gear 
ratio to be obtained from the constant-speed shaft 
of the box itself. The normal changing mechanism 
in a standard gear-box consists of a link, pivoted 
at its centre, and engaging with a cod piece operating 
the sliding cheeks of the two wheels at its outer 
ends. The link is pivoted to a nut at one end, 
and a screw passes through this nut and terminates 
in a control handle outside the box. In the arrange- 
ment shown in the illustration the control handle is 
replaced by a wheel having internal teeth cut on 
the rim and external teeth cut on the boss, so that 
it is in effect a large internal-toothed wheel with a 
small pinion in the centre, the two portions being 
rigidly fastened together. The central portion is 





not visible in the illustration. The chain sprocket 
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shown in the illustration is driven by the chain from 
the constant speed shaft, and carries a small pinion 
at the back. The chain wheel bearing is mounted 
in a vertical guide, and is moved up or down by a 
small hydraulic cylinder operated by a hydraulic 
circuit, at certain desired times, by the mechanism 
which is being driven through the gear-box. When 
the chain wheel is moved up, the pinion to which it 
is attached engages with the internal-cut teeth on 
the ring, and causes the latter to revolve, thus 
changing the gear. When the chain wheel moves 
down, engagement takes place with the central 
pinion, and the control gear is moved in the opposite 
direction. 

The second gear-box, shown in Fig. 39, is arranged 
with automatic speed variation, and has been 
designed to meet the requirements of an Italian 
firm of manufacturers of artificial-silk spinning 
machinery. In this case the constant-speed shaft 
is required to run at 300 r.p.m., and the variable- 
speed shaft to start at 330 r.p.m., and then gradually 
to slow down to 270 r.p.m. over a period of 
50 minutes. At the end of this interval the gear 
is required to return to its initial speed within 
4 seconds. The power being transmitted is ? h.p. 
In this case the pulley on the constant-speed 
shaft does not expand, while that on the variable- 
speed shaft is expanded and contracted by a control 
operated by toothed gearing. The constant-speed 
shaft is shown to the left in the figure, and it will 
be noticed that it carries a small pinion engaging 
with a wheel train. The other end of the train is 
formed by a pinion attached to the left-hand wheel 
of the two large gears on the last shaft. One of these 
has one tooth less than the other, and they are coupled 
together to form a differential wheel train by the 
two small pinions with which they engage. Both 
these pinions are fixed to a common shaft, but are 
|independent of the larger wheel on this shaft, 
| which forms part of the main reduction train. A 
coil spring is attached at one end to the boss of 
one of the large wheels, and at the other to a pin 
projecting from the second large wheel. The 
right-hand cheek of the chain wheel on the variable 
speed shaft is fixed, but the left-hand cheek is free 
to revolve on the shaft. It is, however, provided 
with a screwed boss, which engages with an internal 
thread in the right-hand large gear wheel. As 
the constant-speed shaft rotates, it drives the 
variable-speed shaft through the chain. At the 
same time, the train of wheels and differential motion 
is in action, with the result that the right-hand 
large gear wheel is revolving gradually with respect 
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to the variable-speed shaft. This has the effect of 
gradually closing in the loose cheek of the variable- 
speed cone, and thus lowering the gear. At the 
same time the coil spring is being wound up. When 
the desired reduction in speed has been obtained, 
a small pin which projects on the far side behind 
the box is pushed in. This releases a clutch 
on the differential gear, the two large gear wheels 
are no longer coupled together, and the right-hand 
wheel is rapidly rotated by the spring, bringing the 
gear back to its original position. The tension on 
the chain in this particular box is maintained by 
the jockey pulley shown, which is carried on a spring- 
loaded arm, and bears on the back of the chain. 

In addition to a wide range of electric motors 
and control equipment of industrial devices, the 
British Thomson-Houston Company. Limited, 
Rugby, are exhibiting a new line of alternating- 
current and direct-current motors, which are known 
venerically as the U-type. A_ vertical pattern 
direct-current motor of this design is illustrated 
in Fig. 44, on Plate XII, while a protected squirrel- 
cage induction motor of the horizontal pattern is 
shown in Fig. 40. Figs. 42 and 43 are part sectional 
elevations of the direct and alternating-current 
motors respectively. 

A number of features are common to both the main 
types of machine, included among which may be men- 
tioned large diameter shafts and end-shields spigotted 
into the cast-iron frame, so that rigid central 
fixing is secured. The periphery of the end-shield 
is machined to provide a close fitting joint between 
it and the sheet steel covers. A roller bearing is 
provided at the driving end and a ball bearing at 
the other end, the penetration of dirt and moisture 
being prevented by the use of enclosing caps. As 
is clear from the illustrations, the motors are 
manufactured for both vertical and _ horizontal 
operation, but in the standard types a certain 
variation for accurate horizontality and verticality 
is possible without any modification being necessary. 
On the vertical motors the skirt-base casting is 
made separate from the end shield casting, so that 
adaptor rings suitable for the type of drive, which 
is being employed, can be fitted. 

The construction of the alternating-current motor 
embodies some features which are worth notice. 
The stator frame is of cast iron without any 
openings. The feet are cast integral with the frame, 
and the holes in them are drilled and not cored. 
The stator core is built up of high permeability, 
low hysteresis sheet iron or steel stampings, which 
are slotted to receive the windings, and are accurately 
ground on the inner periphery to ensure a uniform 
air gap. The stator winding consists of enamel 
and cotton insulated wire which, after it has been 
placed in position, is vacuum-dried and impreg- 
nated with a moisture-proof insulating compound. 
Thorough drying follows, after which the windings 
are sprayed with a special enamel. 

The rotor is carried on a mild-steel shaft, which 
is extended to receive either a pulley or pinion. 
The core is built up of sheet iron or steel laminations 
and, after assembly, is ground on the periphery 
to ensure true running. A novel feature of the 
design is that the squirrel-cage rotors carry 
aluminium bars and end rings, which are cast in 
one piece. This, it is claimed, provides a jointless 
construction and prevents the risk of fracture, 
due to the unequai expansion of two dissimilar 
metals. A centrifugal process is used for this 
purpose, which is said to ensure both uniformity of 
texture and the absence of air pockets. 

The slip-ring rotors are fitted with bar-type 
windings. 

Turning to the U-type direct-current motor, 
Fig. 41, is an illustration of the finished armature. 
As in the three-phase motor, the laminations are 
of high permeability sheet iron and are clamped 
under pressure between substantial end flanges. To 
minimise the eddy current losses, the laminations 
are coated with an insulating compound before 
assembly. Former wound coils are used as the 
armature winding, and are secured in the insulated 
slots by binding bands. The hard-drawn copper 
commutator is forced into position on the shaft, 
and is keyed so that no relative movement can 
take place between it and the armature. The 
segments are insulated for each other by carefully 





selected reconditioned mica and for the clamping 
ring and shell by micanite cones and a sleeve of 
the same material. 

In the small motors the brush holders are die- 
cast in brass, while in the case of the larger motors 
they are built up of sheet brass stampings. The 
brush stud is of mild steel, the portion to which 
the brush holder is fixed being of square section 
and covered with moulded or non-hygroscopic insula- 
tion. The brush stud is directly attached, metal 
to metal, to the brush yoke. The use of inter- 
mediate insulating material, any shrinkage of 
which would allow the brush stud to work loose 
and rotate, is therefore avoided. The pigtails 
are attached to the same terminals on the brush- 
holder as those used in the machine leads, so that 
the current does not pass through any part of the 
brush holder. 

Motors of the U type are manufactured in all 
sizes from $h.p. up to 40h.p. for squirrel-cage 
machines, and up to 15 h.p. in the case of slip-ring 
motors. JDirect-current motors are made in sizes 
for }h.p. to 35h.p., and can also be used as 
generators. 

The new Public Health Act, which abolishes the 
use of preservatives in many forms of food, will 
involve the greatly extended use of cold chambers 
among retailers. A wide range of refrigerators is 
available for this class of work, and several examples 
have recently been dealt with in our columns. The 
Electrolux refrigerator was described on page 74 
of our issue for July 16, 1926, and the Magnet 
refrigerator, made by the General Electric Company, 
Limited, on page 674 of our issue for June 4 in the 
same year. We also dealt with a number of larger 
refrigerators when describing the exhibits at the 
Wembley Exhibition in 1924, but those manufac- 
tured by Messrs. Lee Howl and Co., Limited, of 
Tipton, Staffs., and shown at the present Fair, were 
not included, as they were not then being manu- 
factured in this country. The firm have, in fact, 
only recently taken over the manufacture of Hartley 
machines, which have previously been manufactured 
in Japan. Several examples of these machines 
are being shown at Castle Bromwich, of which we 
have selected a complete butcher’s plant, and a 
twin-compressor for 40 tons refrigeration, for 
description. 

The assembled butcher’s plant is shown in Fig. 45, 
Plate XIII, and the single-cylinder compressor 
employed in connection with the plant is shown 
separately in Fig. 46. on the same Plate. Par- 
ticular attention has been paid to making the 
plant as foolproof as possible, as it has been 
realised that small refrigerating units are usually 
handled entirely by unskilled men, and several 
serious accidents have resulted from the failure 
of the operator to understand the plant suffi- 
ciently well to take even the simplest precau- 
tions. The makers claim that it is impossible with 
the Lee Howl machines to have serious trouble due 
to failure of the water supply, or a fracture due 
to the presence of liquid ammonia either in the 
cylinders or crank-case. The lubrication of the 
compressor is partly on the forced feed and partly on 
the splash system, and is so arranged that a stopper 
in the pressure system alone could not result in 
disablement of the set. The main stuffing box on 
the driving shaft is oil-sealed, and there is, there- 
fore, no possibility of a leakage of ammonia gas at 
this point. An oil separator, visible in Fig. 45, 
with a gauge over it, is provided to prevent oil 
passing to the condenser. The drain from this 
separator is carried into the compressor casing, so 
that there is no possibility of a sudden flood of 
ammonia from an open-ended pipe. The condenser, 
also visible in the illustration, is of sufficient surface 
to work efficiently with a water supply of from 15 to 
35 gallons per hour, the actual volume depending 
upon the weather conditions. The ammonia reser- 
voir is made sufficiently large always to contain a 
reserve of liquid. Temperatures inside the chamber 
are stabilised by the provision of a large reservoir 
filled with water charged with a sufficient quantity 
of salt to prevent freezing. This apparatus acts as 
a cold storage system and serves to maintain an 
even temperature in the chamber, and to keep it 
cool when the machine is not running. Constant 
stopping and starting of the machine is thus 








avoided. The chamber is provided with the usual 
shelves, and with an airtight door fitted with both 
inside and outside handles. The walls and floor are 
finished with hygienic concrete. The plant shown is 
driven from an electric motor fixed to the outside 
wall of the chamber, as shown in the illustration, 
but it can also be supplied for countershaft drive, or 
driven by a gas or oil engine. The twin-cylinder 
compressor, shown in Fig. 48, Plage XIII, has the 
same general features as the smaller one fitted to the 
butcher’s plant, the main difference being that the 
cylinders are water, instead of air-cooled. Both the 
suction and relief valves can be removed for inspec- 
tion by taking off the cylinder cover. The relief 
valve is held in place by a helical spring bearing on its 
seating at one end and on the underside of the cover 
at the other, and in the event of a slug of ammonia 
or other solid matter being trapped, the valve lifts 
with its seating, and thus prevents any damage being 
done. The stuffing box on the shaft is oil-sealed, 
as in the case of the smaller compressor, and the 
shaft is fitted with an outside ring-oiled bearing. 
A fast and loose pulley is provided, as shown in the 
illustration. The set is also fitted with a crank-case 
dirt trap and oil-strainer inspection doors. 

Messrs. Lee Howl have also recently taken up the 
manufacture of double-entry centrifugal pumps, and 
an example shown at the Fair is illustrated in Fig. 
47, Plate XIII. In this pump the base plate, volute 
casing, and impeller are all of cast-iron, but the 
impeller can be supplied in gun-metal if preferred 
at an extra cost. The outer bearing is of the ring- 
oiled type. It is fitted with gun-metal bushes in the 
smaller sizes and with gun-metal adjustable steps 
on all sizes over 3 in. The stuffing-box is also 
provided with a long gun-metal bush and is lubri- 
cated by Stauffer greasers. The shaft is of steel 
finished by grinding, and can be supplied in rustless 
steel at an extra cost. The pump is fitted with fast 
and loose pulleys, both in cast-iron, the loose pulley 
being fitted with a Stauffer lubricator. Belt-striking 
gear is fitted as an extra. The pump shown in the 
illustration has a double-branched 8-in. suction and 
a 6-in. delivery, and is designed to deliver 1,000 
gallons of water per minute against a head of 40 ft. 

In our last issue we described an impelled-draught 
furnace front shown by the Underfeed Stoker Com- 
pany, Limited, Africa House, Kingsway, London, 
This firm are exhibiting in conjunction with Interna- 
tional Combustion Limited, of the same address, and 
the exhibits of the latter firm include a Raymond 
mill, a Lopulco feeder, Murray wall tubes and other 
of their well-known products. The Lopulco system 
of firing pulverised fuel has been installed in several 
power stations of which we have given descriptions 
recently. We may refer in particular to our account 
of the St. Pancras power station, given on page 567 
of vol. cxxii of ENGINEERING. to that of the works of 
Synthetic Ammonia and Nitrates Limited. on page 
381 of the same volume, and to that of the Derby 
Corporation power station on page 545 of our issue 
for October 29, 1926. The description of the plant 
at the latter station includes a full account of the 
Raymond pulveriser. Details of the Murray wall 
tubes will be found on page 71 of our issue for 
January 16, 1925, in connection with a description 
of the water-lined combustion chambers at the 
Sherman Creek station of the New York Edison 
Company. 

In addition to the furnace front already referred 
to, the Underfeed Stoker Company are exhibiting 
their latest type of travelling-grate stoker, which em- 
bodies several improvements on their previous 
standard model. The first furnaces made to the 
new design were installed in the Dunston Power 
Station of the Newcastle Electric Supply Company, 
and the second, which we illustrate in Figs. 50 to 52, 
Plate XIV, in the station of the South Wales 
Primrose Coal Company. The stoker is fitted to a 
Babcock and Wilcox boiler, and a_ longitudinal 
section through the furnace is given in Fig. 50, 
while Figs. 51 and 52 are cross-sections through 
and behind the furnace extension and near the 
back of the grate. The general arrangement of 
the furnace brickwork is in conformity with the 
firm’s standard practice, the roof being of the Usco 
arch type, which was described on page 139 of our 
115th volume. The mechanism for driving the 
chain is shown on the extreme left in Fig. 50. The 
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drive is taken from an electric motor on to the right- 
hand shaft of the enclosed wheel train, shown in the 
bottom left-hand corner of this figure, and is trans- 
mitted through the train to the vertical shaft in 
front of the furnace. The final drive on to the chain- 
sprocket axle is by worm and wheel. The vertical 
shaft is on the right-hand side of the chain grate, 
and the gearing is totally-enclosed throughout. 

The grate surface is composed of a series of 
louvres, the ends of which are pivoted in holder 
castings carried by tension chains, the louvres being 
shaped so as to form pockets which permit the free 
passage of air between them but serve to retain 
any riddlings that fall through. The _ riddlings, 
of course, fall out of the pockets when the louvres 
tilt over, as the chains pass over the drums at the 
rear end of the furnace. The louvres, which are 
shown in section near the centre of Fig. 50, normally 
lie at an angle of about 45 deg., the bottom edges 
being turned upwards to form the pockets referred 
to. Pips are cast on the under sides of the louvres 
to leave a narrow passage between each pair. It 
will be noticed in Fig. 51 that the full width of the 
stoker is made up of nine sets of louvres, the two 
end sets being 12 inches long and the remainder 
15 inches. 

The air for combustion is admitted to a chamber 
extending under the whole active area of the grate 
and bounded at the sides by the side frames of the 
stoker, at the front and rear by vertical air-sealing 
plates, and at the bottom by floor plates. The air 
chamber is not divided into separate compart- 
ments, as is usually the case with forced-draught | 
travelling-grate stokers. The air from the chamber 
is distributed over the grate by means of air valves 
situated immediately below the grate as shown in 
the figures. These air valves are shallow hopper- 
shaped castings, 3 ft. in length, and equal in width 
to one section of the grate. Each valve is fitted with 
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a hinged air gate, all the gates in one row being | scraper into a port communicating with the centre 
interconnected by means of a rod which passes|of the pulveriser barrel. 
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shaft, and the belt between them is kept in tension 


falls on to a slowly revolving plate in the casing 
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thus serving to support the weight of the chains 
and louvres ; they also act as air seals to prevent 
the passage of air from one section to another. 

The floor of the furnace is in the form of a concrete 
trough, in which the cast-iron skids supporting the 
return side of the grate are carried on pedestals. 
The coal supply to the furnace is controlled by a 
sliding shutter of the firm’s standard type. This 
is shown in section in Fig. 50, from which it will 
be observed that it is chain-operated, the chain 
drum being rotated by an inclined shaft through 
worm gearing. The hopper is in front of the sliding 
shutter and is constructed of steel plate. The stoker 
is 15 ft. long by 10 ft. 10 in. wide between the walls 
above the furnace, giving a grate area of approxi- 
mately 165 sq. ft. 

The same firm are showing the pulveriser illus- 
trated in Fig. 49, Plate XIII. It is known as the 
Usco pulveriser, and, as will be clear from the 
photograph, is a separate unit in contradistinction 
to the Lopulco central system, with which the name 
of the firm is particularly associated. In the case 
of the Usco machine. the fuel is not pulverised by 
grinding against a metallic surface, but by causing 
the particles of coal to strike against each other at a 
fairly high speed, resulting in rapid disintegration. 
After pulverisation, the fuel is blown directly into the 
furnace. The coal is fed into a hopper bolted to 
the flange visible in the figure at the top of the 
machine to the right. The stirrer, shown projecting 
above the flange, and therefore into the hopper 
when the latter is in place, is driven through worm 
gearing. The worm shaft projects from the end of 
the machine and is fitted with a belt pulley. There 
is a corresponding pulley on the end of the main 


by the jockey pulley visible in the figure. The coal 


below the hopper, and is pushed off by a fixed 


The coal supply can be 





through the furnace wall and terminates in a screw-| regulated by a shutter operated by the milled 
adjusting gear fitted with a hand wheel, so that the | hand wheel visible just below the flange. The barrel 
degree of opening of the valves can be accurately | is fitted with four sets of beaters, as shown, the 
regulated. Each row of valves can be adjusted | beater arms being arranged so that the successive 
independently of the others to meet the varying | blades form a coarse spiral. The beater blades, or 
requirements along the length of the fuel bed. It | hammers, can be renewed at a trifling cost. Air is 


may here be mentioned that the tension chains are | drawn through the barrel by the cyclone fan shown 





tied together laterally by rods fitted with spreader | on the left in the illustration, and, after taking up 
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the barrel can be regulated by a butterfly control 
valve on the inlet port below the hopper, and further 
control is given by another butterfly throttle in a 
port on the right-hand side of the fan. The air 
drawn through this port joins the air-stream carrying 
the pulverised fuel after the latter stream has left 
the barrel. It will be seen that the pulveriser is 
of very simple construction, and as there are no 
delicate parts. the upkeep cost is very low. 

Messrs. George Ellison, Perry Bar, Birmingham, 
are exhibiting a comprehensive range of sub- 
station switchgear and electrical control gear for 
factories, mines, and general industrial use. The 
exhibits include open and enclosed circuit breakers 
of the usual type, both oil and air break, and also 
flame-proof breakers for mines. There is, in addi- 
tion, a very complete display of starters, drum con- 
trollers, limit and emergency switches, and other com- 
ponents. An interesting exhibit is a double time-lag 
device which is fitted to circuit breakers used for 
switching squirrel-cage motors direct on to the 
supply. This device makes it possible to protect 
motors against overloads and short circuits, but 
permits the heavy current to pass at the moment 
of switching on. 

We illustrate a new 11,000-volt switchgear 
cubicle, shown by Messrs. Ellison, in Figs. 53 and 
54, above. The switchgear is of the unit type, 
housed in the usual cubicle, built up with a welded 
angle-iron frame with sheet-metal sides. Access to 
the electrical units is by hinged doors at the front, 
as shown in Fig. 53. A number of the cubicles can 
be erected together with continuous ’bus-bars to 
form a switchboard. The current carrying capacity 
is 300 amperes on each phase, and the breaking 
capacity is 150,000 kilo-volt amperes at 11,000 volts 
three-phase on a symmetrical short circuit. All 
interconnections, which are as short and straight 
as possible, are made with copper rod covered with 
insulating material. The breaker, isolating switches 
and ’bus-bars are placed in separate cells. Straight 
connections are enclosed in Tufnol tube, and bends 
and joints are covered with Plastol, which can 
be readily removed for alterations to connections. 
The design has thus all the advantages of compound- 
filled gear while leaving all component parts acces- 
sible. The breaker oil tank is completely filled 
with oil, so that there is no bare live metal above the 
surface. An increase of pressure in the oil tank, 
due to breaking the load, forces the oil into a separate 











the finely divided fuel, is delivered through the 
opening at the top of the fan. The draught through | 


tubes. Rollers are mounted on the spreader tubes, 
and these rollers run on the edges of the air valves, 








air chamber, from which it returns to the tank 
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through a valve. The air chamber is vented, and | shown by this firm in Fig. 55, opposite. The machine 
a duct is provided to carry gas from the breaker | has an electrical capacity of 25 kw., and is capable 
to the outside of the cubicle. The oil tank is made |of heating 200, #-in. diameter rivets per hour, 
from ,-in. boiler plate, reinforced on the sides | the time for other sizes being in proportion to the 
at the are level, and at the bottom. It is raised | size. 
and lowered by a steel rope operated by a worm-| The frame of the machine is of cast iron, and 
wheel drive. The tank is held in its working posi- | the upper portion is in the form of a box in which an 
tion by hand nuts on four supporting rods, as shown | air-cooled transformer is housed. A heavy copper 
in Fig. 54. | casting is bolted to the top of the frame with a sheet 
The breaker is opened and closed by a|of insulating material between the two parts, the 
hand lever on the front of the cubicle. and the | bolts being also suitably insulated. This casting 
usual automatic releases, including the no-voltage | is provided with cooling ribs, and is made with twc 
release, are effected by transformer-operated coils | semi-circular recesses in front in which the upper 
enclosed in a cast-iron box, together with an|electrodes are clipped by air-cooled clamps as 
effective trip mechanism. This box can be seen|shown in the illustration. The lower electrodes 
in Fig. 54. Electrical interlocking with other gear | are clamped in separate heads, carried in vertical 
can be arranged by means of contactors in the | guides in a heavy copper casting bolted to the front 
trip box. Contactors can also be used to control | of the machine. This casting is not insulated from 
signal-lamp circuits. The cables may be arranged | the machine frame, which therefore forms the earth 
to enter either from a trench to the dividing box | side of the low-tension circuit. The heads carrying 
at the bottom of the cubicle, or through bush | the lower electrodes are linked to a toggle mechanism 
insulators at the top. The clearances throughout | visible in the illustration. A spring behind each 
are in accordance with British Standard Specifica- | toggle tends to bring the two arms into line, and, in 
tion No. 116, giving exceptional safety in view of | doing so, holds the rivet between the upper and lower 
the fact that no live metal is exposed except at the | electrodes. The latter are adjusted to take rivets of 
contacts. | widely-varying length by easing off the clamps and 
Messrs. Holden and Hunt, of Cox’s-lane Works, | sliding the electrodes through their housings, but, 
Old Hill, Staffordshire, are showing a representative | if the difference in length is only small, the variation 
range of their electric resistance welding machines, | is made up on the toggle mechanism. In the latter 
including spot, butt, wire, and chain welders, | case, the pressure on the ends of the rivets will be less 
together with an electric rivet heater and an auto- with a long than with a short rivet, due to the greater 
matic wire-bending machine for the manufacture | obliquity of the toggle arms, and the smaller resist- 
of electrically-welded chain. All the machines are | ance to bending of a long rivet is thus automatically 
shown in operation. The wire-bending machine | compensated. When the rivets are hot, they are 
exhibited is capable of forming ordinary and block released by depressing the pedal shown, which acts 
chain from wire up to ¥-in. in diameter at the rate | in opposition to the toggle springs. 
of 50 links per minute. As the chain leaves the| The heat can be regulated to suit rivets of various 
bender, it is in the form of loose link chain, and is | diameters and lengths by means of a four-way plug 
passed on in this state to the welding machine where | box mounted on the side of the machine. The 
each link is electrically welded. The welder will | transformer can be wound for any voltage and fre- 
deal with from 10 to 20 links per minute, according | quency up to 500 volts and 60 cycles. Machines 
to size, and is semi-automatic in action. | wound for use on a 25-cycle supply have been 
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a point which may prove of importance if the latter 
supply is standardised throughout the country. 
The voltage on the low-tension side is 3 to 4 only, 
and, as the high-tension parts are completely en- 
closed, there is no danger of the operator receiving 
ashock. The rivets attain the required temperature 
in a few seconds, and the cost of heating may be 
estimated from the fact that the operation of heat- 
ing 100 rivets, }-in. in diameter by 3 in. long, requires 
about 12 units, while 100 rivets }-in. by ?-in. require 
only 1} units. The advantages of electrical heating, 
such as the absence of smoke or fumes, the perfect 
control of the heat, and the fact that the core of the 
rivet is hotter than the outside, need no emphasis. 
The machine is of simple construction, and is 
designed to stand the rough usage to which it is 
likely to be subjected in a boiler shop or shipyard. 
Water-cooled electrodes can be supplied if required, 
although, in general, these are unnecessary. The 
machine is mounted on wheels, as shown in the 
illustration, so that it can easily be transported from 
one place to another. 

Three new woodworking machines are shown on 
the stand of Messrs. J. Sagar and Co., Limited, 
Canal Works, Halifax, in addition to a vertical, 
spindle moulding and shaping machine, and a 
chain and chisel mortiser, which have been shown 
at previous exhibitions. Probably the most interest- 
ing of the new machines is one for trenching and 
recessing the housings in stair strings, as required 
in the manufacture of all kinds of staircases. This 
machine is illustrated in Fig. 56, on this page, from 
which it will be seen that the main feature of the 
tool is two vertical cutter spindles mounted on head- 
stocks, which slide along the two faces of a right- 
angled frame, carried on a bracket which swivels on 
the overhanging arm of the machine. This special 
slide frame represents the run or track of the hous- 
ings for the treads and risers in the string board of 
the staircase. 

The main frame of the machine is a substantial 
cored casting, braced to absorb any vibration and 





We illustrate the double-headed rivet heater | found to work equally well on a 50-cycle supply, 


to give adequate support to the various working 
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parts. The trenching-cutter spindles revolve in 
ball and roller bearings, and are driven by belts, 
not shown in the illustration, from a countershaft. 
The latter is bolted to the floor behind the machine 
in line with the two lower pairs of belt pulleys visible 
in the figure. These pulleys are mounted on swing- 
ing arms, the object of this arrangement being to 
compensate for the variation in belt length between 
the upper fixed pulleys and that on the spindle when 
the headstocks are moved over the surface of the 
material being worked. The jockey pulleys are 
mounted on ball bearings. 
Adjustable stops are provided to set to the correct 
spacing and widths of the treads and risers on the 
string board, and also on the slide frame, since the 
latter is swivelled to right or left to produce the 
recess for the wedge in the string board. The slide 
frame is swivelled by turning the handwheel on the 
front of the overhanging arm. As will be clear 
from the figure, this rotates a vertical shaft mounted 
in the main frame through skew gearing, and this 
shaft terminates at the bottom in a rocking pinion 
which engages in teeth on a quadrant constitut- 
ing the back member of the slide frame. When 
the various stops are adjusted for the string board 
required, no further setting out is necessary, a stop 
being adjusted to drop into the nosing of the first 
housing, which automatically spaces out the re- 
maining housings in the stringer. The fence is 
provided with swivelling adjustments in either direc- 
tion, so that string boards can be worked in varying 
gradients. The spindle headstocks are counter- 
balanced by weights, so that they can be readily 
moved in either direction. The countershaft runs 
in ball bearings, and a ball-bearing loose pulley is 
provided. ‘The table is 3 ft. 8 in. long by 2 ft. 8 in. 
wide, and will take a string board 16 in. wide by 
24 in. thick. The spindle speed is 5,760 r.p.m. 
Another of the new machines shown by Messrs. 
Sagar is illustrated in Fig. 57, page 227. This is an 
automatic hollow-chisel mortising machine, and is 
equally suitable for dealing with hard or soft woods. 
The main frame of the machine is a one-piece cored 
casting of ample rigidity. The chisel spindle is of 
steel and revolves in ball bearings, a thrust bearing 
of the same type being also provided. All the 
bearings are enclosed in dust-proof housings. The 
spindle is mounted in a headstock carried in vertical 
slides on the main frame in the usual way, the 
slides being adjustable. The movement of the 
chisel is controlled by the foot lever, visible at the 
front of the machine base in the illustration. This 
foot lever is connected to a clutch on the shaft 
which drives the reciprocating motion for the chisel 
head, and the link gear connecting the foot lever 
and clutch is also extended at the back to operate 
a brake on the same shaft. The reciprocating 
motion consists of a block sliding in a slot in a link. 
The link is attached to the head at the outer end, 
and is hinged to the frame at the inner, and the 
block is mounted on a pin projecting from the side 
of a worm wheel engaging with a worm on the 
driving shaft already referred to. The operator 
controls the movement entirely by the pedal, the 
reciprocating motion of the chisel being de-clutched 
and braked as soon as the pedal is allowed to rise, 
but continuing as long as it is depressed. There is 
no jar to the foot when the machine is in operation, 
and heavy pressure on the pedal is unnecessary. 
The work table is carried on a compound slide, 
the lateral motion being effected by a nut and screw 
mechanism, while the longitudinal traverse is 


able tubing to direct the draught so as to blow the 
chips clear of the surface of the timber as they are 
produced. The stroke of the chisel is 3 in. to 6 in., 
and the reciprocating motion may be varied by chang- 
ing the belt on stepped-cone pulleys to give 14, 27 
or 48 strokes per minute. The machine will take a 
chisel up to l-in. square, and the maximum size 
of material which can be mortised is 9 in. deep 
by 6 in. wide. The machine runs at 950 r.p.m. 


(T'o be continued.) 





THE ROYAL MAIL MOTOR PASSEN- 
GER SHIP ‘* ALCANTARA.”’ 


An important stage in the history of British shipping 
was reached in February of last year, when the motor 
passenger liner Asturias, the largest vessel of its class, 
was put into commission in the South American service 
of the Royal Mail Steam Packet Company. This 
vessel has since operated to the entire satisfaction of 
her owners, whose South American service will shortly 
be augmented by the addition of a practically identical 
vessel named the Alcantara. The latter, which, like 
the Asturias, has been built and engined at the Belfast 
yard of Messrs. Harland and Wolff, Limited, completed a 
24-hours’ endurance trial, at full power, on Friday last, 
the 18th inst., and started, on the following day, to 
Southampton, whence she will sail on her maiden 
voyage to Brazil and the Argentine on March 4. 

The principal dimensions of the Alcantara are the 
same as those of the Asturias, viz., length, 655 ft. 
8 in., width, 78 ft., and depth 45 ft., but the gross 
tonnage of the Alcantara is 22,181, as compared with 
22,500, the figure for the Asturias. The appearance of 
the new vessel is also similar to that of her sister ship 
as can be seen by comparing the general view of the 
former reproduced in Fig. 1, opposite, with that of 
the Asturias, given on page 208 of our 121st volume ; 
in both cases the two short funnels, together with the 
cruiser stern, are the most distinctive external charac- 
teristics. Internally, the most notable features are the 
propelling machinery and the luxurious public rooms 
and passenger accommodation; in all about 1,800 pas- 
sengers and crew will be carried. Constructed to the 
latest requirements of the Board of Trade, and of the 
Spanish Authorities, the hull of the Alcantara, with 
which we are now concerned, is provided with 11 water- 
tight bulkheads, dividing it into 12 compartments, 
while the double-bottom extends for the whole length 
of the ship, and is arranged for the carriage of fresh 
water and water ballast. Fuel oil is carried in deep 
tanks forward of the engine spaces. 

A view of the boat deck, looking aft, is given in 
Fig. 2 opposite, and this figure serves to show the 
arrangement of the lifeboats, most of which are carried 
in double tiers under Welin quadrant davits. In all, 
29 lifeboats and 2 motor-boats are provided. The main 
public rooms are grouped together on the boat and 
upper promenade decks, known, respectively, as the 
F and E decks, the most important room on the 
former being a winter garden located aft of the 
after funnel. This room is decorated in the style of 
the Spanish Renaissance. The forward portion of the 
E, or upper promenade, deck is glazed, so that it can 
be used in inclement weather, and the public rooms 
on this deck include a reading and writing room, 
social hall, lounge, and smoke room, the last-mentioned 
being illustrated in Fig. 6, on page 232. The reading 
and writing room, which is situated right forward, is 
designed after the style of Robert Adam, and is pro- 
vided with tall Venetian windows on three sides and 
an Adam fireplace, in marble, at the after end. The 
social hall is located aft of the reading and writing 
room, and is a lofty apartment, two decks in height. 
The walls are panelled in Cuban mahogany, after the 
style of the Chapter House at Toledo. A stage is pro- 
vided at the forward end and the whole of the floor 
is of polished oak parquetry, so that the room can be 
used for dancing. The lounge is located centrally, 





operated by a rack and pinion. The two hand- 
wheels for controlling these movements are ‘in | 
front of the machine, the w_eel for the cross traverse | 
being partly hidden by the wheel for the longi- | 
tudinal traverse in the illustration. The head | 
carrying the table slides can be raised or lowered | 
by means of the nut and screw mechanism operated | 
by the third handwheel visible in the figure. A | 
quick-acting screw clamp is provided for securing 
the work. The long bar shown behind the table is 
provided with four adjustable spring stops for 
‘setting out the work, and is particularly convenient 
when the machine is being used for repetition work. 
A stop gauge is also fitted to regulate the length of 
mortise required. Adjustable holding-down plates 


are provided close to the hollow chisel, and a fan is 
mounted at the top of the chisel spindle with suit- 





and the design is based on Kent’s middle period, the 
walls being panelled in peacock green with gilt and 
carved mouldings. The smoke room, shown in Fig. 6, 
is situated aft and panelled throughout in cedar wood, 
the design being based on that of Belton House, 
Lincolnshire, of the William and Mary period. A 
feature of this room is the large circular-headed win- 
dows, visible in our illustration. There are 20 of 
these windows, by opening which the room can be made 
cool and airy under tropical conditions. 

The lower-promenade, or D deck, is occupied with 
passenger accommodation in the form of single- 
berth and double-berth cabins, while on the C deck 
below are four cabines de luxe, each comprising a bed- 
room and sitting room, with private bath and toilet 
arrangements, and a number of state rooms, some of 
which are intercommunicating. The entrance hall, 
which we illustrate in Fig. 3 on page 232, is situated 


and down provides communication with all decks 
used by passengers. Another staircase is provided 
forward, and on each side of this an electric elevator, 
running between A and E decks, is installed. A 
large number of two-berth and three-berth cabins 
are located on the C deck, as well as on B deck, and 
on the latter a comfortable lounge is provided just aft 
of the dome over the dining saloon. The latter is 
situated on A deck, and has seating accommo- 
dation for 412 persons. A view of the dining saloon, 
which is 94 ft. by 74 ft. wide overall, is reproduced in 
Fig. 5 on page 232. It has a central hall, 60 ft. long 
and 40 ft. wide, extending through two decks, while the 
remainder is one deck high. As can be seen in our 
illustration, the walls are formed with Corinthian 
pilasters, between which are a range of windows after 
the style of Hampton Court Palace. The colour scheme 
is carried out in old ivory, while a painted ceiling, 
representing a simple cloud scheme, covers the central 
hall. The tables are arranged for parties of various 
numbers, with ample space between them, and the 
furniture is of walnut upholstered in red morocco 
leather; a gallery at the forward end, clearly visible 
in our illustration, provides accommodation for the 
orchestra. A notable feature of the vessel is a swim- 
ming pool, which is located on the orlop deck and is 
illustrated in Fig. 4, on page 232. It is designed in the 
Pompeian style, with marble and tiled floors, and with 
red columns round the pool, which is 29 ft. long, 17 ft. 
wide, and 8 ft. deep. 

The space at our disposal will not permit us to 
describe the second-class and third-class accommoda- 
tion, but both are designed and arranged to provide 
the maximum of comfort and to ensure the well-being 
of the passengers in all respects. A certain amount 
of cargo is carried in holds forward and aft, the cargo 
being handled by hydraulic cranes, although the deck 
machinery is operated electrically. The steering gear 
is of the Hele-Shaw Martineau electro-hydraulic type. 
The point of chief interest to engineers, of course, 
will be the propelling machinery, which comprises two 
sets of four-cycle, double-acting, Diesel engines of the 
Harland B. and W. type, each developing 10,000 h.p. 
in eight cylinders and driving twin screws. Except 
for a few minor improvements, as, for example, in 
connection with the air inlet, which is taken directly 
to each cylinder through a short pipe fitted with a 
perforated end piece instead of through a manifold 
supplying all the cylinders, the engines of the Alcantara 
are identical with those of the Asturias, an illustra- 
tion and some particulars of which will be found on 
page 45 of our 120th volume, and also on page 207 of 
Volume cxxi. We do not propose to repeat the descrip- 
tion here, but a few general particulars may be included 
in order to render our account of the new vessel more 
complete. The cylinders are each 840 mm. (33-07 in.) 
in diameter, and the piston stroke is 1,500 mm. 
(59-05 in.). Forced lubrication is provided throughout 
and oil is used for piston cooling. Fresh water, is, how- 
ever, employed for cooling the jackets, the water being 
circulated through tubular coolers through which sea 
water is also circulated to effect the cooling. The 
engines are fitted with electrical barring gear ¢ perated 
by a 25-h.p. motor in each case, and are coupled to the 
propeller shafts through Michell thrust bearings. 
Trial results with the Alcantara engines are not 
available, but the similar engines of the Asturias 
developed well over 23,000 ich.p. at 122 r.p.m. The 
fuel consumption for all purposes, we were informed, 
amounts to 68 to 70 tons a day of 24 hours in the 
case of the Alcantara, the higher figure being the 
maximum, while the consumption of the auxiliaries 
in port averages about 4 tons a day. A simple calcula- 
tion, based on these figures, will show that the system 
of propulsion adopted in these vessels effects a very 
great economy in fuel consumption in comparison with 
an ordinary oil-fired steamer, although, of course, 
many other factors have to be taken into account in 
considering the relative overall economy in any 
particular case. 

Compressed air for fuel injection is supplied by 
three-stage air-compressors mounted in tandem at the 
forward end of each engine and driven from an extension 
of the crankshaft. Manceuvring air, on the other hand, 
is supplied by three independent two-stage compressors, 
each driven by a 180 h.p. motor; the air is stored in 
riveted-steel containers at a pressure of 25 atmospheres. 
A small emergency steam-driven compressor 1s pro- 
vided, but all other auxiliaries are electrically driven. 
These include automatic float-controlled pumps for 
water service and oil transfer, salt-water pumps for 
deck duties and for supplying the fresh-water coolers, 
hydraulic pumps for supplying the cranes, forced- 
lubrication pumps, vertical-shaft bilge pumps, oil-fuel 
pumps of the gear-wheel type for supplying the engines, 
and pumps for supplying hot salt water for baths 
and other purposes throughout the ship. In a separate 
compartment on each side of the vessel between the 
main and auxiliary engine-rooms, a Cochran boiler, 





on the C deck, and from this a staircase leading up 





fired with oil fuel on the Clyde system, is provided to 

















FEB. 25, 1927.] ENGINEERING. 229 








THE ROYAL MAIL MOTOR PASSENGER SHIP “ ALCANTARA.” 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, ENGINEERS AND SHIPBUILDERS, BELFAST. 





4 sma. <M 
4 


iron iJ 
PPT iititiiiiiiiiiitiiiiiii ts 
ee oe Te ee 

















LYEIIDRIG 


Fie. 1. VESSEL ON TRIAL. 


| In addition to the usual navigating appliances, the 
| vessel is provided with echo-sounding gear of the 
British Admiralty pattern, the principle of which 
was explained on page 792 of our last volume. The 
receiver of the apparatus, which was constructed by 
| Messrs. Henry Hughes and Son, Limited, is fixed in the 
| chart-room, while the transmitter is fitted in the 
| Shell of the ship just below the engine-room ; the hydro- 
| phone is fitted forward directly under the bridge. The 
| apparatus enables an individual sounding to be taken 
| or a continuous record of the depth of the water to be 
|made. The wireless equipment, which was supplied 
| by the Marconi International Marine Communication 
| Company, Limited, includes standard Marconi 14-kw. 
| quenched-spark and valve transmitters, the range of 
| which is sufficient to ensure communication with land 
stations throughout the whole of a voyage. A valve 
| receiver, covering all commercial wave-lengths, enables 
| news, time signals, weather reports and navigation 
| warnings to be received in any locality, and a Marconi 
| direction-finder has been installed to assist in navigating 
| the vessel by enabling wireless bearings to be obtained 
| when desired. 
| Although distinct from the wireless equipment, 
| mention may here be made of the Marconi band- 
| repeater installation, which includes four microphones 
| and six loud speakers. These can be arranged so that 
| any of the musical items given in one part of the ship 
‘can be reproduced in other parts, as may be desired. 
Further particulars of this equipment may be found in 
| the description of a similar installation on the Asturias, 
given in ENGINEERING, vol. cxxi, page 209. An in- 
i teresting feature that may also be mentioned is the 
provision, at the head of the staircase leading to the 
boat deck, of an illuminated relief map of the North and 
| South Atlantic oceans. A small ship model, operated 
continuously by the electric-clock system, is made to 
traverse this map, travelling along the route of the 
| vessel, so that the position of the latter can be seen 
| by passengers at any time. 
Fie. 2. Tur Boat Deck. As already stated, the Alcantara will commence her 
maiden voyage to South America on Friday next, 
March 4, and there can be little doubt that she will 
acquit herself, both from the point of view of her 
owners and the travelling public, at least as well as her 














supply steam for certain cooking operations and for | right aft well above the water line, and this set can | 
pe purposes ; one of these boilers is sufficient for | maintain a supply to all essential services of the ship | 
i Ba, ge so that the other can be kept as a/in case of need. A switchboard in the emergency | sister ship, the Asturias, has done during the past 
Pit P The refrigerating plant, which is located | engine-room is provided with five panels controlling | year. In conclusion, we desire to express our thanks 
; eae : the auxiliary engine-room, is by Messrs. the generator, the port and starboard capstan motors, | to the Court of Directors of the Royal Mail Steam 
. . - Limited, and the two duplicate machines and the steering gear, and also giving a supply to the | Packet Company for their invitation to travel in 
‘s ai “— riven by motors of 110 h.p. The plant main switchboard, which is located on a gallery in the | the vessel from Belfast to Southampton on the 
wt cl or ice making and for cooling some of the holds | auxiliary engine-room. From this latter board current | occasion above referred to. Throughout this trip the 

uc’ are insulated for the carriage of meat and other | is supplied to over 50 large ventilating fans distributed | vessel behaved admirably in all respects, it being 
a products. ; throughout the ship, as well as to the smaller fans | generally difficult te realise that she was actually under 
.. avg installation of the vessel is particularly | in the public rooms, state-rooms and cabins. All| way. There was also a complete absence of smoke 
four. tt = the necessary power is supplied by | engine-room and deck auxiliaries, except the cranes | in the exhaust from the engines, and no untoward 
eA lesel-engine driven direct-current generators | above referred to, are electrically operated, and elec- | incident of any kind occurred in connection with 
Fas on auxiliary engine-room forward of the main trically-driven pumps are also employed to supply | either the main or auxiliary machinery, although the 
me a ; each set has an output of 400 kw. at 220 | the cranes. The whole of the heating is also electrical, | vessel was only just out of the hands of the builders. 
wicohiat _ r3 these sets are sufficient for the full about 500 heaters, each separately controlled, being | Messrs. Harland and Wolff are certainly to be con- 
pvc. m gs — ship, so that one set can be kept | distributed throughout the accommodation. Cooking | gratulated on the production of these two vessels, as 
capacit _ dition, an emergency set of 75 kw. | is carried out almost entirely by electrical apparatus, | also are the Royal Mail Steam Packet Company for 
*pacity, also driven by a Diesel engine, is provided | as in the case of the Asturias. their decision to have them constructed. 
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THE FREEMAN MULTIPLE RETORT. 


THE report of the Fuel Research Board on the 
Freeman Multiple Retort [H.M. Stationery Office, 
ls, Od. net] illustrates the advantages that may be 
derived from the arrangement by which the Department 
of Scientific and Industrial Research undertakes tests 
on approved low-temperature carbonisation plants. 
The decomposition of coal begins at temperatures 
much below that even of low-temperature carbonisation, 
and some of its constituents may stabilise at lower tem- 
peratures still. In most processes of carbonisation, 
however, the volatile products are subject to much 
higher temperatures, before they pass out of the retort ; 
and the nature and quantities of the products formed 
are affected by such decompositions as they are thus 
forced to undergo. In the Freeman retort, on the other 
hand, the coal passes vertically downwards through a 
succession of chambers which are kept at gradually in- 
creasing temperatures. Each chamber is fitted with 
offtakes through which the products are removed as 
fast as they are formed, the coal being constantly 
turned over during the process. The plant submitted 
to the Board was not adapted for accurate measurement 
of the data that could be derived from it, and it 
was accordingly arranged that the necessary altera- 
tions should be effected so that set tests could be 
made with the order of accuracy usual in the 
work of the Fuel Research Station. Among a 
variety of useful data obtained from these tests it was 
found that the yield of tar—by which term is under- 
stood the whole crude liquid product of carbonisation 
other than water—was some 10 per cent. higher than 
the Research Station had obtained from bituminous 
coal in other types of low-temperature carbonisation 
plants. The coke, at the same time, was of a highly 
combustible character, and though too small to be 
burnt direct on a hearth, it could either be fine ground, 
and used as a pulverised fuel, or briquetted. As 
compared with the horizontal steel retorts, in which the 
original experiments of the Fuel Research Station on 
low-temperature carbonisation were made, it gave a 
much higher proportion of the amount of tar, as 
obtained by the Gray-King assay, being, in fact, 
from 75 to 85 per cent., as against 54 per cent. in the 
former cases. 








New Port at ANGO-ANGO, BELGIAN ConGgo.—The 
Belgian Government recently decided to construct an 
entirely new port at Ango-Ango, a few miles below 
the existing port of Matadi, on the left bank of the 
River Congo, and also to enlarge the Port of Matadi 
itself. ‘The new quay at Ango-Ango is to have a length 
of 590} ft., and the extension at Matadi, a length of 
1,115 ft. In each case a further length of pier is to be 
constructed to form a link between the quay and river 
bank. This section will be 131 ft. in length at Ango- 
Ango and 2624 ft. at Matadi. In each case the con- 
struction is to be of reinforced concrete, with hollow 
steel piles, filled in with reinforced concrete below. The 
total estimate for the contract is nominally equivalent 
to 350,000. The contract for the whole of the work 
has just been secured by Messrs. Perry and Co. (Bow), 
Limited, 56, Victoria-street, London, S.W.1, who, for 
the purpose of this and similar work, have formed 
a Brussels company named Constructions Coloniales et 
Continentales. Messrs. Perry and Co. are responsible for 
their own detailed designs and system of operation, 
which have been planned by them in conjunction with 
their consulting engineers, Messrs. A. J. Barry and 
Partners, Queen Anne’s-gate, London, §.W.1. The 
materials and plant will partly be purchased in Belgium. 
The personnel to be employed will probably number 
from 1,200 to 1,500 natives, in addition to European 
engineers, superiors and clerical staff. 


MEAN PIsTon-PREssURE INpDICATOR.—Whilst ordinary 
electricity meters record the mean amperes or watts, 
engineers’ instruments of the planimetric or other 
types for showing the mean work done by an engine 
have found little favour. In the Schweizerische Bauzei- 
tung of November 20, 1926, Dr. J. Geiger, of Augsburg, 
describes a mean pressure indicator for reciprocating 
or including Diesel engines and pumps. This is 
»ased upon the following principle, which he considers 
novel. There is, he finds, a very simple relation between 
the mean pressure in a cylinder referred to the time and 
the mean pressure referred to the piston position. That 
this must be so for full charges is obvious ; but he main- 
tains that his relation, a straight-line rule, holds for 
different charges and all types of reciprocating engines, 
even four-cycle Diesel engines. If the engineer could 
determine the mean time-pressure, the mean piston- 
pressure might be read off on a scale suitable for the 
respective engine. The ordinary piston-pressure diagram, 
referred to time, consists of a series of periodic curves 
of varying frequency. When the indicator frequency is 
made very low, the indicator will not respond to these 
alternating frequencies, but will assume a position 
corresponding to the mean pressure. In practice the 


object is attained by fitting the pointer of the indicator 
to a flywheel, which is mounted within the cylindrical 
case of the instrument, and is actuated by the piston 
through a lever and gearing; the case is filled with oil 
and the pointer itself is damped. When only relative 
observations are required, the same instrument may be 
used for different engines. 





ENGINEERING TRAINING AND 
EDUCATION. 


The Institution of Chemical Engineers.—The examina- 
tions for the associate membership of the Institution 
of Chemical Engineers will be held in June and July 
next. Particulars of the examinations, and a memo- 
randum on “ The Training of a Chemical Engineer,” 
may be obtained on application to the Hon. Registrar, 
The Institution of Chemical Engineers, Abbey House, 
Westminster, London, 8.W.1. Applications for entry 
must be received not later than May 1, 1927. 

Royal Scholarships, Free Scholarships, and Whit- 
worth Scholarships.—The Board of Education, White- 
hall, London, 8.W.1, recently issued the syllabus for 
the examination, to be held in April and May, 1928, 
for Royal Scholarships and Free Studentships in 
science, tenable at the Imperial College of Science 
and Technology, London. These awards are open to 
British subjects of either sex, without age limit, and 
cover fees. Subject to evidence of financial need, a 
Royal Scholarship may also include such maintenance 
allowance (not exceeding 801. a year) as the Board 
think fit. The Board have also issued the regulations, 
for 1928, for the award of Whitworth Scholarships 
in mechanical science. These comprise two Whit- 
worth Senior Scholarships worth 2501. per annum, 
tenable for two years, and six Whitworth Scholarships, 
having an annual value of 125/. (which may be increased 
in special cases) tenable for three years. Candidates 
must be British subjects and must also have had 
handicraft experience in a mechanical engineering 
workshop. The detailed syllabuses of the science 
scholarship examination, and of the Whitworth 
Scholarship competition, may be obtained from 
H.M. Stationary Office, Adastral House, Kingsway, 
London, W.C.2. The former is priced at 4d. net, and 
the latter at 2d. net. 


BOOKS RECEIVED. 


Aeronautical Research Committee. Reports and Memo- 
randa. No. 1,041. Accidents to Aeroplanes involving 
Flutter of the Wings. Report of the Accidents Investi- 
gation Committee. [Price ls. 3d. net.] No. 1045. On 
the Equivalence bet the Dy ical System of a 
Multi-crank Flywheel System and a certain Electrical 
Circuit with Some Suggestions for Measuring Critical 
Speeds and Shaft Stresses by Analogy. By E. B. 
Movin. [Price 9d. net.] London: His Majesty’s 
Stationery Office. 

United States Bureau of Standards. Scientific Papers 
No. 532. Analysis of Dental Gold Alloys. By W. H. 
SwancGeR. [Price 10 cents.] No. 534. Effect of 
Concentrated Loads on the Length of Measuring Tapes. 
By L. V. Jupson. [Price 10 cents.] Technological 
Papers No. 323. Use of Glue in Coated Paper. By 
G. K. Hamitt and others. [Price 15 cents.] No. 324. 
Standard Hosiery Lengths. By E. M. SCHENKE and 
C. W. ScuorrsTaLyt, [Price 10 cents.] Washington : 
Government Printing Office. 

United States Bureau of Labour Statistics. Bulletin No. 
419. Trade Agreements, 1925. [Price 25  cents.] 
Washington : Government Printing Office. 

The Association of Engineering and Shipbuilding Draughts- 
men. Some Considerations in the Design of Spur and 
Helical Gearing. By H. WALKER, B.Sc. Machine 
Tool Driving and Feed Gear-Boxes. By H. C. Town. 
London: Offices of the Association. [Price 2s. net 
each. ] 

Annual Report of the Director of the United States Bureau 
of Mines to the Secretary of Commerce for the Fiscal 
Year ended June 30, 1926. Washington : Government 
Printing Office. 

United States Bureau of Foreign and Domestic Com- 
merce. Statistical Abstract of the United States, 1925, 
Washington : Government Printing Office. 

Department of Overseas Trade. Report on the Economic 
and Industrial Conditions in France, 1925-1926. By 
J. R. Canttyt, London: His Majesty’s Stationery 
Office. [Price 7s. 6d. net.] 

















TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be 
obtained on application to the department at the above 
address, the reference number given below being quoted 
in each case :—The Siamese State Railways are inviting 
tenders for 450 axle-boxes, 450 bearing-springs with 900 
spring shoes complete, 400 sets of axle-guard complete 
with bolts, washer plate, &c. Tenders will be received 
by the Commissioner-General of the Royal State Railways 
at Bangkok up to May 17. The specification and 
drawings can be seen on application to room 50 until 
February 26, or a copy will be sent on loan. (Ref. 
No. A 4282.)—Two separate enquiries are reported from 
the South African Railways and Harbours ; (a) for the 
supply and delivery of 25 first-class articulated main-line 
saloons, C 22 type, with wheels and axles complete, 
3 ft. 6 in. gauge. Tenders to reach Johannesburg by 
April 14. Local representation is in practice essential, 
Tender No. 952. (Ref. No. AX 4280); (6) For the 
supply of steel and cast-iron bridge work. Tenders to 
reach Johannesburg by April 7. Local representation 





is in practice essential. Tender No. 958. (Ref. No. 


|AX 4281.) 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLEsBRouGH, Wednesday. 


The Cleveland Iron Trade.~-With rather more iron 
available for disposal, some expansion of business is 
noticeable. Supplies for the open market still fall con. 
siderably short of what cotld be desired. Indeed, No. | 
Cleveland pig continues almost unobtainable, while there 
is acute shortage of No. 4 forge. Other qualities are 
less scarce, and arrears of supplies against old contracts 
are being steadily overtaken. Producers’ own steel 
works, however, promise to absorb a very large pro- 
portion of output for some months to come, so that 
there is little prospect of anything like a plentiful 
supply of Cleveland pig in the near future. No, 1 is 
87s. 6d. ; No. 3 G.M.B., 82s. 6d. ; No. 4 foundry, 81s. 6d. ; 
and No. 4 forge, 81s. 


Hematite—East coast hematite is somewhat less 
difficult to obtain, but makers are fairly well off for 
orders and are not pressing sales at all vigorously. They 
adhere to the quotation of 90s. for Nos. 1, 2 and 3, 
though customers claim they can shade that figure. 


Foreign Ore.—There is little doing in foreign ore, 
consumers having heavy stocks and holding off the 
market. Sellers, however, are taking a firmer stand, 
and state that the above current rates will be asked when 
negotiations for the renewal of contracts open out. 
Nominally best rubio is 22s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Sellers of blast-furnace coke are 
in a very strong position, and are inclined to advance 
prices further, despite the strong protest of local con- 
sumers that quotations are already far too high. Larger 
supplies are needed at the furnaces, and up to 27s. 6d. 
has to be paid for good average qualities delivered. 


Manufactured Iron and Steel.—A lot of finished iron 
and steel is being produced, but even by running works 
at full pressure manufacturers are unable to fully satisfy 
requirements of customers. Quotations for most descrip- 
tions of material are well maintained, but iron bars have 
been reduced by 10s. Common iron bars are 111. lis. ; 
best bars, 121. 5s.; double best bars, 12/7. 15s.; iron 
rivets, 121. 15s.; iron ship castings, 12/. 10s. ; packing 
(parallel), 8/.; packing (tapered), 11/.; steel billets 
(soft), 71. 12s. 6d.; steel billets (medium), 81. 2s. 6d. ; 
steel billets (hard), 8. 12s. 6d.; steel rivets, 131. 10s. ; 
steel ship plates, 81. 7s. 6d.; steel angles, 7/. 17s. 6d. ; 
steel joists, 71. 17s. 6d.; heavy steel rails, 8/. 10s. and 
galvanised corrugated sheets, 15. 5s. 





NOTES FROM THE SOUTH - WEST. 


CARDIFF, WEDNESDAY. 


The Coal Trade.—In January, 2,198,419 tons of coal, 
coke and patent fuel were shipped from South Wales, 
compared with 728,146 tons in December, when exports 
were restricted by the Government’s measures for 
the conservation of supplies. This is an increase of 
1,470,273 tons. Shipments as foreign cargo were increased 
by 1,163,292 tons to 1,664,235 tons, and as bunkers by 
178,322 tons to 309,952 tons. Exports coastwise also 
rose by 50,601 tons to 133,968 tons, the total shipments 
of coal increasing by 1,392,215 tons to 2,108,155 tons. 
Exports of patent fuel were also increased by 74,817 
tons to 87,023 tons, and of coke from nothing to 3,241 
tons. In the past week, exports of coal abroad amounted 
to 472,240 tons, against 470,010 tons in the correspond- 
ing period of last year, shipments at Cardiff totalling 
286,910 tons, at Newport 79,000 tons, at Swansea 55,170 
tons, at Port Talbot 47,660 tons, and at Llanelly 3.500 
tons. In the meantime, the current demand for large 
coal is insufficient to absorb available supplies, and prices 
in the circumstances are irregular on the basis of 22s. 6d. 
for best Admiralty large, with ordinaries down to 2ls. 
Smalls, however, are steady, though rather more freely 
available on the basis of 14s. 9d. for the best bunker 
descriptions. Sized coals are neglected, with dry nuts 
from 17s. to 23s., according to size, and bituminous- 
washed nuts from 18s. to 19s. Unwashed dry duff is, 
however, scarce and strong at 12s. 6d. to 13s. 6d., with 
washed dry duff from 14s, 6d. to 15s. and washed bitu- 
minous duff from 16s. 6d. to 17s. 6d. A number of 
collieries have received offers for contract supplies over 
the remainder of the year on the basis of 21s. per ton 
f.o.b. for second Admiralty large coal, but do not appear 
to be anxious to take the business on this basis, as they 
consider the figure low. At any rate, though the offers 
have been in hand for a week, collieries have not yet 
made their final decisions, as to whether they will accept 
or refuse. Since May last, 1,684,707 tons of foreign coal 
has been imported into the G.W.R. South Wales docks, 
of which 838,602 tons were for the G.W.R., 341,160 tons 
for the L.M. and S., 66,407 tons for the Government, and 
438,538 tons for others. 


Orders for Ships.—Messrs. T. B. Humphries (Cardiff), 
Limited, have placed orders with Messrs. Craig, Taylor 
and Co., Limited, for two cargo steamers of 8,400 tons 
d.w. to be built of British material and engined by 
Messrs. Blair and Co. (1926), Limited. Since the term!- 
nation of the coal strike, Cardiff owners have contracted 
for 21 vessels, representing a carrying capacity of 174,200 
tons and a capital outlay of at least 1,750,000/. 








Tur LONDON ASSOCIATION OF FoREMEN ENGINEERS.- 
The 74th anniversary festival of the London Association 
of Foremen Engineers will be held at Cannon-street 
Hotel on March 5 next; the chairman will be Mr. P. 7 
Liversidge. The secretary of the Association 1s Mr. J. 








Harrington, 85, Salisbury-road, Harrow, Middlesex. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Iron and Steel.—Developments in the steel and 
engineering trades are retarded. The big steel-producing 
furnaces continue to turn out big quantities of material, 
and though the flow of orders has shrunk, manufacturers 
have in hand enough work to keep plants operating for 
a considerable period. 'The continued absence of cheap 
coke prevents the advent of lower-priced pig-iron and 
hematites, and tends to limit progress not only in the 
iron market, but in all branches of steel manufacture. 
While Sheffield suffered less than similar districts last 
year, the gross loss in steel production represented a 
huge tonnage, the total output of 545,000 tons being 
not much more than half that of the preceding year. 
Lincolnshire’s output aggregated 163,000 tons, compared 
with 410,000 tons in 1925. The steel-rolling mills are 
operating more satisfactorily, now that larger supplies 
of material are forthcoming from local furnaces, though 
a considerable quantity of foreign material is arriving 
under contracts entered into during the coal stoppage. 
A more hopeful tone is in evidence in the heavy engineer- 
ing trades. Despite a recurrence of foreign competition, 
the railway departments are obtaining a fair share of the 
work in circulation. Orders have been placed, with 
firms having local connections, for the supply of rolling- 
stock to the Great Indian Peninsular Railway. Brighter 
prospects are reported by makers of ship steel, marine 
castings and forgings. Sheffield expects to benefit from 
orders recently placed on Admiralty account, while 
sub-contracts are expected locally in connection with 
an order for refitting two Canda Canadian Government 
merchant marine steamers. There is no sign of slacken- 
ing in the demand for automobile steel. Patchy con- 
ditions operate in the lighter trades. A better time is in 
prospect for engineers’ small tools. Files are going away 
in larger quantities on inland account, while housing 
schemes are finding work for makers of stove grates. __ 
South Yorkshire Coal Trade.—Compared with a week 
ago the position shows little change. Some grades of 
industrial fuel are in stronger demand, but buyers of 
other qualities are inclined to hold off the market pending 
more settled conditions. Little business is being done 
in gas coke, while the price is holding up forward 
contracts in blast furnace coke. A stronger demand is 
reported for housecoal, though deliveries are well below 
the seasonal average. Nominal prices are unchanged. 





CATALOGUES OF Motor VEHICLES.—The Commercial 
Secretary at Cairo has arranged with the Secretary- 
General of the Royal Automobile Club of Egypt, 3, 
Rue Charwarby Pasha, Cairo, to exhibit catalogues, 
price-lists and other sales literature, which British motor- 
car manufacturers may wish to supply gratis. At the 
present moment the sales literature of only four British 
firms is on view, together with similar trade literature 
from other countries in the reading-room of the club, and it 
is suggested that manufacturers interested in the 
Kgyptian market should send copies of their latest 
catalogues, &c., to the Secretary-General of the club for 
the information of its members. Further information 
may be obtained on application to the Department of 
Overseas Trade, 35, Old Queen-street, S.W.1. (Ref. 
No, AX 4265.) 


ANNUAL PARADE OF Motor Lorries.—The 2Ist 
annual London parade of motor lorries, which is organ- 
ised by the Commercial Motor Users’ Association 
with the object of encouraging drivers to take a personal 
interest in the driving and condition of their vehicles, 
and to run them without accident, will be held in 
Lincoln’s Inn Fields on March 26, next, under the 
patronage of H.M. the King. A large number of awards 
will be presented including ‘‘ The Commercial Motor ”’ and 
the “Shrapnell Smith” challenge cups. The British 
Electrical Development Association (Incorporated) is 
co-operating with the C.M.U.A. in the organisation of 
a parade of electrical vehicles, and special prizes will 
be awarded to the drivers of the winning vehicles in 
this class. Full particulars may be obtained on applica- 
tion to the general secretary, the Commercial Motor 
Users’ Association (Inc. ), 50, Pall Mall, London, S.W.1. 


PERSON AL,—Messrs. Moon Brothers, 125, High Holborn, 
London, W.C.1, have purchased the factory, together 
with the rights, &c., of Messrs. F. E. Adams Pressure 
Tool Company, Limited, Birkenhead. Messrs. Moon are 
continuing this business, and communications should be 
addressed to the above address.—Messrs. Bernard 
Holland and Company are removing their air-com- 
pressor department from 17, Victoria-street, to 15-21, 
Spenser-street, London, S.W.1.—The centrifugal castings 
department of Messrs. Newton, Chambers and Company, 
Limited, at the Thorncliffe Ironworks, near Sheffield, 
'S now in operation.—Messrs. J. Blakeborough and Sons, 
Limited, Woodhouse Works, Brighouse (Yorks.), have 
acquired from Messrs. ‘“‘ Nuswift ’ (Bradford), the sole 
manufacturing and selling rights of the ‘* Nuswift”’ fire 
extinguishers ; the services of the inventor, Mr. J. A. 
Goodall, have been retained. All communications 
should be forwarded to the above-mentioned address. 
— J. R. Yapp has severed his connection with 
“lessrs. Arrol (Swansea) Ltd., and has joined the 
staff of Messrs. Braithwaite and Company, Engi- 
vonage Ltd., Newport, Mon., as their representative 
‘or South Wales and the West of England.—We are 
informed by Messrs. Greenwood and Batley, Ltd., Leeds, 
: re they have appointed Messrs. Haslam and Stretton, 
b d., of 11, W indsor-place Cardiff, to represent them in 
‘ie South Wales district in connection with DeLaval 
steam turbines, electric generators, electric motors, 
traction motors, &ce. 


NOTICES OF MEETINGS. 





THe INstTITUTION OF MECHANICAL ENGINEERS,— 
To-night, at 7 p.m., at Storey’s-gate, S.W.1. Informal 
Meeting. Discussion on ‘‘ Waste Heat Recovery,” 
introduced by Major W. Gregson. 

THE INsTITUTION OF ENGINEERING INSPECTION.— 
To-night, at 7.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘'The Economic Produc- 
tion of Steam by Electricity,” by Mr. C. J. Wharton. 


THe Instirution oF PrRopuctTion ENGINEERS.— 
To-night, at 7.30 p.m., at the Society of Motor Manu- 
facturers and Traders, Limited, 83, Pall Mall, 8.W.1. 
“The Production of Cylinder Blocks in Quantities of 
25, 250 and 2,500 per Week,” by Mr. H. Mantell. 


THE Roya InstituTion.—To-night, at 9 p.m., at 
Albemarle-street, W.1. ‘“‘'The Solids of Plato and 
Archimedes,”’ by Professor D’Arcy Thompson. Friday, 
March 4, at 9 p.m., ‘‘ Some Colouring Agents in Glasses 
and Glazes,”” by Sir Herbert Jackson. 


THE NortH oF ENGLAND INSTITUTE OF MINING 
AND MECHANICAL ENGINEERS.—Saturday, February 26, 
at 3 p.m., at the Mining Institute, Neville Hall, 
Newcastle-upon-Tyne. ‘*‘ Winning Thin Seams of Great 
Britain,” by Mr. W. Leebetter. 


THE Socrety oF CHEMICAL INDUSTRY: YORKSHIRE 
Section.—Monday, February 28, at 2.30 p.m., at the 
Queen’s Hotel, Leeds. ‘‘The Influence of Atmosphere 
and Temperature upon the Scaling of Steel.”” Part I— 
“Scaling by Air, Water Vapour, and Carbon Dioxide,” 
by Mr. C. B. Marson, M.Se., and Professor J. W. Cobb, 
B.Se. Part II—‘‘ Prevention of Scaling by Hydrogen 
and Carbon-monoxide,” by Mr. H. T. Angus, M.Sc., 
and Professor J. W. Cobb, B.Sc. ‘‘ A Thermal Study of 
the Process of Manufacture of Water-Gas,’’ by Dr. A. 
Parker, F.I.C. At5p.m. ‘‘ A Study of Coke Formation,” 
by Mr. R. A. Mott, M.Sc. ‘“‘ Coke in Relation to some 
of its Industrial and Domestic Uses,’ by Mr. H. Hollings 
and Mr. N. E. Siderjin, M.Sc. ‘“‘The Behaviour of 
Cokes in the Open Grate,’”? by Miss M. F. Bligh, B.Sc., 
and Mr. H. J. Hodsman, M.Sc. 


THE Royat Society or Arts.—Monday, February 28, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture: ‘‘ Photo-Elastic Measurements of Stress 
Distribution *’ (Lecture III), by Professor E. G. Coker, 
D.Se., F.R.S. Wednesday, March 2, at 8p.m. Ordinary 
Meeting. ‘‘The Corrosion of Metals at Joints and 
Crevices,’’ by Mr. Ulick R. Evans. 

THE INsTITUTE OF TRANSPORT: WESTERN LocaL 
Srection.—Tuesday, March 1, at 5.30 p.m., at the 
University, Bristol. ‘‘ Commercial Flying,’’ by Captain 
F. L. Barnard. 

Tue Exectrrican PowER ENGINEERS’ ASSOCIATION : 
Miptanp Drviston.—Tuesday, March 1, at 7 p.m., 
at the Chamber of Commerce, New-street, Birmingham. 
“* Super-Tension Cables,” by Mr. C. Vernier. 

Tue Institute oF Metats: Nortu-East Loca 
Section.—Tuesday, March 1, at 7.30 p.m., at the 
Armstrong College, Newcastle-upon-Tyne. Annual 
General Meeting. 

THe SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, March 1, at 7.30 p.m., at 198, West-street, 
Sheffield, ‘‘ Electric Furnaces for Heat-Treatment,” by 
Mr. A. G. Lobley. 


Tue INstITUTION OF AUTOMOBILE ENGINEERS.— 
Tuesday, March 1, at 7.45 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘Some Notes 
on Petrol-Engine Development,” by Mr. H. R. 
Ricardo, 

THe InstrtuTION OF ELECTRICAL ENGINEERS.— 
Wednesday, March 2, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. Wireless Section Meeting. 
*“Short-Wave Wireless Telegraphy,” by Mr. T. L. 
Eckersley. 

THE LivERPOOL ENGINEERING Socrety.—Wednesday, 

March 2, at 6 p.m., at 9, The Temple, Dale-street, 
Liverpool. ‘‘'The Mersey Crossings and Industrial 
Development,” by Mr. J. Wilding. 
Tue INSTITUTION OF CivIL ENGINEERS.—Wednesday, 
March 2, at 6.30 p.m., at Great George-street, S.W.1. 
Students’ Meeting. ‘‘The Construction of a Large 
Cleaning Shed for Electric Trains,” by Mr. L. G. B. 
Rock. 


THE INsTITUTION OF HEATING AND VENTILATING 
ENGINEERS.—Wednesday, March 2, at 7 p.m., at Caxton 
Hall, Caxton-street, S.W.1. Discussion on ‘The 
Effect of Weather Conditions upon the Heat-Require- 
ments of a House,” by Dr. Margaret Fishenden, in place 
of ‘‘ Institution Laundries,”’ by Mr. E, A, Alliott. 


Tue InstTITUTION OF ELECTRICAL ENGINEERS.—Thurs- 
day, March 3, at 6 p.m., at Savoy-place, Victoria-embank- 
ment, W.C.2. “Illuminating Engineering,” by Mr. 
J. W. T. Walsh. ‘‘'The Problems of Public Lighting by 
Electricity,” by Lieut.-Comdr. H. T. Harrison. 


THe InstriruTeE oF Merats: BrirMINGHAM LOCAL 
Srction.—Thursday, March 3, at 7 p.m., at the Engineers 
Club, Waterloo-street, Birmingham. Joint Meeting with 
the Birmingham Metallurgical Society and the Stafford- 
shire Iron and Steel Institute. ‘‘ Metal Melting Fur- 
naces,’’ by Dr. E. W. Smith, F.I.C. 


THE INSTITUTION OF MECHANICAL ENGINEERS : NORTH- 
WesteRN Brancu.—Thursday, March 3, at 7.15 p.m., 
at the Engineers’ Club, Manchester. ‘‘ Recent Develop- 
ments in Grinding Machinery and Processes,” by Mr. 
H. H. Asbridge. 


THe Instirutrion oF MECHANICAL ENGINEERS: 
GLASGOW AND West oF ScoTLaAND Brancu.—Thursday, 
March 3, at 7.30 p.m., at the Royal Technical College, 
Glasgow. ‘‘ Some Notes on Hydraulic-Pneumatic Engi- 
neering,” by Mr. J. O. Boving. 

Tue INstITUTE OF TRANSPORT: YORKSHIRE SECTION. 
—Friday, March 4, at 7 p.m., at the Town Hall, Leeds. 
“Taxation of Mechanical Road Transport,’ by Mr. 
Brunner. 





THe Junior InstiTuTION oF ENGINEERS,—Friday, 
March 4, at 7.30 p.m., at 39, Victoria-street, S.W.1. 
Informal Meeting. ‘‘ An Evening with the Old Brigade.” 


Tue Institute or British FOUNDRYMEN: LANCA- 
SHIRE Brancu.—Saturday, March 5, at 6.30 p.m., at the 
Champness Hall, Drake-street, Rochdale. Joint Meet- 
ing with the West Riding of Yorkshire Branch. Lecture, 
“The Foundry Cupola,’ by Mr. W. H. Poole. 


Tue Institute or British FouNDRYMEN: Birr- 
MINGHAM, COVENTRY AND West MIDLANDS BRANCH.— 
Saturday, March 5, at 6.30 p.m., at the Engineers’ Club, 
Waterloo-street, Birmingham. ‘“‘Some Experiences in 
the Production of Malleable Castings,” by Mr. F. J. 
Cook. 

THe Hutu Associarion or ENGINEERS.—Saturday, 
March 5, at 7.15 p.m., at the Technical College, Park- 
street, Hull. Lecture. ‘‘ Civil Engineering Experiences 
in South America,” by Mr. E. Hall. 








NOTES FROM THE NORTH. 


ILASGOW, Wednesday. 

Scottish Steel Trade.—In the Scottish steel trade very 
satisfactory conditions continue to prevail, and much 
activity is general. The mills are being worked at full 
pressure, and although every available ton of material is 
being sent out with all speed, there is a constant pressure 
on the part of consumers for immediate delivery. Ship- 
builders, in particular, keep pressing for material, for 
which they are in urgent need. Few fresh contracts are 
being booked for forward delivery, and new business is 
almost solely limited to immediate requirements, because 
of the belief amongst buyers that easier prices are bound 
to prevail in the near future. In the black sheet trade, 
the output is good, and bookings are heavy. Galvanised 
sheets for spring shipment have been very active of late, 
and prospects at the moment are exceedingly bright. 
Prices all round show little change, and the following are 
the current market quotations :—Boiler plates, 11/. per 
ton ; ship plates, 8/. 7s. 6d. per ton ; sections, 71. 17s. 6d. 
per ton ; and sheets, under ¥ to } in., 12. to 131. per ton, 
all delivered Glasgow stations. The f.o.b. Glasgow price 
for galvanised corrugated sheets (24 b.g.), is 151. 10s. to 
161. 10s. per ton. 


Malleable Iron Trade.—In the malleable iron trade of 
the West of Scotland there has not been much movement 
over the week. The demand is not of a pressing nature, 
but plant is being kept fairly well employed. Similar 
conditions prevail in the steel re-rolling departments. 
Prices are unchanged, with ‘“‘Crown” bars called 
11l. 15s. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—There has been little change 
in the conditions ruling in the Scottish pig-iron trade 
this week. Both hematite and foundry qualitities are 
more plentiful, but in the latter case certain standard 
goods are still very scarce. Deliveries, all over at present, 
are about equal to the demand, and order books are quite 
satisfactory. Forward bookings could be much better, 
but this will only follow an expansion in general trade. 
Current prices are as follow :—Hematite, 87s. 6d. per ton, 
delivered at the steel works ; foundry iron, No. 1, 95s. to 
97s. 6d. per ton, and No. 3, 90s. to 92s. 6d. per ton, both 
on trucks at makers’ yards. 


Appointment.—The board of directors of the Coltness 
Iron Co. Limited, have appointed Mr. W. H. Telfer to 
be managing director of the company. Mr. Telfer has 
been general manager and a director of the company for 
the past 34 years. 





Contracts.—The Dublin United Tramway Company, 
Limited, have placed a large part of their annual con- 
tract for lamps with the General Electric Company, 
Limited, Magnet House, Kingsway, W.C.2. One item 
consists of 8,000 Osram vacuum traction lamps.—Messrs. 
J. Blakeborough and Sons, Limited, Woodhouse Works, 
Brighouse, Yorks, have secured the contract for the 
supply of the valve equipment in connection with the 
Nippon Electric Power Company’s installation at 
Komaki on the Sho River, Japan. This equipment is 
for controlling the supply of water to four turbines of the 
Francis reaction type, and consists of four Larner- 
Johnson valves, each 11 ft. in diameter, with a working 
head of 176 ft.—The French associated company of 
Messrs. International Combustion, Limited, Messrs. 
S. A. Foyers Automatiques, Paris, have obtained the 
contract for the complete Lopulco installation which is 
to be erected at the Alost (Belgium) plant of the Société 
Générale de Soie Artificielle ‘ Viscose.” This order 
covers the supply of Raymond pulverising equipment, 
Lopulco hollow-wall, air-cooled combustion chambers 
with water screens, feeders, piping, burners, and electrical 
equipment.—The Dyer Company, 50, Pall Mall, London, 
S.W.1, have placed with Messrs. Worthington-Simpson, 
Limited, Queen’s House, Kingsway, London, W.C.2, a 
contract for the supply of pumping and compressing 
plant to be installed in the new beet-sugar factory at 
Bardney, Lincs. The contract includes two Duplex 
steam-driven carbonic acid gas compressors, three steam- 
driven dry vacuum pumps, and 32 centrifugal pumps. 
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EXHIBITS AT THE BRITISH INDUSTRIES FAIR, BIRMINGHAM. 
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Fies. 32 to 35. Prrrot-Driven Atk Compressor ; Messrs. BLACKSTONE AND Co., LIMITED. 





























Fia. 36. Fig. 37, 


Fias. 36 anp 37. Two-SpINDLE Saw Bencu; Messrs. THoMAS ROBINSON AND Son, LIMITED. 





























Fic. 38. INFINITELY VARIABLE GEAR; Fia. 39. INFINITELY VARIABLE GEAR WITH AUTOMATIC CONTROL; 
Messrs. Tue P.I.V. Gear SynpicaTe, Limitep, Messrs. THe P.I.V. Gear SYNDICATE, LIMITED. 
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MECHANICAL STOKER AT THE BRITISH INDUSTRIES FAIR, BIRMINGHAM, 


CONSTRUCTED BY MESSRS. THE UNDERFEED STOKER COMPANY, LIMITED, ENGINEERS, LONDON. 


(For Description, see Page 223.) 
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IN INDUSTRIAL EFFICIENCY. 


It is axiomatic that the first step towards the 
remedy of a disease must be its accurate diagnosis. 
When that has been made, and only then, can the 
correct course of treatment be laid down and, 
what is equally important, the patient be encouraged 
to make an effort to recover his normal health. It 
not infrequently happens, moreover, that accurate 
diagnosis, followed by correct treatment, leads both 
to the elimination of a particular disease and to the 
patient being left in a more healthy condition 
than before his illness. This medical argument, and 
the lessons which are derivable from it, may with 
advantage be applied not only to the human frame, 
but to that complicated mechanism which is con- 
veniently described by the phrase trade and in- 
dustry. It is common knowledge that for many 
years past this distinguished patient has been very 
sick. The conditions have baffled many physicians ; 
because while at times there have been signs of 
recovery, at others relapses more or less serious 
have occurred, with the result that real progress 
has been absent or even negative. That, it is 
obvious, cannot go on indefinitely. The industrial 
machine, no less than the human frame, cannot 
continue to withstand the onslaught of disease 
without permanent damage. And recovery being 
thus delayed, it may be assumed that the diagnosis 
has been incorrect and that a thorough investigation 
of causes is, therefore, the first step towards a much- 
needed improvement. 

This being so, Mr. Ramsay Macdonald’s Govern- 


| ment were wise in 1924 in appointing a Departmental 


Committee, under the chairmanship of Sir Arthur 
Balfour, to inquire into “‘the conditions and 
prospects of British industry and commerce, with 
special reference to the export trade.” The task 
was colossal. It is a subject upon which nearly 
everyone holds opinions of varying value, and the 
mere collection of evidence was therefore a lengthy 
process. To sift it and to draw correct conclusions 
from it is a task even more difficult and compli- 
cated ; and to avoid delay the Committee, though 
the course has its disadvantages, have therefore 





probably done well to publish the results of their 





surveys from time to time, and to postpone the 
conclusions that they draw from them until their 
deliberations are finished. In accordance with this 
procedure, the first two reports were issued in 
July, 1925, and April, 1926, respectively.* They 
were concerned with surveys of overseas markets 
and industrial relations. A third reportt, which 
was issued last week, deals in great detail with 
the factors which affect the industrial structure, 
the quality of production, and the relationships 
of State and public authorities to industry and trade, 
as well as with certain aspects of the questions of 
industrial profits, burdens and costs. The report, to 
the importance of which H.R.H. the Prince of Wales 
called attention in his speech at the British Industries 
Fair Dinner on Monday last, is prefaced by an 
excellent summary and completed by a no less 
excellent index. In this respect, in fact, all three 
reports which the Committee have issued offer an 
example to other publications of a similar kind. 

Industrial efficiency is influenced by many 
factors which have a different and often obscure 
effect on the evaluation of the total result. Were it 
possible to combine these factors in a formula the 
expression would be of a complication which would 
appeal to none but the purest of mathematicians. 
It would, moreover, give a number of solutions, 
some of them imaginary ; and it is therefore on the 
whole fortunate that the problem cannot be tackled 
inthis way. As we have said, the factors vary very 
much inimportance. In the Committee’s view, one 
of the most weighty in its effect on the efficiency of 
an industrial undertaking is the scale on which 
the operations are carried on. Specialisation, sub- 
division of processes, the use of mechanical power 
and elaborate machinery, as well as mass production 
itself, all tend to increase the scale of production and 
to render it cheaper. The growth of joint stock 
enterprise has also assisted to enlarge this unit by 
reducing the difficulties of financing such businesses. 
The other pan of the balance is, however, not un- 
loaded. It contains increasing difficulties of control, 
weakening of personal touch, limitation of markets 
and other factors, which impose restrictions on the 
size of the business unit which can be economically 
managed. 

As is well known, this tendency towards combina- 
tion has not been received with universal approbation, 
and in the United States, at least, attempts have 
been made to.counteract it. These, however, have 
met with little or no success, partly because one of 
several possible devices, which lead to combination, 
can easily be replaced by another. British economic 
conditions, it is pointed out, have not proved espe- 
cially congenial to such combinations, though ex- 
amples are quoted both of the “ vertical” and the 
‘“‘ horizontal’ trust. In more than one industry. 
however, there exists an interesting form of 
organisation which aims at the fixing of prices. 
The general deduction from an examination of 
these .methods of conducting trade is that the 
parties directly interested regard combination as an 
economically effective method of increasing their 
gains and of defending themselves against unfair 
competition. Combination not having struck so 
deeply in this country as it has in either America or 
Germany, it is interesting to note that in the former 
country there are signs of a reaction against the 
indiscriminating hostility to this means of con- 
ducting business. This may be due to a realisation 
that trusts are not altogether to the disadvantage 
of the consumer. Events have shown that they are 
powerless against a determination by the consumer 
to resist what is considered an unfair price. On the 
other hand, they tend to a standard price and a 
greater availability of product than is possible in 
any other way. At the same time, the large sums, 
which it is possible for such a body to spend on 
scientific and industrial research and industrial 
organisation, are not seldom reflected in a better 
quality product. 

This being so, it is logical that the Committee 
should turn next to a consideration of the important 
question of “‘ Training and Recruitment,” holding, as 





* See ENGINEERING, vol. cxx, page 83, and vol, cxxi, 
page 436. 
{ Factors in Industrial and Commercial Efficiency ; being 
Part I on Survey of Industries. H.M. Stationery Office. 
[Price 5s. net.] 
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they rightly do, that industrial output is not merely 
a question of volume, but depends essentially upon 
quality. To attain the highest degree of produc- 
tivity, it is not only necessary that all grades of 
workers should work hard, but that they should 
work well. In many localised industries, the ac- 
quirement of skill is effected by the half-conscious 
absorption of knowledge and experience, the old 
traditional crafts especially being actually propa- 
gated in this way, quite as much as by the definite 
training of apprenticeship. On the other hand, 
modern industrial conditions require that more and 
more dependence shall be placed on definite pro- 
cesses of school education and workshop routine. 
At present, these processes include regular appren- 
ticeship of various kinds, pupilage and the pro- 
motion of youths engaged as labourers or attend- 
ants. Apprenticeship is the predominant method of 
training in engineering and many other trades, but 
in the textile industry it is rare. It is estimated 
that the skilled industries at present find places for 
about 300,000 lads to undergo a more or less 
systematic course of training lasting about five 
years. Allowing for waste, about 80,000 boys can, 
therefore, be absorbed each year, or, roughly, one- 
quarter of those who leave school annually at the 
age of 14. The position with regard to the taking 
of apprentices is at present a little indefinite, and is 
complicated by a number of factors, but it is satis- 
factory to learn that a substantial number of em- 
ployers are alive to the desirability of supplementing 
workshop training by theoretical instruction, and 
that in some industries, notably the printing trade, 
attendance at-classes is compulsory. 

The problem of education on the broadest 
possible lines receives close consideration in the 
report, but not more than the importance of the 
subject deserves. It is indeed significant that not 
only this report, but also an increasingly large num- 
ber of similar publications, stress the view that real 
industrial progress depends largely on the quality of 
the product. The quality of the product is, however, 
in turn, largely influenced by the quality of the 
materials and tools employed in its manufacture, 
and of tools employed by far the most important 
is the human being. The committee’s survey, as 
might be expected, has led them to believe that the 
co-ordination between the facilities provided and the 
ascertained needs of industry and commerce is in 
several respects imperfect. A recent report on the 
‘“* Education of the Adolescent’ reached the same 
conclusion by a different road. The valuable 
suggestion is, therefore, made that each important 
industry should establish machinery for examining 
and formulating its own requirements for the 
industrial training of its recruits, and co-operate 
with the educational authorities to ensure that 
these requirements shall be suitably met. 

The next subject dealt with is standardisation. 
Here the committee fish for a little while in the 
troubled waters which wash the shores of a uni- 
versal metric system; but, from their point of 
view, wisely forbear to make any detailed investiga- 








not in the way of State aid, but to make the in- 
dustries realise how important a factor, in our 
imaginary formula, is constant and well-directed 
research. It would not be too much to say that 
this item in the expression could, without much 
trouble, be made to bear an index higher than the 
square, and probably higher even than the third 
power. Research is, in fact, a subject which 
must be taken seriously. 

Another section of the report deals with State 
measures for meeting post-war difficulties in 
industry. The Committee do not conceal their 
opinion of the very moderate value of the effect 
of the Trade Facilities Acts and Export Credit 
Scheme on industrial prosperity. They hold the 
view that like most stimulants they gradually lose 
their virtue, if unduly prolonged, and in fact that 
their usefulness is already exhausted. To some 
extent they did, however, achieve the object, 
which is the object of all stimulants, of enabling the 
patient to struggle through a very difficult period 
without undue exhaustion. On the other hand, the 
temporary coal subsidy did not even achieve that 
object. This is so clear that the experiment is 
never likely to be repeated, and that at least is an 
advantage. 

Finally, attention is called to the fallin the amount 
of national savings. Here we enter the field of 
undigested statistics and speculation. The Com- 
mittee recognise the dangerous path they are tread- 
ing, and content themselves with pointing out 
that the average ratio of profit to turnover, as 
computed for income-tax purposes, from seven 
important industries, fell between 1912-13 and 
1922-23 by about one-tenth, a result which may 
mean all the difference, in individual cases, between 
prosperity and bankruptcy. This is clear from the 
fact that the proportion of aggregate turnover, which 
was attended by actual loss, was, in 1912-13, only 
2 per cent., but had risen to 14 per cent. in 1922- 
23. Trading profits generally showed a decline 
over the same period, while taxes and rates have 
risen to an extent with which everyone is unfortu- 
nately familiar. 

Comment on this valuable report should not be 
undertaken lightly. It deserves close study in con- 
junction with those which precede it. As we have 
said, the Committee themselves refrain from drawing 
any final conclusions. Were it otherwise advisable, 
industry is now too much in a state of flux to make 
such a course desirable. But they do call atten- 
tion to the need, in these difficult times, of main- 
taining unimpaired the national qualities of initia- 
tive and flexibility of temperament, together with 
the capacity for co-operation between all con- 
cerned. This advice comes from a body which, 
representing all shades of opinion, clearly recognises 
the direful effects of recent happenings, and the 
need for counteracting the effect of such occurrences 
by every means in our power. For that reason, 
if for no other, what they say is worthy of close 
attention. 











tion of the merits of the question. As regards 
standardisation general!y, they are naturally more | 
definite. Whether standardisation precedes or | 
follows mass production, it is a necessary con- | 
comitant of it. The obvious danger is that both | 
may elevate existing practice to the position 
of a dogma, and so retard development and harm- 
fully influence that desirable policy, so necessary 
for stimulating the export trade, which aims at 
a combination of high quality and adaptation to 
current needs. On the whole, however, the com- 
mittee regard standardisation as a stimulant rather 
than as a sedative, and emphasise the desirability 
of increasing its scope and utility by according 
the movement the public support necessary to 
guarantee the independence of standardising 
authority without impairing its close co-operation 
with the industries affected. 

Standardisation naturally leads to research. 
Under this heading the committee deal with the 
difficult question of State assistance, recounting 
what has been done not only in this eountry, but also 
in the United States and in Germany, and noting with 
satisfaction the extension of the period during which 
grants will be made to the various research associa- 
tions. More, however, is required in this direction, 





ELECTRICAL ECONOMICS. 


Ir one man has a pound note in his pocket and 
another two, it is correct to say that the second is 
carrying in that convenient receptacle twice as 
much cash as the first. But it would be unwise to 
deduce therefrom that he can put his hand on 
twice as much specie at short notice, still less that, 
on a valuation for probate, his estate would prove 
to be of double the value. To take another example, 
if, on a; ‘ven day, a certain power station generates 
twice as much electricity as another, it would be 
incorrect, *vith those figures alone available, to make 
deductions of annual output, load factor or cost. 
Such oper itions are, however, often performed ; 
and we may, therefore, be forgiven for calling 
attention to the risk of erecting too ornate a super- 
structure on flimsy foundations, especially in the 
present age of statistics, when ingenious, and even 
heroic, attempts are made to reduce everything 
to figures; and to indicate therefrom courses of 
proposed conduct or lines of future policy. These 
reflections are a natural result of the tidal wave of 
statistical information on almost every subject ; and 
may fittingly be uttered as a word of warning, before 
we turn to a consideration of an interesting 





monograph on the electrical industry, which has 
been issued this week by the British Electrical and 
Allied Manufacturers’ Association. The information 
given therein is of great interest. It is presented in 
an easily-readable form, and is new, at least to the 
extent that the developments of the electrical indus- 
try in the various countries, as expressed in figures 
of production, costs and prices, are placed in juxta- 
position. But it naturally abounds in assumptions 
and adjustments, for only thus can the results avail- 
able be stated in comparative tables. Though 
generally no doubt the position, as between the 
various countries, is correctly indicated, it would be 
unwise to overload the structure, which has thus 
been built up, too far, or to use it for purposes 
for which a closer consideration would show it 
to be entirely unsuitable. We insist upon this 
point because the monograph is addressed to 
Committee B of the Preparatory Committee of the 
International Conference of the League of Nations. 
The members of this Committee are neither electrical 
engineers, nor engineers at all. They might, there- 
fore, be tempted to use the information for purposes 
for which we do not believe it is intended ; and thus 
to turn a very carefully-compiled production into a 
weapon as dangerous as an automatic pistol in the 
hands of a stage-struck boy. We shall assume that 
this proviso is constantly kept in mind when reading 
our comments on the monograph. We hope it will 
also be kept in view by others. 

Turning to a more detailed consideration of the 
information this publication contains, it cannot 
be denied that the electrical industry, regarded 
from the world point of view, is at the present time 
in a most interesting state—a state of flux, in fact, 
preparatory, no doubt, to the inauguration of a 
period of rapid expansion. To take our own 
country as an example, there exists within its con- 
fines an enormous market for electrical goods, which, 
as yet, has hardly been touched. The prosperity of 
the British electrical industry does not, however, 
solely depend on the home demand, but rather on 
the facility with which it is able to secure and 
maintain a firm footing in the markets of our 
Dominions overseas and of foreign countries. What 
are the chances of successfully establishing that 
footing ? Are our goods of a quality and price 
which render them attractive to foreign buyers ? 
Do obstacles exist which prevent the penetration of 
our products into these countries ; and are these 
obstacles universal in time and place or merely 
temporary ? Such are only a few of the questions 
which the British manufacturer would do well to 
ask himself at the present time. Fortunately for him 
this monograph will, at least by inference, assist 
him to find the answers. 

Speaking at the Mansion House, on Monday, at 
a dinner given by the Government in connection 
with the British Industries Fair, the Prince of Wales 
rightly remarked that the qualities we most needed 
at the present time were enterprise, enthusiasm and 
imagination. During the past year, he added, much 
ground had been lost, but the strain had been borne 
without serious consequences. To make good that 
loss, one of the first essentials is, in our opinion, 
to realise the exact nature of the problems that 
exist to besolved. For that purpose the information 
which the B.E.A.M.A. has now collected should be 
exceedingly useful. 

The first part of the report is devoted to a con- 
sideration of the developments which have taken 
place in the organisation and technique of the 
electrical industry since its inauguration, special 
attention being called to the lines of advance that 
have been followed in the United States and Ger- 
many. These matters need not detain us, as they 
are well known. It is important to note, however. 
that the technical advances, which have brought into 
being increasing plant capacities, higher pressures 
and more widespread distribution systems, have 
also resulted in an increase in the size of the manu- 
facturing firms, so that they may be large enough 
to handle million-pound contracts. There are, 
however, few countries where the position 1s 
favourable to the success of such firms, and this 
has undoubtedly been a factor in neutralising the 
effect of tariffs. The main manufacturing countries 
are, at present, Great Britain, the United States, 





Germany, France, Sweden and Switzerland; and 
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each has developed a strong export trade. But the 
growth of national production has now reached the 
stage where it may threaten the structure that has 
been built up, unless close attention is paid to the 
many new markets in new or undeveloped countries 
which await exploitation. 

On the other hand, for the reasons mentioned, 
international competition is keenest in those 
branches of industry where large-scale production 
does not obtain, such as motors, meters, lamps and 
domestic equipment. Though these goods are small 
in size and low in price, the market in them must 
not be neglected, as it is only by its development 
that an outlet can be found for the larger and more 
spectacular equipment. It is interesting, therefore, 
to find, side by side with the creation of large firms, an 
increasing specialisation in smaller goods, with the re- 
sult that in every leading industrial country electrical 
manufacture is spread over a large number of 
producers, even when 70 to 80 per cent. of the total 
output, as in Germany, the United States and Great 
Britain, is concentrated in the hands of a few firms. 
These two parallel lines of advance are likely to 
continue. They indicate the wisdom of not paying 
too much attention to the pounds to the neglect of 
the pence. This is emphasised by the fact that, 
while in the heavy section of the industry competi- 
tion is dying, and tariffs therefore are ceasing to be 
of great effect, in the special sections competition 
is intense, and the growth of national production, 
aided by high tariffs, is therefore an important 
factor in reducing the overseas market available. 

The position generally, as regards the production 
of electrical goods, is made clearer by a number of 
statistical tables. which refer to the year 1925. 
From these it appears that the world production 
of electrical goods in that year was of the order 
of 600,000,0002., and necessitated the employment 
of some 1,200,000 persons. Of this production 
the United States was responsible for some 50 per 
cent., and of about 47 per cent. of the total consump- 
tion. Its exports amounted to some 16,300,0001., 
while its imports were only 510,0001., so that, as 
against 295,000,000/. worth of goods produced, it 
consumed 279,210,000/. worth. In Great Britain, 
on the other hand, the production was valued at 
70,000,000/., which necessitated the employment 
of some 160,000 persons. Our exports were 
17,564,0001. and our imports 5,179,000/., so that the 
home consumption was 57,615,000/. Our ‘ greater 
dependence on the export trade is therefore 
evident. 

Every free-trade country, on the other hand, 
shows a large figure for imports, while the almost 
complete absence of imports into the United States is 
probably due to their tariff policy. Fortunately, 
the five main exporters, Great Britain, the United 
States, Germany, France and Switzerland, still 
control 87 per cent. of the world exports, and the 
first three countries over 77 per cent. Though 
Great Britain has maintained its position as a 
leading supplier in many fields, Germany is pre- 
eminent in the meter and lamp markets, while the 
United States leads in batteries, domestic appliances 
and in industrial heating equipment. It is just 
these commodities, however, that many countries, 
which have up to now relied mainly on imported 
products, will soon be able to manufacture for 
themselves. On the other hand, there are countries, 
like India, which, electrically speaking, are practi- 
cally untouched, and others, like Argentina, where, 
though much has been done, there still remains 
scope for development, which can only be described 
as enormous, 

In this connection the statement that the 
generating station offers about 40 per cent. of 
the market open to the electrical manufacturer, 
industry accounting for about 30 per cent. and 
all other sources for the remainder, is of remark- 
able interest. It may be true at the moment, 
but it would be unwise to deduce therefrom that 
development will continue along a curve drawn 
as a continuation of that which represents what 
has taken place during the past twenty years. 
The increasing diversity of the load caused by 
the variety of consuming apparatus, not all 
industrial, which is now being more and more 
utilised does not seem to be fully recognised. The 
next few years may therefore show that this state- 








ment requires profound modification. As it is, it 
is a generalisation to which excessive weight should 
not be given. 

Two short concluding chapters of great interest 
deal with production costs and prices. As regards 
the former the price of materials seems to have no 
great effect on the cost of production in the various 
countries, probably owing to the fact that so many 
of the raw materials are subject to international 
price control. On the other hand, as might be 
expected, labour costs show a great divergence. 


the United States leading in this respect and | 


Great Britain being higher than the other European 
countries. This must obviously be an important 
factor in international competition, the more so 
in our own case, since we are not protected by a 
tariff, and the conditions are therefore such as 
to encourage dumping. Prices in turn exhibit 
considerable variations. In this country both 
import and export prices are above the 1913 level 
and are rising, while in Germany import prices 
are now 13 per cent. less, and export prices 50 per 
cent. higher than in that year. This, however, is 
all very dangerous ground. Making every allowance, 
however, it appears that in Great Britain the 
actual increase in production cost since the war 
is not more than 35 per cent. to 40 per cent., while 
in Germany, France and Italy it is even lower. 

In emphasising, as we have done above, the 
risk of incorrectly using this document we do 
not wish in any way to detract from its value. 
The engineer at least knows enough about the 
subject with which it deals to be able to utilise 
it correctly. And as it indicates clearly the lines 
along which his future activities should be directed 
he may be trusted to do so. 





THE ENGINEERING OUTLOOK. 
VII. AgricuLTuRAL MACHINERY. 

At the beginning of 1926, the outlook for agri- 
cultural machinery was not a prosperous one. No 
great expansion in the home market could be 
expected, while exports, though they had increased 
steadily for the previous years, were still far below 
the 1913 level. The rate of increase, moreover, 
was too slow, even if sustained, to augur any degree 
of prosperity in the immediate future. The industrial 
troubles of 1926 have turned even this modest 
progress into a setback so that, at the beginning 
of 1927, this industry is in a worse position than a 
year ago. 

The only available index of production in the 
industry is one based on employment in eight 
principal manufacturing districts. The employ- 
ment figures given in Table I, below, constitute 
a high proportion of the total numbers engaged in 
the industry and may be taken as thoroughly 
representative. 


TasLe I.—Employment in Agricultural Machinery 
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ndustry. 

ra Nos. Index 1913 = 
Year. employed. 100. 
1914 12,878 100-0 
1918 16,598 128-9 
1920 .. ee es 17,485 123-1 
1923S 1st half year .. 7,031 54-6 
oe. gs we 10,745 75°6 
Me sw 2 8,743 67-9 
19249 ona? 9,906 77-9 
19255 1st 10,246 79-6 
agi 10,756 83-6 
19265 1st»: 10,555 82-0 
SOEs 5 9,930 77-1 





Although the steady progress of the last few years 
has been arrested, some consolation may, perhaps, 
be gleaned from the fact that total production has 
not suffered more severelyin an industry immediately 
affected by the shortage of material resulting from 
the coal stoppage. Unfortunately the bulk of the 
loss in the year 1926 was accounted for by a reduc- 
tion of exports. There is ample evidence that the 
home demand was well sustained and, though com- 
petition in the home market increased, it is probable 
that home sales were not greatly reduced. 

The position revealed by Table II is far from 
satisfactory. It would not seem that any reduction 
in the value per ton of British exports has been 
possible, with the natural corollary that the volume 











has declined. Business is more sensitive at present 
to the price factor in this industry even than in 
other branches of engineering. Until the economic 
handicaps arising from the engineering wages 
question are removed, to which allusion was made in 
this series of articles a year ago, it is difficult to 
see how the position can be remedied. 


TABLE II.—U.K. Exports of Agricultural Machinery and 























Tractors, 
| 
Monthly | Volume Index Value per Index 
average for | in tons. | 1913=100. Ton£ | 1913=100 
! 
1913 .| 6,125 | 100-0 40°7 100-0 
1922— | 
ist quarter ..| 699 | 11-4 96-4 236-8 
i ae al 960 | 15-7 82-5 202-7 
Sra, eal 881 | 14-4 89-8 220-6 
4th = 882. | 14-4 83-7 205-6 
1923— | | 
Ist quarter ..| 985 | 16-1 78-8 193-6 
2nd, | Dae | see 76°3 187-4 
a se 3 | 20-9 79°83 194-8 
4th ,, a | 19-2 85-2 209-3 
1924— 
Ist quarter ..| 1,212 | 19-8 79-1 194-4 
a | 2,335 | 38-1 71-4 175-4 
CS oe --| 1,85 25:3 84 207-1 
4th ,, --| 1,458 | 23-8 79°9 196-3 
1925— 
1st quarter ..| 1,665 | 27-2 76-2 187-2 
Qnd,, = ..| 2,380 | 38-9 76-2 187-2 
me ss as 1,997 82-6 80-0 196-5 
a . ..| 1,704 27-8 380-9 198-7 
1926— | 
Ist quarter ..| 1,775 29-0 78°7 193-4 
2n Pa «sf 2,2m4 28-2 771 189-4 
ae. ..| 1,926 31-5 73°3 180-1 
4th ,, | 1,383 22-6 | 82-6 202-9 





It is true, no doubt, that the mechanicalisation 
of agriculture, in all its differing forms and under 
conditions varying with climatic and natural 
peculiarities, affords infinite scope for the develop- 
ment of new products. It is easier to see the diffi- 
culties of the British manufacturer in catering for 
these diverse needs than to suggest how they may 
be overcome. Apart from the great Dominions 
which, from the general similarity of their conditions 
to those of the United States, afford special scope 
to the American industry, there is a valuable 
potential market in the British colonies in tropical 
Africa. Here, although American products have 
got in on the ground of price, they are often un- 
suitable. It is to be hoped that a prospect of 
industrial revival will justify British industry in 
carrying out the necessary researches to supply 
such wants. The vast extent of very fertile country 
in these parts suggests that Government assistance 
for such an object would be a wise investment. 

The import position is also far from satisfactory. 
From Table III, which follows, it will be observed 
that the volume of imports is greater than in any 
year since 1913. 


TABLE III.—Net Imports of Agricultural Machinery. 

















Monthly Volume Index Value per Index 
Average for in Tons. |1913=100. ton £ 1913=100. 
1913 795 100-0 32-0 100-0 
1922— 
1st quarter 179 22°5 91-8 286-9 
2nd, 201 25-2 88-9 277-8 
8rd, 136 17-1 98-5 307-8 
4th ,, — nee — — 
1923— 
st quarter 27 35-0 72°2 225-6 
ma (y 653 82-1 76°7 239°7 
3rd_ sy, ea 311 39-1 69-6 217-5 
4th 3, | 214 | 26-9 86-7 270-9 
1924— | 
1st quarter 863 | 108-5 61-6 192-5 
2nd, 481 60°5 76-5 239-0 
rd, 503 | 63:3 73-1 244-0 
4th ,, | 771 | 97:0 67-8 211-9 
1925— | 
1st quarter | 806 | 101-4 69-6 217-4 
ad 857 | 107-8 70°4 219-9 
3rd, | 506 | 63-6 63-3 197°7 
4th ,, 369 | 46-4 77-1 240-9 
1926— | 
1st quarter 1,098 138-2 2°7 195-9 
a. | 688 | 86-8 66-0 206 +2 
3rd, | 441 55-5 66-8 208-8 
4th ,, } 1,011 | 127-2 754 235-9 











The most disturbing feature of Table III is the 
further decline in the value per ton of imports. 
Comparing Tables II and III, it is seen that not 
only is the corresponding British figure higher, but 
it showed a tendency to rise last year. As far as 
the home market is concerned, the most disappoint- 
ing feature is the failure of the British industry to 
secure much of the business arising from the growth 
of the sugar-beet industry. 
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With regard to the general competitive situation, 
there is unfortunately no possibility of escaping the 
conclusion that the British industry is being eclipsed. 
In Table IV, the declared values of international 
exports of agricultural machinery are given, con- 
verted to sterling at the average rate of exchange 
for the year in question. 


TABLE IV,—Jnternational Exports of Agricultural 





























Machinery. (Overland Values, 000’s omitted.) 
_ 1913. 1923. 1924. | 1925. 1926. 
£ ca 2 © £ a 

U.S | 426 10,996 13,582 16,150 18 
ane ‘Britain | 2,989 } 1,231 1,530 1,817 1, oat 
Germany 1,752 | 1,166 1,044 1,766 | 1,981 
France K 586 | 462 | 619 595 | “Bas 
Total mie 8,753 | 13,855 22,919 








16,775 | 20,328 





Although no American figures of volume are 
available, the stability of prices in the United States 
leaves no doubt that this substantial increase 
in value means also an increased volume. Table IV | 
indicates that the world demand is continuing to | 
increase. The United States is getting the lion’s 
share of the export business, but Germany is also 
rapidly advancing. British exports are alone declin- 
ing in reality, the decreased values of French exports 
being due to the fluctuations of the franc as shown 
by Table V. 


TABLE V,—International Exports of Agricultural 
Machinery (Volume in Long Tons). 














| 
| 1913. | 1924. 1925. | 1926. 
ee — 2 ee en a 
Great Britain .. 73,498 19,635 23,209 20,246 
(iermany - 40,090 20,860 38,680 49,370 
France .. 12,130 13,450 14,210 20,150 





From Tables IV and V it may be deduced that, 
in 1926, the United States had doubled her pre-war 
exports, Germany had increased her exports to 25 
per cent, in excess of the 1913 level, and France to 
66 per cent. above the 1913 level. British exports, 
on the other hand, have sunk to a quarter in volume 
and to a half in value of the pre-war level. This 
remarkable reversal is due, in part, to special factors 
which deserve notice. 

In the first place, America, firmly based on a vast 
home demand, has found it convenient to dump her 
surplus production, especially in South America and 
the Far East. Within the British Empire, it must 
be confessed, her success has been no less due to an 
enterprising commercial policy and willingness to 
ascertain and cater for special requirements. French 
and German progress has resulted from extremely 
low prices—in one case the outcome of a depre- 
ciating exchange and cheap labour, and in the other, 
of cheap labour resulting largely from longer working 
hours and a generous credit policy. Without any 
of these advantages, the British industry has suffered 
from the collapse of the Russian market which, 
before the war, was our best customer. 

Although it may confidently be hoped that this 
branch of engineering will share in the general 
improvement as compared with last year, no really 
satisfactory prospect can be predicted in the near 
future. Even in agricultural engineering, the future 
of the British industry in competition would seem 
to lie in pioneer work. In spite of the financial 
disabilities which always attend prolonged depres- 
sion, a way must be found to supply, from our own 
workshops, the new needs of agriculture at home and 
abroad with conclusively suitable implements for 
special requirements. In this w ay only can the handi- | 
cap of price be overcome. for, in agriculture, initial | | 
cost is less important than economy and reliability 
of performance ; and this is more especially the case 
in undeveloped countries. 











SKEGBY (Norrs) SEWAGE-DisposaL WorxKs.—The 
sewage-disposal works of Skegby (Notts) Rural District 
Council have now been completed. The scheme com- 
prises new outfall sewers, to collect the sewage formerly 
discharged at five small disposal areas, which have now 
been abandoned, and new purification works, which 
include settling tanks and bacterial beds. The under- 


taking, which has cost some 17,000/., has been con- 
structed by Messrs. Ward and Tetley, of Bradford, 
and the consulting engineers were Messrs. W. H. Radford 
and Son, of Nottingham. 








INSTITUTION OF MECHANICAL 
ENGINEERS. 


WE recently reported that the Institution of 
Mechanical Engineers had to record the fact that 
its membership of all classes had passed the 10,000 
mark. To celebrate the event a very pleasant con- 
versazione was held on Thursday, the 17th inst., at 


| the National History Museum, South Kensington. 





_| At this, guests were received by the President, 


| Mr. W. Reavell, and Mrs. Reavell, and a very large 
|number of members and friends passed a very 
| enjoyable evening. The Institution has not previ- 
| ously held such a function amid surroundings 
of the kind to be found at the Museum, and the 
| evening we believe was voted on all hands to have 
been a great success. 

The annual general meeting of the Institution of 
Mechanical Engineers was held on Friday, the follow- 
ing day, at Storey’s-gate. Westminster, the chair 
being occupied by the President, Mr. William Reavell. 


ANNUAL REPORT. 


After the formal business, the Annual Report was 
considered. Of this we give the following summary : 


The eightieth annual report showed a net increase 
on the roll of membership of 312 names, the total now 
having reached 10,117. The additions during the year 
numbered 821, comprising 2 honorary members, 114 
members, 258 associate members, 2 companions, 17 
associates, 164 graduates, and 264 students. Of the 
deductions from the roll, a total of 509, transfers 
accounted for 195, the remainder being due to deaths 
and resignations. There was an increase in every grade 
of membership except that of companions, in which 
there was a net decrease of 3. The grade of students 
again showed the largest increase, a total of 159 having 
been added. Among the losses by death the following 
names appeared: Mr. W. H. Allen, Past Vice-President ; 
Professor D. S. Capper; Professor C. L. Cartwright ; 
Mr. Walter Dixon; Mr. J. Rossiter Hoyle, Past Vice- 
President; Mr. Christopher W. James; Sir Philip 
Watts; and Colonel Sir J. R. Wright. Of these, 
Mr. William H. Allen served on the Council from 1906, 
becoming a Past Vice-President in 1921; Mr. Hoyle 
was a Member of Council from 1905, and a Past Vice- 
President from 1921; Mr. Christopher W. James was 
a Member of Council from 1919 until 1924; Sir John 
Roper Wright was the first Chairman of the South 
Wales Branch, and had been a member since 1873; 
and Mr. Walter Dixon was Chairman of the Glasgow 
and West of Scotland Branch in 1926. The accounts 
for the year showed a balance of revenue over expenditure 
of 4431. as compared with 128/. in the previous year. 
For the year under review the revenue was 33,8621., 
a slight decrease on that of 1925. Research work for 
the Alloys of Iron Research Committee was continued 
at the National Physical Laboratory under Dr. Walter 
Rosenhain. A report was presented from the Cutting 
Tools Research Committee under Sir John Dewrance. 
The Hardness Tests Research Committee, under the 
direction of Dr. T. E. Stanton at the National Physical 
Laboratory, completed the material for a report, the 
chairman being Dr. W. Cawthorne Unwin. Research 
work for the Steam-Nozzles Research Committee, under 
the chairmanship of Mr. W. H. Patchell, had been 
carried out at Manchester. A new machine was under 
construction for the Wire Ropes Research Committee, 
which was continuing research work at Woolwich 
Polytechnic under the direction of Dr. W. A. Scoble 
and the chairmanship of Mr. Daniel Adamson. Reports 
of the Marine Oil-Engine Trials Committee © were 
presented during the session on the Doxford engines 
of the M.S. Pacific Trader, the Palmer-Camellaird- 
Fullagar engines of the M.S. British Aviator, and the 
Hawthorn Leslie Werkspoor engines of the T.S.M.S. 
Cape York. A report of the Heat Engine Trials 
Tabulation Committee on the proposed code had been 
circulated, and further meetings were being held to 
consider its final form before presentation. 'The Council 
had decided to support the British Engineering Standards 
Association by a subscription, commencing 1927. The 
Institution had been instrumental in bringing about 
the formation of a Joint Committee of Engineering 
Institutions to approach the Admiralty on the subject 





of the status of naval engineer officers. The Joint 
Committee was taking active steps in the matter. 
The Thomas Hawksley Gold Medal has been awarded 
to Mr. E. G. Herbert, and a Thomas Hawksley Premium, 
with certificate, to Mr, A. L. Bird. 

The adoption of the report was moved from the 
Chair, and seconded by Sir Henry Fowler. On 
the President inviting discussion Mr. E. C. R. 
yas, no doubt, a matter for 
congratulation that the 10,000 membership mark 
had been passed. Also, perhaps, that the cost of 
the seven local branches was not much over 1,000/., 
but he was dubious as to the wisdom of the reduction 
in the printing expenses which were nearly 2,0001. 
down. There had been a large growth of the ex- 
penses of headquarters staff ; this year it was no less 
than 11,3911, of which 9,191/. was for salaries’and 
wages. Compared with a pre-war balance sheet, {that 














of 1908, when the revenue was 12,116/. and the 
staff cost 3,1397., the present figures were far too 
high. Apparently a considerable amount of stock 
had been sold and the proceeds handed over to an 
insurance company. He foresaw a danger in main- 
taining the level of the membership if the head- 
quarters expenses were not kept down. Technical 
societies were increasing rapidly in numbers, and 
many members thought it necessary to belong to two 
or three, and this was difficult if expenses were heavy. 

Sir John Dewrance, as chairman of the Finance 
Committee, said he thought it was hardly fair to add 
the pensions fund and the superannuation premiums 
to the cost of the staff. Superannuation matters 
for the staff had hitherto been undertaken by the 
Institution, but it was considered sounder practice 
to entrust this to a body such as the Norwich Union 
Life Insurance Society, which had given them satis- 
factory terms. 8,255/. was transferred to that 
Society, the money having been previously held by 
the Institution for similar purposes. Considerable 
economies in administration were effected by the 
change: 

On Mr. H. B. Spencer asking if the sum of 250/. 
paid to the British Engineering Standards Associa- 
tion was a first subscription. Sir John Dewrance 
stated that other contributions had previously 
been made to the Association. 

The President further said, on the subject of costs, 
that the economies in printing, for which Mr. 
Pendred was chiefly responsible, were obtained 
by a judicious distribution of the several contracts 
in various parts of the country as against all work 
being done in London. The work of the Institution 
staff was continually increasing for many reasons, 
including the rapid extension of the National Certi- 
ficate scheme. Again, work like that of the Marine 
Oil Engines Trials Committee necessitated an 
increase of staff. The report was then put to the 
meeting and carried. 


PRESENTATION OF PRIZES. 


The prizes gained during the past year were then 
presented. These were: Thomas Hawkesley Gold 
Medal awarded to Mr. E. G. Herbert; Thomas 
Hawkesley Premium and Certificate to Mr. A. L. 
Bird. Associate Members’ Examination Prize, Mr. 
R. D. M. Gratton; Studentship Examination Prize, 
Mr. P. E. H. Evans; Graduates’ Prizes: Mr. J. P. 
Walters, Mr. G. Lyon, Mr. F. G. Johansen. 


ELECTION OF OFFICERS, ETC. 


The ballot showed that the following had been 
elected to the Council, &c. :—President, Sir Henry 
Fowler; Vice-Presidents, Sir Gerard A. Muntz, 
and Mr. William Taylor; Members of Council, 
Mr. Charles Day, Mr. H. N. Gresley, Mr. R. E. L. 
Maunsell, Sir J. E. Thornycroft, Mr. R. Williamson, 
Mr. C. Bentham, and Wing-Commander T. R. 
Cave-Browne-Cave (Associate Member). 

Mr. W. Reavell then vacated the chair in favour 
of the newly elected President, Sir Henry Fowler, 
the latter expressing his deep appreciation of the 
honour, as a railway man, of sitting in the chair of 
George Stephenson. 

Dr. H. 8S. Hele-Shaw next proposed a vote of 
thanks to the retiring President, Mr. W. Reavell. 
This was seconded by Mr. W. H. Patchell, and was 
carried with acclamation, acknowledgment being 
made by Mr. Reavell. 


Economy AND Usk oF HicH STEAM PRESSURES. 

The discussion on the joint paper by Professor 
A. L. Mellanby and Professor W. Kerr was then 
resumed, and proceeded in conjunction with the 
discussion of one by Mr. H. L. Guy. The former 
paper was reprinted in abridged form on page 117 
of this volume, the first part of the discussion 
being reported on page 98 ante. Mr. Guy’s paper, 
which was entitled ‘‘The Economic Value of 
Increased Steam Pressure,” was read originally at a 
meeting of the North Western Branch at Manchester. 
It was given, with the discussion at Manchester, 
in an abridged form, on page 643 of volume exxiii 
of ENGINEERING. 

Before the discussion was opened, Mr. Guy gave 
a short summary of his paper, in which he stated 
that his main objective was to determine what 
economic justification there was for the use of 
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high steam pressures, quite apart from the limita- 


_ tions set to that use by the range of our present 


knowledge. 

Mr. W. H. Patchell opened the discussion He 
said that it was only too well known that the effici- 
encies which might be obtained from high pressures 
and high temperatures might be calculated out 
with very great precision on the drawing board, 
but it was not always found that the load factor 
and the other conditions which were taken into 
consideration in the drawing office were obtained, 
and that was where a great many plants. failed. 
Furthermore, the operation of the plant also 
counted. He had seen bleeding and re-heating 
arrangements, which were very pretty on paper, but 
which were really an encumbrance to the operating 
crew. Further, the calculations of efficiency 
were only realised when the load factor, &c., were 
exactly right, and engineers were not always able 
to control that. Given a base load station they 
might be realised, but when the load was varying, 
calculated conditions did not obtain. He would 
like to know upon what the joint authors based 
their statement of tube temperatures for their 
calculations and curve. He very warmly wel- 
comed Mr. Guy’s paper, and it would prove a 
valuable addition to the Proceedings of the Institu- 
tion, because it was founded on facts and experi- 
ences with turbines. The references in it to the 
state of the knowledge of the properties of steam 
were very timely. Professor Callendar in his recent 
lectures* appeared to justify the faith that the 
Heat Engine Trials Committee had in his tables. 
He would be very glad to see the various tables 
brought into line. Mr. Guy had shown that there 
was a good deal to be done yet in that direction. 
The question of dissociation of steam had been 
touched upon. Personally, he believed it did 
dissociate, but very few people knew really what 
happened. He thought the rate for capital charges 
used by Mr. Guy was more likely to be applicable 
to the preliminary calculating stages than when the 
plant was put to work. The table of Pressure for 
Maximum Gaint appeared to be based on curves for 
a four-bleed heating system with economiser and air 
heater. These curves bent over at about 600 lbs. 
As a fact, higher pressures were being adopted, but 
they were perhaps not associated with Mr. Guy’s 
premises. 

The consideration of all the facts of the case 
was helpful on such occasions, and showed that: it 
was not only the design but the operation of a 
plant which counted. At the last meeting it was 
mentioned that at Langerbrugge they were operating 
at steam temperatures up to 900 deg. F. without 
trouble. 

He thought it would be of interest if he gave 
the following particulars in reference to Table I, 
of the joint authors’ paper. The Trenton Channel 
plant in Detroit, which was a three-stage bleeding 
plant of 400 Ibs. pressure had for the 12 months 
of 1926 run at under 16,000 B.Th.U. per kilowatt- 
hour, while for the month of December last it ran 
at 14,900 B.Th.U. per kilowatt-hour. Crawford 
Avenue, when he last heard of it. was running at 
16,250 B.Th.U. per kilowatt-hour, but since then 
the plant had been tuned up and it was probably 
running at a lower figure. Lakeside, Milwaukee, 
which was a 300 Ibs. 725 deg. F. station, for the 
six months January to June, 1926, ran at 15,500 
B.Th.U. per kilowatt-hour net at the switch- 
board. That was before the 1,200 Ib. machine 
was started. Philo, on an 85 per cent. load factor, 
gave in its best week of operation a figure of 13,715 
B.Th.U. per kilowatt hour delivered. Of the 1,200 
lb. machines, Boston, which started a 3,000 kw. 
set in 1925, had ordered one of 10,000 kw. At 
Lakeside, Milwaukee, a 7,000 kw. set was put 
into commission last Autumn, and nearer home 
he was glad to hear that Bradford had ordered a 
10,000 kw. set from the English Electric Company. 
His friends in Boston had ordered a 10,000 kw. 
machine from the General Electric Company of 
Schenectady. The result of the operation of those 
machines running as high pressure cylinders to a 
low pressure station would be watched with very 








* See ENGINEERING, vol. cxxii, pages 649, 681 and 712, 
+ See ENGINEERING, vol. exxii, page 646, 
» Nee page 150 ante, 





great interest. He hoped that Mr. Guy would be 
able to give some figures in regard to the steamship 
King George V., fitted with Yarrow-Parsons machi- 
nery, which had been reported on lately by Sir 
Charles Parsons in a paper read before the North 
East Coast engineers.* He had seen it contrasted 
with Barton in efficiency, but he thought there 
had been in that connection some confusion between 
shaft horse-power and kilowatts. The condi- 
tions were not the same, because a steamship was 
constructed to run at full load, while a power 
station was constructed to run up and down accor- 
ding to the demands of the public, unless it happened 
to be a base load station. He was very glad that 
the two papers would now be available to the members 
in the Proceedings of the Institution. They 
formed a useful supplement to Ellenwood and 
Hirshfeld’s paper before the American Society of 
Mechanical Engineers in 1923, Sir Charles Parsons’ 
paper at the World Power Conference, 1924, and 
the joint authors’ paper ‘at the North-East Coast 
Institution of Engineers and Shipbuilders, 1925. 

Mr. A. Spyer said that what engineers had to 
consider was what was the cheapest method for 
the production of power. Whether it was scientifi- 
cally the best method was of less importance than 
whether it was commercially the most satisfactory. 
The joint authors had referred to marine plants, 
calling attention to the very important point of 
the varieties of fuel available for power production. 
In marine practice, the use of high steam pressures 
and high degrees of superheat, which were now 
quite practicable, should result in a considerably 
lower fuel cost with steam plants than could possibly 
be expected from Diesel engine plants. Bearing in 
mind that in some of the American power stations 
a kilowatt was obtainable with an expenditure of 
13,000 to 14,000 B.Th.U’s., it might be estimated 
that the original fuel cost per unit of power was in 
the proportion of about 123 to 189 for steam and 
coal as compared with the Diesel plant. With regard 
to materials, though new and promising alloys were 
available, their cost increased very seriously the 
capita! cost of high-temperature steam installations. 
In a recent case concerning superheater tubes, he 
found that, comparing the cost of tubes made of 
ordinary steel with some of the high-temperature 
alloy steels, the latter cost about nine times as 
much as the ordinary steel tubes. Ordinary steel 
was giving satisfaction at temperatures of 750 deg. F. 
or even 800 deg. F., and it had been reported to 
him that in the Loeffler installations, working at a 
temperature of 1,000 deg. F., ordinary steel tubes 
were standing up to that superheat temperature. 
A very important point raised by the joint authors 
was that of the great reduction in the elastic limit 
of materials at high temperatures. Structures 
intended to deal with those high temperatures 
would have to be designed in future in relation to 
the elastic limit of the material and not to the 
ultimate strength. Neglect of that precaution was 
certain to result in trouble. For instance, taking 
ordinary 28-ton steel, the ultimate strength at a 
temperature corresponding to 100-lb. pressure was 
about 32} tons, and at a temperature corresponding 
to 900-lb. was about 37 tons, 7.e., it was actually 
increased, whereas the elastic limit, which might 
be taken at about 14? tons at 100 lb. pressure, was 
only 10} tons at the temperature corresponding to 
900 Ib. 

The feed-water question was of increasing 
seriousness with the rise in temperatures and 
pressures, as also was condenser leakage. Purity 
of the feed-water used in the boilers of an installation. 
was of paramount importance. In the case of 
condensers, some of the recent metal. alloys seemed 
to promise very great improvements in that respect. 
Although copper-nickel tubes were more expensive. 
they were relatively not so very much more costly 
than the tubes hitherto employed. The joint 
authors had laid great stress on what was called the 
radiant heat absorbing section of a boiler. It would 
be generally admitted that the life of a heating 
surface depended very largely updn the transmission 
rate through that surface. The metal tended to be- 
come fatigued far more rapidly with high-transmission 
rates, and it might even eventually be found 
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desirable to reduce somewhat the transmission 
rates of what was called the radiant-heat absorbing 
surface, and try to obtain more work on the later 
portion of the boiler surface, which could be done 
without seriously affecting the final outlet gas 
temperature from the unit. Many years ago, he 
had actually succeeded in obtaining a transmission 
rate of 140,000 B.Th.U’s. per square foot of heating 
surface per hour. That was a rate outside practical 
engineering, but the experiment showed that it 
could be done. At the present time, in very high- 
class boilers, maintained under conditions such as 
existed in the Navy, average rates of 12,000 to 
14,000 B.Th.U’s. over the whole surface were 
obtainable. His firm had tested a boiler at rates 
of over 23,000 B.Th.U’s. per square foot over the 
whole surface, but it had to be realised that at those 
high transmission rates the gases left the absorbing 
surfaces at a very high temperature; other 
means had, therefore, to be provided for absorbing 
the heat from the gases in order to obtain a satis- 
factory efficiency of the unit as a whole. 

Mr. B. Pochobradsky said that Professors Mellanby 
and Kerr’s paper showed what was the highest steam 
pressure that should be used in order to conserve as 
much fuel as possible, while Mr. Guy’s paper indi- 
cated what was the best pressure that was commer- 
cially profitable. He thought the latter would gene- 
rally be the question considered by those responsible 
for power generation. In estimating the thermal 
efficiency, all the authors assumed a very strong 
adverse influence due to wetness on the efficiency of a 
turbine. He did not think that was justified. When 
higher steam pressures were used, greater degrees 
of moisture were obtained in the low-pressure 
section of the turbine, which facilitated the separa- 
tion of water from steam. If the lower stages of 
a high-pressure turbine were examined, traces of 
water would be found at the periphery of the wheel 
or the casing. From this it would be seen that the 
inefficiency due to wetness might be exaggerated. 
Actual results also supported that view. The 
correction for this adverse influence in both papers 
was, he thought, exaggerated. If they employed a 
figure which was better justified it would be found 
that still higher pressure should be aimed at. A 
financial point occurred in connection with the paper 
of Mr. Guy, who had worked with 12 per cent. 
or even 18 per cent. capital charges, which included, 
he believed, 5 or 6 per cent. interest. He suggested 
that, in a power station, the interest paid on the 
capital involved was, after all, something produced. 
as a whole for the good of the community, and it 
was not a debit, but a credit figure. He thought 
pressures between 1,000 Ib. and 1,200 lb. would not, 
at any rate in the immediate future, become com- 
mercially attractive, though higher pressures than 
Mr. Guy had given would do so. Another very 
important point that must be borne in mind was 
that the various factors that entered into con- 
sideration had been taken more or less from recent, 
or even present, practice. It was not really a 
question of what a recent turbine would do, but 
how efficiency could be improved if the new problem 
of higher pressure was properly attacked. Dynamic 
losses were involved. It was possible to choose 
another heat drop for a stage in the high-pressure 
portion of the turbine, another peripheral speed, 
and another diameter. If a start were made in 
that direction, reducing both the diameter and the 
peripheral speeds, the efficiency of the stage might 
be perceptibly increased in the higher pressure 
zone. Leakage losses on recent types of gland 
would prove excessive, and the engineer had to 
find a new gland which would not give him greater 
leakage losses with the higher pressure than hitherto. 
Only a portion of the whole equipment would 
probably be at high pressure, the remainder having 
what might be termed moderate steam pressure. 
The first, being more efficient, would be used for 
normal loads, and the last for peak loads. In 
a power station so arranged, there was a further 
possibility of improvement by installing heat 
accumulators to act as storage for the discharge of 
steam from the higher pressure end. 

Major S. J. Thompson said Professors Mellanby 
and Kerr seemed to be a little doubtful whether 
they were going to get thermal efficiency with 
the higher pressures, or commercia! efficiency. 
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Everyone was very anxious to get thermal 
efficiency, but along with it commercial efficiency 
must also be obtained. He had recently seen the 
Philo and the Crawford Avenue stations, the boilers 
of which, at 600 lb. pressure, were absolutely dry, 
and were working just as satisfactorily as at the 
lower pressures of this country. They had now 
gone, at Weymouth, to 1,200 Ib. pressure, and that 
plant was being duplicated. Durability was essential 
and it was necessary to produce current at a 
reasonable price. He did not consider it necessary 
to worry too much about leaving people a little 
more coal for use in 150 years’ time. Efficiency 
and economy were required at the present moment. 
With regard to the steel used, he believed that 
the steel drums and the tubes in the Weymouth 
boiler were made of ordinary steel. It was possible 
to go to pressures of 1,000 Ib. and over with the 
material used at present. They did not know 
what would happen with that material when it 
was stressed over a number of years, but, so far 
as he had been able to ascertain, no serious results 
had followed up to the present. In American 
practice, some very low exit temperatures were 
used, of the order of 215 deg. F. 

Mr. R. H. Collingham, speaking on behalf of 
Mr. Samuelson, said that Mr. Samuelson had 
attacked the problem of using higher temperatures 
without bringing them to bear on the structure 
of the turbine proper, in the following manner :— 
Steam was taken from the boiler superheater 
at a temperature of 1,000 deg. F. and passed 
through a heat exchanger to the H.P. turbine, 
which it reached at a temperature of 750 deg. F. 
The H.P. exhaust steam was also passed through 
the heat exchanger on its way to the L.P. turbine, 
and became heated to 720 deg. F. in the process. 
The construction of the heat exchanger proposed 
was roughly that of a U-tube superheater enclosed 
in a steel casting, the H.P. live steam being 
inside the tubes and the exhaust steam outside 
them. 

To illustrate how the efficiency of that cycle 
compared with the efficiency of a cycle in which 
steam was supplied to the turbine at 1,000 deg. and 
expanded right through, he gave four cases. The 
first was a plain expansion of steam from 350 Ib. 
pressure, and 750 deg. F., with 29 in. vacuum. 
The thermal efficiency, allowing for wetness correc- 
tion in the turbine, was 36°05 per cent., the rela- 
tive value being 100. In the second case, with 
steam at 350 Ib. pressure, 1,000 deg. F., and 29 in. 
vacuum, the thermal efficiency, allowing for wet- 
ness correction in turbine, was 38°48 per cent., the 
relative value being 106-75. In the third case, steam 
850 Ib. pressure, 1,000 deg. F., and 29 in. vacuum, 
the thermal efficiency allowing for wetness correc- 
tion in turbine was 38-57 per cent., the relative 
value being 107. In the fourth case, 850 Ib. 
pressure, 750 deg. F., 29 in. vacuum, the thermal 
efficiency, allowing for wetness correction in turbine, 
was 38°48 per cent., or a relative value of 106+ 75. 

Dr. Kerr, in reply, said the paper was inten- 
tionally provocative in character. There was rela- 
tively little for them to reply to, because various 
speakers, in a certain sense, had answered each other, 
and the paper had been left essentially intact. In 
many ways the speakers had touched on vital 
issues, and had provided the authors with some 
distinctly new points with which to deal. Mr. 
Patchell’s information regarding various American 
plants would be found to be closely in agreement 
with that which appeared in the paper. With 
regard to how the tube temperatures had been 
measured, the basis of the figures given rested on 
heat transmission coefficients and radiation effici- 
encies from American experiments. The authors 
had merely presented those results in accordance 
with the data available on that particular subject. 
The heat transmission coefficients were definitely 
obtained from ordinary experimental work, i.e., the 
transmission between gases and water through tube 
walls. Mr. Pochobradsky had referred to the 
wetness effect and wetness correction. He noticed, 
however, that Mr. Guy was in association with them 
in that particular matter, but was indefinite. 

Mr. H. L. Guy said he would like time to deal with 
one or two points, such as the question of what was 
the appropriate load factor to be taken in any 








economic discussion of an engineering problem, 
and the allowance to be made for depreciation. 

Mr. Guy then drew a diagram representing the 
output for a machine over a period of 20 years. 
Starting high upon the zero ordinate with a good 
output, the curve at first rose slightly for the first 
four or five years, falling rapidly for the next period 


| of 5 to 6 years and then flattening out gradually to 


zero at 20 years. By means of an ordinate at the 
11 year’s point he divided the diagram into two, 
in the latter part of which the output was very low. 

He had been asked why he had taken 5 and 7 
per cent. as appropriate figures for depreciation, 
when an Act of Parliament allowed them to take 
3 per cent. This neither arose from the machine, 
nor the demand from the customer, nor anything in 
an Act of Parliament, but was a balance of a very 
simple nature. It must be borne in mind that the 
point that had to be considered was, not the station 
load factor, but the machine load factor. When a 
machine went into operation, its actual output 
usually went up for a few years, as shown 
in the first part of the curve. It then began 
to fall, and it was found, from records of actual 
machines in this and other countries, that conditions 
were represented by the curve dropping rapidly 
and then flattening out at a small value. If the 
figure of 3 per cent. were taken for obsolescence, the 
average machine load factor over 20 years had to be 
taken, 7.e., the area under the curve on the whole 
base was taken for the ratio. If the figure of 7 per 
cent. were taken instead, which sounded an enormous 
difference, it was necessary to take the average 
machine load factor for eleven years. The price of 
coal he had taken was the result of a census of the 
opinions of many of the principal officials of power 
stations in this country, and the average price came 
to 15s. per ton. He had shown in his paper how it 
was possible to arrive at the appropriate result 
whatever price had to be paid for coal. 

With regard to the comparison between the results 
obtained by the King George V and the Barton power 
station, the average efficiency of Barton for a month 
was about 25 per cent. better than that of the King 
George V. Of course, the comparison was fair to 
neither. Mr. Pochobradsky’s interesting remarks 
indicated some doubts as to the value of the wetness 
correction. Dr. Kerr was in error in saying that 
he (Mr. Guy) did not commit himself on the value 
of the wetness correction. He had done so for a 
range on which there was considerable experimental 
and actual evidence, and he thought this rate was 
the same as Dr. Kerr took in his paper. He hoped 
Mr. Pochobradsky would be persuaded to publish 
the grounds of his doubts on the subject. With 
regard to the question of water separating out being 
facilitated, he had a little doubt as to whether a 
sensible proportion of the water did separate out 
and as to what form the water was in in the steam. 
He certainly did not visualise it as being a solid 
mass of water going through the machine. He 
thought it was probable that 80 per cent. of it was 
distributed throughout the whole mass like a fog, 
and that it did not get a chance of being precipitated. 
Mr. Pochobradsky raised a different point in relation 
to the capital charges. He desired to remove any 
ambiguity there might be. On that matter, just as 
in the price of coal, he had not relied entirely on his 
own judgment but had consulted competent 
authorities. It was of interest, in view of some of the 
statements which had been made, to remember that 
the group of bankers who had financed more power- 
station work than any others in the country were 
accustomed to expect a return of 20 per cent. on 
additional capital in consideration of such questions 
as those. While he thought that was a high rate, he 
was not prepared to put his own opinion against 
that of people who enjoyed the title and reputation 
of financiers. 

The Secretary announced that there would be an 
informal meeting this evening at 7 o’clock, at which 
the subject of ‘“‘ Waste Heat Recovery ” would be 
introduced by Major W. Gregson, R.E., while on 
Friday next, the 4th March, a cinematograph 
exhibition would be held. On Friday, March 11, a 
paper on ‘‘ The Recent Development of Load-Carry- 
ing Vehicles in the Army,”’ by Captain C. H. Kuhne, 
would be presented for discussion at the General 
Meeting. 








The paper by Professors Mellanby and Kerr was 
discussed at a joint meeting of the North-Western 
Branch of the Institution of Mechanical Engineers 
with the Liverpool Engineering Society at Liverpool, 
on Friday, February 11, and also at a meeting of 
the North-Western Branch in Manchester on Thurs- 
day, February 17. The reports of these meetings 
are unavoidably held over until our next issue. 





LABOUR NOTES. 


THE. new British Mineworkers’ Union, for the 
organisation of which Mr. A. J. Cook was, at first, 
given the credit, is, of course, a creation of The National 
Minority Movement, which has drawn up and printed, 
and is now circulating, copies of its ‘ proposed ” 
constitution. The scheme, which has been drawn up, the 
N.M.M. states, “‘ by miners of many years’ standing in 
the local and national activities of The Miners’ Federa- 
tion, constitutes the first set of concrete proposals 
yet submitted to the miners, and is intended as a 
basis for the discussions now centring around the 
need for adapting the Miners’ Federation to modern 
industrial and political circumstances. For many 
years this need has been felt in all the county associa- 
tions, and the view of the men has been repeatedly 
emphasised by the national secretary (Mr. A. J. Cook), 
who is a strong advocate of centralisation. Whilst 
Mr. Cook has had nothing to do with the scheme now 
proposed, we are convinced he will give it full support 
if he believes it will be of advantage to the Federation.” 





Exactly how a trade union for all mine workers can 
be of advantage to a remodelled Miners’ Federation is 
not easy to see. Obviously, with two national bodies 
there would be overlapping and, almost certainly, 
friction. The real purpose of the proposed union is 
probably to “‘ permeate ” a remodelled Miners’ Federa- 
tion in approved Communist fashion, and a further 
extract from the statement suggests that this is so: 
“ Inside the lodges, members of the Minority Movement 
are raising the question of reorganisation—a matter 
already being discussed by the executives in Scotland, 
Durham, and Nottingham, and it is probable that at 
an early date a special national conference will be 
called to consider how and when the remodelling of the 
Federation shall take place. In the meantime the 
Minority Movement is taking steps to ensure that the 
projected scheme gets a good reception; and since 
it is the first and the only practical scheme in an 
urgent situation, there is every reason to _ believe 
that the present year will see the establishment of the 
British Mineworkers’ Union.” 





One of the objects of the proposed union is “‘ to secure 
the nationalisation of the mines and ancillary concerns 
without compensation and with workers’ control, as a 
step towards the supercession of Capitalism by a 
Socialist organisation of Society.” Other objects are 
national minimum wage rates and percentages, a six- 
hour day, and a five day working week. 





The strike of members of the Electrical Trade Union 
employed by the Electrical Installation Department 
of Bermondsey Borough Council was settled on Wednes- 
day night. It was agreed to transfer the man over 
whose employment the dispute arose to another 
department, and to submit the matter in dispute to a 
committee of the Trades Union Congress. The men 
undertook to resume work immediately. 





Mr. John Hill has been re-elected general secretary 
of the United Society of Boilermakers and Iron and 
Steel Shipbuilders for another term of three years. 
The ballot figures were :—Mr. Hill, 4,212; Mr. W. H. 
Regan, 1,429; Mr. T. McGregor, 837. The total 
membership of the Society is: between 80,000 and 
90,000. 





One of the questions discussed by a deputation from 
the General Council of the Trades Union Congress, 
which was recently received by the Home Secretary, 
was improvement of the conditions in metal polishing 
shops, and dipping and bronzing shops. In the course 
of his reply to the deputation the Home Secretary 
pointed out that new regulations under the Factory 
Act had recently come into operation, and should, it 
was believed, go far to remedy the conditions to w hich 
attention had been called. These regulations should, 
he thought, be given a fair trial. The Factory Depart- 
ment would be ready, it was added, to take up cases 
in which complaint was made that the regulations 
were not being carried out. 





The Ministry of Labour Gazette states that in the 
industries for which statistics are regularly compiled 
by the Ministry of Labour, the changes in rates of 
wages reported to have come into operation in January, 
resulted in an aggregate increase of nearly 20,000/. in 
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the weekly full-time wages of nearly 400,000 work- 
people, and in a reduction of nearly 38,000. in those 
of 270,000 workpeople. The workpeople whose wages 
were increased included a considerable number of 
railway traffic workers in Great Britain, who received 
an increase of ls. per week, and workpeople employed 
in the textile bleaching, dyeing, finishing, &c., 
industries in Yorkshire, Lancashire and Scotland, 
who received increases of varying small amounts 
(less than 1 per cent. on the previous rates). Other 
workpeople whose wages were increased included 
bobbin makers in England and Wales, the majority 
of iron-ore miners in Cumberland, employees of 
waterworks and electricity supply undertakings in 
various districts, road transport workers in Scotland, 
coal tippers at the principal coal export centres, 
workpeople employed in the seed-crushing and oil- 
milling industry, men employed by public works 
contractors in London, and wholesale warehouse 
workers at Manchester. 





The principal group of workpeople affected by 
reductions were coal miners in Nottinghamshire, 
Derbyshire, Leicestershire and Warwickshire, in 
whose case the percentage additions to basis rates 
were reduced by amounts equivalent to between 
5 per cent. and 8 per cent. on the previous wages. 
Under the Trade Board Acts there were reductions 
of varying amounts in the minimum rates fixed for 
workpeople employed in the jute industry in Great 
Britain, and for those in the linen and cotton hand- 
kerchief and household goods and linen piece goods 
industry in Northern Ireland. Other workpeople 
whose wages were reduced included blast-furnace and 
iron and steel workers in South Wales and Monmouth- 
shire, iron puddlers and millmen in the North of 
England and West of Scotland, coal trimmers at 
various ports, and men employed by civil engineering 
contractors. 





The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as beginning 
in January, was 28. In addition, eight disputes which 
began befora January were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in January (including work- 
people thrown out of work at the establishments 
where the disputes occurred, but not themselves 
parties to the disputes) was about 15,300, and the 
estimated aggregate duration of all disputes during 
January was about 130,000 working days. 





Organisations affiliated to the Trades Union Congress 
have received a communication from the General 
Council on the subject of the Oxford University 
scholarships to enable qualified working-class students 
to attend a two-year course of study. The unions 
are asked to bring the matter to the notice of their 
members, and to submit the name or names of candi- 
dates they desire to recommend on or before March 16. 
The Oxford Committee, it is pointed out, do not 
fix in advance the amount of the scholarships, but, 
when awarding them it will be their aim to make it 
sufficient to meet the actual needs of the successful 
students, so that they may be able to undertake the 
course without financial anxiety. Candidates are, in 
the first instance, to write for forms of application 
to the University Tutorial Classes Committee, Barnett 
House, Bread-street, Oxford, and to return them when 
completed to the head offices of their trade unions. 





Writing in the 109th quarterly report of the General 
Federation of Trade Unions, Mr. W. A. Appleton, the 
secretary, says that time and money are still being 
wasted over attempts to apportion blame for the calling 
and the consequences of the general strike. One 
forgets how many conferences or congresses have been 
held in connection with this flagrant piece of foolishness. 
Already it has cost the workers, Mr. Appleton reckons, 
about 200,000,0001. in wages, depleted their benevolent 
funds, and added from 6d. to 1s. per cwt. to the cost 
of all the coal they burn. The cynical observer will 
conclude, he says, that vanity has been responsible for 
most of these conferences; others may see in their 
multiplicity disquieting evidence of indifferent thinking 
and inadequate leadership. Amongst military men, 
the council of war is usually held to indicate mediocre 
generalship and to presage defeat. Too many con- 
ferences, like too many cooks, may spoil the broth. 
In any case, such gatherings add to the financial 
burdens of unions, whose poverty already prevents 
them paying ordinary friendly benefits, or making 
proper financial preparation for future troubles. 





It is said, Mr. Appleton goes on to remark, that the 
most recent of these conferences was attended by 
1,200 delegates. If that be so, he says, the rail fares 
and fees for a two days’ conference may well have 
exceeded 7,000/. Most trade unions can, Mr. Appleton 


memberships cannot be expected to cease if expen- 
diture on such untimely and useless conferences 
continues. There is no need to discuss further the 
responsibility for the general strike. That rests clearly, 
he declares, upon the shoulders of those who officially 
gave the order. It was ill-conceived, ill-conducted, and 
hastily cancelled. The wisest thing about it was the 
ending of it, and the unions ought not to be asked to 
pay for further recriminatory exhibitions. In Mr. 
Appleton’s opinion, this generation has probably seen 
its last general strike, but for the benefit of any other 
generation which thinks it could manage the job 
more effectively, a few conditions of success are enume- 
rated. Those who may, in future, be tempted to 
repeat the folly of 1926 must, he says, if they hope to 
be successful, arrange beforehand an assured line of 
retreat ; they must be satisfied that the leaders as well 
as the rank and file are loyal; and, in addition, they 
will require sound financial conditions, thorough organi- 
sation, favourable circumstances, and a good case. 
If all these essentials exist, success—and, with it, 
general misery—may be greater than in 1926. Much 
the better plan will be, however, Mr. Appleton says, to 
forget all about general strikes, and concentrate upon 
revivifying trade, earning money, and reconstructing 
the unions. 





According to the latest report of the General Federa- 
tion of Trade Unions, 111 societies are affiliated—75 
on the higher scale, 33 on the lower scale, and 3 on 
both scales. The gross membership of the affiliated 
unions is 734,733, of whom 432,260 are on the higher 
scale and 302,473 on the lower scale. The balance of 
funds in hand at December 31 last was 209,8101. 0s. 1d. 





The Ministry of Labour’s weekly return states that 
on February 14, 1927, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,270,200, of whom 1,005,400 were 
men, 36,300 boys, 190,300 women, and 38,200 girls. 
Of the total number, 71,300 men, 100 boys, and 1,000 
women, were persons normally in casual employment. 
On February 7, 1927, the number of unemployed 
persons was 1,303,493, of whom 1,027, 922 were men, 
37,563 boys, 198,614 women, and 39,394 girls. On Feb- 
ruary 15, 1926, it was 1,139,228, of whom 893,628 were 
men, 31,634 boys, 179,730 women, and 34,235 girls. 





The German Labour Protection Bill—a revised 
summary of which appears in Industrial and Labour 
Information for February 14—contains some curious 
proposals relating to working hours. Clause 13, for 
example, deals with presence on duty (Arbeitsbereit- 
schaft) and provides as follows :—The working hours 
of firemen, first-aid attendants, persons employed in 
dining rooms, lavatories, bathrooms and rest rooms, 
may be extended to 10 a day and 60 a week, provided 
they are employed exclusively in an auxiliary capacity 
in the undertaking, and that the main activity of the 
latter is of a different character. The same regulations 
shall apply to watchmen, porters, messengers, 
chauffeurs, drivers of horse-drawn vehicles and delivery- 
men accompanying them. They shall also apply to 
attendants of machines and other technical plant, not 
directly concerned in production, provided that the 
work consists mainly in watching and does not involve 
continuous close attention. They shall not, however, 
apply to boiler stokers. In all these cases (with the 
exception of chauffeurs, drivers of horse-drawn vehicles 
and delivery-men) working hours, inclusive of breaks, 
shall not exceed 12 hours daily. The extension of 
working hours to 10 a day and 60 a week may be 
authorised by Order for other groups of workers whose 
work is essentially intermittent. 





Man and Metal, the organ of the Iron and Steel 
Trades Confederation, regards it as strange that the 
men who were loudest in demanding that the Trades 
Union Congress should call a General Strike, and 
applauded them for doing it, are now loudly declaring 
that the General Council is not fit to handle a strike 
and should not have charge of any strikes in future. 
They are not, the writer says, discussing the real 
question at issue, which is whether a union, which has 
declared a strike without consulting the other unions 
in the country, has a right to expect the support of 
those unions, or whether, having asked other unions to 
come out and refused to abide by any decision that 
may be arrived at, it is entitled to continued support. 
The theory that each union can do as it likes may suit 
those, it is declared, who believe in the dictatorship of 
the proletariat, but those who are held responsible by 
their members for the conduct of the business of the 
various unions affiliated to the Trades Union Congress 
believe, Man and Metal says, that those who need 
help should ask for it before they strike. Moreover, if 
other organised workers are willing, when asked, to 
give help to the extent of sacrificing their own jobs and 
their own incomes, they ought, it thinks, to have some 





THE LATE MR. W. PATTESON. 


Mr. WALTER PatTTEsoN, whose death, we regret 
to have to record, took place at Birkdale, Southport, 
on February 13 last, was a civil engineer who, for 
the greater part of his life, was actively engaged in 
the construction of various important water-supply 
undertakings in the Midlands and in the North of 
England. The third son of the late Alderman Henry 
Patteson, of Manchester, he was born on January 7, 
1872, and, after receiving a general education at 
Uppingham School, he entered Owens College, Man- 
chester, where he attended the engineering course. 
In 1889 he was articled to Mr. G. H. Hill, M.Inst.C.F., 
of Manchester, and, during his pupilage of five years, 
he was engaged on work in connection with the water- 
supply schemes of various towns in the North of 
England. In 1891 he resided at Thirlmere, for some 
three months, for the purpose of gaining practical 
experience of the methods adopted in the construction 
of masonry dams and other works. Two years after- 
wards he lived, for a time, close to the Windermere 
portion of the Thirlmere aqueduct, again for the 
purpose of gaining practical experience. Upon com- 
pleting his pupilage in 1894, he remained in the office 
of Messrs. G. H. Hill and Sons, Manchester, and was 
soon afterwards appointed assistant resident engineer 
on the construction works of two reservoirs at Dunford 
Bridge, for the Dewsbury and Heckmondwike Water- 
works. The works in connection with this undertaking 
comprised two embankments, respectively 70 ft. and 
50 ft. in height, deep trenches, tunnels, shafts and 
pipe lines. Some years later he was employed upon 
the preliminary work in connection with a 100-million 
gallon reservoir at Greenfield, for the Ashton, Staly- 
bridge and Dukinfield Waterworks. He was also 
engaged on the drawing up of plans ‘and specifications 
for the Burbage reservoir of the Buxton Waterworks, 
filters and pipe lines for the Burnley Corporation 
Waterworks, and the Wycoller reservoir of the Colne 
Corporation. 

Mr. Patteson was subsequently engaged upon the 
field work and the superintendance of operations 
in connection with the diversion of the Calder aqueduct 
of the Dewsbury Waterworks, and was later appointed 
assistant resident engineer on the Snailsden and 
Harden impounding schemes of this same under- 
taking. Some time afterwards he proceeded to Swansea 
to take up the duties of resident engineer on the Cray 
reservoir of the Swansea Corporation Waterworks. 
Other water-supply schemes with which Mr. Patteson 
was actively connected include the 300-million gallon 
West Baldwin reservoir of the Douglas Corporation, 
three large impounding reservoirs for the supply of 
Halifax and district, and further work in connection 
with the Thirlmere reservoir of the Manchester Water- 
works. He was resident engineer in sole charge for 
Messrs. G. H. Hill and Sons, on the Halifax scheme. 
The work, which occupied seven years to complete, 
comprised the construction of three embankments, 
75 ft. in height, tunnels, shafts, and pipe lines. The 
total cost of the undertaking was over 300,000. 
Having successfully completed this work, Mr. Patteson 
controlled and supervised the operations in connection 
with the construction of a third line of pipes from 
Thirlmere to Manchester. The section under his 
charge was 18 miles in length, and was made up of 
44-in. diameter pipes. The undertaking included the 
building of several syphons across valleys, the cutting 
of four large subways under railways, the erection 
of valves, and other incidental works. 

Mr. Patteson was elected to associate membership 
of the Institution of Civil Engineers on April 6, 1897, 
and became a full member on April 29, 1913. 








THE LATE MR. G. R. JEBB. 


A FORMER vice-president of the Institution of Civil 
Engineers, Mr. George Robert Jebb, died from pneu- 
monia, following upon influenza, at his home, Beenham 
Hatch, Bucklebury Common, near Reading, on Febru- 
ary 16 last. The news of his death will be received 
with regret by his numerous engineering colleagues and 
associates. Mr. Jebb, who occupied the post of chief 
engineer of the Shropshire Union Railways and Canal 
Company for 50 years, and who held a similar position 
in the Birmingham Canal Company for nearly 40 years, 
was born on November 30, 1838. He became a pupil 
of the late Mr. A. Macintosh in 1854, and, after com- 
pleting his apprenticeship in 1858, he served under his 
chief on works in connection with the construction of 
the northern division of the Great Western Railway. 
During the years from 1859 to 1862 he acted as resident 
engineer, having responsible charge of the constructional 
works on the Bryn-ye-Owen, and the Wrexham and 
Minera Railways (N. Wales). From 1862 to 1869 he 
occupied the same position upon the Wrexham and 
Minera Railway extension, the Mold and Treiddyn 
Railway, and other undertakings of a similar nature. 








Suggests, do better with their money, and the fall in 





say as to whether a strike should be continued or not. 





In July, 1869, he was selected, from a large number 
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of candidates, for the post of chief engineer to the 
Shropshire Union Railways and Canals Company ; 
he held this appointment until 1919. In 1875 he 
became chief engineer of the Birmingham Canal Com- 
pany, and remained in that position until 1912. He 
designed and constructed deep-water quays, docks, 
large grain and other warehouses at Ellesmere Port 
on the River Mersey. He was also responsible for 
the erection of reservoirs, weirs, warehouses, pumping 
plants, branch railways, and other civil engineering 
works, in various parts of North Wales, the Potteries 
district, and South Staffordshire. Mr. Jebb became a 
member of the Upper Mersey Navigation Commission 


upon its formation in 1876, and subsequently became | 


chairman, a position he occupied for 18 years. 

Mr. Jebb was elected to full membership of the 
Institution of Civil Engineers on February 6, 1872; 
he served as a member of the council of the Institution 
for a space of 13 years, and was a vice-president for 
some years. He was also a member of the Smeatonian 
Society of Civil Engineers and was president of that 
body in 1912. 





THE LATE MR. E. LANE CAMPBELL. 


FoLLOWING our note of some few weeks ago which 
referred to the late Mr. Howard Ellis, we have again, 
with great regret, to record the death of an old and 
valued servant of EnNarnerrinc, Mr. E. Lane 
Campbell, who died at his residence at Kew Gardens, 
on January 27, in his 79th year. Mr. Campbell had been 
connected with the Publishing and Advertising Staff of 
this journal for more than 50 years. He joined the 
Counting House Staff early in 1876, and a few years 
later spent part of his time in canvassing in and around 
London, ultimately joining the outdoor staff of the 
Advertisement Department in 1893. London, in the 
main, was Mr. Campbell’s district, but he also visited 
the East and South Coast manufacturing towns. He 

‘had naturally, with increasing years, to a certain 
extent allowed some of his activities to be taken over 
by younger men, but he never actually retired, and his 
connection with this journal continued to the end. 
Mr. Campbell had a cheerful and kindly disposition 
which always made him welcome in the office and 
enabled him to make friends with all his clients, His 
death, we feel sure, will be a cause of regret to the whole 
of the very wide circle with which his very successful 
career brought him in contact. The proprietors of 
ENGINEERING mourn the loss of an old and hard-work- 
ing servant and friend, and offer their sympathy to Mr. 
Campbell’s widow and children in their bereavement. 


SALVAGE OF A BROKEN-BACKED 
OIL-TANKER. 


Very ingenious, but at the same time simple, 
methods were employed in connection with the salvage 
of the oil-tanker Agwisun, which was damaged at 
Brooklyn after an explosion last year. The boat, 
which was built by the Sun Shipbuilding Company, of 
Chester, Pa., in 1920, has a gross tonnage of 6,784, and 
is 429 ft. in length, 59 ft. in breadth and 33 ft. in depth. 
An examination of the ship after the accident showed 





that she was a complete wreck from amidships to the | 


boiler-room casing aft. Her back was broken and she 
was drawing 13 ft. forward, 19 ft. aft and 24 ft. 
amidships. 


The work of salving and repairing the boat was placed | 
in the hands of the Robins Plant of the Todd Shipyards | 


Corporation of New York. ‘Temporary repairs had 


to be made before it was possible to move the boat; | 
to float her to a draught that would permit her to be | 


dry-docked would have been extremely difficult since 
it was feared that, owing to her weakened midship 


section, she would crack and break the other way if | 


pumped out sufficiently amidships. This would have 


caused the stem and stern to sink, leaving the amid- | 


ships portions light. Accordingly, to enable the boat 
to be pumped out, heavy steel hawsers were stretched 
from her forecastle head, over the bridge, to the poop 
deck, and a heavy channel was secured on the star- 
board side across the bresk. Figs. 1 and 2, which 
are views of the boat after she was placed in graving 
dock, show these arrangements. In Fig. 1, the hawsers 
can be clearly seen, while Fig. 2 shows the channel in 
position on the side of the vessel and clearly illustrates 
the extent of the break. The holes in the sides were 
covered with heavy rope mats, with canvas wedged in 
under steel wire ropes stretched across the gaps. 


These patches were necessarily flexible to allow for the | 


working of the ship as she was pumped out. 

These arrangements were entirely successful, and the 
boat was raised by pumping until she was drawing 
about 16 ft.; then, on a favourable tide, she was 
safely placed in graving dock. To ensure her passing 
through the dock entrance, two large steel pontoons 
were placed under her after quarters, one on the 
starboard side and one on the port. Each pontoon had 
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a lifting power of fifty tons. In addition, a floating 
| derrick alongside maintained a lift on a sling placed 
junder the stern-frame arch. Cribwork had been 
prepared in the graving dock ready to receive the engined 
boat, and she settled down accurately in position and 
ready for the repairs which were carried out in some 
four months. The salvage operations and repair work 
reflect great credit on the Todd Shipyards Corporation. 


| 


| 





| Fasr Motor Boat ror Inp1a.—Designed for use as 
|a means of conveyance on the Hoogly River, Calcutta, 
| where exceptionally rapid tides are experienced, a fast 
| motor boat, built by Messrs. J. W. Brooke and Co., 
| . . * he . 

Limited, Adrian Works, Lowestoft, has just been com- 
| pleted and shipped to India. The 100-h.p. engine 
installed is capable of giving the vessel a speed of 








27 m.p.h., and accommodation is provided for three 
passengers, in addition to the native engineer and the 
owner. 

THe TrRApE or Iraty.—According to the Brussels 
journal L’Echo de la Bourse, Italian exports, on the basis 
of the gold lira, have progressed from 2,580 millions in 
1913, to 3,240 millions in 1924, 3,756 millions in 1925, 
and 3,768 millions in 1926, which is equal to an increase 
of 50 per cent. on the gold basis from 1913 to 1926. 
Germany has given proofs of a very great vitality and 
recuperating power, but when the same years are com- 
pared together in her case the increase is found to be 
barely half of one per cent. In Belgium there is a decrease 
of 12 per cent. In France the increase is 38 per cent., 
but France, the Belgian journal adds, is a remarkable 
country where hard work is not discouraged by trade- 
union law. It will be seen, therefore, that Italy holds the 
record for economic reconstruction, 
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DEEPWATER QUAYS AND BREAKWATERS— 
continued. 


Mr. J. F. COLEMAN, representing the United States, 
described the first wharf on the inner harbour navi- 
gation canal at the port of New Orleans. The port is 
on the Mississippi river, about 110 miles above its 
mouth, and the canal connects the river with Lake 
Pontchartrain, an arm of the Gulf of Mexico. It is 
provided with locks that limit the tidal rise and fall 
to about 1 ft., apart from the influence of high 
winds. The ground down to 1,000 ft. depth is 
nothing but alluvial deposit, the upper strata 
containing much humus and water and rather 
lacking in cohesion. The wharf is supported on 
untreated yellow pine logs 75 ft. long, cut off just 
below the water level, the lockage water from the 
river giving sufficient protection against teredo or 
other marine borers. The piles carry a concrete 
slab 3 ft. wide by 2 ft. thick, supporting an 
8-in. reinforced concrete wall, and the walls, 
which are 8 ft. centre to centre, support an 8 in. 
to 6 in. reinforced concrete slab deck, beams 
being provided to carry the railway track rails. 
The wharf is 2,400 ft. long by 265 ft. wide, with an 
area of 636,000 sq. ft., of which 476,000 ft. is 
covered by a transit shed. Its total cost was 
1,077,000 dols., or 1-693 dol. per square foot, being 
3-40 dols. for the water side of the bulkhead and 
0-933 dol. for the land side. The sheds cost a 
further 380,087 dols., or 0-798 per square foot of 
shed area, which, with 47,268 dols. for other facili- 
ties, brought the inclusive cost of wharf and shed 
to 2-29 dols. per square foot of total wharf area. 

Col. C. McD. Townsend, also of the United States, 
referred specifically to the improvements made in 
the south and south-west passes of the Mississippi 
river. These works consisted primarily of parallel 
jetties in the south pass and converging jetties in 
the south-west pass, which were completed in 
1912. Much information had been obtained in re- 
gard to the relative merits of the two arrange- 
ments. The east jetty in the south-west pass 
was 25,420 ft. long and the west jetty 19,910 ft. 
They were composed of superimposed tiers of frame 
brush mattresses, ballasted with stone, and built 
up above the water surface with rip-rap, topped 
with a monolithic cap of concrete extending to 
about 5 ft. 6 in. above mean Gulf level. The 
mattresses were 200 ft. long, 2 ft. to 3 ft. thick, 
and varied in width from 150 ft. for the founda- 
tion tier to 35 ft. for the top tier. Their average 
cost per lineal foot was 94:92 dols., the actual costs 
of each part varying considerably with the depth 
of water and with current prices of labour and 
material. Between January, 1908, and June 30, 
1925, they have also cost an average of 100,000 dols. 
per annum for repairs necessitated by subsidence, or 
2-20 dols. per foot of jetty per year. Costs for dredg- 
ing varied widely, the average being 10-25 cents per 
cub. yd., and ranging from 3 to 15 cents by pipe- 
line dredge and 6 to 12 cents by hopper dredge. 
Up to June 30, 1925, the entire works, including 
maintenance, had cost close on 20 million dollars. 

Mr. V. Bénézit, Ingénieur en chef des Ponts et 
Chaussées, Paris, and Mr. Jean Hersent (France) 
examined a number of features in various quay 
walls of French and other ports, giving pre-war 
costs for some., They considered that favourite 
methods of construction were trimmed blocks, or 
caissons filled with concrete after sinking. Attention 
was drawn to the fair degree of uniformity existing 
in a number of types of walls between the ratios of 
average width to height of wall, which mostly 
lay between 0-32 and 0-37, with a reduction to 
28 when the quay wall was stepped. The chief 
difficulty in building walls of artificial blocks was 
subsidence, and the best solution seemed to lie in 
so shaping the rockfill foundation that the wall 
did not assume the intended outline and position 
until the structure has been actually completed and 
loaded, after which it should retain its intended 
alignment. The top blocks should be connected 
by a crown built in one piece and applied to the 
erected wall, serving to distribute both the load 





on the quay and the pull of hawsers on bollards. 
In respect to jetties, setting the cost, at pre- 
war rates, against the yearly expense of upkeep, 
it appeared that the expenses of maintaining and 
refilling a jetty with rockfill slopes or artificial 
blocks were equivalent to that of rebuilding the 
structure entirely once or twice in a century. In 
this respect vertical jetties, where they could be used, 
appeared to have an advantage, the rockfill sub- 
structure being completely protected, by the depth 
at which it was formed, from the effect of storms. 

Professor N. Ghercevanoff (Russia) drew attention 
to the fact that in practice the stability of quays of 
given proportions decreased as their depth increased, 
in contradiction of the usual theory. By experi- 
ments on the deformation of quay models this 
observation was confirmed, and by applying 
methods of calculation developed by him in 1923, 
the author arrived at certain principles of design by 
which increased stability was obtained in deep quays 
and a reduction of cost. In effect these consisted 
in replacing the solid quay walls by others forms 
in which, while retaining the monolith construction, 
the material of parts opposite the face of the quay 
was so hollowed out and distributed that the 
resultant of the weight of the wall and the thrust 
passed through the middle of the quay sole. In this 
way the pressure on the base of the quay was reduced, 
and also was distributed as uniformly as possible 
over the sole. In another paper Professor B. 
Kandiba and Mr. M. W. Tonkholka stated that 
in the conditions mostly found in the seaports 
of the Black Sea and the Baltic, breakwaters were 
best constructed of artificial blocks placed at 
random, protected by laid blocks where the break- 
water had also to serve for mooring ships. 

Mr. W.C. Kohler, Chief Engineer of Public Works, 
Amsterdam, dealing with quay walls built on 
piles, concluded that when in a tideless port the 
subsoil allowed foundations to be so built, deep 
quay walls built in this way were preferable to 
others. They were said to be protected from teredo 
completely by a curtain of sheet piles of reinforced 
concrete. 

Mr. A. Albertazzi and Professor E. Coen-Cagli 
(Italy) gave an account of a number of works, 
completed and in progress, in Italian ports. This 
included particulars of the further progress made in 
the use of cellular blocks for breakwaters, with the 
help of floating appliances capable of handling several 
hundred tons. Another development, suggested by 
Professor Coen-Cagli, was the use of substructures 
formed of pillars of four blocks (cyclopean) whose 
length equals the width of the structure. Designs 
were described that have applied these elements 
successfully in practice, using blocks weighing up 
to 400 tons and more. 

Mr. 8S. Sakamoto and Dr. K. Takamishi (Japan) 
gave a description of the improvement works 
completed and in progress at Kobe harbour, with 
particulars of costs. An experience recorded was 
that the extent to which rubble sank into a soft 
mud bottom was much decreased by dredging the 
mud and replacing it by sand before placing the 
rubble. Other reports were put in by representa- 
tives of Sweden, the Danube Navigation, Monaco, 
ete. 

StoraGe oF Liquip Fuet IN Ports. 


THE second communications of the Second, 
Ocean Navigation, Section, of the Congress had 
reference to the reception and storage of liquid 
fuel in metal or reinforced-concrete tanks, pre- 
cautions against fire, and distribution of the fuel 
in ports. We give below a brief summary of the 
eight papers which were presented. Mr. G. Lorenz, 
the Danish representative, gave, in his report, a 
short description of the oil, petrol. and benzene 
storage installations at Copenhagen. Heavy oils, 
having a minimum flash point of 65 deg. C., were 
stored in 15 tanks, having a total capacity of about 
35.000 tons, and located on the Redmolen pier. 
The kerosene-storage installation, which comprised 
14 tanks having an aggregate capacity of 20,000 tons 
was situated in the Tuborg Harbour. Benzene was 
stored on the north side of the Skude Harbour, 
the total capacity of the tanks was 8,000 tons, but 
this was shortly to be increased to 10,000 tons. 
All storage tanks were provided with automatic 
water-spraying apparatus, and various precautionary 





measures had been imposed by the State; the 
tanks were also separated by concrete walls. In 
a brief report, Mr. J. R. Rosende, the Spanish 
representative, gave details of the existing oil- 
storage installations at Almeria (S. Spain), Ceuta 
(Spanish Morocco), Las Palmas (Canary Is.), and 
Seville. A plant was in course of construction at 
Barcelona, and, as the harbour penetrated into the 
heart of the City, it had been necessary to locate 
both the light and the heavy-oil reservoirs some 
distance outside the harbour zone. The fuel was 
to be led into the harbour by means of pipe 
lines. 

The difficulty of securing steel plates for tanks 
during the European war, and the consequent 
construction of reinforced-concrete containers for 
petroleum products, was one of the points referred 
to in the report by Mr. E. C. Sherman, of the 
Bureau of Yards and Docks of the United States 
Navy Department. Some of these concrete tanks, 
stated Mr. Sherman, were above ground, and 
were similar, in form and dimensions, to steel tanks 
of like capacities. Others were placed underground, 
and, while circular in plan, had bottoms of inverted 
dome shape, the better to resist outside hydrostatic 
pressure. While underground concrete reservoirs 
afforded the advantage of retaining the contents 
at a fairly uniform temperature, thereby reducing 
evaporation losses, it was very difficult to make the 
concrete tight against the lighter oils, so that they 
should ordinarily be used only for storing petroleum 
products of high specific gravity. It was neverthe- 
less sometimes advisable to use reinforced concrete 
underground tanks for the storage of comparatively 
small quantities of the lighter grades of liquid fuels, 
where the surroundings made it desirable to 
eliminate all possible risk. Their use for bulk 
storage was not believed ordinarily to be justifiable, 
however, as their advantages did not sufficiently 
offset their greater cost (as compared with steel 
tanks). The report submitted by Mr. P. le Bourhis, 
of Le Havre, dealt chiefly with the regulations and 
safety measures adopted in France for the dis- 
charging, handling and storage of oil in French 
ports. In nearly all French ports pipelines were 
placed underground; this rendered inspection 
difficult, but, on the other hand, any leaks which 
might occur could be located, with fair accuracy, 
by the smell of the escaping vapours. All tanks 
for the storage of fuel were built of sheet steel ; 
there were, however, three exceptions, namely, a 
reservoir at Marseilles constructed of masonry and 
lined with sheet lead, and two others at Rouen, 
each having a capacity of 3,900 cubic yards, built 
of reinforced concrete. These latter had not given 
satisfaction; leaks occurred which persisted in 
spite of all attempts to render the concrete oil-tight. 
Sheet-steel surfacings, glazing varnishes, and special 
paints had been tried without success. 

The Italian representative, Mr. E. Peretti, stated 
in his report that there were some 25 oil storage 
depots distributed along the coasts of Italy. The 
storage tanks, which had capacities varying from 
6,500 to 11,700 cubic yards, were of the usual sheet- 
steel type. Excellent results had, however, been 
obtained from a battery of four underground con- 
crete reservoirs built by the State Railway near a 
commercial port. These had proved highly satis- 
factory, both in the question of oil tightness and 
that of the preservation of the fuel and lubricating 
oils contained. Each of the four reservoirs had a 
capacity of 900 cubic yards. Messrs. J. H. C. de 
Brey and H. S. de Roode, the Dutch representatives, 
stated, in the report submitted by them, that the 
oil-storage tanks installed, by the Royal Dutch- 
Shell Group, in their bunkering stations, were made 
exclusively of steel. Contrary to the usual American 
practice, in which the roof rested partly on a column 
in the centre of the tank, the roof struts of Dutch 
tanks were made entirely free-bearing, without any 
support on the bottom, thus preventing any defor- 
mation of the roof in the event of the tank sub- 
siding. The roof plates were only riveted to the 
upper circumference of the shell and not to the 
struts; the roof plates were also made of much 
lighter material than that used for the remainder 
of the tank. Should the contents catch fire unex- 
pectedly, and an explosion occur, the roof was 
immediately torn away without causing any 
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material damage to the shell of the tank. The oil 
then burnt itself out and did not flow over. 

Descriptions of the oil-storage and discharging 
equipments of the ports of Baku, Petrovsk and 
Astrakhan, on the Caspian Sea, and of Batum and 
Novorossisk, on the Black Sea, were given in the 
report presented by Messrs. J. A. Sergueeff and 
W. M. Treniukhinn, the Russian delegates. Im- 
provements in loading plant were being considered 
at Batum; the new storage tanks, the building of 
which was under consideration were to be placed 
in an elevated position in order to increase the 
natural pressure in the delivery pipes. All tanks 
in Russia were made of steel; since, however, 
reinforced concrete presented possibilities as a 
material for the construction of reservoirs, laboratory 
experiments were being carried out, at the Lenin- 
grad Polytechnic Institute and elsewhere with a 
view to ascertaining the action of oil on concrete. 
Mr. G. von Feilitzen, of Stockholm, stated in his 
report that the increasing quantity of petrol 
imported into Sweden, during recent years, had 
caused the authorities to consider the advisability 
of collecting the storage plants of the various 
importers into special harbours. Very strict 
control on the part of the authorities would be 
necessary in order to secure the safety of depots 
of this type, and detailed regulations regarding 
materials for the construction of tanks, methods of 
tank building, layout of pipelines, fire extinguish- 
ing plant and appliances, and discharging and 
loading methods, would have to be laid down. 

The general reporter of the section, Mr. E. Peretti, 
of Rome, stated, in his conclusions, that coastal 
liquid-fuel reservoirs should, where possible, be 
placed underground. This procedure afforded greater 
safety both in peace and in war time. If, however. 
open-air tanks were used; they should preferably 
be constructed of steel. Reinforced-concrete 
reservoirs had not, up to the present, given sufficient 
proof of oil-tightness. On the other hand, it was 
to be hoped that further experimental work on 
concrete tanks would be carried out. In order to 
give maximum freedom to, and ensure the safety 
of, the traffic of other goods in the ports, oil depots 
should be erected some distance inland and be 
furnished with the requisite receiving and distribut- 
ing pipes. Special mooring quays, at right angles 
to the coast, and situated away from the goods 
docks, should also’ be provided for oil traffic. In 
addition to the fixed installations for protection 
against fire in the depots, the ports and mooring 
quays should be provided with an adequate number 
of fire tugs and floats. Evidence had shown that 
some form of isolating foam was the best medium 
for extinguishing burning oil. 


Suction DREDGING. 


The third communications of the Second (Ocean 
Navigation) Section of the Congress were upon the 
subject of suction dredging in the open sea. Several 
reports were presented and, of these, we give below 
a brief summary. Mr. F. Montenegro, the director 
of the harbour works at Huelva, S. Spain, stated in 
his report, that that harbour had a length of over 
84 miles, an average width, at low tide, of nearly 
4 mile, and a depth, also at low tide, varying from 
26 ft. to 92 ft. It had an area of over 2,400 acres 
and could afford shelter to large numbers of ocean- 
going vessels. Unfortunately, however, a bar 
existed at the mouth of the harbour, and in order 
to create a suitable entrance channel, dredging 
operations were begun in 1897 and had been con- 
tinuously carried on since that date. A single 
dredger had been employed on the work; this 
vessel had a length of 180 ft., a beam of 29 ft. 6 in., 
a depth of 16 ft., and a displacement of 1,500 tons ; 
the total volume of the holds was 650 cub. yards. 
The dredging mechanism consisted of a pump 
capable of a continuous delivery of 13 cub. yards 
of sand per minute. The suction pipe had a length 
of 72 ft. and a diameter of 27 in. The machinery 


for propelling and for dredging purposes was of the 
triple expansion type and had an indicated horse- 
power of 500. Up till the end of 1925, 12,714,000 
cub. yards of material had been removed from the 
channel and a depth of 19} ft., at low equinoctial 
tide, secured along its whole length of 1-6 miles. 

Captain W. D. Styer, of the United States Corps 





of Engineers, stated, in his report, that without 
constant maintenance, the harbours of New York, 
Philadelphia, Charleston, Savannah, Mobile, New 
Orleans, Galveston, and San Francisco would rapidly 
become silted up to such an extent as to interfere 
seriously with navigation. Experience had shown 
that the only kind of dredging plant which could 
operate economically on an exposed ocean bar was 
a self-contained dredger, and the hydraulic suction 
type of seagoing hopper dredger had consequently 
been developed in America. The side-drag type, 
employing two drags, one on each side, was that in 
most general use. The centre-well type employed 
a single drag, which projected through a well, 
located approximately midway along the centre 
line. This type of dredger had been designed 
better to meet the very severe weather conditions 
on the exposed bars of the North Pacific coast and 
had given excellent service. The stern-well form 
was not in general use the United States, there 
being but two of this type employed. The four- 
seagoing hopper dredgers of the “ A. Mackensie”’ 
class, placed in commission during 1925, were unique 
in that they were the first dredgers of this type to 
employ Diesel-electric power. The power units of 
each dredger consisted of three 1,000 brake horse- 
power Diesel engines, each direct coupled with a 
700-kw., 500-volt, direct-current generator, and 
two auxiliary 225 brake horse-power Diesel engines, 
each direct coupled with a 150 kw., 250-volt, direct- 
current generator. The dredge pump was of the 
volute, centrifugal, single-suction type, with 26 in. 
suction and discharge. It was operated by an 
enclosed, separately ventilated, 480-volt, direct- 
current, Westinghouse motor, rated at 610 brake 
horse-power, at 140 r.p.m., and 800 brake horse- 
power at 156 r.p.m. 

The French representatives, Messrs. F. Lévéque 
and C. Crescent, of Bordeaux, gave, in their report, 
a description of the dredging operations undertaken 
outside the ports of Bayonne, St. Nazaire, and 
Bordeaux. The suction dredgers employed on the 
bar of the Adour, where the sea was often heavy, 
were the Bayonne I and the Bayonne II. The 
first of these was built in 1896 ; she had a length of 
170 ft., a beam of 29 ft., and a depth of 15 ft. She 
was fitted with 450 H.P. compound engines and 
the suction pump was of the four-bladed centrifugal 
type. The suction pipe had a length of 60 ft. 
and a diameter of 23 in., and the total volume of 
the holds was 520 cub. yards. The Bayonne II 
was built in 1901 and her general dimensions and 
capacity were very similar to those of the Bayonne I. 
The engines, however, were of the triple-expansion 
type. These two dredgers removed, annually, from 
325,000 to 390,000 cub. yards of material from the 
Adour bar. The suction dredger Bonne Anse, 
which dredged, each year, some 300,000 cub. yards 
of material from the mouth of the Loire, was very 
similar in construction to the Bayonne I. The 
suction dredger to be used in the estuary of the 
Gironde near Bordeaux was an old cargo boat 
which had recently been transformed into a dredger. 
Her dimensions and capacity were similar to those 
of the other three vessels described above; her 
engines, however, were of the compound type. 
The suction pipe installed was flexible; it had a 
length of 65 ft. 7 in. and a diameter of 15 in., and 
was composed of five rigid tubes, separated by four 
flexible joints. 

The Italian representative, Mr. D. Alessi, of 
Venice, pointed out in his report, that the Lido 
port canal was the natural and easiest entrance to 
Venice Harbour. Some years prior to the European 
War, the authorities decided to deepen the Lido 
port, and the Venice, a dredger fitted with a double 
noria apparatus of buckets, and a suction pipe, 
was purchased. She had a length of 213 ft., a beam 
of 34 ft. and a draught aft of 14 ft. The engines 
had a horsepower of 700. Experiments were made 
about 1 kilometre (0-62 mile) beyond the end of the 
moles in the Lido port; the results obtained, how- 
ever, were not satisfactory. The bottom was com- 
posed of very fine sand and clay, and the trials 
made showed that the suction-tube system of 
dredging was useless under those conditions. 
Further experiments, in which the Venice was 
employed as a noria dredger, and not as a suction 





dredger, had given good results. The report sub. 








mitted by Messrs. T. H. Heyblom and A. G. Maris, the 
Dutch representatives, dealt chiefly with dredging 
operations undertaken in recent years off Hook 
of Holland and Ymuiden. Dredging off Hook of 
Holland presented no serious difficulties. The 
dredgers employed on this work also removed 
deposited material from the river, up to a distance of 
74 miles inland, so that, when the sea was too rough 
for dredging operations on the coast, the vessels 
did not remain inactive. During the six years, 
from 1920 to 1925, two suction dredgers, having 
each a carrying capacity of 975 cubic yards, had, 
annually removed an average of 1,300,000 cubic 
yards of material from the lower portion of the 
Rotterdam waterway, and from the bed of the 
sea off Hook of Holland. At Ymuiden, dredging 
in the open sea was carried out by three suction 
hopper dredgers, which were employed outside the 
harbour over an area measuring 760 yards by 435 
yards. In this area a normal depth of 39 ft. was 
maintained. The material brought up was dumped 
at sea about 4 miles from the shore. The three 
dredgers employed were the Noordzee (built in 1901), 
the Kameleon (built in 1886), and the Amsterdam 
(built in 1883). The first had a carrying capacity 
of 715 cubic yards, the second of 650 cubic yards, and 
the third of 420 cubic yards. The time taken between 
the departure to the dumping ground and the recom- 
mencement of suction for a new load was usually 
about 1 hour and 10 mins., and from three to five 
journeys could be made per day. The quantity of 
sand removed annually from the sea bed, off Ymuiden 
measured about 523,000 cubic yards; conditions 
were such that work was possible during 180 days 
in each year. 

Professor A. K. Rojdestvensky and Mr. P. A. 
Pomortzeff, the Russian representatives, stated. in 
the report submitted by them, that, before the 
European war, the suction dredgers, Tite Eydrigue- 
vitch and Orletz, had been regularly employed in 
the port of Archangel. Since the war, however, 
what dredging had been done had been on a small 
scale and had merely consisted in maintaining the 
necessary depths in the ports. During the year 
1924, however, the suction dredgers Volga, S. Razine. 
and Caspii had worked in the Caspian sea ports and 
in the Volga-Caspian canal, and had removed a 
total quantity of material amounting to 1,046,400 
cubic yards, At the commencement of 1924, it was 
decided to make a navigable passage in the Volga 
estuary, having a depth of 103 ft. and necessitating 
the removal of 2,146,000 cubic yards of material. 
A section of this work was entrusted to the Caspii. 
who removed 262,770 cubic yards of material during 
the year. In the following year, the work was 
continued, and the Caspii’s output was 658,000 cubic 
yards. During 1925, the Volga was actively em- 
ployed in the port of Enzeli, in removing accumu- 
lated alluvion from the entrance channel of that 
port. In the space of 20 days of 24 hours, the crew 
working three shifts, she had dredged 109,070 cubic 
yards of sand. This material was emptied into 
lighters, which were towed 5 miles out to sea by a 
tug. The cost of the undertaking had not proved 
too high, although a large number of men had been 
employed. 

The conclusions submitted by the general reporter 
of the section, Mr. F. Montenegro, of Huelva, Spain. 
were very brief and succinct. He was of opinion 
that the system employed in the United States. 
which consisted in holding in readiness a fleet of 
State-owned dredgers, which could proceed to any 
port requiring dredging, possessed many advantages. 
The harbour authorities of ports of secondary import- 
ance, were usually not in a position to acquire costly 
dredging equipment; the American system, how- 
ever, placed powerful dredgers at their disposal. 
For dredging operations in heavy seas, the suction 
hopper dredger undoubtedly possessed advantages 
over any other type of vessel. If the sea bottom 
were of a clayey nature, disintegrating apparatus 
had to be provided. The suction dredger of the 
ordinary type used in Europe, namely, vessels 
having the end of the pipe at the bows, gave very 
good results, in spite of the fact that they had to 
operate at anchor. If worked in very heavy seas. 
the pipe had to be provided with a telescopic 
arrangement, and it was also necessary that the 
connection to the hull should be flexible. 
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ENGINE TRIALS OF THE M.S. 
“CAPE YORK.”’ 


Ir will be remembered that at the discussion of the 
Fifth Report of the Marine Oil Engines Trials Committee, 
a good deal turned upon the indicator gear with which 
the Werkspoor engines on this boat were fitted. We give 
below, by permission of the Institution of Mechanical 
Engineers, some remarks by Sir Archibald Hunter 
bearing on this subject. The report (abridged) and 
the discussion thereon in London and Manchester, were 
reproduced in our last volume (see ENGINEERING, 
vol. exxii, pp. 761, 767, 781, 799 et seq.). Sir 
Archibald’s contribution on the indicator gear is as 


, follows :— 


In the discussion onthe Fifth Report of the Marine 
Oil Engines Trials Committee, dealing with the trials 
of the main engines of the motor vessel Cape York, 
criticism has been made on the low mechanical efficiency 
and the unsatisfactory values of the indicated horse- 
power measured during these trials. It has already 


Fig.7. ARRANGEMENT OF INDICATOR GEAR. 
M.S.“CAPE YORK.” 
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indicator gear which will give accurate results is*an 
intricate one, and the best method of obtaining a 
correct reproduction of the piston displacement is to 
work the indicator drum from the cross-head of the 
engine. For practical reasons, the drive for the drum 
is generally taken from the camshaft. This, however, 
gives rise to new trouble. Owing to distortion of the 
camshaft and inevitable play in the camshaft drive, 
the position of the indicator drum differs from the 
position of the piston to which it should correspond. 
Another point, however, is more important. The drive, 
which now has been employed in the Werkspoor design 
for years and which has given the best service is repre- 
sented in Fig. 1. All others, including those fitted with 
toothed gears worked from the crankshaft, and being a 
copy of the main crank drive on a small scale, have 
failed by excessive wear in service. 

The design represented in Fig. 1, consisting of a lever 
worked by a roller running on the surface of an accur- 
ately profiled cam secured to the camshaft, is practically 
free from wear and tear. The manufacture of the gear 
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been pointed out in the course of the discussion that 
these discrepancies must be attributed to errors in the 
determination of the indicated horse-power, and that 
the mechanical efficiency consequently appears lower 
than it actually is. The figures for the fuel consumption 
per brake horse-power-hour quoted for the shore tests 
are, if anything, on the high side, whereas those per 
“iia horse-power-hour, on the contrary, are far too 
ow. 

The accurate determination of the indicated horse- 
power entails considerable trouble ; the mean indicated- 
power usually being on the high side for the following 
reasons :— 

(1) The length of gas passage from the cylinder to 

the indicator causes the pressure on the indicator 
piston to lag behind the pressure in the cylinder and 
renders the card larger than it should be. Narrow bore 
e aia in the indicator cock have a similar 
effect. 
_ (2) Any lag in the recording mechanism of the 
indicator results in a larger area of the cards. Most 
indicators will be found to develop this weakness after 
a short time. 

(3) The friction of the indicator pencil on the paper 
has a similar effect on the card. 

The indicator drive is generally responsible for a 
portion of the error. The problem of designing an 
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calls for considerable precision, but not for more than 
would be required by any other reliable gear. The 
setting has to be effected with care, as may be judged 
from the diagrams reproduced in Figs. 2to 5. Assuming 
a certain law for the shape of the expansion and com- 
pression curves, two constant-pressure cycle cards have 
been drawn in Fig. 2 on the basis of actual piston 
displacement and the mean indicated pressures deter- 
mined. These are approximately in accordance with 
maximum overload and engine running light. 

In Fig. 3, the position of the indicator drum, as 
determined from the actual design of the drive, is 
substituted for the position of the piston. The areas 
of the cards are found to be larger than they actually 
should be; these errors should be compensated by 
adjustment. 

In Figs. 4 and 5, the effect of advancing and retard- 
ing the cam } deg. from its original position is demon- 
strated. The errors found under the different circum- 
stances are shown in Fig. 6. This demonstrates that, 
at normal full load, (N.I.P. = 6:25 atm.) a mistake 
of 4 deg. in the setting of the cam amounts to an error 
of 10-1 lb. per square inch, or 11} per cent. in the 
ERP. 
| From this it may be inferred that, in order to obtain 
|the I.H.P. at full load accurately within 1 per cent., 
| the cam has to be set accurately within approximately 
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zy deg. It is obviously impossible to obtain this 
accuracy when erecting the engine and the settings 
have therefore to be checked before running final 
tests. To make this possible, the indicator cams are 
not keyed to the shaft, but are fixed by means of set 
screws, so that their exact position can be more easily 
obtained. 

Similar conditions exist when the indicator drive is 
arranged for by an eccentric. In this case, the eccentric 
has to be very accurately keyed if considerable dis- 
crepancies in the tests results are to be avoided. 








MEASUREMENT OF STATIC 
PRESSURE.* 
By Cart J. FEcHHEIMER. 


THE usual method of measuring static pressure in 
a stream which flows at a comparatively ‘high velocity 
is by means of a static plate, piezometer ring, or the 
static side of a pitot tube. In all three, the direction 
of stream flow is parallel to the axis of the walls or 
of the tube. If the character of the flow is turbulent, 
but is made up of regular defined systems of whirls, 
the flow adjacent to the walls is laminar, as has been 
proved experimentally. With laminar flow, there 
are thin layers adjacent to the boundaries that are 
stationary, and, consequently, if connected through 
a small hole to a manometer, that instrument reads 
the static pressure. There are cases, however, in 
which the changing character of the inner wall surface 
causes the moving fluid to impinge thereon; again, 
it is not always convenient to arrange for using such 
a device and to provide for connection to a manometer. 
It is usually satisfactory, however, to provide for a 
hole large enough to pass a small metal tube through, 
a bolt often being removed temporarily. Especially 
if it is to be used for measurement of the static air 
pressure in the end bell of an electrical machine, such 
as a turbo- or salient-pole alternator, is this a con- 
venient method. Then, however, an ordinary tube is not 
satisfactory, as the reading on the manometer is 
partly due to static pressure and partly to velocity 
head. Thus, a considerable error may be introduced, 
because a fraction of the velocity head may be added to, 
or subtracted from, the static pressure. : 
It was thought, at an earlier time, that a tube with 
very small holes, uniformly distributed all around, 
should read substantially correct, as for some holes 
the velocity head adds to, and for others it subtracts 
from, the static pressure, the net result being negligible 
influence of velocity head. It was recognised, however, 
several years ago that such a device was not satis- 
factory, and, from some recent calculations, it appears 
that the reading is low by about 50 per cent. of the 
velocity head. ; : 
The writer developed a device for measuring static 
pressure, as described in the July, 1923, issue of the 
Electric Journal and also in a paper on The Perfor- 
mance of Centrifugal Fans for Electrical Machinery.} 
That device, however, is too cumbersome to use 
generally, and its readings may be affected by 
jets and the like. The device herein described was 
suggested by the curves in a paper of the Bureau 
of Standards.g It is believed that it can be used 
easily, and can be passed through a bolt hole and 
held in the stream. While there may be a small 
error due to the influence of velocity head, that error 
is considerably smaller than with any other device 
known to the writer. : 
It is evident that if on a hole in a circular tube a fluid 
be allowed to impinge, as in Fig. la, page 244, the 
reading on a manometer connected with the tube is 
nearly the static plus the velocity head. If the tube is 
turned through 180 deg., the reading is somewhat more 
than the static minus the velocity head (Fig. Ip). It is 
evident that, somewhere between those two positions, 
there is some position for which the influence of 
velocity head is zero. If the tube can be turned 
through such an angle, the static pressure will be 
read. In the course of the work of Dr. Dryden at 
the Bureau of Standards, referred to above, he took 
observations of the sum of velocity and static heads 
on cylinders of various diameters, the cylinders being 
rotated about their axes, and a small hole was drilled 
in the wall of each through which the fluid entered. 
Those tests showed that the angle between the direction 
of stream and the position where the influence of the 
velocity head was zero was a little less than 40 deg. 
For smaller angles, the influence of the velocity head. 
was positive, and for larger angles it was negative. 





* Paper read at the Annual Meeting, New York, 
December, 1926, of The American Society of Mechanical 
Engineers. ae 

+ On the Boundary Conditions of a Fluid in Turbulent 
Motion, by T. E. Stanton, Miss Marshall, and Mrs. 
Bryant. Proceedings, Royal Society, August 3, 1920. 

t Trans.A.8.M.E., vol. 46 (1924), p. 287. 

§ Air Forces on Circular Cylinders, Hugh L. Dryden- 
Scientific Paper No. 394. 
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If the exact value of this angle (which we shall call 
the critical angle) were known, and if a tube with a 
small hole be placed in a stream with the hole at that 
angle to the stream, the reading on the manometer 
should be the static head only. 

The device, as built, consists of two small brass tubes 
(shown in principle in Fig. 2), the diameter of the 
outer one being } in., the inner one } in., and the smaller 
one going into the outer. The inner tube communicates 
with the outer surface through a small hole, and the 
annular space between the two tubes communicates 
with the outer surface by means of another small hole 
displaced from the first hole circumferentially by double 
the critical angle. The inner and outer tubes are then 
connected independently to the two sides of a U-shaped 
tube, or other manometer, and when the device is in a 
moving stream, it is turned on its axis until the U-tube 


leakage between the inner and outer chambers after 
the tube was completed. It was also found later that 
scratches and slight departures from a true cylindrical 
surface on the outside affected the results. The tube was 
consequently ground, so as to make it a substantially 
perfect cylinder. 

The tests made at the Bureau of Standards could not 
be used directly to determine the exact value of the 
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Fig.5. PRESSURE AGAINST Ys" CYL" PERPENDICULAR 
TO AIR STREAM IN 8° DUCT. 
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atmosphere, the static pressure only will be read. There 
is, of course, the possibility that the tube may be turned 
180 deg. from the impact side, and then the reading 
would be too low. To overcome this difficulty, it has 
been found advisable to use two manometers, one for 
balancing and one for reading the static pressure, a 
suitable T-connection being used on one side for con- 
necting to the second manometer. Then the mano- 
meter used for balancing would read zero for the two 
positions of the pressure tube, which are 180 deg. apart. 
The second manometer, which reads the pressure, would 
then record a high and a low value for the two balanced 
positions. The high value is the correct static pres- 
sure,* 
The tube, as it was constructed, is shown in Fig, 3. | 
The large tube is } in. outside diameter, and must be | 
smooth and true on the outside. The small tube is of | 
0-125 in. outside diameter and 0-(63 in. inside diameter; | 


all joints must be airtight. The small projection shown | angle between the two holes. These tests were made 
at the line A—A was silver-soldered into the small tube, | 0% CYlinders much larger than those which we could 
and a hole was drilled into the outer tube of the size of | US¢ and realising that the angular position of the holes 
the diameter of the projection. The small tube was | 4S of 4 vital importance, tests were made to determine 
then pushed into the large one, and after the projection | ‘t; For this, a long duct was constructed, 8 in. in 
was passed through the hole in the outer tube, the pro- | diameter, with a bell-mouth entrance, and with air 
jection was soft-soldered in place. The two holes of | 8ttaighteners therein, as shown in Fig. 4. All but one 
about 0-02 in. diameter, were drilled 78} deg. apart. | hole was sealed in the small tube for a particular set 

« is | of observations. 


Careful tests were made to ensure that there was no | 





* If the pressures are below atmospheric, the higher | with the excellent entrance conditions producing a 
reading is the one that is numerically smaller. 








| distributed throughout the length of this duct, and, 


| smooth flow, the static pressures were measured quite 











Fig.4 . EXPERIMENTAL AIR DUCT. 
Air Straighteners, 


accurately along the duct. The air was drawn directly 
from the atmosphere into this duct. About half-way 
down the duct, a small brass tube with holes of 0-02 in. 
diameter, arranged 1 in. apart, was inserted. A pointer 
was attached to this tube, which, in conjunction with 
a stationary protractor, enabled the observer to deter- 
mine the angular position. The tube was connected 
with a suitable manometer, and readings were taken 
for various angular positions. This was repeated for 
a tube of slightly different diameter, and for one with 
a spherical cup at the end instead of a square end. 
It was found that the location of the hole axially, or the 
use of a spherical instead of a square end, had practic- 
ally no influence upon the critical angle. A few of the 
results of these observations are plotted in Figs. 5, 6 
and 7. It is believed that these curves require no 
further explanation. Tests were also made in a duct 
14, in. in diameter, but the results showed that the 
tube disturbed the flow so much that the static pres- 





Fig. 3..BRASS STATIC-PRESSURE MEASURING INSTRUMENT. 


CROSS SECTIONAA. 


This. le must be 


Ang exactly 783 Deg. 
One Hole opens into Space 5 Moves Tidhes. 
Other Hole opens ito 


or Inner Tube.) 
Ae 784/< 


/ 
lA 


t—F--—+ 
& 


~ To Manometer. 























(9969.6) 


ENGINEERING 


Fig.6. STATIC PRESSURE ALONG 8” DUCT, ¥%/6 CYL* 
PROJECTING 5"INTO DUCT. 
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Fig. 8. PRESSURE DISTRIBUTION ABOUT A%@ CYL" 
IN THE ATMOSPHERE. 
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Small static pressure tubes were 














Fig.7. PRESSURE MEASURED AT 0-02"DIA 
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sures, ahead and behind the cylinder, were con- 
siderably different. The device is not recommended 
for the measurement of static pressures in small ducts. 

Tests were also made with the air issuing from an 
orifice into the atmosphere, in which case the static 
pressure was that of the atmosphere, which is usually 
taken as zero for reference. The results of this test 
are shown in Fig. 8. The two curves were taken with 
the axis of the tube normal to the air stream and at 
45 deg. to the air stream. It will be seen that the 
angular position differs slightly for the two angles of 
inclination of the tube. 

The tube as constructed, in which the holes are 783 
deg. apart, was used to determine the magnitude of the 
error for different angles of inclination with the air 
stream. These may be tabulated as follows :— 

Error, as per cent. of 


Angle, deg. velocity head. 
90 


10 high 
80 6} high 
45 3 low 
30 1} low 


The errors as reported are usually quite small. For 
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instance, if in the end bell of a turbo-alternator the 
static pressure is 10 in. of water, and the velocity of the 
air adjacent to the tube is 5,000 ft. per min., the error, 

5,000\2 _ 
cam) i 
0-154 in. water. This is only 1-54 per cent. of the 
static pressure, which is a comparatively small error. 
As stated above, with the tube previously used, the 
error was substantially 50 per cent. of the velocity 
head. With most measurements, the error is less than 
indicated by these figures, for generally the tube is 
inclined to the air stream, in which case the percentage 
of error decreases. 

When the stream is highly turbulent, it is difficult 
to state the static pressure. There are probable inter- 
changes from static to velocity head, and vice versa, and 
it is therefore impossible to define the static pressure : 
consequently, an accurate measurement cannot be made. 
In such cases, the best that can be done is to standardise 
some method of measurement, which would serve 
as a basis for comparison between similar ducts, 
chambers, &c. It is believed that measurements with 
the tubes, as described herein, might serve for such 
basis, at least until the character of turbulent flow is 
understood better than it is at present. By attaching 
a pointer, or other suitable device, the tube may be 
used as a direction finder, and as such is sensitive and 
very accurate. 


if the tube is normal to the stream, is 0-1 ( 





THE ECONOMIC POSITION OF 
SHIPPING. 


ALTHOUGH the ill wind of the coal strike has been 
thought, in certain quarters, to have blown some good 
to the shipping industry, the careful analysis of the 
actual situation, contained in the 50th annual report 
of the Chamber of Shipping of the United Kingdom, 
gives ample evidence that this was by no means the case. 
It is pointed out, for instance, that the cessation, for 
six months, of British coal exports, which normally 
amount to from 50 million to 75 million tons annually, 
led to a considerable increase in the number of outward 
voyages in ballast, since the flow of normal homeward 
bulk cargoes was only slightly reduced, and some 20 
million tons of foreign coal had to be imported into 
this country. Outward cargoes of manufactured goods 
were greatly reduced, and liners, especially in the North 
Atlantic trade, which usually carry less cargo out- 
wards than homewards, bunkering for the round 
voyage in British ports, were forced to do so abroad, 
thus shutting out considerable quantities of homeward 
cargo and rendering the operation of the vessels less 
economical than under normal conditions. In this and 
in other ways, the delicate adjustment of overseas 
commerce was greatly disorganised, and such disorgani- 
sation is particularly difficult to remedy. 

The British tonnage entering United Kingdom ports 
in ballast during 1926 actually fell by 4-6 million net 
tons, in comparison with the figure for the previous 
year, but vessels departing in ballast increased by 
7-4 million net tons, so that the increase of voyages 
in ballast amounted to 2-8 million net tons. The 
reduction of two million net tons, which occurred in 
the voyages with cargo, represents a loss of freight, 
and the increase of 2-8 million tons in voyages in 
ballast represents an increase in working expenses, 
both serious items to the shipowner. Moreover, the 
total weight of cargoes to and from the United Kingdom 
was about 14 million tons less in 1926 than in 1925. 
When the weight of exports is compared with the 
tonnage of shipping cleared with cargoes, allowance 
being made for the fact that coal is shipped in full 
cargoes, it is found that in the outward trade from 
the United Kingdom, the amount of general cargo 
carried by each 100 net tons of shipping was only 
38 tons in 1926, as compared with 42 tons in the previous 
year and 57 tons in 1913. It thus appears that shipping 
is now being used much less economically than was the 
case In pre-war days. 

The need for ballast voyages out, in order to bring 
home sufficient bunkers for the outward voyage, as 
already mentioned, shut out homeward cargo, and this 
circumstance, in conjunction with the delays at foreign 
coaling ports and the high price and poor quality of 
the fuel, greatly offset the advantages of the higher 
tramp freights obtained and was sufficient to involve 
the liners in heavy losses. Actually nearly nine million 
tons of bunker coal usually purchased at British ports 
by British and foreign vessels, was purchased abroad, 
about three-quarters of this amount being purchased 
by British vessels at an average price of 11. per ton 
higher than the figure paid before the strike. This, 
according to the report from which we are quoting, 
represents an increase of 100 to 150 per cent. in the 
cost of bunkers for British shipping. 

In addition to the special increases in the running 
costs of shipping contingent upon the strike, the report 
points out that the heavy increases in costs, as com- 
pared with pre-war times, have continued. In the case 








of one of the liner companies, the average cost of sup- 
plies, maintenance and repairs is 75 per cent. higher 
than the corresponding figure for 1913. Wages in the 
British mercantile marine are generally higher than 
on foreign ships, and the reductions in the trimming 
tariff, estimated to amount to about 13 per cent. 
in comparison with 1925, still leave this item about 
double that of pre-war days. In general, it is pointed 
out that the higher costs and greater delays in handling 
cargo in British ports, in comparison with Continental 
ports, constitute a severe handicap on British shipping. 

On the average, freights in 1926 were just over 11 
per cent. higher than in the previous year, but the 
current figure is only 20 per cent. above that for pre- 
war times, although normal costs, as indicated in the 
case previously mentioned, are 75 per cent. higher. 
Freights actually fell in the early part of 1926 to the 
lowest level reached since the depression set in, and 
remained at a lower level than in 1925 until the com- 
mencement of the strike. They regained the 1925 
level in June last, and then rose until December, when 
they fell abruptly. There is thus but little evidence 
of the boom in shipping to which reference has been 
made. 

As might be expected, in view of the circumstances 
outlined above, the Board of Trade estimates of the 
invisible exports, together with the expenditure of 
foreign ships in British ports, was lower for 1926 
than for the previous year, the figures being 
120,000,0001. and 124,000,0001., respectively. Whether 
the estimate is accurate or not, it must be remem- 
bered that the figure for invisible exports, which 
represents the gross earnings of British ships engaged 
in foreign trade, less their expenditure abroad, is no 
indication that the shipping industry has made a 
profit. The root cause of the depression in shipping, 
which having extended with but little variation from 
1920 is probably unparalleled for length and severity, 
was referred to in the presidential address to the 
Chamber delivered by the Hon. Alexander Shaw at the 
annual meeting on the 17th inst. The prosperity of the 
shipping industry is, of course, dependent upon that 
of British commerce and of world commerce as a whole, 
and if the production of materials and commodities 
for our ships to carry can be increased, both in this 
country and in Europe generally, the present depression 
in shipping will in due course doubtless be removed. 





THE OPTICAL SOCIETY. 


An ordinary meeting of the Optical Society was held 
at the Imperial College of Science and Technology on 
Thursday, February 10, 1927, when Mr. T. Smith, 
M.A., F.Inst.P., delivered his presidential address on 
‘Some Uncultivated Optical Fields.”” Mr. Smith first 
dealt with a graphical method by which the properties 
of an optical system over the whole image field might 
be explored rapidly, and with useful accuracy, by 
geometrical drawing if the loci of secondary foci were 
substituted for the primary foci usually considered. 
The surfaces of constant magnification for light meeting 
the refracting surface in the neighbourhood of a given 
point were then strictly spherical, and the ruler and 
compasses were adequate tools for the investigation of 
all the properties of the image. In applying the same 
construction to thin lenses and to lenses which could not 
be classed as thin, a slight modification of the method 
overcame the difficulties of investigation by drawing. 
Any single lens had many properties which might 
advantageously be related to a particular sphere 
which passed through the “centre” of the lens, the 
axial point through which rays suffering minimum 
deviation passed, and, with a positive lens, through the 
circle in which the two spherical surfaces of the lens 
met one another. This graphical method was recom- 
mended for the investigation of ‘‘ best form ”’ spectacle 
lenses, and was likely to be of value in the preliminary 
exploration required in the evolution of new forms of 
photographic lenses. 

The address then passed to the consideration of the 
characteristic function, a simple method of deriving the 
properties of one of Hamilton’s characteristic functions 
being given. It was shown by its aid that, even in the 
best corrected lenses, the form of the constant magni- 
fication surfaces was spherical instead of plane, though 
for a single magnification the curvature might be zero. 
The spherical field could, therefore, with advantage, 
be taken as the normal form to which deviations should 
be referred. The practical utilisation of Hamilton’s 
method depended on our ability to construct the 
function for optical systems having surfaces of any 
given shape. It was shown that this could always be 
done, and that the function satisfied an algebraic 
equation of finite order if the Cartesian equation to the 
surface was of finite order. The characteristic function 
assumed different forms depending on the number of 
surfaces in the corresponding optical system. It should, 
therefore, be possible when a new lens was to be 








designed to determine from the conditions it was neces- 
sary to satisfy how many surfaces were needed and to 
determine the part to be played by each. It was then 
a simple problem to determine the form to be given to 
each surface and the refractive index needed for each 
glass. The problem of finding the shape of the refracting 
surface from the characteristic function was essentially 
the same as that involved in finding the latter when the 
former was known. The optics of the future was 
likely to depend essentially on the use of the character- 
istic function. 

The question of the balancing of aberrations was 
then referred to, it being stated that the best balance 
between conflicting conditions might be secured over 
the whole field simultaneously by the use of the 
characteristic function and the theory of functions of 
minimum variation. When, as in the optical problem, 
several independent functions were involved, the basis 
on which the compensation was to be effected was 
described. The problem required much fuller investi- 
gation than it had yet received when the limiting 
values assumed by the different variables were not 
independent. 

As a special application of properties noted under 
the previous heads, Mr. Smith proceeded, it appeared 
that it should be possible to design optical systems by 
calculations on equivalent lenses which were “ thin” 
in the usual sense. For the actual construction, the 
equivalent “narrow”? or “slim” lenses would be 
employed, a ‘‘narrow” lens being a “thick” lens 
which was no thicker than it need be in order to attain 
the required aperture and possess the strength to 
withstand the treatment to which it was subjected in 
manufacture. The correlation of the properties of 
“thin”? and “narrow” lenses was likely to prove a 
fruitful field. 

At the annual general meeting, which followed the 
president’s address, the accounts, balance-sheet, and 
reports of the council, treasurer, and auditors for 
the session 1926-27 were presented and approved, and 
the officers, council, and auditors were thanked for 
their services. A vote of thanks was passed to the 
Governors of the Imperial College and to Professor 
Callendar for granting the use of rooms and other 
facilities for the meetings of the society. Dr. R. 8. 
Clay was elected president for 1927-28, and Messrs. 
F. F. S. Bryson, H. H. Emsley, J. Guild, and F. C. 
Watts vice-presidents; Major E. O. Henrici, was 
elected hon. treasurer, and Professor A. F.C. Pollard 
and Mr. W. B. Coutts, hon. secretaries. 





Arm Forces on Roratine CyLinpERS.—Reports ard 
Memoranda No. 1018 of the Aeronautical Research 
Committee describes experiments carried out by Mr. A. 
Thom in the 2-ft. wind tunnel in the James Watt 
Engineering Laboratories of the Glasgow University 
to ascertain the forces acting on a rotating cylinder in an 
air current. The lift and drag forces were measured for 
various cylinders and wind speeds, and the effects of 
rounding the ends and sanding the surface were ascer- 
tained. Estimates were also made of the torque required 
to rotate the cylinders in still air. The report is obtain- 
able from H.M. Stationery Office, price 6d. net. 





THe ActTIvaATION OF HyDROGEN IN THE ELECTRIC 
DiscHARGE.—The observation of Dr. Langmuir that 
atomic hydrogen, although very unstable, can be utilised 
for the construction of a blow pipe capable of fusing and * 
welding refractory metals and materials (see ENGINEERING, 
March 5, 1926, page 313), has drawn attention to the 
properties of atomic hydrogen. In a paper with the 
above title, read before the Faraday Society, on January 
26, Mr. G. A. Elliott, Ramsay Memorial Fellow, spoke 
cautiously of activated hydrogen, of which two varieties 
are known. ‘The one is the monatomic hydrogen men- 
tioned, the other the triatomic Hz which Sir J. J. Thomson 
discovered by his positive-ray analysis in 1912. Mr. Elliott 
has investigated the electrical conditions under which 
activated hydrogen is formed, so far as possible quanti- 
tatively. Langmuir, in the first instance, observed that 
hydrogen acquired a very high thermal conductivity, 
which he ascribed to its dissociation, when in contact at 
low pressure with the hot tungsten filament in a bulb. 
Wendt, having found that the active hydrogen was 
more stable in vessels of silver than in most other ma- 
terials, Mr. Elliott stretched a silver wire axially in a 
silver cylinder, through which hydrogen was passed, and 
heated the wire by currents (direct or alternating) of 
7,500 volts maximum. The yield of activated hydrogen 
was very small. He then tried a Siemens ozoniser. 
He obtained, in the best case, 2-52 milligrammes per litre 
of hydrogen, at a gas pressure of 1 cm., when the rate of 
hydrogen flow was 0-163 litre per hour, using 15 watts at 
9,700 volts and 400 cycles. Rapid flow of the hydrogen 
and frequencies above 240 did not appearto be advisable. 
In all cases the yields were still very low. The activated 
hydrogen could be filtered through glass wool and be 
liquefied, but retained then only a twentieth of its 
original activity after re-evaporation; most of the 
activity was lost in about }-second, which would accord 
with Bonhoeffer’s statement that the half-life period is 
4-sec. Whether the activated hydrogen is really mon- 
atomic cannot be regarded as settled. Mr. Elliott did 
not repeat Langmuir’s blow-pipe experiments, which 
require very powerful tungsten arcs. . 
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THE ALLIS TEXROPE DRIVE. 


MESSRS. FRANK WIGGLESWORTH AND CO., LIMITED, ENGINEERS, SHIPLEY. 











tion is shown in Fig. l, 
already referred to, because 
of the very even torque it 
affords. It is now used fora 
variety of other purposes for 
several additional reasons. 
As it does not require lubri- 
cation, it is a clean method 
of driving for such plants 
THE ALLIS TEXROPE DRIVE. - food ag - is not a A oe is 
. silent, and ma used in temperatures up to eg. 
Tue short drive has always been one of the most |p Jf js prea that it does a slip, ‘vill run pon 
troublesome of transmission problems, but its advan- | ¥.1| in either direction, and does not stretch once it 
tages are often so considerable that, with the advent | j, correctly fitted. The latter implies that it is ad- 
of the individual motor, a re-study of its limitations wieatiie Mage a indie of adjusting the centres 
has followed as a logical consequence. It would, for| between the pulleys to get the seek Widik eiaion, 
aac be difficult to imagine a countershaft drive | i¢ this can be arranged for. In Fig. 1 it will be 
rom the conveniently-placed motors to their spinning |noticed that the motors are fitted with adjusting 
frames, shown in Fig. 1, while the complication of such | ..rews at the base 
a drive in substitution of the direct example shown in | ‘ : > 
Fig. 2, would obviously be undesirable if avoidable. | 


These two figures are actually reproduced from photo- | 
graphs of Allis Texrope tl ich. as will seen | ROYAL METEOROLOGICAL SOCIETY. 
from them, require a pair of grooved pulleys and a| THE usual monthly meeting of the Royal Meteoro- 
number of ropes stretched fairly taut. This drive is | logical Society was held on Wednesday, the 16th inst., 
introduced by Messrs. Frank Wigglesworth and Co.,|in the Society’s Rooms, 49, Cromwell-road, South 
Limited, of Shipley, Yorks. | Kensington, Sir Gilbert Walker, C.S.I., F.RS., the 
The ropes used, as its name implies, is of the fabric | president, being in the chair. The following papers 
variety, and its cross-section has the form of a truncated | were read and discussed: :— 
triangle. The centre is of woven cotton rolled-up| ‘The Variability of Average Monthly Rainfall 
spirally into a rope and impregnated with rubber, the | throughout the Year,’ by J. Glasspoole, M.Sc., Ph.D.— 
external shape being obtained by moulding the thicker | This paper stated that the distribution of the average 
covering of rubber. The rope is always manufactured | annual rainfall throughout the year at stations in the 
in complete loops ; there are no joints of any kind, and | British Isles was not uniform, the winter months 
the material is not intended to be cut or spliced. | being wetter than those of the spring and early summer. 
This postulates, of course, standard lengths or special | The variability of the monthly averages for the thirty- 
manufacture. five years 1881 to 1915 had been calculated for some 
As will be gathered from our description of the shape | 550 stations in two ways. In the first case, the range 
of the section of the rope, and as is distinguishable in| had been used; that is, the difference between the 
Fig. 2, the grooves in the pulleys are V shaped. The/| largest and smallest monthly averages. It varied 
torque is transmitted by a wedging action of the Tex-|from 1 in. at stations along the east coast and in 
rope on the sides of the grooves, there being no contact | central England, to 9-8 in. at both Glenquoich, in 
on the bottom. The cross-sectional area of the rope| the western Highlands of Scotland, and Seathwaite, 
employed naturally varies with the power to be trans- | in the English Lake District. The distribution of the 
mitted. Thus, a single rope of the smallest size, | range was shown to bear considerable relation to that 
} in. by 4 in., is rated at 1-2 h.p. when running| of the average annual rainfall. The equation R = 
with a velocity of 1,000 ft. per minute, and 3-9 h.p.| — 0-14 + 19 M + 41 M? represented fairly closely the 
at 5,000 ft. per minute. The largest size, 14 in. by | variation of the range R with the mean rainfall per 
1 in., at the same speeds, is rated at 7-5 and 23-5 h.p., | day M in all parts of the British Isles. In the second 
respectively. The angle of contact should not be less | case, in order to overcome the difficulty of the unequal 
than 120 degrees, while there is also naturally a/lengths of the months, the monthly averages have 
minimum to the dimensions of the smaller pulley of | been expressed as ‘‘ mean rainfalls per day.” The 
a pair. With the smallest size of rope mentioned mean deviation of these amounts had been computed 
above, 4 in. is the least pulley diameter likely to|as a percentage departure from the mean for the 
prove satisfactory. This can be used fora 7 to 1 ratio; | 12 monthly values. The values varied from 11 per 
that is, with a large pulley 28 in. in diameter, the | cent. in central England to over 25 per cent. in 
centres being as close together as 25 in. The largest | Dartmoor, the Lake District, parts of Wales, and the 
size of rope is best run on a pulley of not less than | Western Highlands of Scotland. The distribution, in 
20in. in diameter. With a 6 to 1 ratio, this would mean | this case, presented features unlike that of the map 
a large pulley of 10 ft. in diameter, with a distance | of the average annual rainfall. The variability of the 
between the two of 10 ft. 1} in. from centre to centre. | averages for longer periods was shown to be slightly 
The Texrope was primarily developed for textile| smaller than that for the thirty-five years, minor 





Fic. 1. Group oF DRIvES ON SPINNING FRAMES. 

















Fic. 2. SHort DRIvE FOR BLOWER. 


drives, of which an applica- | irregularities in the distribution being smoothed out 


with a longer period. 

** Diffusion over Distances Ranging from 3 km. to 
86 km,” by Dr. L. F. Richardson, D.Sc., F.R.S., and 
Denis Proctor. (Memoir No. 1.)—This memoir 
described the way in which air was scattered and 
mixed by the eddies in the wind. In order that the 
wandering of a body of air might be observed, the air 
must have some mark carried with it. Small free 
balloons had served for this purpose as also had volcano 
ash. The statistics of the observed scatter might be 
of interest in connection with factory smoke and town 
planning. The rate of diffusion had been observed 
by various authors for air masses ranging in size from 
a few metres to 1,000 km., and comparison of their 
results showed that Fick’s law did not describe 
atmospheric diffusion. 











STANDARD SPECIFICATIONS FOR PAINTS, VARNISHES 
AND Paint INGREDIENTS.—As a result of requests 
by paint manufacturers, five new standard specifica- 
tions have been prepared by a committee representa- 
tive of both the buying and manufacturing interests, 
and have just been published by the British Engineer- 
ing Standards Association as follows :—No. 261 (1926), 
for ready-mixed linseed-oil paint (oil gloss), genuine 
white lead; No. 262 (1926) for ready-mixed linseed- 
oil paint (oil gloss) tinted paints (white-lead base) ;: 
No. 272 (1926), red oxides of iron (Class I, natural or 
mixed from oxides), for paints; No. 273 (1926) for 
zinc-oxide oil paste for paints; and No. 274 (1926) for 
extra-hard drying varnish. Each publication contains 
clauses regulating the composition of the various 
materials, and stating the essential properties in con- 
nection with drying time, coarse particles and skins, 
&c.; at the end are appendices giving the standard 
reception tests with details regarding the methods of 
carrying them out Copies can be obtained from the 
B.E.S.A. Publications Department, 28, Victoria-street, 
8.W.1, price 2s. 2d. each, post free. 





AERO-ENGINE CRANKSHAFT INVESTIGATIONS.—Owing 
to the complicated form and comparative lightness of 
aero-engine crankshafts, the usual methods of determining 
critical speeds and calculating stresses are difficult to 
apply, so that an experimental method of investigating 
the problems involved will doubtless be of interest. 
Such a method is suggested in Reports and Memoranda 
No. 1045 of the Aeronautical Research Committee, the 
author of the report being Mr. E. B. Moullin and its full 
title ‘‘ On the Equivalence between the Dynamic System 
of a Multi-Crank Flywheel System and a Certain Elec- 
trical Circuit, with some Suggestions for Measuring 
Critical Speeds and Shaft Stresses by Analogy.” Ii 
the equivalent inertia of the rotating masses and the 
equivalent stiffness of the portions of the shaft can be 
stated, the critical frequency can be calculated, but the 
calculation can be avoided by devising an electrical 
circuit equivalent to the dynamical system, and in the 
report referred to Mr. Moullin shows how this can be 
done. An extension of the method has been proposed 
to include the case of variable inertia, and also the case of 
@ couple acting on each crank. Suggestions for suitable 
values of the moments of inertia of the system are also 
given in the report, which is obtainable from H.M. 
Stationery Office at the price of 9d. net. 
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THE CENTENARY OF LAPLACE. 

By Ener. CAPTAIN Epa@ar C. Smita, O.B.E., R.N. 

In the famous Pére La Chaise Cemetery in Paris, 
where so many great men lie, close to the tomb of 
Moliére is the spot where just a hundred years ago 
Laplace was buried. Not far away are the graves of 
Delambre, Charles, Monge, Gay Lussac, and Arago, 
worthy representatives of the golden age of science 
in France. For sixty-one years Laplace lay here, 
but in September, 1888, his remains were exhumed 
and removed to Saint Julien de Mailloc in Calvados, 
near his native place. The tomb in the Pére La Chaise 
was a white marble obelisk surmounted by an 
urn ornamented with a star, while inscriptions 
recalled to the passer-by his immortal works, 
Mécanique Céleste, Systeme du Monde, and Proba- 
pilités. ‘L’astronomie,’’ wrote Laplace “ par la 
dignité de son objet et par la perfection de ses 
théories, est le plus beau monument de l’esprit 
humain, le titre le plus noble de son intelligence.” 
‘ Laplace applied himself to many studies, but it was 
his work on astronomy, especially his application of 
mathematical analysis to the motions of the planets. 
for which he is chiefly remembered and which led 
him to be called ‘* the Newton of France.” 

Pierre Simon Laplace was born March 20, 1749, 
at Beaumont-en-Auge, Calvados. Of his great 
contemporaries, Delambre was also born in 1749, 
Berthollet in 1748, Monge in 1746, Lavoisier and 
Condorcet in 1748, Coulomb and Lagrange in 1736. 
The three score years and more of Laplace’s life 
covered the momentous times of the Revolution, 
the Consulate, the Empire and the Restoration. 
A son of the soil he came into the world when the 
farmers and peasantry of France were in that con- 
dition of wretchedness so vividly recorded for us by 
the traveller Arthur Young. Fettered by effete 
laws, taxed to the uttermost, they were almost 
without hope. In spite of the poverty of his father, 
Laplace gained an education at the College at 
Caen and the School at Beaumont and for a time 
taught mathematics in the latter. Who his bene- 
factors were we are not told. The countryside 
though, could hold out no promise of promotion for 
such as he, and so armed with letters to D’ Alembert 
he made his way to Paris. Introductions proving of 
little avail, he then addressed a letter to the great 
man enclosing some of his mathematical work. This 
proved the key to D’Alembert’s sympathies. Send- 
ing for Laplace he said ‘‘ Monsieur vous voyez 
que je fais assez peu des recommandations: vous 
n’en aviez pas besoin. Vous vous étes fait connaitre ; 
cela me suffit ; mon appui vous est di.” 

At first D’Alembert appears to have written to 
Frederick the Great about Laplace as he had done 
for Lagrange, but nothing came of it, and he then 
found him a place as instructor in the military 
school in Paris, Laplace was then barely 20 years of 
age, but provided thus with a sufficiency for his 
small needs he gave himself up to study, and entered 
upon that astonishing career which was soon to 
place him side by side with Lagrange, as one of the 
sreatest mathematicians in Europe. He was made 
an “adjoint” of the Paris Academy of Sciences in 
1775, and in 1785, the year Lavoisier was president. 
he was promoted to a “ pensionnaire.” The year 
previous he had succeeded Bezout as examiner to 
the Royal Artillery. 

The great task bequeathed to the eighteenth 
century by Newton was the extension of the theory 
of gravitation to the whole solar system. To this, 
Clairaut, Halley, Euler and others had made impor- 
tant contributions, but it was left for Laplace and 
Lagrange to complete the task. Some of the most 
notable of Laplace’s memoirs may be briefly referred 
to. Ina memoir of 1773, he announced his celebrated 
conclusion of the invariability of planetary mean 
motion, the first and most important step in the 
establishment of the stability of the solar system. 
Many papers of his were on the differential and 
integral calculus, on series and on probabilities. Most 
important of all were the memoirs written between 
1784 and 1789. In 1784 he completely determined 
the attraction of a spheroid on a particle outside it. 
This was followed by a group of studies on the 
secular inequalities of the planets and on the satel- 
lites of Jupiter. These subjects also occupied 
the attention of Lagrange, and the simultaneous 





enquiries of these mathematicians resulted in the 
enumeration of laws which regulate the eccentricities 
and inclination of the planetary orbits, and ensure the 
invariability of the mean distance of the planets. 
On November 19, 1787, Laplace explained to the 
Academy of Sciences the causes of the moon’s accele- 
rated motion, and thus solved a problem which had 
baffled Halley, Euler and Lagrange. This work 
virtually brought to a close the first task Laplace 
had set himself. Interspersed with these labours 
Laplace had made experiments with Lavoisier on 
specific heats and the heat of combustion and 
respiration. He had made contribution to the theory 
of sound ; he had been the first to calculate the orbit 
of Herschel’s newly discovered planet, Uranus, and 
he had discussed such questions as the birthrate 
and death rate and the population of France. 

It is generally considered that, with the year 
1789, the first part of the the work of Laplace came 
to an end. It is, perhaps, fortunate he was able 
to proceed so far before the Revolution broke out. 
During the five years which elapsed between the 
taking of the Bastille and the fall of Robespierre, 
the future of science in France was often clouded 
and obscure. Professors lost their positions, acade- 
micians their pensions, industrialists their factories ; 
not a few men of science left the country, while others 
perished on the scaffold. Laplace was no less an 
ardent republican than Monge, but appears to have 
had little capacity for public affairs. He never 
seems to have been in any great danger, even when 
matters were at their worst. It should be remem- 
bered that destructive of talent as it undoubtedly 
was, the Revolution was largely due to the teachings 
of academicians, and throughout the blackest days 
the cause of reform was never entirely lost sight of. 
Many men of science came to hold high offices, and 
when the storm had passed the scientific institutions 
awoke to new life and vigour, attaining to a pre- 
eminence such as the world had never seen before. 

The Revolution has been studied in all its aspects 
and from many view points. Its interest remains 
unique. At first the Revolutionary assemblies were 
of necessity mainly concerned with affairs of State 
and Church, finance and law. But one of the urgent 
needs of France was a common system of weights and 
measures. On May 8, 1790, therefore, we find the 
Constituent Assembly charging the Academy of 
Sciences with the organisation of such a system. 
To the Committee chosen by the Academy, Laplace 
and Lagrange were both appointed, while among 
their colleagues were Delambre, Berthollet, Prony, 
Méchain and Borda. Three natural standards 
were discussed, the length of the pendulum, a 
quadrant of the equator and a quadrant of the 
meridian. The choice fell on the last. Geodetical 
operations had just been carried out for connecting 
the Paris and Greenwich observatories, and now 
Delambre and Méchain were ordered to measure an 
are of meridian from Dunkirk to Barcelona, a task 
rendered more than ordinarily difficult owing to 
the unsettled condition of the country. Prony’s 
share was the calculation of new sets of logarithmic 
tables which he accomplished with the aid of a staff 
of computers, many of whom were hairdressers, 
unemployed on account of the change in fashion. 

Though Lavoisier was not an original member of 
the Committee, he furthered its interest to the 
utmost, and, with the assistance of Haiiy, he deter- 
mined the weight of a cubic decimeter of water. 
In 1793, the Committee fell under the displeasure of 
Robespierre, and several members including Laplace, 
were deposed as being found deficient “in republican 
virtue and the hatred of kings.” The result of the 
work of Delambre was the introduction of the 
metre, mmmoth part of the distance from pole 
to equator, as the standard of length. From this the 
other units were derived, and the kilogramme was 
declared to be equal to 18,841 grains of the old 
French pound, a figure afterwards adjusted to 
18,827 grains. The entire work of the Committee 
was not completed till 1799, and the metric system 
on November 2, 1801, became the only legal 
standard. 

This was entirely a piece of scientific work, but as 
the days of the revolutionary period passed, men of 
science were drawn into various branches of the 
administration. In 1791, Lavoisier was appointed a 


commissioner of the National Treasury. Bailly, 
the astronomer, was made Mayor of Paris, Lagrange, 
Berthollet and Monge, managers of the Mint. Guyton 
de Morveau and Fourcroy, two of the reformers of 
chemistry, Lacépéde the naturalist, Arbogast the 
mathematician, and Carnot, all held office under the 
Convention, while Chaptal and Berthollet, at a 
critical time, were responsible for munitions of war. 
At the trial of the King in January, 1793, Carnot, 
Monge, Fourcroy and de Morveau were all found 
voting for his execution. Things were then fast 
hastening to a climax, and in March of that year the 
Revolutional Tribunal and the Committee of Public 
Safety came into being. The extremists held the 
upper hand. Though earlier in the year resolutions 
had been passed to further plans for national edu- 
cation, yet on August 8, 1793, the academies were all 
suppressed, and many men of science were regarded 
with suspicion. 

The first eminent man of science to fall was the 
unfortunate Bailly. An enthusiastic philanthropist 
who had adopted the public cause with ardour, 
and once the hero of the Parisians, he had as Mayor 
of Paris been partly responsible for the affair on the 
Champ de Mars, July 17, 1791, and his action was not 
likely to be forgotten. On his resignation he had 
retired to Nantes, and it was against the advice of 
Laplace that he visited Melun. Recognised, he was 
arrested, sent to Paris, and four days after the 
death of Madame Roland, on November 12, 1793, 
the guillotine was set up on a dung heap on the 
Champ de Mars and he there calmly met his fate. 
The Baron de Dietrich, well-known as a mineralogist, 
and Marivetz, the physicist, soon after were also 
executed. The tide of executions was rapidly 
rising. From thirty a week, it was to rise to nearly 
two hundred a week. Prisoners were condemned in 
‘“‘batches.”” On April 20, 1794, such a batch was 
tried. The carpenter Trenchard, writing to his wife, 
said: “‘ If your are not alone and the journeyman is 
working, you can, my dear wife, come to the court 
to see twenty-four gentlemen, all of them former 
presidents or counsellors of the parliaments of 
Paris and Toulouse, passed in judgment.” Among 
these was Bochard de Saron, ex-president of the 
parliament of Paris, an able astronomer, who had 
befriended Laplace and had paid for the printing of 
200 copies of Laplace’s ‘‘ Théorie du Mouvement 
et de la Figure elliptique des Planétes.”” He had 
been the first to suggest that Herschel’s newly- 
formed body was a planet and not a comet. 

But the guillotine had yet to claim one of its 
most distinguished victims. For 22 years up till 
1791, Lavoisier had been a ‘*‘ fermier général.”” In 
the latter part of 1793, the arrest of all such was 
decreed. No fewer than twenty-eight of them were 
tried and condemned together. It was on this 
occasion, on May 6, 1794, that Couffinhal immor- 
talized himself by exclaiming to Lavoisier, ‘The 
Republic requires neither savants nor chemists; the 
course of justice cannot be suspended.” 

Removed to the Conciergerie, Lavoisier there 
wrote to a cousin his last letter :—‘‘ J’ai obtenu 
une carriére passablement longue, surtout fort 
heureuse, et je crois que ma mémoire sera accom- 
pagnée de quelques regrets, peut-étre de quelque 
gloire. Qu’aurais-je pu désirer de plus?” His 
death led Lagrange to exclaim, “ I] ne leur a fallu 
qu'un moment, pour faire tomber cette téte, et 
cent ans peut-éire ne suffiront par pour en reproduire 
une semblable.”” The statue to Lavoisier behind 
the Madeleine, erected by international subscription 
in 1900 has a bas relief, the pedestal showing him at 
the Academy surrounded by Laplace and his other 





great contemporaries. 

With the fall of Robespierre and the end of the 
Reign of Terror, the power passed into the hands of 
more moderate men, and the latter part of 1794 
and the year 1795 saw the initiation of many 
notable projects. Of interest here is the story of the 
great scientific institutions. The Ecole Poly- 
technique, the Ecole Normale, the Conservatoire 
des Arts et Métiers, the Bureau des Longitudes, the 
Musée d'Histoire Naturelle, and the National 
Institute, all date from this time. With some of 
them Laplace was closely associated. He lectured 
at the Ecole Normale, contributed papers to the 
Journal of the Ecole Polytechnique, became 
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President of the Bureau des Longitudes, and was one 
of the first members of the institute. Though at 
this time England and France were estranged, and 
there was little intercourse between the scientific 
men of the two countries, the greatness of France 
in scientific matters has often been recognised. 
During the centenary of the National Institute, 
Kelvin said of her, “‘ She has been truly the alma 
mater of my scientific youth, and has inspired my 
admiration for the beauty of science, which during 
my whole life has kept me chained in her service. 
It was Laplace who initiated me into celestial 
mechanics, and a few years later the venerable 
Biot led me by the hand and introduced me to 
Regnault’s laboratory.” 

But few scientific works had appeared during 
the Revolution, and one of the evidences of the 
renewed activity was the publication of many 
memoirs and books. Among these were the most 
famous of the works of Laplace. In 1796 he 
published his ‘‘Systéme du Monde” and in 1799 
his ‘‘ Mécanique Céleste.”” These works had for 
their object the exposition of all the discoveries 
that had been effected in physical astronomy. 
The first was written for the ordinary well-informed 
general reader, the second for the accomplished 
mathematician. The ‘‘ Mécanique Céleste’’ finally 
consisted of five volumes, two published in 1799, 
and the other three in 1803, 1805 and 1825, respec- 
tively. It was translated into English by the 
American mathematician, Nathaniel Bowditch, and 
a popular account of its contents was given to 
the world in 1831 by Mrs. Somerville in her “ Celes- 
tial Mechanics of the Heavens.” The third great 
work of Laplace, his ‘‘ Théorie Analytique des 
Probabilités,”” appeared in 1812. 

Raised by his labours to a pre-eminent position 
among his fellows, Laplace yet strove to shine as an 
administrator and was covetous of social rank. 
Upon the overthrow of the Republic in 1799, 
Napoleon made him Minister of the Interior. Six 
weeks later he was superseded, Napoleon justifying 
his action in the oft-quoted minute: ‘‘ Géométre 
de premier rang, Laplace ne tarda pas 4 se montrer 
administrateur plus que médiocre ; dés son premier 
travail nous reconnimes que nous nous étions 
trompé. Laplace ne saisissait aucune question 
sous son véritable point de vue: il cherchait des 
subtilités partout, n’avait que des idées probleé- 
matiques et portait enfin l’esprit des infiniment 
petits, jusque dans Iladministration.” Laplace, 
however, was given a seat in the Senate, and in 1803 
became its Vice-President, and then its Chancellor. 
Further honours fell to him ; in 1806 he was made 
a Count of the Empire and after the Restoration 
he was created a marquis. 

The character of Laplace cannot be drawn from 
his works, but is seen in his daily actions. With 
great gifts of memory, imagination, and analytical 
power he was yet sadly deficient in some of the 
characteristics which should be associated with great- 
ness. Willing to seek and accept assistance from 
others, he yet forgot his early benefactors. His 
writings contain few tributes to his contemporaries, 
whose work they incorporated. Though there is 
no cause to doubt the genuinenesss of his attach- 
ment to the popular cause, yet afterwards he 
veered with every wind that blew. The very dedi- 
cations of his books were altered to meet the chang- 
ing circumstances. His own countrymen have been 
his sternest critics. In later life, it is said, he became 
more generous, and it is certain that some of the 
rising generation owed him many debts. 

The last twenty years he spent mainly at his 
country house at Arcueil, where Berthollet was his 
neighbour. From their association sprang the 
Societé d’Arcueil. In the memoirs of Sir David 
Brewster, and Mrs. Somerville, we catch glimpses 
of him in his beautiful home. Brewster visited him 
in 1814, and Mrs. Somerville about ten years later. 
Brewster described Laplace as ‘‘a man below the 
middle size, of a fair complexion, and thin make. 
He is distant in his manner, speaks very little, and 
walks with the stiffness of a senator. When he 
walks in his grounds he carries a coarse stick about 
2 ft. higher than himself, and wears a grey cloth cap 
resembling a helmet. His hair was tied and 
powdered in the French style, but in other respects 
he was dressed like an English gentleman.” At 


Arcueil, at these times, visitors would meet Arago, 
Biot, Bouvard, and Poisson; and Mrs. Somerville 
tells us of a dinner party where the talk was loud 
and gay, while Laplace was kindness itself. In 
such surroundings Laplace continued to work 
and write to the end. His death took place on 
March 5, 1827, when he was nearly 78. Towards 
the last he became delirious, and he was heard to 
speak of the movement of the stars and of experi- 
ments he intended to communicate to the Academy, 
and it was in response to a remark on his scientific 
work that the bystanders thought they caught his 
last words, ‘‘Ce que nous connaissons est peu de 
chose, ce que nous ignorons est immense.” 








THE FLOOD PROTECTION WORKS OF 

THE MIAMI VALLEY, OHIO, U.S.A. 

By E. W. Lanz, M.Am.Soc.C.E. 
(Continued from page 219.) 

Type and Size of Outlets—The type of outlet 
exercises an important effect on the action of the 
basin system. The outlet which gives the most 
nearly uniform rate of outflow during the flood is 
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the most efficient. Practically uniform outflow 
could be secured by gates, but these are undesirable. 
The conduit or tunnel outlet is next in order of 
efficiency, being about one-sixth less efficient than 
the gate regulation. This type is the most common, 
and was used throughout the Miamisystem. Except 
at very low stages in the basin, discharge in this 
case varies as the square root of the depth of 
storage in the basin. Other possible forms are 
rectangular, trapezoidal and triangular notches, 
spillways and siphons. 

In general, the greatest economy is secured by 
building the basin so that the greatest flood to be 
expected will fill it just to the spillway level. To 
place the spillway higher results in greater capacity, 
and usually greater cost, than is necessary. If 
the system is to be safe, the channels below the 
dam must be able to take care of the maximum 
discharge expected from the dam, plus the run-off 
from the unreservoired area. Since the conduits 
are more efficient than the spillways, for the same 





height of dam a smaller maximum outflow may 





be secured for the maximum storm expected, by 
making the conduits the size which will bring the 
water level for such a storm just to the spillway, 
than if a smaller conduit and lower spillway were 
used, allowing the water to rise above and flow 
over the spillway. 

When the principal factors before mentioned have 
been determined, the height of the dam and size of 
the outlets are fixed. From the studies. for the 
Miami project, both by mathematical analysis and 
by trial and error processes, it was established that 
for the conduit type of outlet and basins having a 
capacity varying approximately as the (depth)!, 
and the shapes of inflow curves applicable to the 
Miami River conditions, the average rate of outflow 
from the conduits was five-sixths of the maximum 
rate. This ratio was very useful in the preliminary 
design of the system. To determine the height to 
which a given flood would fill a basin and produce a 
given maximum discharge, the total inflow of the 
flood was determined, neglecting the portion of the 
long tailing off at the end which has a discharge 
less than the maximum outflow rate. The average 
outflow was five-sixths of the maximum rate and 
this average rate multiplied by the duration of the 
flood, curtailed as above noted, gave the total out- 
flow. The difference of the total inflow and total 
outflow was the storage in the basin, and from a 
curve or table showing the storage capacity and 
water surface elevation in the basin, the maximum 
height of the water surface was determined. With 
this height and the maximum discharge known, the 
size of the opening required was readily computed. 

In computing the flow through the conduits, the 
value of x in the Kutter formula was taken as 0-013. 
This was believed to be somewhat large for new con- 
duits, which fact has been confirmed by actual 
measurements during flood, but the roughness is ex- 
pected to increase with age. At the dams having 
long conduits, the discharge is small, and therefore a 
small error in estimating the roughness will not be 
important. The entrance to the conduits were 
rounded or formed with gradually converging walls, 
so that it was not necessary to make allowance for 
the contraction of the stream at its entrance to the 
conduit. For the form of conduit and hydraulic 
jump used, the effective head in the conduit is 
not measured from the centre of the conduit 
opening to the water surface in the basin, but 
from a point near the top of the conduit exit. 
This is due to the fact that the back pressure at 
the lower end of the conduit varies from nearly 
zero at the top of the conduit to an amount 
equal to the height of the conduit at the floor. 
A full discussion of this condition and its relation 
to the hydraulics of the flow of water from the 
end of a flume with free drop is given in one of 
the reports* issued by the District. 

Although the five-sixths ratio of the average to 
maximum rate of conduit discharge was used in 
preliminary designs of the basins, the final results 
were determined by a number of different step 
methods. One of these was an ingenious, direct, 
partly graphical method which was much shorter than 
the trial and error methods. These methods were 
also used in determining the heights and duration of 
flooding which would have resulted from past floods 
if the basins had been built. Fig. 7 shows the 
inflow and outflow rates for a flood like that of 
March, 1913, at the Germantown basin. It will 
be seen that the maximum discharge rate would be 
reduced about 85 per cent. and that the basin would 
be empty again in about 10 days. The peak dis- 
charges which would result at Dayton with the basins 
as built, for various intensities and durations of run- 
off, are shown on Fig. 8. 

Effectiveness of Retarding Basins.—In general, 
retarding basins are most effective on flashy streams. 
For streams on which the flood flows last over long 
periods, the storage capacity required to effect a 
material reduction in discharge rate at the points 
where protection is desired is so great that the cost 
is usually prohibitive. Retarding basin protection 
is also more effective when the basins can be placed 
near to the localities to be protected. Since the 





*“* Hydraulics of the Miami Flood Control Project.” 
S. M. Woodward ; Miami Conservancy District Technical 
Report, Part VI, p. 35. 
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unit rate of run-off from the small areas is greater 
than from large ones, the run-off from the unreser- 
voired part is a greater proportion of the total flow 
than its area is of the total drainage area, and the 
effectiveness of a retarding basin system is thus 
rapidly reduced as the proportion of the uncontrolled 
area above the points to be protected is increased. 
A wide distribution of the basins, so that their peaks 





the very high runoff of the 1913 flood, from reaching 
nearer than 5 ft. to the top of the dam. 

In the final computations for spillway design, 
the same step methods were used as for the conduit 
design, but for the preliminary design an approxi- 
mate method was developed. There are six factors 
in the design of the spillway for a retarding basin : 
1. The net average rate of inflow for the time the 


Fig.9. CURVES FOR DETERMINATION 
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come at different times, may cause them to come 
: such a way as to actually increase the flood 
ow. 

Design of Spillways.—The storage capacity above 
the spillway level of the retarding basins of the 
Miami system exercised a great influence on the 
length of the spillway required. The tops of the 
dams were placed from 15 to 19 ft. above the spillway 
crests, and the storage between the spillway eleva- 
tion and 5 ft. below the top of the dam was so 
great that only short spillways were necessary to 
Prevent an inflow of 14 in. in three days, or twice 








If the net inflow rate or maximum depth are unknown 
they can be found by a few trial computations. 
These curves are based on the assumption that the 
net inflow rate is uniform, that the water surface 
area does not change while filling from spillway 
elevation to maximum stage, and that the discharge 
of the spillway varies as the (head)?. The conditions 
for the retarding basins of the Miami system were 







































































































basin is filled above spillway level, or the average 
inflow rate minus the average conduit discharge 
rate; 2. The length of the period of filling above the 
spillway ; 3. The maximum depth of filling above 
the spillway ; 4. The storage capacity between the 
spillway level and the level of the highest water 
surface reached; 5. The length of the spillway ; 
and 6. The coefficient of discharge of the spillway. 

If the length of the period, storage above the 
spillway, length or coefficient of the spillway are 
unknown, they may be found directly if the other 
five factors are known, from the curves of Fig. 9. 








fairly close to these assumptions so that the results 
of the approximate method were very satisfactory. 

On the curves of Fig. 9 the total net inflow is 
the product of the net average inflow rate and the 
time of filling above the spillway ; the storage above 
the spillway is the storage between the spillway level 
and the maximum stage reached in the basin ; the 
average outflow is the difference between the 
total net inflow and the storage above spillways 
divided by the time of filling above the spillway ; 
and the maximum outflow is the maximum rate 
of outflow over the spillway. To solve for the 
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unknown value, all the quantities should be reduced 
to the same time and space units and the value 
determined of either M or N. From the value of 
the other of these two quantities, whose co-ordinate 
is the same value of R, the value of the unknown 
can be determined. If neither M and N can be 
computed from the known data, trial values must 
be used of the unknown, and the one giving values of 
M and N which have as co-ordinates on the curves 
the same value of R should be selected. 

The final selection of size of spillway was modified 


° 
Upstream = 
a 





balanced the increased cost of dam and land damages 
in the basin. At the Taylorsville and Huffman 
basins the length of the spillway was greater than 
necessary in order to secure sufficient room for the 
conduits beneath. 

One of the most difficult problems of the design 
of the retarding basin system was to secure the 
most economical balance between channel improve- 
ments and retarding basins. By making the basins 
larger they could have smaller discharges, and there- 
fore less expense would be required for the improve- 
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Fig.16. ENGLEWOOD 
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method was finally evolved by which it was possible 
to solve this complicated problem directly. The 
complete solution is given in the report on the hydrau- 
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Fig.19. SECTION ON CENTRE LINE OF DAM 
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by different conditions at the various dams. 
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the Englewood basin it was found that by building | would be more expensive. 
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The larger basins, however, 
The optimum condition 
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the dam higher and the spillway with a higher crest | is reached when the sum of the basin cost and the 
elevation than was necessary to secure a capacity of |channel improvement cost is a minimum. The 
10 in. of run-off in three days, the cost of the spillway | most economical combination was obtained to a 
required was so reduced that the saving more than | large extent by a cut and try method, but a graphical 
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Outlet Conduits 


lies of the flood prevention system published by 
the Miami Conservancy District and can be indicated 
only in the scope of this article. 

The system was balanced on the basis of the 
standard storm for which it was designed, namely 
9} in. to 10 in. run off in three days. The first step 
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was to construct curves, such as that for Lockington | 
viven in Fig. 10, for each basin, showing the relation | 


one between cost of the basin and reduction in 
peak flow caused by the basin. For example, with 


between the cost of the basin for various capacities | no basin the maximum flow is 36,000 second feet. 
and the maximum outflow from the basin, with con- | With a basin cost of 100,000 dols. a maximum 


duits designed just to fill the basin in a standard | 
storm. Curves were also constructed showing the 


outflow of 25,000 would result, or a cost of 
100,000 dols. is necessary to secure a reduction of 
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cost of improving the channel at the various cities 
for flood flows of various magnitudes. The curve 
FGH (Fig. 11) is a combination of such curves for 
the improvements at Dayton and the cities below. 
Although the co-ordinates in Fig. 10 represent the 
maximum discharge from the basin, if the origin 
of co-ordinates is placed at 36,000 second-feet dis- 
charge, the point where the basin cost is zero 
(t.e.. where there is no basin), and the values are 
measured to the left of this point, the curve becomes 


---- 540° 0'-— 
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36,000 — 25,000 = 11,000 second feet. When the 
basins are above a city, as at Dayton, the most 
economical combination can be found by placing 
the cost discharge curve of one of the basins with 
its zero cost value at the ordinate representing the 
discharge through Dayton, and by moving the 
zero cost point of the cost-discharge curve of another 
of the basins along it, with the respective axes of 
the two curves parallel, noting the lowest limit of 
the envelope formed by the second curve in its 


successive positions. The same procedure is then 
followed with the third curve, making its zero 
cost point follow the first curve where it represents 
lowest costs, and the envelope of the second curve 
where the lower limit of the envelope was below 
the first curve, and noting the lowest position of 
| the envelope formed by the third curve. The line 
which at each discharge passes through the lowest 
points reached by the first cost-discharge curve, 
or the envelopes formed by moving either of the 
other two curves, gives the cost of the most 
economical combination of basins which will reduce 
the discharge at Dayton to the values indicated 
by the discharge co-ordinates. In Fig. 11 ABCDE 
is such a curve. In this case curve AB represents 
}a combination of the Taylorsville basin with the 
| cities and basins above. The curve from B to C 
is the envelope formed by moving the Englewood 
cost-discharge curve along the curve AB, and the 
|curve DE is the envelope formed by moving the 
| Huffman basin curve along the curve BC. 

| The cost of the entire system is the sum of the 
|costs of the basins and channel improvements. 
| By adding, for each discharge capacity of channels, 
| their cost to the cost of the cheapest combination 
| of basins which would reduce the discharge to that 
| flow, and selecting the combination for which the 
/sum of the two costs is least, one can arrive at the 
cheapest system. Fig. 11 illustrates this method 
for the system for Dayton, the three towns below 
and the improvements above. Curve FGH is 
the cost of the channel improvements at Dayton 
and the three towns below. Curve ABCDE is 
the most economical combination of improvements 
above Dayton, and IJK is the sum of the 
ordinates of these two curves, representing the 
total cost of the improvements, with a minimum 
cost of the entire system of 16,500,000 dols. at 
110,000 second-feet discharge. By determining 
just what positions of the basin curves gave 
rise to the point on the curve DE at 110,000 second 
feet, it is possible to tell what maximum 
discharges should come from each of the three 
units, and therefore the sizes of them. To balance 
the entire system it is necessary to begin at the 
most upstream improvement and work through to 
the downstream end to get the minimum cost for 
the total, and then retrace the steps to determine 
the dimensions of the various parts on which this 
minimum condition depends. 

Principal Features of the Plan Selected.—The 
plan selected as being the most economical for the 
protection of the whole valley was a combination 
of five large retarding basins with channel improve- 
ments through the cities. This was the first large 
retarding basin project to be undertaken in 
America for the protection of cities. Two small 
projects had previously been built, but the propa- 
ganda for reservoir control of the Mississippi, where 
it is not economically practical, had been so 
strenuously opposed by engineers that it was 
generally believed that reservoirs or retarding 
basins systems were not feasible. How com- 
pletely this viewpoint has been reversed as a 
result of the success of the Miami system is 
shown by the large number of other retarding 
basin projects recently constructed or proposed in 
America. 

Fig. 12 shows the locations of the various 
retarding basins and channel improvements. The 
furthest upstream of the improvements is the 
Lockington retarding basin, which is on Loramie 
Creek, a branch of the Miami River. Holding 
back the flow of this creek reduces the peak flow 
at Piqua and Troy, and to a smaller extent in 
all the valley below. The reduction of the flow 
was not great enough, however, to eliminate the 
necessity of extensive channel enlargement and 
levee construction at Piqua and Troy. Below Troy 
and a short distance above Dayton, on the Miami 
River, is the Taylorsville basin, and on the Still- 
water and Mad Rivers which join the Miami at 
Dayton are located the Englewood and Huffman 
basins respectively. Extensive railway realignment 
was necessary at the Taylorsville and Huffman 
basins, and a levee was provided to protect the 
town of Tippecanoe from the backwater of the 
Taylorsville dam. It was necessary to purchase 
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the entire town of Osborn in the Huffman basin 
as it was too low to protect. 

Dayton required one of the most important 
channel improvements, which extended to a 
considerable distance up the Mad River and Wolf 
Creek, a tributary entering from the west, as well 
as the entire length of the Miami River through 
the city. Channel improvements were also con- 
structed at West Carrollton, Miamisburg and 
Franklin. Twin Creek enters the Miami below 
Franklin, and to reduce its contribution to the 
flow of the Miami, and thus decrease the capacity 
required for channels at Middletown and Hamilton, 
the Germantown retarding basin was built. Channel 
improvements of considerable extent were necessary 
at Middletown, and especially at Hamilton. 

The retarding basins had a combined area of 
35,650 acres, and storage capacity of 841,000 
acre-feet. The capacities and other data pertaining 
to the dams and appurtenances are given in Table I. 
As has been previously stated, all the dams are of 
earth. A standard cross section was adopted as 
shown in Fig. 13. The dam section is practically 
symmetrical about the centre line. The slopes 
vary from 1} horizontal to 1 vertical at the top 
of the dam to 4 horizontal to 1 vertical below 
80 ft. from the crest. Ten-foot berms are placed 
at intervals of 20 ft. to 30 ft. to carry gutters 


TABLE I.—Data PertaInina 


prohibitive. At least two conduits were used at 
each dam in order that, if necessary, one might 
be closed off in low water periods to make repairs. 
They were built of mass concrete, not reinforced, as 
it was felt that knowledge of the life of reinforced 
concrete was not great enough to justify the adop- 
tion of such material. At frequent intervals along 
the outside of the conduits, collars were built to 
prevent seepage taking place along them. With this 
type of outlet the spillway was a separate structure, 
in one case being an ogee overfall near one end 
of the dam, with a channel from it leading back 
to the river below ; and at the other dam a channel 
through a saddle in the hill between the basin 
and a tributary entering the stream below the 
dam. 








The combined outlet and spillway structure was 
used at three dams. In general this is better for large 
discharges, since its cost is only slightly greater for 
large than for small capacities. Because of the 
great storage capacity of the basins between the 
spillway level and the tops of the dams, only 
short spillways were necessary and their length 
was usually dictated by the necessity of having 
sufficient outlet capacity through the base rather 
than by the requirements of spillway capacity, as 
previously explained. Below the outlets there are 
hydraulic jump pools for dissipating the energy of 


TO DAMS AND APPURTENANCES. 




















bees | Germantown} Englewood | Lockington | Taylorsville | Huffman 
sd am. Dam. Dam. Dam. Dam. 
Drainage area above dam, sq. miles .. as se 270 651 255 1,133 671 
Average elevation bed of river, ft. above sea level .. 723 768 876 759 777 
Average elevation valley floor, ft. above sea level 730 782 885 770 785 
Elevation of spillway crest, ft. above sea level 815 876 938 818 835 
Elevation of top of dam, ft. above sea level .. 830 892-5 954 837 850 
Maximum height of dam above valley floor, ft. 100 110°5 69 67 65 
Length of crest of dam, ft. rs <= a x 1,210 4,706 6,400 2,980 3,340 
Thickness of dam at average elevation of valley floor, ft. .. 655 739 409 397 385 
Number of conduits oie as ee nee iis 2 2 2 4 3 
Length of each outlet conduit, ft. Sh ay :3 546 709 46 40 40 
Vertical diameter of permanent outlet conduits, ft. 9-1 10°5 9°2 19-2 16-3 
Maximum width of outiet conduits, ft. ‘ in ate 13 13 9 15 15 
Combined sectional area of permanent outlet conduits, sq. ft. 182 217 158 1,118 705 
Elevation of conduit invert at entrance > es se 724 772 876 7 777 
Length of spillway crest, ft. .. af es 70* 100 73 132 100 
Volume of earth in dams, cub. yards .. + ae --| 865,000 3,500,000 1,135,000 1,235,000 1,655,000 
Volume of concrete in dams and appurtenances, cub. yards 16,300 36,800 38,000 48,000 0,000 
Storage capacity to spillway crest, acre ft. .. <5 --| 106,000 312,000 70,000 186,000 167,000 
Area in basin below elevation of spillway crest, acres se 3,520 7,930 4,020 11,000 9,180 
Outflow through conduits with water level at spillway crest, 
second feet os ae en ‘< ae ae as 10,000 12,000 8,800 53,600 35,000 
Velocity of outflow with water at spillway crest, ft. per sec. 55 55 56 48 50 








* The spillway at Germantown Dam is a concrete flume 70 ft. wide, built in a low saddle on the hills and has a 
capacity equivalent to a 50-ft. free fall spillway crest. 


to collect storm run-off and prevent washing down 
of the dam slopes, and a blanket of 10 horizontal 
to 1 vertical is built in the old river bed. The 
width at the top is 30 ft., to permit of its use as 
a highway. The height of the dam above the 
crest of the spillway is from 15 ft. to 19 ft. A | 


cut-off trench was excavated along the centre line | 


of the dam and was refilled by impervious material 
during the construction. Where the dams cross 
the river channels sheet steel piling was usually 
driven, but the principal reliance to prevent seepage 
beneath the dam from attaining unsafe velocities 
was placed in the long earth blankets up and down 
stream from the dam, which made the distance of 
flow beneath the dam eight to nine times the 
maximum head. 

The outlets are entirely automatic in their 
action, being merely openings through the dam. 
Although control gates would have increased the 
efficiency somewhat, the danger of their not being 
in operating condition when the floods came, owing 
to the neglect during the long periods between 
floods, or that the operator might not be at hand 
at the critical time, as well as the uncertainties 
of designing gates to discharge such large quantities 
of water under high heads, made the automatic 
type preferable. Figs. 14 to 23 show the size and 
arrangement of the various features of the five 
dams. 

Two types of outlets were used—one consisting of 
long tunnels or conduits through the earth dam, 
Fig. 27, page 262, and the other of an ogee spillway 
section flanked by retaining walls, with the outlet 
openings through the base of the spillway, as in 


| 





| 


| 


the water flowing through the outlets. These are 
of the same general design for both types of outlet. 

The channel improvements at the nine cities and 
towns are too intricate to describe in this article. 
A great deal of the work consisted in taking care of 
the changes in existing facilities, which the enlarged 
channels made necessary, such as the sewers and 
water pipes. The most important improvements 
were at Dayton and Hamilton. At Dayton the 
work consisted largely of raising the existing levees, 
enlarging narrow portions of the river channel and 
paving slopes when necessary. The standard levee 
section adopted had an 8-ft. width and slopes 2 
horizontal to 1 vertical for the upper 10 ft., below 
which the slope was 2} horizontal to 1 vertical, and 
in a few cases where the levees were over 20 ft. high, 
3 horizontal to 1 vertical for the remainder of the 
height. The soil of the valley was admirably suited 
for levee construction and, as the water would 
not be against the levee more than a few days 
at a time, this section is conservative. The tops of 
the levees were placed 3 ft. above the maximum 
high water. 

For low velocities, the levees were protected 
by sodding. Where the mean velocity exceeded 
6 ft. per second at bends, the bank at the outside 
of the bend was protected by concrete paving, and 
where the velocity exceeded 10 ft. per second in 
either curved or straight channels, both sides were 
paved. This paving consisted of 6-in. slabs of 
concrete on the banks and a flexible paving of blocks 
24 in. by 12 in. by 5 in. on the bottom extending 
out into the river as shown in Fig. 24. The blocks 
are laid with broken joints and strung on }-in. double 


Fig. 28. The conduit type of outlet was used at | galvanized steel cables. How this revetment acts in 
the two dams where the height was great and the | case of undermining is shown in Fig. 25. 


cost of the heavy retaining walls would have been 


| 





The channel section is a modified trapezoid, as 


indicated in Fig. 26. From the foot of the levee the 
bottom slopes downward gradually to the deepest 
portion which is about 150 ft. wide and 8 ft. lower 
than the foot of the levees. In the straight channels, 
this portion is in the middle, but at the bends it 
swings toward the outer bank. As the grade of 
the river in the improved sections is somewhat below 
that above, it is necessary to prevent gravel from 
rolling down the bottom into the new channel. 
In two cases this is accomplished by means of a 
dam above the improved section which retards the 
velocity enough to cause the deposition of the gravel. 
In other cases a gravel excavating plant was installed 
at the upper end of the improved channel which 
keeps a large hole dug in the bottom in which the 
gravel from above lodges. The sale of the gravel 
excavated brings a profitable revenue to the Con- 
servancy District. 

The channel improvement at Hamilton is in 
most respects similar to that at Dayton. Here it 
was necessary to condemn a considerable amount of 
property in order to secure room for adequate channel 
capacity, the extent of which is indicated in Fig. 26. 
The spoil was used in reclaiming low-lying tracts of 
land adjacent to the river. 


(To be continued.) 





PHYSICAL STUDIES IN LAMP AND 
VALVE MANUFACTURE. 


THOUGH many are aware of the radical modifica- 
tions which the manufacture of electric lamps and 
valves has undergone in recent years, few probably 
realise to what extent the transition from hand 
manipulation to mass production by machines has 
been rendered possible by essentially physical inves- 
tigations. Mr. C. C. Paterson, director of the 
Research Laboratories of the General Electric 
Company Limited, at Wembley, explained to the 
Royal Society of Arts, on February 16, how some of 
the problems that the development has involved 
had been attacked. The impressive variety of the 
lamps and valves of the company, exhibited for the 
lecture, comprising a 10 kw. lamp of 25,000 candle- 
power, a 3 kw. lighthouse lamp and 1-5 kw. valves. 
well illustrated the striking progress made in a 
lifetime, as Sir Oliver Lodge, the chairman, 
remarked at the end of the lecture, and in industrial 
laboratories which made the universities feel envious. 

At the present time, Mr. Paterson stated, some 
600 million lamps were consumed a year, 30 
millions in this country. The 10,000 miles of glass 
tubing which his own company used for this 
purpose each year, were drawn day and night in a 
continuous length and were not manipulated by 
hand in blowing, evacuating or sealing. The 
filaments still required much hand work, but the 
operators who, ten years ago, passed three lamps 
through their final stages in an hour, could now 
finish 25 lamps. Thermionic valves were still 
required in too many different types to make mass 
production equally efficient. 

Coming to details, Mr. Paterson said that the 
gas-filled lamp bulbs were made of three or four 
glasses. The temperature coefficient of the glass , 
viscosity was one of the factors which might seriously 
interfere with automatic manufacture; a hand 
operator could easily control his flame, but a change 
in the speed of automatic machinery might produce 
chaos in a modern factory. Molybdenum, the metal 
preferred for supporting the hot filament, was 
treated like tungsten ; a thin support of iron would 
blacken the bulb, and a thick support would cool the 
filament too much. The lamps were filled with 
argon containing 10 per cent. to 15 per cent. of 
nitrogen but otherwise of high purity ; all traces 
of oxygen, hydrogen and water vapour had to be 
removed most carefully. In vacuum lamps, all gas 
was injurious. The ordinary air was easily evac- 
uated, but gas was adsorbed by the glass and metal 
and occluded in them. The occluded glass-zas. 
mostly water vapour and carbon dioxide, came oft 
so persistently and at an undiminished rate when 
the bulb was heated to 360 deg. C. for weeks, that 1t 
almost looked as if gas diffused through the 
softened glass into the bulb during the heating. : 
that problem remained unsolved. Most of the 
metal-gas, chiefly hydrogen and carbon monoxide. 





could be extracted by heating the part before 
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mounting it in the bulb, and the rest by subsequent 
heating to 800 deg. C. The air-film on the glass 
was more serious. A film one molecule in thickness, 
if liberated into a bulb with a perfect vacuum, 
would raise the gas pressure to 0-1 mm. and the 
surface then remained ready to trap gas molecules 
afterwards. 

That property was utilised for cleaning up residual 
gas by the aid of solids, such as phosphorus, 





the clean-up would be repeated ; the part played by 
the gas ionisation, however, was not well understood. 
In valves, wall transparency was not essential, and 
a pellet of magnesium was attached to the anode 
and vaporised by eddy-current heating or by 
bombardment ; the vapours chemically fixed any 
oxygen present and settled as a metal-mirror. 

These effects were demonstrated by Dr. C. J. 
Smithells and Mr. Lance. The vacuum lamps 















































Fre. 8. 


the vapours of which condensed and formed a 
fairly transparent coating on the glass. The 
lamp filament was coated with a little red phos- 
phorus and cryolite, the latter helping to suppress 
the black colour of any tungsten film on the 
glass. Under electronic bombardment, the red 
phosphorus, which had a low vapour pressure, 
changed into white phosphorus of high vapour 
pressure ; an electric discharge through the vapours 
of white phosphorus condensed the element again 
as red phosphrous. On first lighting the lamp 
the phosphorus evaporated, condensed on the 
cold glass and entrapped gas molecules; that 
was all over in a second. When, during the life 
of the lamp, ionisation increased, electronic bom- 
bardment would re-evaporate phosphorus, and 








Fia. 9. 


phosphorus, though now on the walls, to deal with 
gas and to restore the vacuum. Another demon- 
stration exemplified the neutralisation of the 
space charge of a bright-emitter valve by the 
residual gas. In the case of a dull-emitter valve 
the effect of the gas was to make it more difficult 
for the electrons to start on their way to the anode. 

Mr. Paterson proceeded to explain the dangers of 
traces of water-vapour, carbon monoxide and other 
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| gases in gas-filled lamps the coiled tungsten filaments 
|of which would be at temperatures of 2,500 to 
| 2,900 deg. K. The oxygen dissociated from the water 
| vapour, oxidised the metal at a very hot spot, and 
| the vaporised oxide settled on the cooler part close 
to it, where the oxide was reduced again to metal by 
the hydrogen; that spot of the coil was therefore 
thickened and cooled, whilst the thinned oxidised 


used were just as left after sealing off, with| portion became hotter. The restored water vapour 
a phosphorus coating on the filament, and had | was again dissociated, and the corrosion spread 
never been lighted. The gas in them would have | catalytically until the coil opened out, sagged and 


ruined a 230-volt lamp by flashing, and a 100-volt | broke. 
When the full current was | which he has studied ; Fig. 1 and 2 show a filament 


lamp by dull-burning. 


Dr. Smithells demonstrated these reactions 


turned on, the 230-volt lamp flashed, but when | before and after attack by water vapour. 


the current was limited by inserting resistance and 


In valves, which contained more metal than 


increasing the potential, there was no flash and a! lamps, the residual gas travelled from point to 


bluish glow was momentarily seen marking the 
end of the clean-up. The lamp was then run with 
full current, without flashing again, but when the 
gas condensed on the bulb by the clean-up was 
released by heating the bulb and the phosphorus 
now on it, the lamp failed under a second flash 
test. Prolonged burning of the filament with a 


point, especially when comparatively large amounts 
of energy, of the order of 1-5 kw., had to be 
dissipated. Evacuation with simultaneous heating 
of the bulb and electric excitation was risky and 
difficult to maintain, and for that reason trans- 
mitting valves were made of two parts welded 
together, glass or silica being used for the lead 





protective resistance would afterwards enable the 


and electrode holders to be insulated, and water- 
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cooled metal for the part where the greatest heat 
dissipation was required. One of these valves is 
illustrated in Figs. 3 and 4, the latter being an X-ray 
photograph of the cylindrical copper anode (shown 
as two black bands) with the grid coil (hardly 
visible in Fig. 4), the central supports and the 
leads inside. The metal-glass joints could now be 
made extraordinarily strong, even when of large 
dimensions, by using certain alloys and copper. 

As regards the filaments, Mr. Paterson continued, 
it had to be borne in mind that tungsten, drawn to 
wire 0-02 mm. in diameter and coiled to a close 
spiral of only three times that diameter internally, 
was operated at nearly 2,900 deg. K., which would be 
equivalent to working steel at 1,200 deg. C., a tem- 
perature not much below its melting point of 1,500 
deg. C. Tungsten wire was not melted in its manu- 
facture ; it was swaged at a temperature correspond- 
ing to treating steel at 200 to 400 deg. C., and then 
underwent changes illustrated in Figs. 5 to 9. Fig. 5, 
a microsection of an ingot, 30 cm. long before swag- 
ing, showed the random arrangement of the crystals. 
In Fig. 6 the ingot, now 1 m. long, had been swaged 
down to a diameter of 3 mm.; the elongated 
crystals marked a fibrous structure. In Fig. 7 the 
wire, of 0-2 mm. diameter, had reached a length of 
100 m. ; the fibrous structure was intensified. Fig. 8 
showed four turns of a spiral ready for mounting, 
but before burning ; after burning for a few seconds 
the spiral (Fig. 9) became very different in appear- 
ance, owing to rapid recrystallisaticn. 

The wire in a lamp while burning should either 
recrystallise rapidly into long crystals, each occupy- 
ing many turns of the coil, or develop a structure 
having a number of weil-interlocked crystal boun- 
daries. Otherwise the crystals would grow at a slow 
rate, causing the coils to open out and the filaments 
to form festoons. In 1914, a tungsten wire, which 
was one long crystal, was obtained at the Julius 
Pintsch Werke from the crystalline powder, this 
being the first metal from which single crystals were 
deliberately made; in 1920 Dr. Goucher (of the 
company) grew tungsten crystals from ordinary 
wire. These single crystals were stable from the 
beginning, having no boundaries at which growth 
would take place and, therefore, no tendency 
to change. But when coiled they tended to twist 
back again on prolonged heating. The crystal 
growth should therefore take place after the wire 
had been coiled ; the crystal axis would not then 
follow the bend of the coil, but would keep its 
direction as if the coil had been carved out of a 
block forming a single crystal. It was now possible 
to obtain tungsten coils in such a condition that, 
when the crystals had grown as the result of lighting 
up, individual crystals embraced 20 to 50 turns of 
the spiral. In the photograph of a portion of a 
turn of such a spiral, Fig. 10, the etching marks were 
practically parallel to one another, and did not 
change their position with the curvature of the wire. 

The precise conditions of this crystal growth 
and the influences of traces of impurities, stress and 
previous history, were not known, but a few facts 
had been established regarding tungsten. Firstly, 
a single crystal was not, in practice, a uniformly 
compact and regu!ar arrangement. It was prob- 
ably full of faults and submicroscopic voids ; 
its density was less than that of the crystalline 
aggregate, being sometimes nearer 18 than the full 
tungsten density of 19-32. The strained crystal 
seemed to distort, not by a continuous curving of 
the lattice, but by a breaking up of the lattice 
into small submicroscopic aggregates of molecules 
with presumably minute voids between them. 
Secondly, the process of swaging and drawing 
caused the crystals to arrange themselves in the 
preferred orientation along the axis of the wire. 
In drawing, the crystals yielded by slipping along 
planes containing many molecules; planes not 
suitably oriented to the direction of the stress 
tended to break up rather than to elongate. The 
fracture of an individual crystal under tension in 
the direction of the preferred orientation was wedge 
shaped (Figs. 11 and 12), the break taking place 
by slipping along the geometrical plane, as in the 
model (Fig. 14). The top of the wedge would 
be severely strained, as indicated in the diagram, 
Fig. 13, the lines of which did not mark crystal 
boundaries ; the whole was still a single crystal. 


X-ray examination proved that the inclination of 
the planes had changed; but there was no corre- 
sponding change in the lattice distance between 
one atom and the next. When a crystal was bent, 
it assumed the structure of an arch built up of 
bricks. Each brick represented an aggregate of 
molecules with correct atomic spacing, but differing 
very slightly in angular orientation from its neigh- 
bour, from which it had been parted by the applied 
stress. 

Of the impurities purposely added to tungsten, 
thoria (about 0-7 per cent.) was used to restrain 
the growth, while alkali (or thoria) and_ silica 
together were added to accelerate the rate of growth. 
A filament of pure tungsten gradually increased 
its crystal size during its life. That the additions 
counteracted this tendency Mr. Paterson proved 
by many further slides. In this connection we may 
refer our readers to the paper on Impurities, Recry- 
stallisation and Grain Growth, which Dr. Smithells 
read before the Institute of Metals in 1922 (see 
ENGINEERING, March 17, 1922, pages 342-346). The 
properties of tungsten filaments for valves differed 
from those required for lamps. It was an extra- 
ordinary coincidence that the thoria used to restrain 
crystal growth in lamps was also the most suitable 
material to promote the emission of electrons. The 
dull-emitting property depended upon the mainten- 
ance of a molecular layer of metallic thorium on the 
surface of the filament; this thorium evaporated 
continuously, and was replenished from the thoria 
probably mainly contained in the grain boundaries. 
The thorium metal offered less resistance to the 
passage of electrons than an equivalent layer of 
tungsten ; the manufacture aimed at facilitating the 
diffusion of the thorium to the surface. These 
phenomena, it should be remembered, had to be 
studied on wires only 0-02 mm. in diameter. It 
would appear, then, that thorium metal is a better 
emitter of electrons than its oxide, but Mr. Paterson 
did not refer to this point. 





RESPONSIBILITY OF AN EMPLOYER 
FOR THE ACT OF HIS SERVANT. 


THERE are many people who estimate the benefits 
conferred upon a workman by his employer merely 
in terms of wages. Apart from the fact that in many 
of the so-called “‘ protected,’ and in some other 
industries, the working man gets holidays, uniform, 
sick pay, superannuation allowances and various 
other benefits of considerable monetary value, he 
also stands to benefit by the fact that in doing his 
work he is the mere alter ego of his employer. He 
may do injury to the person or property of other 
persons ; but his employer is (in the normal course) 
held responsible. He may do injury to himself ; 
but his employer is responsible except in certain 
very special circumstances. It would be difficult, 
of course, to place a monetary value upon these 
things; but they ought not to be wholly ignored. 
There is, moreover, at present, a distinct tendency 
to increase the burden which is placed by law upon 
the shoulders of an employer in the respects above 
mentioned. 

It may be predicated by way of explanation 
that in a very large percentage of the cases in 
which damages for injury are recovered in the 
Courts, the person who has to pay is not the person 
whose act has occasioned the injury. In many such 
cases, of course, the servant might also have been 
sued ; but for obvious reasons it is better from the 
plaintiff's point of view to sue the master. The 
phrase Respondent Superior (used as a maxim in 
our Courts) is said to have been taken from the 
Statute of Westminster (13 Edw. I, c. II), but the 
doctrine formed part of the common law of England. 
Expanded into a series of rules, it may be said that 
a master is liable, in two cases amongst others, 
(1) if he directly authorised or ratified the matter 
complained of, or (2) the matter complained of was 
the act or omission of a servant acting within the 
scope of his general authority and in the course of 
his master’s business. A recent case heard in the 
Court of Appeal affords a somewhat startling 
example of an act done in the course of employment 
for which a master may be held liable. We refer 
to Poland v. Parr (1927), 1 K.B. 236, reported in the 








January issue of the Law Reports. It appears 





that a carter in the employment of the defendants, 
when on his way home in the middle of the day, was 
following close behind a wagon laden with sugar 
in bags and being driven by one of his employers. 
He saw a boy walking beside the wagon with his 
hand upon one of the bags. Honestly and reasonably 
thinking that the boy was stealing sugar from the 
bag, he gave him a blow with his hand on the back 
of the neck. The boy fell, and the wheel of the 
wagon injured his foot. It was held that in the 
circumstances the carter had implied authority to 
make reasonable efforts to protect and preserve 
the defendants’ property ; that the violence exerted 
was not so excessive as to take his act outside the 
scope of the authority, and that the defendants 
were liable. 

In the course of his judgment, Lord Justice 
Bankes said: “In deciding whether an act of a 
servant is one for which his master is responsible, 
the act must be regarded from two points of view. 
First, was it merely a wrong method of doing an 
authorised act, in which case the master is respon- 
sible; and secondly, where the authority is not 
otherwise established but has to be inferred from 
the circumstances, was the act one which was done 
for the servant’s own purposes and not in his master’s 
interest ? In the present case the act of Hall was 
done in his master’s interest, and though perhaps 
excessive, yet it did not pass beyond the description 
of an unauthorised mode of doing an impliedly 
authorised act. For an act of this description the 
master is responsible.” 








STANDARD SPECIFICATIONS FOR BRASS SHEET AND 
Srrie MatreriaLt.—The British Engineering Standards 
Association has lately issued four specifications covering 
the different classes of brass sheet and strip material 
under the following titles :—(1) Hot Rolled Yellow Metal 
Plates, Sheet and Strip (excluding condenser plates and 
ships’ sheathing), No. 264—1926. (2) Brass Sheet and 
Strip for general engineering purposes, No. 265—1926, 
(3) Best Brass Sheet and Strip, No. 266—1926. (4) 
Cartridge Brass Sheet and Strip, No. 267—1926. The 
analysis of each class of material is given at the beginning 
of the specifications, and the copper content, being the 
most important, is to be strictly adhered to; a mini- 
mum of 59 per cent. is specified for yellow metal in the 
case of No. 264; for ordinary and best brass sheet and 
strip in Nos. 265 and 266, a minimum content of 61 per 
cent. and 65 per cent. respectively is demanded, and for 
cartridge brass sheet and strip in No. 267, a range of 
from 68 to 74 per cent. is allowed. Particulars of Brinell, 
Shore scleroscope, and Erichson tests are given in an 
appendix in each specification, excepting for yellow metal. 
These, by mutual consent, may be substituted for the 
tensile test or used upon the material the thickness of 
which renders the tensile test inapplicable. All the 
issues contain six other clauses, besides that relating to 
the analysis of the material. These deal with manu- 
facture, dimensions, mechanical tests, the provision of 
test pieces, re-tests, and testing facilities. In specifications 
Nos. 265 and 266, three tables give the tolerances to be 
allowed on the width, length and thickness of the 
material. Copies of these specifications can be obtained 
from the B.E.S.A. Publications Department, 28, Victoria- 
street, London, 8.W.1. Price 1s. 2d. each, post free. 

SuPER-PRESSURE STEAM TURBINE FOR BRADFORD.— 
Mr. Thomas Roles, M.I.E.E., the city electrical engineer 
for Bradford, decided recently to instal at the Valley-road 
power station a super-pressure turbine generating 2,500- 
kw. The steam will be supplied from a boiler designed 
for a working pressure of 1,100 lb. per square inch, and 
the steam temperature is to be 800 deg. F. This high 
figure has been adopted so that the steam exhausted from 
the super-pressure turbine, can, without the necessity 
of reheating, be led directly into the mains supplying the 
existing plant. In these mains the pressure is 190 Ib. 
per square inch, and the total temperature 650 deg. F. 
The contract for the whole of the plant has been awarded 
to the English Electric Company, Limited, Rugby, who 
constructed the 20,000-kw., 3,000-r.p.m. steam turbine 
now working in the Valley-road power station, which 
was described in detail in our issue of October 15 last. 
The new turbine will be a simple-impulse machine, 
running at a high speed and driving through reduction 
gearing, its alternator at 1,000 r.p.m. The English 
Electric Company, it may be remembered, constructed 
the Benson boiler, which is operated at the critical point 
of water, and the firm have thus had special experience 
in high-pressure work. The boiler will be supplied by 
Messrs. Babcock and Wilcox, Limited, and is designed to 
generate some 75,000 to 94,000 lb. of steam per hour at 
a pressure of 1,100 lb. per square inch, which, as stated 
above, will be superheated to 800 deg. F. before delivery 
to the turbine. The furnace is to have water screens 
and air-cooled side walls, and an air pre-heater and an 
economiser will both be provided. The combustion 
chamber has, moreover, been designed in such a way that 
it can at some subsequent date, be adapted to the use of 
pulverised fuel, should this prove desirable. When the 
new plant is installed, the thermal efficiency of the station 
will probably be at its highest during the hours of low 
load, when little steam will be required beyond that 
necessary for the super-pressure turbine. 
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Fie. 58. Srnauz-Action Dene Draw Press; 
Messrs. JOSEPH RHODES AND Sons, LIMITED. 


THE BRITISH INDUSTRIES FAIR AT | and is pushed out of the die by an extractor in the 


BIRMINGHAM. 
(Concluded from page 228.) 

To those particularly interested in press work, 
the Fair has offered an exceptional opportunity to 
study the latest developments. We have already 
described some of the new machines exhibited, but 
have not previously referred to those shown on 
the stands of Messrs. Joseph Rhodes and Sons, 
Limited, Grove Iron Works, Wakefield, and of 
Messrs. Taylor and Challen, Limited, Birmingham, 


Messrs. Rhodes are showing a number of their | 


standard presses, but as these can be found in 
the majority of factories where press work is 
undertaken, they must be so well known that 
a detailed description is unnecessary. A new 
machine shown by this firm is illustrated in 
Fig. 58, above. This is a single-action deep-draw 
press, and is noteworthy in that it will produce in 
one operation stampings which have previously 
required two or three separate drawings. As shown 
in operation at the Fair, the machine is equipped 
with tools for forming a cup 13-in. in diameter by 1} 
in. deep of tin plate. The operation is performed 
in two stages, the disc of metal, after being cut from 
the sheet in the press, is first shaped into a shallow 
cup about 2 in. in diameter, which is then drawn 
out to the finished size. The table die is formed by 
a fixed plug surrounded by two concentric sleeves. 
lhe hollow punch is mounted on the machine head, 
the recess being stepped so that it first draws the 
metal over the inner sleeve, and afterwards over 
the fixed plug, on the table. While the head makes 
the first part of its stroke, both sleeves are held 
up until the dise is cut. The outer sleeve then 
descends, and the first stage of the pressing is 
completed with the inner sleeve in its original 
position. Finally, the inner sleeve descends while 
the cup is drawn over the plug. On completing the 
Pressing of the cup, it is carried up with the head, 


| 








usual way. The mechanism for holding the two 
sleeves in position is somewhat complicated. There 
is a sliding head on which the outer sleeve rests, 
below the table, and this is carried on compound 
guides on the two sides of the main frame. One 
of the guides can be seen in the illustration. The 
upper and lower heads are connected by the two 
external rods shown, and in order to give the required 
period of dwell to the lower head the compound 
slide is arranged to permit the lower ends of the 
rods to have a certain amount of horizontal motion. 
The actual path of the end of the rods is controlled 
by a cam piece attached to the compound slide and 
working in a machined groove, the latter being in- 
clined during the first part of the stroke but after- 
wards becoming vertical. Turning now to the 
control for the inner sleeve, it will be noticed in 
the figure that there is a shaft carrying a cam at 
the base of the machine. The roller resting on this 
cam is mounted on an extension of the inner sleeve 
support. A racking pinion is mounted on each end 
of the camshaft, and these pinions engage with 
two racks attached to the lower head. The move- 
ment of the latter thus causes the camshaft to 
rotate, and the cam is so formed that the roller 
descends at the required point in the operation. 
The mechanism for actuating the upper head hardly 
calls for special mention, as it follows the firm’s 
standard practice. The press is made in several 
sizes, and in addition to drawing, can be used for 
bending and other operations. 

Two exceptionally interesting new machines are 
being shown by Messrs. Taylor and Challen, Limited, 
Derwent Works, Birmingham. The first of these, 
illustrated in Fig. 59, above, is a tilting press with 
a pneumatic die cushion. The operating mechanism 
for the upper die head does not require description. 
It follows the lines of design associated with 
the firm and previously dealt with in our pages. 
It may be mentioned, however, that this machine, 
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Fic. 59. Press with Pneumatic Diz CUSHION ; 
Messrs. TAYLOR AND CHALLEN, LIMITED. 


the first of a new pattern, embodies a number of 
detail improvements on previous designs. The 
slide has been considerably lengthened, an improve- 
ment which will be found of particular value 
in combination tool work. The brake has been 
redesigned, and the tilting gear is of a new type. 
It will be noticed in the figure that the frame is in 
two parts, the upper part being pivoted on the 
lower near to the front. A bolt on each side of the 
lower frame can be screwed into any one of five 
tapped holes in the back of the upper frame, which 
is thus held firmly in any one of five positions. The 
tilting of the upper half of the frame is effected by a 
nut and screw mechanism, not visible in the figure. 
This mechanism is operated by a hand-rachet gear. 
and is sufficiently robust to hold the upper half of 
the frame in any position with perfect safety after 
the two back bolts have been removed. By placing 
the fulcrum of the upper frame near the front, the 
height of the table is only varied slightly between 
the horizontal and any of the tilted positions. 

The air cylinder is clearly visible in the illustra- 
tion below the face plate. As arranged at the Fair, 
the machine is fitted with dies for the production of 
seamless drawn metal cups, although it will be 
appreciated that it is equally suitable for a 
variety of other articles. The lower die for 


these cups consists of a fixed central former 
surrounded by a floating plate, and it is the 


latter which is carried on the piston of the air 


| cylinder. With the more usual method of carrying 


this portion of the die on a spring or rubber buffer, 
the pressure increases as the die comes down, and 
this frequently results in buckles being formed in 
the work. By employing an air cushion, a constant 
pressure is maintained throughout the stroke, and 
this has been found to result in better work. The 
supply of air is obtained from a receiver fed by the 
small vertical air compressor visible in the illustra- 
tion. The compressor is driven by a belt from 
the main driving shaft for the press. The receiver 
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is fitted with a stop valve, a relief valve and a blow- 
off valve, and the required pressure, which may range 


matically controlled by a valve in the pipe line. The 
air-cylinder can be removed to enable the machine 
to be used for ordinary blanking work. 

The second new machine shown by Messrs. 
Taylor and Challen, is a four-slide flat edge trim- 
ming machine for removing in one operation 


the surplus metal from stamped and drawn | 


articles of any shape. It is shown at the Fair, and 
also in the photograph reproduced, set up for 
trimming mild-steel covers for electric irons. The 
machine is actually capable of dealing with articles 
up to 6 in. square by 5 in. deep in metal up to 
No. 16 gauge, and at its full capacity will trim six 
blanks per minute. 

It will be seen from the illustration that the four 


slides are mounted on the front face of a substantial | 


casting forming part of the machine frame, which 
is cast in one piece. Each of these slides carries a | 


trimming blade, and the drive is arranged so that | 


they operate in opposite pairs. This can perhaps best 
be explained by considering the actual operations on 
one of the covers. Facing the four slides there is a 
fifth head carried in a horizontal slide. It will be 
noticed in the figure that this slide terminates in a 
circular flange, to which is bolted an extension piece | 
carrying the inner blade. This blade corresponds in 
shape to the recess in the iron covers, and the first 
operation is to slip one of the covers over the blade 
when the latter is withdrawn. The cover is carried 
with its main axis at 45 degrees to the horizontal. 
The horizontal slide is now moved forward by means | 
of a hand lever, shown projecting at the back of 
the machine. This lever operates the slide through | 
an adjustable toggle mechanism. The blade, with | 
the cover mounted upon it, enters the space at the | 
centre of the four slides, and it is impossible to put 
the latter in motion until the central blade is fully 
home. Assuming this to be the case, the machine 
is started up and two of the four slides move in- 
wards, trimming the flash from the nose and the 
back edge of the cover. These slides then move 
outwards again, and the other two slides move in- 
wards, trimming the two sides of the cover. The 
machine is then stopped and the inner blade with- 
drawn, carrying the cover with it until it is knocked 
off by an extractor plate. 

Turning now to the construction of the machine, 
each of the four slides is reciprocated by a phosphor- 
bronze sliding block mounted. on a pin in the face 
of a disc. Each disc is carried on a shaft to which 
is keyed a large cast-iron spur wheel with machine- 
cut teeth. Two of these spur whee!s can be seen in 
the figure. All four wheels engage with a central 
steel spur wheel. The shaft on which the latter is 
mounted projects through the back of the machine, 
and carries a clutch by means of which it can be 
connected at will to the belt pulley. The belt pulley 
is a heavy casting and also serves as a flywheel. 
The clutch lever cannot be seen in the illustration, 
as it is behind the main frame carrying the hori- 
zontal slide. The clutch mechanism is provided 
with two interlocks. In the first place, it cannot 
be moved to close the clutch until the central blade is 
fully home, as already mentioned. There is a hole, 
bushed with a hardened-steel ring, in the side of the | 
horizontal slide, and until a hardened steel pin 
connected to the clutch lever is exactly opposite to 
this hole, the lever cannot be moved. Once the 
clutch is home, a cam on an extension of one of the 
four pinion shafts covers a plunger connected to the 
clutch mechanism, ensuring that the clutch cannot 
be opened until the cycle of operations on the iron | 
cover has been completed. A spring-loaded brake on | 
the main motion is also operated by the clutch lever, 
the object of this brake being to bring the motion 
rapidly to rest when the cycle of operations on a 
cover is finished. The vertical lever behind the 
horizontal slide is connected to an extractor pin 
at the centre of the four slides, and is operated by 
the end of the horizontal slide coming into contact 
with the central pin on the lever. The four slides | 
have a stroke of 1 in., and the clutch shaft is | 
driven at 90 r.p.m. The gear ratio between the | 
central and four outer pinions is 2 to 1. 

The advantages for general work of engines 








| EXHIBIT AT THE BRITISH INDUSTRIES FAIR. 


between 5 lb. and 100 lb. per square inch, is auto- | 








Fig. 60. Four-Stip—e Trimmina MACHINE 


nised, but have hitherto been offset to a large 
extent by the greater fuel consumption of such 
engines as compared with those operating on the 
four-stroke cycle. It is particularly interesting 
to note, therefore, that Messrs. Clayton and Shuttle- 
worth, Limited, Stamp End works, Lincoln, are 
prepared to guarantee a consumption of fuel not 
exceeding 0-44 lb. per brake horse-power-hour with 
the two-stroke engine shown on their stand. This 
figure compares favourably with that of many 
four-stroke engines in the same class. This engine, 
of which illustrations are given in Figs. 61 to 65, 
opposite, was introduced a little more than twelve 
months ago, and is made in various sizes from 30 to 
150 brake horse-power. The actual engine forming 
the subject of the illustrations, and exhibited at the 
Fair, is of 50 brake horse-power. The special 
features in the design which result in a low fuel 
consumption, while making the engine rather more 
complicated than the average two-stroke engine, 
are not such as to lead to reduced reliability, or to 
involve the employment of a skilled driver. Perhaps 
the most striking departure from normal practice 
is the employment of a stepped piston, giving more 
effective scavenging, and other advantages which 
will be referred to later. Crank-case compression 
is utilised, and as will be clear from Fig. 61, the 
scavenge and exhaust ports are formed in the side 
of the cylinder in the usual way. Solid injection 
is employed for the fuel, the pump being operated 
by a cam on the end of the crankshaft. The pump 
body is machined from a mild-steel block, and is 
fitted with a cast-iron liner for the plunger. The 
supply of oil to the fuel valve is controlled by by- 
passing a variable proportion of the oil displaced 
by the plunger back to the suction side. The by- 
pass valve is operated by an eccentric, the throw 
of the latter being controlled by a governor mounted 
inside a casing. This casing is visible in Fig. 65, and 
it will be seen that it completely encloses the 
governor gear and the fuel-pump cam and roller. 
The opening of the by-pass valve can also be varied 
by hand, the milled finger-nut for this purpose 
being visible above the fuel pump in Fig. 65. A 


| second finger-nut enables the tension of the governor 


springs to be varied, thus controlling the running 
speed of the engine. 





operating on the two-stroke cycle are fully recog- 


The fuel valve is of the spring-loaded automatic 














; Messrs. TAYLOR AND CHALLEN, LIMITED. 


type, means being provided to vary both the spring 
tension and valve lift. The valve is mounted 
centrally in the cylinder head, and as there are no 
other valves in the head, the latter is a simple 
symmetrical casting, the liability to excessive 
temperature stresses being thus avoided. The air- 
inlet valves are arranged in a casing along the 
top of the cylinder, as shown in Fig. 61. Before 
reaching these valves, the air, which enters through 
ports in the sides of the bed plate, passes round the 
outside of the piston trunk. The air is compressed 
in the crank chamber to about 4 lb. per square inch, 
the chamber being sealed by rings on the crank- 
shaft, one of which is shown to the right in Fig. 62. 
The engine is started by admitting air behind the 
enlarged portion of the piston. It will be noticed 
from Fig. 61 that there is a valve underneath the 
cylinder controlling the admission of air to the 
space round the main body of the piston. Assuming 
that the engine has been primed, and that the piston 
is on the inner dead centre, the starting lever is 
moved, closing the valve below the cylinder and 
at the same time bringing the starting cam on the 
crankshaft under the starting valve. shown on the 
right of the port in Fig. 64. The cam lifts the 
valve, and air is admitted behind the enlarged 
portion of the piston, driving the latter out. The 
air injection is repeated until the engine starts, 
when the valve under the cylinder is again opened, 
allowing air to be freely drawn into, and ejected 
from, the space round the main piston. This air 
is of assistance in cooling the piston, which on 
the outer dead centre is only in contact with the 
evlinder walls at the two ends. It will be clear that, 
as the starting air is not admitted to the combustion 
space, it will not have the effect of cooling down the 
latter. and it is stated that even in the coldest 
weather, the engine will start after one or two com- 
plete revolutions. The various bearings are fed 
with oil from a mechanical lubricator mounted 
on the front of the engine, and visible in Fig. 65. A 
pipe from this lubricator supplies oil to a centrifugal 
oiling ring on the crank web, feeding the big-end 
bearing. A second pipe supplies oil to the cavity. 
shown in Fig. 61 at the top of the enlarged part of 
the piston, when the latter is on the outer dead 
centre. From this cavity oil is fed to the small-end 
bearing. Other pipes deliver oil at two points in 
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Fig. 61. 
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Fig. 63. 
SECTION THROUGH 
PISTON PIN. _ 


Fig.64. SECTION THROUGH 
STARTING VALVE. 
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Fia. 65. 
Figs. 61 To 65. 50-B.H.P. Two-StroKE O11 ENGINE; Messrs. CLAYTON AND SHUTTLEWORTH, LIMITED. 


the cylinder for lubricating the two parts of the 
piston. The lubricating arrangements for the main 
bearings are shown in Fig. 62. The equipment of 
the engine includes two starting-air vessels, each 
of 6 cubic ft. capacity, and a small compressor. 
The latter is a reserve unit only, as a charging valve 
for charging the vessels to 300 lb. per square inch 
's fitted on the main engine cylinder. 





Messrs. Clayton and Shuttleworth are also show- 
ing a 15 brake horse-power semi-Diesel horizontal 
engine and an 8 brake horse-power semi-Diesel 
vertical engine. Both these engines are designed 
for driving electrical units, and are generally similar 
in construction to the engine described on page 42 of 
our issue for January 8, 1926. 

An additional exhibit on the stand of the British 


Thomson-Houston Company, Limited, to which 
reference was made in our last week’s issue. is a 
“no-lag” induction motor. This, it is claimed, will 
operate at unity or leading power factor over the 
| entire load range. A section of one of these machines 
iis given in Fig. 66, page 258. A well-known dis- 
|advantage of the standard polyphase induction 
motor is the way in which its power factor drops 
| with decreasing load, the fall being particularly 
rapid below about three-quarters load. The “ no- 
lag’? motor, on the other hand, can either be 
designed to give unity factor at all loads above 
one-quarter load or, alternatively, a load factor 
| characteristic, which is almost the reciprocal of 
|that of the ordinary induction motor. That is, 
|at one-quarter load it has a leading power factor 
; of 20 per cent., which changes rapidly to a leading 
| power factor of 95 per cent. at three-quarters load, 
| at full load it becomes very nearly unity. The 
| arrangement, it is claimed, is an improvement on 
| the older methods of correcting the power factor, 
either by using a phase advancer for each motor or 
installing one large synchronous motor to compen- 
sate for a number of induction motors. An objec- 
tion advanced to the first method is that its effect is 
smallest at low loads, when it is least required, 
while the second method is costly. 

The * no-lag ’’ motor is of the asynchronous type, 
and is made in sizes up to 300 h.p. at a pressure of 
600 volts. The rotor construction follows the usual 
lines with the important modification that steel I 
beam spacers are provided to support each tooth, 
so as to eliminate vibration. Two separate windings 
| are used, each consisting of former-wound coils of 
| definite pitch. These are placed in the same slots, 
| though they are insulated from one another. The 
| slip-rings and commutator are both of usual design. 
|The stator frame is of cast-iron of strong-ribbed 
| section and carries enamelled laminations of sheet- 

iron or steel, which are specially selected for high 
| permeability and low hysteresis loss. The air 
| currents set up by the rotor are forced through the 
| winding and round the laminations, so that good 
| ventilation is secured. 

| It may be added that the machine has the high 
| starting torque, and the speed and efficiency charac- 
teristics of the slip-ring motor. ; 

The exhibits of Messrs. Joshua Buckton and 
Company, Limited, Well House Foundry, Leeds, 
|form an attractive group. This comprises one of 
| their planing machines, a standard single-lever 
| testing machine of 30 tons capacity, a new com- 
| pound-lever testing machine of 45 tons capacity, 
la speed transformer, worm gear for motor vehicle 
| axles, and a Martin balancing machine. The 
majority of these exhibits will probably already 
be familiar to most of the technical visitors to the 
Fair, and our readers may recall that we described 
; the Martin balancing machine in 1920. The account 
will be found on page 864 of volume ex of 
ENGINEERING, and correspondence relating to the 
machine at intervals throughout the succeeding 
volume. 

The new multi-lever testing machine is illustrated 
in Fig. 67, on page 258. It has been primarily 
designed for timber testing, but is also suitable 
for the usual metal tests. The speed range of 
the crosshead is quite exceptional, varying, as it 
does, between the limits of 0-0125 and 3-2 in. 
per minute. The machine is equally suitable for 
either tensile or compressive tests, and apparatus 
for deflection tests can also be fitted if required. 

As will be clear from the illustration, the machine 
has an upper straining head connected by three 
struts with a weighing platform. The lower 
straining head is similarly connected by three 
screws with the gearing by which the load is applied. 
The three-screw and_ three-strut arrangement 
ensures perfect parallel movement of the straining 
heads, and constant alignment of the specimen, 
ensuring a direct pull. The upper and lower 
straining heads have open slots for the ready 
insertion of tension test pieces, and the wedge 
grips are operated by means of the hand wheels 
shown, thus avoiding any manipulation by hand 
of loose gripping pieces. 


| 
| 














Compression tests are carried out between the 
lower straining head and the weighing platform, 
| which has a finished flat surface to accommodate 
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any form of die or deflection supports. The upper 
and lower straining heads and the weighing platform 
are of steel to ensure the necessary strength. 
The straining screws are of large diameter working 
in gun-metal nuts, which are driven simultaneously 
by cut gears, the drive being transmitted from the 
horizontal to the vertical direction by means of 
spiral bevels enclosed in the machine base. The 
gear box contains four change speed gears, giving 
three rates of testing and a quick speed for adjust- 
ment. These gears are of steel, machine-cut, and 
run in oil, the gear-box being totally enclosed. The 
change in the testing rate is effected by the lower 
lever visible on the side of the machine, which 
operates sliding gears exactly as in first-class 
machine tool practice. The upper lever controls the 
quick speed foradjustment. Thedrive in the machine 
illustrated is obtained from a 2}-h.p. constant-speed 
motor. When a great variety of speeds is required, 
« variable-speed motor may be fitted. The weighing 
apparatus is of the weighbridge type, having com- 
pound levers communicating the load to a steelyard, 
which, in this size of machine, carries a 10-Ib. 
poiseweight, and is graduated in thousands of lbs. 
The poiseweight is traversed along the steelyard by 
a quick-pitch beam screw, actuated by the hand 
wheel near the centre through a universal joint anda 
wheel and pinion at the end of the beam. A gradu- 
ated disc, attached to the gear wheel on the end of 
the screw, gives readings from V0 to 1,000 Ib. by 
5-lb. increments. Small adjustable weights running 
on a screw are provided for re-balancing the beam 
when the weight of the testing apparatus in use 
is varied by changing the compression apparatus, 
or for other reasons. The jockey weight is connected 
with the beam screw by a lifting nut and hand lever, 
so that it can be instantly disengaged and _ slid 
back to zero or to any desired point, the jockey 
weight itself running on three rollers, all of large 
diameter, to reduce friction. 

Until recently, it has been customary to run in 
the white metal in railway-wagon bearings under 
a gravity head only, the mould being arranged to 
give a sufficient thickness of metal to permit of 
the bearing surface being subsequently machined 
up. Apart from the possibility of the metal being 
spongy, this method of lining bearings is both slow 
and expensive, and it is evident that the successful 
application of die casting to this work should result 
in both sounder bearings and a very marked reduc- 
tion in the cost of lining. A method of lining 
bearings in this way, known as Hall’s Monometer 
process, has been developed by the Monometer 
Manufacturing Company (1918), Limited, Savoy 
House, Strand, W.C.2, and its reliability is indicated 
by the fact that it has been adopted on several of 
the more important systems, including the London 
Underground and railways abroad. 

One of the special die-casting machines developed 


for railway axle-box bearings is shown on the ; 


Monometer Company's stand, and is illustrated in 
Fig. 68, opposite. The particular plant shown is 
arranged for firing with paraffin, but it will be 
appreciated that a burner can readily be fitted to 


utilise town or producer gas, and in exceptional | 


circumstances the melting may also be performed 
electrically. The method of treating the bearings 
preparatory to white-metalling was described on 
page 202 of our issue for February 15, 1924, in 
connection with the plant installed at the car-repair 
shops of the London Underground Railways at 
Acton, and it is not therefore necessary to deal with 
it again. The machine shown at the Fair differs 
from that at’ Acton in the appliances for handling 
the hot shells. In the earlier machine these are 
picked up and placed ir position on the machine 
table by a special grab trolley, but on the machine 
shown at the Fair, the shells are held in a steel box 
which surrounds the bearings on the top and both 
sides. This box is carried on a screwed spindle 
mounted on the end of a swinging arm. The spindle 
and box are clearly visible in Fig. 68, but as the 
arm is pointing directly towards the camera, it is 
hidden by the boss on the handwheel. The heated 
bearings are first located on the special mandrel 
over which the box fits, thus locating the bearings 
centrally in the box, where they are clamped by 
four small screws, two of which can be seen in the 
illustration. ‘The box with the bearing is then raised 
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Fia. 66. “ No-Laa”’ Inpuction Motor; Messrs. THE British THomson-Hovuston Co., Limrrep. 























Fic. 67, 15-Ton Compounp-LEVER TEstTiNG MACHINE ; Mgssrs. JosHUA BuCKTON AND Co., LIMITED. 


by the handwheel, swung over the die visible in the 
figure, and lowered into position. The die lies 
centrally under the bridge formed by the column 
and the supporting rod for the swinging arm, so that 
| when the box is in position, the screwed spindle at 
ithe top is in line with the one on which the box is 
| suspended. The distance between the two ends of 
|the die can be adjusted by the small star wheel 
behind the column above the table, this provision 
being made to allow for any variations in the 
length of the shell. After the box is correctly 
located on the die, the gapping piece mounted on the 





| column is swung into position, and the box clamped 
‘firmly down by the upper screw. The large star 





wheel at the side of the machine works the ram, 
which forces the molten metal from the pot below 
the table into the die. To extract the shell, the 
box is again lifted and swung clear of the die, and 
by raising it on the screw on which it is suspended, 
ejector pins are brought into action which force the 
finished bearing from the box. The whole cycle of 
operations takes about 2} min., the bearings being 
produced dead to size and relieved at the edges to 
avoid the necessity for hand scraping. : 
The same firm are showing a variety of other die- 
casting machines and melting furnaces. ‘These 
include a machine for the production of die castings 
in pure aluminium and in aluminium and white 
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OVS, a tilting furnace for alloys of iron, | last’ issue. Messrs. Thomas Robinson and Son, 


steel or copper, 
Japanning stoves. 


and automatically-controlled | Limited, Rochdale, are also showing the new 
tenoning machine illustrated in Fig. 69, annexed. 


In additi . . rm™M.: ‘ 7 
Idition to the saw bench described in our! This machine is suitable for single or double 


tenoning, top and bottom scribing, cross cutting 
and trenching. A special sliding table can be 
supplied which enables the machine to be used for 
checking ships’ gratings. The main frame is a 
substantial casting bolted to the base plate, and is 
fitted with two sliding heads in front, which carry 
both the tenoning and the scribing-head spindles. 
In addition to these spindles, the machine shown 
at the Fair is also fitted with separate spindles carry- 
ing a wobble saw for double tenoning, and a saw 
for cross cutting panels or boards. The two 
latter spindles are shown in the illustration, but 
it may be mentioned that they do not form part of 
the standard equipment of the machine, being fitted 
as extras when required. All cutter spindles are 
mounted on heavy ball bearings, enclosed in dust- 
proof housings, and have independent vertical and 
horizontal adjustments. The countershaft, which 
is supplied with the machine, is mounted parallel 
with the tenoning spindles, and behind the machine, 
as viewed in the illustration. The belt drive from the 
countershaft to the lower tenoning spindle is direct, 
while the belt to the upper spindle is carried over the 
two jockey pulleys visible on the side of the frame. 
Both tenoning spindles are set to giveaslight undercut 
to the shoulders of the tenons, but the top spindle 
has a levelling adjustment. The object of this 
arrangement is to enable cross cutting to be carried 
out on machines not fitted with the special spindle 
for this purpose. This is effected by fitting a cross- 
cut saw on the upper tenoning spindle. Single 
tenons are worked by the horizontal cutterblocks, 
which can be adjusted vertically either separately 
or together. The wobble saw is 15} in. in diameter, 
and can be used for cutting double tenons up to 
5 in. deep. The width of the cut is adjustable 
by means of bevel washers. The saw can either be 
mounted on the bottom scribing spindle, or, when 
it is desired to carry out double tenoning and 
bottom scribing at the same time, on the separate 
extra spindle already referred to. The latter, 
when fitted, is belt-driven direct from a pulley on 
the countershaft. 

The scribing heads rise and fall with their respec- 
tive tenoning heads, and, in addition, are provided 
with independent vertical and horizontal adjust- 
ments. The belt drive to the lower scribing head 
is direct on to the countershaft, the belt to the 
upper head being carried over jockey pulleys. The 
cross-cutting saw is 12 in. in diameter. When the 
separate spindle is fitted, the belt pulley is mounted 
inside the machine frame ; the belt passing through 
a suitable opening in the back of the column. The 
table is 48 in. long by 26 in. wide, and runs on dust- 
proof rollers. It is fitted with adjustable spring 
stops to determine the distance between the 
shoulders on the work, thus avoiding the necessity 
of marking out. Both hand lever and quick- 
acting eccentric clamps are provided, and the fence 
is arranged to swivel up to 30 degrees for cutting 
angle tenons. For trenching boards up to 24 in. 
wide, a suitable trenching cutterblock can be 
supplied to fit on the upper tenoning spindle. 
Diagonal trenches can be cut by swivelling the 
fence. The machine will take timber up to 24 in. 
by 6 in., and will cut single tenons 6 in. long. The 
countershaft runs at 1,000 r.p.m., and the power 
required is 5 brake horse-power for single tenoning 
and scribing, and 7 brake horse-power for double 
| tenoning. The net weight of the macltine is 
| 29} cwt. 
| To those who have not had an opportunity of 
| coal the Birmingham section of the Fair, our 
| account of some of the more outstanding exhibits 
will have afforded an indication of its importance. 
It should be appreciated, however, that although 
| we have devoted an unusual amount of space to the 
| Fair, our selection of exhibits for description is far 
| from beingexhaustive. Our main endeavour has been 
| to indicate the latest developments in the different 
branches of engineering work represented, and this 
has necessitated the omission of any reference to 
many exhibits which have been on the market for 
several years. The great majority of these, how- 
ever, have been described in our columns in the 
past. A feature of the Fair to which we have not 
previously referred is the arrangement of a number 
of the exhibits in the steam-power section in the 
same relative positions that they would occupy in 
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actual use. We believe that a similar grouping 
of exhibits was first introduced in the Smoke Abate- 
ment Exhibition in Birmingham last year. There 
is no doubt that the idea has much to commend it 
from the point of view of the non-technical visitor, 


as it will enable him to appreciate the use of the | 


various appliances making up the complete exhibit 
much more readily. 


would be merely tedious to refer to them all by 
name. Amongst the more important exhibits in the 
boiler-house are a straight-tube type water-tube 
boiler made by Messrs. John Thompson Water Tube 
Boilers, Limited, a Cochran vertical boiler, Avery 
weighing plant, Atritor pulverisers, and Davidson 
flue-dust collectors. 

The leading exhibits in the engine-room are being 
shown by Messrs. Belliss and Morcom, Limited, and 
Messrs. W. H. Allen, Sons and Company, Limited. 
The former firm are showing a 750-kw. steam tur- 
bine coupled to an alternator manufactured by the 
Lancashire Dynamo and Motor Company, Limited. 
The set is designed to run at 3,000 r.p.m., and is 
adapted for a steam pressure of about 180 lb. per 
square inch, and any temperature up to 450 deg. F., 
with a 28}-in. vacuum. The blading in this set is 
of standard brass, and the diaphragms of rolled 
steel, but the same turbine can be supplied for high 
temperatures with a steel casing and with the H.P. 
blading of Monel metal or stainless steel. Separate 
exhibits show the wheel and diaphragm construc- 
tion. We yave a full description of the turbines 
made by Messrs. Belliss and Morcom, on page 775 of 
our issue for June 23, 1922. 

Messrs. Allen are showing a compound steam 


engine with cylinder diameters of 10 in. and 16 in., | 
This engine is designed to | 


the stroke being 7} in. 

run at 500 r.p.m., and is direct-coupled to a 100-kw. 
generator. 
brake horse-power heavy-fuel oil engine, and an 
impulse turbine coupled to a 250-kw. direct-current 
generator. <A description of the oil engine will be 
found on page 530 of our issue for April 25, 1924. 


In concluding our account of the Fair, it may be | 


stated with some confidence that it has been highly 
successful. Various figures have been given as to 
the volume of business transacted by the various 
exhibitors, but it is evident that reliable data 
cannot be available for some little time to come. 
Undoubtedly, however, many valuable orders have 
been booked, and this has probably been due, 
in no small measure, to the Government guarantees 
for export trade arranged by the Department of 
Overseas Trade. By means of these guarantees, an 
exporter can obtain insurance for the debts due to 
him from abroad up to three-fourths of the value of 
the debt. Further to assist exporters in obtaining 
financial facilities for shipments, the Department 
also guarantees bills to their full amount on condi- 
tion that the exporter is responsible to the Depart- 
ment for not less than 25 per cent. 

_ The Fair closes to-day, and we understand that 
a number of firms have already reserved space in 
the 1928 Exhibition. 











AIRWORTHINESS HANDBOOK FOR CIVIL AIRCRAFT.- 
A handbook intended to indicate the requirements to be 
fulfilled by aircraft in order to qualify for a certificate of 
airworthiness, has been issued by the Air Ministry and is 
obtainable from H.M. Stationery Office, price 1s. 3d. 
net. The classification of machines for various uses is 
first explained, and the requirements concerning the design 
of wooden airscrews and engine installations are given in 
detail, as also are the flight requirements with respect to 
taking-off and landing. Amendments will be issued from 
time to time, and conseqi ently the cover supplied with 
the handbook is arranged so that new leaflets can easily | 
be inserted. 


7: 
PERSONAL.—Major E. G. Fiegehen, M.1.Mech.E., is re- 
tiring from the Bedford Engineering Company, Bedford, | 
his interest in the firm having been acquired by Mr. 
Claude M. Toplis, who will henceforth carry on the 
business.-—Messrs. K. Holst and Company, whose London | 
office address is Westminster Chambers, 1, Victoria- 
street, S.W.1., have opened a branch office at 10, Park- 
square, Leeds, under the management of Mr. H. E. Man- 
ning, B.Se., who has been for several years at their head 
office. —Sir Charles E. Low, K.C.I.E., formerly secretary 
to the Commerce and Industry Department of the Govern- 
ment of India, has been appointed to take charge of the 
Indian interests of the 14 engineering firms controlled by 
Messrs. Agricultural and General Engineers, Limited, | 
Aldwych House, Aldwych, London, W.C.2. | 


| 
| 
| 
‘ 
| 





The number of firms whose | 
products are grouped in this way is large, and it | 


The same firm are also showing a 50- | 


| next 


| the steel works are now all running full. 


| ENGINEERING TRAINING AND 
| EDUCATION. 


| Institution of Municipal and County Engineers.—A 
| prize essay competition is being organised by the 
| Yorkshire district branch of the Institution of Municipal 
and County Engineers, and the younger members of 
| the profession are invited to write an essay on one of 
|the following subjects :—(a) The Fixing of Widths 
of Arterial Roads; (6) Sewerage Systems, with Special 
| Reference to the Run-off of Surface Waters, but not 
|to include Sewage Disposal; and (c) Road Surfaces 
|for Different Conditions of Traffic: (i) Materials. 
| (ii) Climatic Conditions. If a sufficient number of 
entrants compete, two prizes will be awarded, namely, 
first prize, 2/. 2s.; and second prize, 1/. 11s. 6d. All 
essays should be sent, on or before July 31, 1927, to 
| Mr. P. Morris, Hon. Secretary of the Yorkshire District 
| branch of the Institution, Town Hall, Wakefield, from 
whom full particulars may be obtained. 





NOTES FROM THE NORTH. 


| 

| 

Guascow, Wednesday. 

| Scottish Steel Trade.—In the Scottish steel trade there 
| is still much activity at the works, and consumers 
| keep up a constant pressure for deliveries. New business 
| is scarce, and it is mostly the old contracts which are 
| keeping the mills running. Some of these were for 
| quite a large tonnage, and regular employment should 
be general at the various steel works for some time 
yet. In the black-sheet trade, the conditions have 
varied little, and for the next few months the works 
ought to be kept running full. Order books, which 
| were well filled up before, have been gradually added to 
| during the past week or so. The demand from abroad 
continues to be good, and there has been a decided increase 
| in the home demand also, both for black and galvanised 
| 
| 


qualities. Prices overall are nominally unchanged, and 
are quoted as under: Boiler plates, 11l. per ton ; ship 
| plates, 82. 7s. 6d. per ton ; sections, 71. 17s. 6d. per ton ; 
j and sheets, under ¥ in. to } in., 12/. to 13/. per ton, 
all delivered at Glasgow stations. 


Malleable-Iron Trade.—A quiet tone prevails in the 
| West of Scotland malleable-iron trade, and fresh business 
is of a limited nature. There is, however, a fair amount 
of work on hand, but an increase in the demand would 
be welcomed. In the steel re-rolling departments, quite 
a good output is general. Prices have not changed 
and Crown bars are called 111, 15s. per ton, delivered at 
Glasgow stations. 


Scottish Pig-lron Trade.—Conditions in the Scottish 
pig-iron trade are practically unaltered. There is a 
| fair demand for hematite ircn and also for foundry 
grades, but certain named brands of the latter continue 
scarce. Forward booking is rather dull. The number 
of furnaces now in blast is 26, but that number is likely 
to be augmented shortly. The following are the current 
market quotations ; Hematite, 87s. 6d. per ton, delivered 
at the steel works ; foundry iron No. 1, 94s. to 96s. 6d. 
per ton, and No. 3, 89s. to 91s. 6d. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipments of 
| Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, February 26, amounted to 
822 tons. Of that total, 710 tons went overseas and 
112 tons coastwise. For the corresponding week of 
last year, the figures were 1,058 tons overseas and 
284 tons coastwise, making a total shipment of 1,342 
tons. 


Scottish Shipbuilding.—The past month has seen the 
addition of a number of fresh contracts to the books 
of Scottish shipbuilders, and the total work now on 
hand amounts to quite a fair tonnage. The outlook 
is, therefore, steadily getting better, and in the 
few months employment in the yards should 
gradually increase. Perhaps the greatest difficulty at 
the moment is the scarcity of plates and sections, but 
that position is likely to improve week by week since 
The output 
from the different districts for the month of February 


was far from satisfactory, as the total was only 
| 17 vessels of 14,778 tons. The details are as follow :— 
Vessels. Tans. 
The Clyde eet pa 14 8,008 
The Forth... ics rf 1 2,770 
The Tay aoe oes See 1 3,000 
The Dee and Moray Firth ... 1 1,000 
: Total ... cee iss 17 14,778 


The above Clyde total is easily a low record for the 


| month of February, as it is by far the smallest output 
| for that month 


in modern times. Conditions have been 
all against the industry for some time, but the prospects 
are now much brighter. 





THE GoLtp MEDAL OF THE AMERICAN SOCIETY OF 
NavaL ENGINeeRS.—The American Society of Naval 
Engineers recently awarded its Gold Medal and a life 
membership to Dr. 8. E. Slocum, of Ardmore, Penn- 
sylvania, for his monograph “ Practical Application of 
Modern Hydrodynamics to Marine Propulsion,’’ which 
paper appears in the February issue of the Journal of the 
Society. This article presents the fundamental principles 
of Dr. Slocum’s research in the field of the modern circula- 
tion theory of flow as applied particularly to marine 
propulsion. 








| BOOKS RECEIVED. 


Transactions of the American Society of Civil Engineers, 
Vol. DXXXIX. 1926. New York: Offices of the 
Society. 

Amerikas Dampfturbinenbau. By Prof. Dr.-Ing. E. A, 
Krart. Berlin: V.D.I. Verlag.. G.m.b.H. 

Memoirs of the Geological Survey. Special Reports on the 
Mineral Resources of Great Britain. Vol. X. Iron 
Ores—The Heematites of the Forest of Dean and South 
Wales. By T. FRranxuin Sisiy, D.Sc. Second 
edition. London: His Majesty’s Stationery Office, 
[Price 2s. net.] 

United States Bureau of Standards. Circular No. 17, 
Magnetic Testing. [Price 15 cents.] Technologic 
Papers. No. 327. Compressive Strength of Column 
Web Plates and Wide Web Columns. By R. §. 
Jounston. [Price 20 cents.] Washington: Govern. 
ment Printing Office. 

The Scientific Design of Masonry Arches. With Numerous 
Examples. By T. ALEXANDER. London: Macmillan 
and Co., Limited. [Price 6s. net.] 

A Handbook of Physics Measurements. Vol. I. Funda- 
mental Measurements, Properties of Matter and Optics. 
By Ervin 8S. Ferry. Second edition, revised. New 
York: John Wiley and Sons, Inc. London: Chap. 
man and Hall, Limited. [Price 12s. 6d. net. ] 

The Metallurgy of the Common Metals. Gold, Silver, Iron 
(and Steel), Copper, Lead and Zinc. By LeEonarp §, 
AustIN. Sixth edition, thoroughly revised. New York : 
John ‘Wiley and Sons, Inc. London: Chapman and 
Hall, Limited. [Price 35s. net.] 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron quota- 
tions are steady, and there is rather more business passing. 
No. 1 quality is still extremely scarce, and No. 4 forge grade 
is in very short supply. Other qualities are, however, 
gradually becoming less scarce, and satisfactory progress 
is being made with the overtaking of arrears of deliveries, 
but quantities available for sale in the open market are 
still on a very limited scale. More furnaces would be 
re-kindled if adequate coke supplies could be assured. 
No. 1 Cleveland pig is 87s. 6d.; No. 3 g.m.b., 82s. 6d. ; 
No. 4 foundry, 81s. 6d.; and No. 4 forge, 81s. 

Hematite.—East coast hematite iron is distinctly easier. 
Makers are now offering Nos. 1, 2 and 3 at 89s., and 
buyers state they can readily place orders at 88s. for 
early delivery. Contracts for supply over periods ahead 
could be made at 87s. 6d. 

Foreign Ore.—Transactions in foreign ore are little 
heard of, but it is generally understood that consumers 
will be asked above current market rates when they seek 
to renew contracts. Nominally, best rubio is 22s. 6d., 
c.i.f. Tees. 

Blast-Furnace Coke.—Sellers of Durham blast-furnace 
eoke indicate a further rise in quotations, notwithstanding 
local consumers’ protests that prices are already much 
too high. Larger deliveries are urgently needed, and 
good medium qualities are fully 27s. 6d., delivered here. 

Manufactured Iron and Steel.—More extensive buying 
of finished iron and steel would be very welcome, but 
manufacturers are well sold and adhere to rates that have 
ruled recently. Common iron bars are 111. 15s. ; best 
bars, 121. 5s.; best best bars, 121. 15s. ; iron rivets, 
12/7. 15s.: packing (parallel), 8/.; packing (tapered), 
1ll.; steel billets (soft), 7/. 12s. 6d.; steel billets 
(medium), 8/. 2s. 6d.; steel billets (hard), 8/. 12s. 6d. ; 
steel rivets, 13/. 10s. ; steel ship plates, 8/. 7s. 6d. ; steel 
angles, 7/. 17s. 6d.; steel joists, 71. 17s. 6d.; heavy 
steel rails, 8/. 10s.; and galvanised corrugated sheets, 
151. 5s. 

Shipments of Iron and Steel_—February shipments of 
iron and steel from the Tees totalled 62,244 tons, com- 
prising 14,271 tons of pig-iron, 4,567 tons of manufac- 
tured iron, and 43,316 tons of steel. Of the pig-iron 
shipped, 4,810 tons went to foreign ports and 9,461 tons 
went coastwise ; of the manufactured iron despatched, 
2,255 tons went abroad and 2,402 tons coastwise ; and 
of the steel cleared, 33,116 tons went overseas and 
10,200 tons coastwise. Scotland was, as usual, much 
the largest customer for pig-iron, taking 6,166 tons, 
Wales being second with 2,750 tons. Natal, with an 
import of 1,165 tons, was the heaviest importer of 


manufactured iron. The principal’ importers of steel 
were: India, 9,244 tons; Egypt, 3,570 tons; the 


Argentine, 2,868 tons; Poland, 1,799 tons; and Natal, 
1,211 tons. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The report that steel users are paying 
premiums on official quotations for early deliveries of 
British steel, is not confirmed by inquiries made 
this district. The facts are that while the cost_ of 
coke and restriction in pig-iron supplies are exercising 
a deterrent influence, outputs of bulk steel have never- 
theless reached a gross tonnage in excess of any monthly 
average recorded during the past two years. The greater 
portion of this output is going into rolling mills, forges, 
and other heavy sections immediately associated with 
steel furnace plants. Increased supplies of pig-!ron 
are in prospect, and if steelmakers can attract more 
new business to replace expiring contracts, there 1s ® 
probability of more steel furnaces being put into com 
mission. While still unable. to absorb the full number 
of operatives available, the special engineering trades 
report brighter prospects. Ship steel of various classes 
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is a distinctly improving line, especially as under the 
conditions governing new contracts British material must 
be used. More inquiries are circulating on foreign account 
for railway steel. The British automobile trade is an 
increasingly large buyer from Sheffield, not only of 
special parts and fittings, but of tools for motorists’ kits. 
A steady demand is reported for picks and shovels, and 
various classes of mining and quarrying tools. 

South Yorkshire Coal Trade.—Pit-top prices of house- 
coal are 2s. to 2s. 6d. per ton cheaper as from the beginning 
of this month. For some weeks, the market has been 
abnormally slow, sales having fallen below the seasonal 
average, despite the exhaustion ot stocks arising from the 
coal stoprage. The reductions notifiel mainly affect 
lower quality house coal, but buyers look for a compar- 
able concession in the best brands. In industrial fuel, 
users of all classes continue to press for reductions to 
assist them in their endeavour to cheapen selling prices 
and attract increased business. Outputs are generally 
in excess of requirements, but from the coal-owners’ 
standpoint, the position is expected to improve as the 
tonnage of imported fuel diminishes. The make of 
blast-furnace coke has been increased, but the range of 
prices hampers the placing of contracts for forward 


delivery. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—A gloom has been cast over the coal 
trade by an explosion at the Marine pits of the Ebbw 
Vale Steel, Iron and Coal Company, Limited, at Cwm, 
which has resulted in the death of 51 men. The ex- 
plosion occurred at 1 o’clock on Tuesday morning, 
when 131 men were at work. Gallant efforts to rescue 
the entombed men were frustrated by gas. In the 
meantime, the Welsh coal trade has developed a stronger 
tone, and the outlook is regarded as distinctly more 
encouraging than has been the case for some weeks 
past. Prospective buyers are certainly showing more 
interest in contracts, and a number of orders have been 
placed for shipment in the next three months and over 
the rest of the year. Tenders have just been submitted 
for 100,000 metric tons of large coal for the Egyptian 
State Railways for delivery over the next three months, 
the lowest price submitted being 33s. 5d., c.i.f. Alexandria, 
by Messrs. Tabb and Burletson, of Newcastle. The 
Algerian State Railways have placed an order for 
32,000 tons of Welsh sized coal, and the Madrid, 
Saragossa and Alicante Railway, of Spain, has ordered 
20,000 tons of best Welsh large. The Algerian State 
Railways have also contracted for 91,000 tons of German 
patent fuel, the successful tender being about 3s. below 
the Welsh price. Delay in the arrival of expected 
shipping is causing difficulty to some colliery salesmen, 
but, even so, the market generally is steadier with best 
Admiralty large from 22s, 6d. to 23s., and Monmouth- 
shires from 20s. to 22s. Dry large, however, remains 
neglected at 20s. to 21s. 6d., with sized descriptions 
irregular at 16s. to 23s. for nuts. Smalls, however, are 
steady and scarce, the best bunker descriptions ranging 
from 14s, 9d. to 15s. 3d., with other grades from 12s. 6d. 
up. Exports of coal, as cargo foreign, in the past week 
amounted to 430,410 tons, compared with 472,240 tons 
in the previous week. Shipments at Newport were 
raised from 79,000 tons to 99,420 tons, but at Cardiff 
were lowered from 286,910 tons to 266,190 tons, at 
Swansea from 55,170 tons to 36,570 tons, at Port Talbot 
from 47,660 tons to 28,230 tons, and at Llanelly from 
3,500 tons to nil. 


_ Iron and Steel.—An improved demand has developed 
for Welsh tinplates, and prices are stronger on the basis 
of 20s. to 20s. 3d., the output restriction scheme having 
come into operation yesterday. Tinplate bars have, 
however, been reduced by 5s. to 61. 10s. per ton delivered. 
Exports of iron and steel goods in the past week amounted 
to 12,038 tons, against 22,403 tons in the preceding week. 
Shipments of tinplates and terneplates were reduced 
from 9,345 tons to 4,813 tons, blackplates and sheets 
trom 3,056 tons to 1,678 tons, galvanised sheets from 
6,268 tons to 3,094 tons, and other iron and steel goods 


from 3,734 tons to 2,453 tons. 





_ ConTRACTS.—Messrs. Yarrow and Company, Limited, 
Scotstoun, Glasgow, have recently received a number 
of orders for Yarrow water-tube boilers of the land 
type, amongst which are included the following: Two 
high-pressure boilers of 600 1b. pressure, with superheaters, 
airheaters and economisers, for the Castner-Kellner 
Alkali Company Limited; and four boilers with super- 
heaters, for the power station at Devonport dockyard. 
= addition the firm has in course of construction three 
high-pressure boilers for Barking power station, a number 
of boilers for the Canadian Pacific Steamship Company’s 
vessels, six boilers for Portsmouth dockyard power station, 
and four boilers for the City of London Electric Lighting 
Company, Limited, &c. Messrs. Yarrow are also supplying 
the designs for the high-pressure Yarrow boilers for the 
‘wo new Canadian Pacific Liners.—The First Garden City, 
Limited, Letchworth, have placed an order for a 1,000 kw. 
~ Cour motor converter with the Ateliers de Constructions 
Electriques de Charleroi.—A contract has been placed 
with Messrs. James Pollock Sons and Company, 
Limited, The Shipyard, Faversham, Kent, for the 
construction of two motor tugs for service in South 
\merica. The vessels will be of the following dimen- 
Length 50 ft., breadth 13 ft., and draught 5 ft., 
B eis they will be fitted with 120 brake horse-power 
ne direct, reversible heavy oil engines, developing 
VEE power at 375 r.p.m, 








NOTICES OF MEETINGS. 


THE INSTITUTION OF MECHANICAL ENGINEERS.— 
To-night at 7 p.m., at Storey’s Gate, S.W.1. Informal 
Meeting. Cinematograph Exhibition. Friday, March 
11, at 6 p.m., General Meeting. ‘“‘'The Development of 
Mechanical Vehicles for General Load-Carrying Duty in 
the Army,” by Capt. C. H. Kuhne. 


THe MANCHESTER ASSOCIATION OF ENGINEERS.— 
To-night, at 7.15 p.m., at the Engineers’ Club, Albert- 
square, Manchester. ‘‘ High Pressure Steam Generation,” 
by Mr. W. Bayliss. 


Tue Junior INstiTuTION OF ENGINEERS.—To-night at 
7.30 p.m., at 39, Victoria-street, S.W.1. Informal Meeting. 
* An Evening with the Old Brigade.” Friday, March 11, 
at 7.30 p.m. ‘The Design, Construction and Operation 
of the Cupola,” by Mr. J. W. Wolstenholme. 


THE Roya Instirution.—To-night at 9 p.m., at 
Albemarle-street, W.1. ‘“‘Some Colouring Agents in 
Glasses and Glazes,” by Sir Herbert Jackson. Friday, 
March 11, at 9 p.m. ‘The Wall of Hadrian ” by Sir 
George Macdonald. 


Tue INstTrIruTE or BRITISH FOUNDRYMEN : BIRMING- 
HAM, COVENTRY AND West Mipuanps BrancuH.— 
Saturday, March 5, at 6.30 p.m., at the Engineers’ Club, 
13, Waterloo-street, Birmingham. ‘‘ Some Experiences 
in the Production of Malleable Castings,” by Mr. H. 
Field. 

THE INSTITUTE OF BRITISH FOUNDRYMEN : LANCASHIRE 
Brancu.—Saturday, March 5, at 6.30 p.m., at the 
Champness Hall, Drake-street, Rochdale. Joint Meeting 
with the West Riding of Yorkshire Branch. Lecture. 
“The Foundry Cupola,” by Mr. W. H. Poole. 


THe Hut AssocraTiON OF ENGINEERS.—Saturday, 
March 5, at 7.15 p.m., at the Technical College, Park- 
street, Hull. Lecture. ‘‘ Civil Engineering Experiences 
in South America,” by Mr. E. Hall. 

Tue INstITUTE oF TRANSPORT-—Monday, March 7, at 
5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. “‘ Transport 
of Fish,’”’ by Mr. J. Pique. 

THe Society or ENGINEERS.—Monday, March 7, at 
5.30 p.m., at the Geological Society, Burlington House, 
Piccadilly, W.1. ‘‘The Raising of a 1,250-ton Coal 
Bunker after a 7-ft. Subsidence,” by Mr. M. E. Gerard. 





THe INstTITUTION OF AUTOMOBILE ENGINEERS: 
BristoL CENTRE.—Monday, March 7, at 6.45 p.m., at 
the Merchant. Venturers’ Technical College, Bristol. 
‘“Some Notes on Petrol-Engine Development,’’ by 
Mr. H. R. Ricardo. 

THE BraprorD ENGINEERING Society.—Monday, 
March 7, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. ‘* Some Mechanisms of Textile 
Machinery,” by Mr. W. A. Hanton. 


Tue InstiruTioN OF THE RUBBER INDUSTRY. 
Monday, March 7, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W.1. ‘‘Some Electrical Properties of 
Rubber,” by Mr. P. Dunsheath. 

THE INstiITUTION OF PETROLEUM 'TECHNOLOGISTS.— 
Tuesday, March 8, at 5.30 p.m., at the Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘* Two Shallow Oil- 
fields in Texas,’’ by Dr. A. Wade, F.G.S. 


THE INSTITUTION OF PROFESSIONAL CivIL SERVANTS.— 
Tuesday, March 8, at 5.30 p.m., at the Surveyor’s Insti- 
tution, Great George-street, S.W.1. Lecture. ‘‘ The 
Development of Airship Transport,” by Major G. H. 
Scott. 

Tue InstiruTIon or CrviL ENGINEERS.—Tuesday, 
March 8, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. ‘‘ The Tansa Completion Works for 
the Water-Supply of Bombay ” by Mr. A. W. Stonebridge. 
Wednesday, March 9, at 6 p.m. Informal Meeting. 
Subject for discussion, ‘Traverse Surveys,” by Mr. 
A. H. Douglas. 

THE INSTITUTION OF MECHANICAL ENGINEERS: SOUTH 
Wates Brancu.—Tuesday, March 8, at 6 p.m., at the 
Chamber of Commerce, Swansea. ‘“ Furnaces and 
Furnace Design,” by Mr. C. Nelson. 


THE INSTITUTION OF AERONAUTICAL ENGINEERS.— 
Tuesday, March 8, at 6.30 p.m., at the Junior Institution 
of Engineers, 39, Victoria-street, S.W.1. ‘‘ Portable 
Hangars,” by Major H. N. Wyllie. 

THe InstTITUTE OF MARINE ENGINEERS.—Tuesday, 
March 8, at 6.30 p.m., at 85/88, The Minories, Tower 
Hill, E.1. ‘The M.A.N. Internal-Combustion Engine 
and other Types,” by Mr. W. F. Rabbidge. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: Scor- 
TISH CENTRE.—Tuesday, March 8, at 7 p.m., at the 
North British Hotel, Edinburgh. ‘‘ High-Power Fusible 


Cut-Outs,”” by Mr. L. C. Grant. 


THE SHEFFIELD METALLURGICAL ASSOCIATION.—Tues- 
day, March 8, at 7.30 p.m., at 198, West-street, Sheffield. 
** Cold-Rolled Steel,” by Mr. G. R. Bolsover. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS: SOUTH 
MipLanp CENTRE.—Wednesday, March 9, at % p.m., 
at the University, Edmund-street, Birmingham. ‘“ Illu- 
mination Engineering,” by Mr. J. W. T. Walsh.‘‘ The 
Problems of Public Lighting by Electricity,’ by Mr. H. 
T. Harrison. 

THE Royat Society or Arts.—Wednesday, March 9, 
at 8 p.m., at John-street, Adelphi, W.C.2. Ordinary. 
Meeting. ‘‘ The Utilisation of Gas Coke,” by Dr. E. W. 
Smith. Friday, March 11, at 4.30 p.m., Indian Meeting. 
“Tron and Steel Industry in India,” by Mr. R. Mather, 





THe Nortu-East Coast Institution oF ENGINEERS 
AND SHIPBUILDERS.— Wednesday, March 9, at 7.15 p.m., 
at Bolbec Hall, Newcastle-wpon-Tyne. Graduates’ 
Section Meeting. ‘‘ Grinding,” by Mr. J. H. Frith. 

THE INstiruTE oF MeTats.—Annual General Meeting, 
Wednesday, March 9 and Thursday, March 10, at 
10 a.m., at the Institution of Mechanical Engineers, 
Storey’s Gate, S.W.1. Wednesday, March 9, at 10 a.m. 
Presidential Address by Sir John Dewrance. * Investiga- 
tion of the Effects of Impurities on Copper. Part V.— 
The Effect of Bismuth on Copper,” by Professor D. 
Hanson and Miss G. W. Ford. “ Investigation of the 
Effects of Impurities on Copper.”’ ‘‘ Part IIJ.—The Effect 
of Arsenic on Copper,” and “ Part IV.—The Effect of 
Arsenic Plus Oxygen on Copper,” by Professor D. Hanson 
and Mr.C. B. Marryat. “* Brittleness in Arsenical Copper,” 
by Mr. C. Blazey. Wednesday, afternoon, at 2 p.m., 
‘*Electric Furnaces in Non-Ferrous Metallurgy,” by 
Mr. D. F. Campbell. At 6.45 for 7 p.m., Annual Dinner 
and Dance at the Trocadero Restaurant, Piccadilly- 
circus, W.1. Thursday, March 10, at 10 a.m., “The 
Penetration of Mild Steel by Brazing Solder and Other 
Metals,” by Mr. R. Genders. ‘‘ The Penetration of Brass 
by Tin and Solder, with a Few Notes on the Copper-Tin 
Equilibrium Diagram,” by Mr. J. H. Miller. “The 
Attack of Molten Metals on Certain Non-Ferrous Metals 
and Alloys,” by Mr. H. J. Hartley. ‘‘ Notes on the 
Manufacture and Properties of Hair Springs,”’ by Dr. H. 
Moore and Mr. S. Beckinsale. ‘‘ The Application of Strain 
Methods to the Investigation of the Structure of Eutectic 
Alloys,” by Mr. F. Hargreaves, ‘‘ Note on the Crystalliza- 
tion of the Lead-Tin Eutectic,” by Mr. F. Hargreaves. 
Thursday afternoon, at 2 p.m., “ The Influence of Calcium 
on Aluminium Containing Silicon,’ by Mr. J. D. Grogan; 
Appendix on “'The Estimation of Calcium in Aluminium 
Alloys,” by Mr. P. G. Ward. ‘‘ The Magnesium-Rich Mag- 
nesium-Copper Alloys,” by Dr. Max Hansen. ‘ The Me- 
chanism of Inverse Segregation in Alloys,” by Mr. R. 
Genders ; Appendix on ‘“‘ The Accurate Determination of 
Copper in Bronze by Electrolysis,” by Mr. R. A. F. Ham- 
mond. ‘ Magnetic Analysis as a Means of Studying the 
Structure of Non-Magnetic Alloys,” by Professor K. Honda 
and Professor H. Endo. ‘‘An Etching Reagent for Copper,” 
by Professor B. W. Holman. ‘“‘ Examination of a Fif- 
teenth-Century Brass,” by Dr. J. Newton Friend and 
Mr. W. E. Thorneycroft. ‘‘ Note on the Silver Contents of 
Roman Lead from Folkestone and Richborough Castle,” 
by Dr. J. Newton Friend and Mr. W. E. Thorneycroft. 

Tue INstTITUTION OF CHEMICAL ENGINEERS.—Annual 
Meeting and Conference. Wednesday, March 9, to 
Friday, March 11, at the Chemical Society, Burlington 
House, Piccadilly, W.1. Wednesday, March 9, at 5 p.m., 
“The Production of Dissolved Acetylene and its Applica- 
tion to Lead Burning,” by Mr. W. C. Freeman. ‘ Lead 
as a Constructional Material in Chemical Engineering,” 
by Mr. S. J. Tungay. ‘‘ The Function of the Schmiedel 
Box in Sulphuric Acid Manufacture,” by Mr. H. J. 
Bush and Mr. A. Grounds. ‘‘Some Improvements in 
Chamber Sulphuric Acid Plant,” by Mr. W. G. Mills. 
Thursday, March 10, at 12.30 p.m., Visit to the Fuel 
Research Station, East Greenwich. At 5 p.m., “‘ Rubber 
as a Constructional Material in Chemical Engineering,” 
by Mr. B. D. Porritt. ‘‘ The Effect of Heat on Some of the 
Properties of Metals,’ by Professor F. C. Lea, D.Sc. 
Friday, March 10, at 11.30 a.m., Annual Corporate 
Meeting. Presidential Address, ‘‘Some Industrial 
Developments and the Chemical Engineer.” ‘* The Cross 
Cracking Process and Plant,’ by Mr. F. H. Rogers. 
At 7.30 for 8 p.m., Annual Dinner at the Hotel Victoria, 
Northumberland-avenue, W.C.2. 

THE Royat AERONAUTICAL Society.—Thursday, 
March 10, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. “‘ Man and the Machine,” 
by Group Capt. M. Flack. 

THE Optica Socrety.—Thursday, March 10, at 7.30 
p.m., at the Imperial College of Science and Technology, 
Imperial Institute-road, South Kensington, 8.W.7. 
“Microscopy of the Living Eye,” by Mr. Basil Graves. 
‘An Ophthalmoscope Attachment to the Fincham Slit 
Lamp,” by Messrs. Clement Clarke. The Cambridge 
Photographic Ophthalmoscope (Salomonson Pattern) 
by the Cambridge Instrument Company, Limited, will be 
exhibited and described. 

THE INSTITUTION OF MECHANICAL ENGINEERS: YORK- 
SHIRE Brancu.—Thursday, March 10, at 7.30 p.m., at the 
Hotel Metropole, Leeds. ‘Deep Well Boring and 
Pumping Plant,” by Mr. F. C. Paget. 

THe INSTITUTION OF MECHANICAL ENGINEERS.- 
Friday, March 11, at 6.15 p.m., at the Institution of 
Electrical Engineers, Savoy-place, Victoria-embank- 
ment, W.C.2. Students’ Section: Joint Meeting with the 
Student Sections of the Institution of Civil Engineers 
and the Institution of Electrical Engineers. ‘“ Patents,” 
by Mr. A. C. Price. 

Tue INSTITUTION OF AUTOMOBILE ENGINEERS : NORTH 
oF ENGLAND CENTRE.—Friday, March 11, at 7 p.m., at 
the Liverpool Engineering Society, The Temple, Dale- 
street, Liverpool. ‘‘ Ships’ Lifeboat Motors,” by Mr. A. 
F. Evans. 

Tue InstiITUTE OF METALS: SWANSEA LOCAL SECTION 
—Friday, March 11, at 7.15 p.m., at the University 
College, Singleton-park, Swansea. ‘‘The Influence of 
Oxygen on Copper and Other Non-Ferrous Metals,” by 
Dr. F. Johnson. 

THE KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
March 11, at 7.30 p.m., at the Temperance Institute, 
Keighley. Lecture. “The Role of Electricity in 
Nature,” by Dr. Whiddington, F.R.S. 


THe Instirure oF METALS: SHEFFIELD LocaL 
Section.—Friday, March 11, at 7.30 p.m., at the Univer- 
sity, St. George’s-square, Sheffield. ‘* Oil-Fired Furn- 
aces,” by Mr, I, Lubbock, 
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OUTLETS OF RETARDING BASINS ; MIAMI VALLEY FLOOD PROTECTION WORKS. 


(For Description, see Page 248.) 














Fig. 27. Conpuit Type or DIscHARGE; GERMANTOWN Dam. 

















Fig. 28. Spmtway AND OUTLET TyPE or DISCHARGE; TAYLORSVILLE Dam. 
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METROPOLITAN PASSENGER 
TRAFFIC, 


A GENERATION ago various schemes were brought 
forward for railway developments in the North- 
east London area. They encountered, however, the 
passionate opposition of that school of philanthro- 
pists which is ever prepared to bestow uncounted 
benefits on the public so long as the burden of them 
falls on other than their own shoulders. Mr. John 
Burns, if our memory serves, was particularly insis- 
tent on the view that each of these Bills should be 
saddled with restrictions which would make it impos- 
sible to secure any reasonable return on the necessary 
capital outlay. As in the case of the similar 
philanthropic efforts of Mr. Joseph Chamberlain in 
the early days of electric lighting, the result was 
not merely the wreckage of the particular schemes 
then before Parliament, but enterprise in general 
was checked. ‘‘ The fathers have eaten sour grapes, 
and the children’s teeth are set on edge,” was said 
of old; and the present generation of Londoners 
is now suffering from the short-sighted greed of their 
forerunners, and is demanding as a right those very 
improvements in transport facilities which met with 
such strenuous opposition in the past. At the date 
in question credit was high and rates of interest low, 
and the works could have been executed at a small 
fraction of the expenditure which would now be 
necessary. Nevertheless. the loudest complainants 


| about existing conditions seem as little inclined as 


their predecessors to make any effective contribution 
to the costs involved in ameliorating them. 
Manchester saved her ship canal by investing in 
the shares of the company, and the prospect of 
constructing the lines so badly needed in the North 
and East of London would be distinctly brighter 
were the areas to be served prepared to make 
some substantial contribution to the cost of the 
works. 

Reports on the traffic conditions in the North, 
North-east, and East London areas were issued 








last December by the London and Home Counties 
Traffic Advisory Committee and a third report on 
the South-eastern area has been published this 
week. So far as regards the North-eastern area, 
the Committee states that the main difficulty 
arises from the large increase in the popula- 


“| tion to be served and the lack of any corresponding 


development of through services to Central 
London. Passengers have accordingly to change 
from rail to omnibus or tram. This results in 
much inconvenience, and in wet weather to actual 
discomfort. The report states, however, that; in 
general, at all hours of the day, the seating accommo- 
dation provided exceeds the demand, yet at rush 
hours much delay and inconvenience occur. 

In this connection, it may be added that where 
train services are smartly worked it is probably 
impossible to avoid overcrowding with the existing 
type of rolling-stock. Short station. stops are 
essential for satisfactory suburban services, and 
passengers crowd, accordingly, into the nearest 
compartment, even although this be already 
crammed to its full seating capacity, and although 
at the other end of the train there may be compart- 
ments but sparsely occupied, or even completely 
empty. Were it possible to pass from carriage to 
carriage whilst the train is in motion, the seating 
capacity actually provided would probably be more 
efficiently utilised but the corridors required would, 
no doubt, reduce the seating capacity of each coach. 

So far as the area served by the London and 
North Eastern Railway is concerned, the committee 
holds that with better facilities, the rail traffic would 
increase by 50 per cent. in the course of the next 
few years, but unless the railway company faces the 
heavy cost of electrifying its lines, it can improve 
present facilities but little. The committee propose 
to study still further the feasibility of this railway 
electrification, and add that it would be of advan- 
tage to provide physical junctions at Drayton Park 
with the metals of the Great Northern and City 
line. Another proposal under considération is an 
extension of the Highgate branch of the London 
Electric Railways to a junction with the L.N.E.R. 
at East Finchley. They report, moreover, in favour 
of extending the Piccadilly Railway to Manor House 
and to Wood Green, with an interchange station at 
the first named, for the benefit of travellers by the 
Metropolitan Tramways. A minor proposal is for 
the establishment of a similar interchange station 
at Golders Green. 

In East London, present conditions seem still 
worse than in the area just discussed. The railway 
company admits that at rush hours more people 
are seeking to travel than there are facilities for. 
This condition is, undoubtedly, due in no small 
measure to the short-sightedness of Parliament in 
the past, on which we have already commented. 
As matters stand, there is much discomfort and over- 
crowding, which in the opinion of the committee 
could be most speedily relieved by an electrification 
of the railway lines. This would, it is estimated, 
increase their traffic capacity two-fold or three-fold. 
They suggest that this conversion might be effected 
if the companies concerned could be assured against 
unnecessary competition in the future. Such 
restrictive policies, however, raise many serious 
considerations, but it might possibly prove sufficient 
if protection were given against municipal or State- 
aided competition. It is notorious that, in the past, 
public traffic authorities have never been responsible 
for any important improvements or innovations in 
transportation, and that it is usually only where the 
authorities bar competition by more popular and 
more modern methods of transport, that municipal 
tramways are run at other than a loss. 

It may be added that unnecessary competition 
is by no means easy to define. Every undertaking 
consider its competitors unnecessary. An interest- 
ing example of this was provided when the Stafiord- 
shire power gas scheme was promoted. Every little 
local authority which owned gas works protested 
vehemently against the admission of the company’s 
mains into their area though they could not 
themselves provide an equally satisfactory service. 
On the other hand, where. the gas works were 
privately owned the local authorities favoured 
the new proposals. Similarly, the tramway 
authorities of to-day denounce motor ’bus competi- 
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tion as unnecessary, whereas their real complaint is 
that it is so efficient that it attracts passengers 
who would otherwise be compelled to patronise the 
less convenient service. 

The advisory committee report that the construc- 
tion of a new railway from Liverpool-street to 
Waltham Holy Cross would be of great advantage 
to the area served. It is of interest to note that a 
Bill with this object was promoted in 1900. As 
matters stand to-day the cost would appear to be 
prohibitive. 

The third of the three reports prepared by the 
committee deals with the South-East London area, 
comprising the boroughs of Southwark, Bermondsey, 
Camberwell. Deptford, Greenwich, Lewisham, and 
Woolwich. Of these Southwark, with 163-1 souls 
per acre, has the densest population of any Metro- 
politan borough. Both at Southwark ‘and at 
Bermondsey the residential population is diminish- 
ing, owing to the increase of factories, and former 
inhabitants are moving further afield. 

Taking the south-east area as a whole, the daily 
in or out traffic exceeds a quarter of a million. The 
district is served by seven lines of railway, 463 
miles of tramway, and by 1,492 omnibuses. Com- 
plaints of congestion and overcrowding are frequent. 
This is in part due to the changes made during 
late years in the recognised working day, which 
has tended more and more towards uniformity of 
hours in all industries. The “ traffic peaks” have 
thus been intensified, the peak loads being spread 
over a shorter time than was formerly the case. 

The local authorities have pressed for the con- 
struction of tubes. but it appears that the geological 
conditions are unfavourable, and that the cost of 
construction would be exceptionally high. Mention 
is made in the report of a proposal for a “ Kearney 
Tube,” the distinguishing feature of which is said 
to be that each station is located at the summit 
of opposing grades so that trains leaving a station 
are accelerated by the falling gradient, whilst 
when a train is approaching a station the opposing 
grade helps the brakes to bring it to rest. This 
system was originally proposed in the ‘forties or 
fifties of last century for main-line railways, and 
was adopted on some of the earlier London tubes. 

During the war nine stations in the south-east 
area were closed and have not since been reopened. 
The committee report that in eight of the nine 
cases the abandonment was fully justified by the 
falling off of the receipts due to the *bus and tram 
competition. Indeed, they hold that under present 
conditions it is generally inadvisable to stop main- 
line trains at stations less than three miles from a 
terminus, as the local traffic is better dealt with by 
‘bus or tram. The Old Kent-road station was, 
however, still serving 4,500 passengers per diem 
when closed during the war, and they express the 
opinion that the railway company should consider 
again the question of reopening it, although the 
rebuilding would cost about 22,0001. 

Great credit is given to the Southern Railway Com- 
pany for the vast improvements which are being 
effected by their extensive electrifications, and also for 
the very fair and very informative evidence given by 
their witness, Mr. E. C. Cox, the chief operating 
superintendent of the line. In view of the fore- 
going, and of the difficulties of tube construction, 
the committee do not for the present recommend 
any general extension of the tubes into the south 
eastern area, but they suggest that a short exten- 
sion of the Bakerloo line beyond its present terminus 
might materially relieve the present congestion of 
the roads at the Elephant and Castle. 

The Metropolitan Railway urged on the -com- 
mittee the desirability of establishing through 
running between their lines and those of the 
Southern Railway Company. At present the 
Metropolitan trains, passing under the Thames 
over the East London line, stop at New Cross and 
New Cross Gate. If physical junctions were pro- 
vided at these stations, and through running 
established, it was claimed that a very considerable 
under-Thames traffic might be developed. With 
this view the committee agree, but with the proviso 
that “flyover” or “flyunder” junctions should 


be provided at Aldgate, otherwise the additional 
traffic might diminish the efficiency of the existing 


In view of the impassioned campaign by which 
the London area was ‘‘rescued”’ from the 
‘Trusts ’’ (at an ultimate cost to the rates which in 
1925 was 550,000/.) it is of interest to note that 
the committee are inclined to favour the proposals 
of the Underground Group for the establishment of 
a traffic trust in London. The scheme provides 
for the setting up of a common management and 
of a common fund to which all the metropolitan 
services would be parties, but there would be no 
disturbance of existing ownerships. The services 
would, it is said, be so co-ordinated as to “‘ eliminate 
the present uneconomic and wasteful competi- 
tion,’ whilst a second “overriding authority ” 
would be established to prevent an abuse of the 
monopoly. 

If competition is to be prevented, this scheme 
has certain advantages, since the ‘‘ Trust ’’ would 
be in the main under private control and manage- 
ment, and thus less hidebound in its resistance to 
improvement than public bodies have invariably 
proved to be. Still more important is the con- 
sideration that under the scheme, what may perhaps 
be described as the ‘‘ judicial” and the ‘‘ adminis- 
trative’ functions would be exercised by inde- 
pendent parties, and not by one and the same 
body, as occurs with municipal and State mono- 
polies. At one time ‘‘ Down with the Trusts” 
was a telling political cry in the United States, 
but experience has proved that the confident asser- 
tion and predictions of their enemies have been 
falsified by events, and these corporations are 
to-day by no means unpopular. Having but little 
voting power, such bodies are easy to control. 
Indeed it is a matter of notoriety that the absence 
of voting power has led to unjust treatment of our 
railways, which in certain areas pay the bulk of 
the rates but have only an infinitesima! control 
over their disposition. 

London traffic is considered from another point 
of view in a report submitted last autumn to the 
London County Council. In this case the main topic 
is the dangers of the streets. In 1891 the death rate 
from street accidents was 147, whilst in 1925 the 
total for the Metropolitan Police area was 840. The 
motor began to come into prominence in 1900, when 
three deaths were due to mechanically-propelled 
vehicles, the corresponding figure for horsed traffic 
being 173. In 1925 there were 50 people killed by 
horse-drawn vehicles and 782 by motors, inclusive 
of motor bicycles. The total number of vehicles 
licensed for the public transport services was about 
the same in both years, but to-day almost all pas- 
senger traffic is mechanically propelled, as well as 
two-thirds of the goods transport. In fact, horsed 
vehicles to-day constitute only about one-sixth of 
the total. 

The consequent increase in the accident rate is 
undoubtedly serious, but it is relatively much 
smaller than in America. New York, with a popu- 
lation three-quarters that of London, has nearly 
twice as many street accidents, and the corre- 
sponding figures for Chicago tell the same tale. Of 
course it must be borne in mind, in making such a 
comparison, that the intensity of motor traffic in 
these American cities is much higher than in 
London. Indeed, it has been claimed that the high- 
ways there have in some cases reached the “* satura- 
tion point.” Paris, in spite of the proverbial 
recklessness of her drivers, had (in 1922) only one- 
seventh as many street fatalities as London, though 
her population is two-thirds as great. Possibly the 
small Parisian list may be in part due to the fact 
that even before the advent of the motor, pedestrians 
in Paris were called upon to exercise much more 
vigilance than was demanded from them here. 

Various remedies are discussed in the council’s 
report. The most effective would probably be 
further police-protected traffic points, but these 
are expensive, the annual cost of each being 
estimated at about 600/. Experience has proved 
that subways and over-bridges will be but little 
used unless the crossing is a very long one. Street 
refuges are, however, effective. in part because 
they compel the more reckless class of driver to 
keep to the proper side of the road. The provision 
of such refuges rests, however, not with the County 
Council but with the local authorities immediately 








services to East Ham and Barking. 


concerned. 





The council’s committee consider that the pro- 
posed abolition of speed limits requires further 
consideration, but strongly support additional] 
control of the traffic by the police. 





THE ECONOMICS OF SHIP MODEL 
TESTS. 


TANK experiments on ship models for ascertaining 
the suitability of hull formation, dimensions of 
propellers and effect of appendages, is now a well. 
established science, the original tank having been 
introduced by William Froude more than half a 
century ago, and it is only necessary to compare 
the results of trials of a ship built in, say, 1880, 
with a present-day product, in order to realise the 
great advances which have been made as the resuit 
of these experiments. Like many other proposals 
of value, Froude’s system was not immediately 
adopted generally, and for many years the only 
tank in use for mercantile work was owned by Messrs, 
William Denny and Brothers, of Dumbarton : it is 
clear from recent statements, that in spite of long 
usage and the time available for systematic experi- 
ments, valuable deductions are still being made from 
the tests at that establishment. 

The system was later adopted by all the leading 
maritime powers, and the transactions of the 
technical institutions contain many valuable con- 
tributions from the various experimenters, all of 
which have been of extreme value to practitioners. 
The reasons given by Mr. G. S. Baker, in a recent 
paper read before the North-East Coast Institution 
of Engineers and Shipbuilders, for further pursuit 
of this subject, are therefore worthy of the serious 
consideration of ship designers and owners. Al- 
though so much data is now available, and the 
improvements have been so great, it should not 
be thought that the limits of application have 
been reached. To give a particular instance of the 
direction in which research should be continued, we 
might mention one of the points named by Mr. 
Baker, viz. :—that of ascertaining the best form for 
rough weather conditions. This is a phase of the 
subject which is still in its infancy, and any results 
which have been published are very inconclusive. 
In the case of full cargo steamers, it is found by 
tank experiment that, for smooth water conditions. 
the best position of the longitudinal centre of 
buoyancy is between one and two per cent. forward 
of amidships, but it could not be definitely stated 
that such distribution would also be best under 
heavy weather conditions. There is evidence from 
ships logs to suggest that a much better result is then 
obtainable with the centre of buoyancy aft of amid- 
ships, but whether the difference is due to that factor 
alone or to some combination of circumstances is 
open to doubt; methodical experiments would 
possibly throw some light on this point. There is 
also still a very wide field for research in connection 
with the association of propellers to hulls, and the 
points raised by Mr. Baker are important illustra- 
tions of the improvements which can be effected in 
what may appear to be insignificant details. 

A complete set of experiments can be carried out 
for a ship at between 200/. and 400/., and it will be 
generally agreed that this is a very trifling expen- 
diture in relation to the average cost of a vessel, 
which Mr. Baker places at between 20,000/. and 
several millions of pounds. We would observe in 
this connection that there are many types of vessel 
of considerably less value which are worthy of, and 
would benefit commercially by, thorough investi- 
gation: as an example, we might cite the case of 
tugs. 

In advocating a more intensive use of the experi- 
mental tank, Mr. Baker states that the number of 
designs passed by Lloyds was four times the number 
of models which were tank tested : even if a similar 
number of designs has been passed by the British 
Corporation and other registration societies. We 
would hold the opinion that a ratio of one in eight is 
tolerably good. It must be borne in mind that the 
bulk of mercantile tonnage is now of highly standard- 
ised type, and with the data which has been 
personally acquired from earlier experiments and 
with full knowledge of the laws of comparison, it is 





not a difficult matter, especially for the slower types 





mate mh ee ie awk ek CO 





pro- 
Tther 
ional 


EL 


ining 
is of 
well. 
been 
lf a 
pare 
880, 
the 
sult 
sals 
itely 
only 
SSIs. 
it is 
long 
eTi- 
rom 


ling 
the 
‘on- 
LOE 
ers. 
ent 
ion 
suit 
ous 
Al. 
the 
not 
ive 
the 
we 
Ir. 
for 
he 
Its 
ve. 
by 
ns. 


of 


is 


me 
n 





MARCH 4, 1927.] 





of vessels, for an experienced designer to prepare a 
suitable form and predict the power required within 
the limits of practical accuracy. It would appear 
to be unnecessary to test each model for vessels 
of similar type, and undoubtedly the bulk of tonnage 
which has been placed during the past two years is 
of the plain and slow type. The greatest field 
to-day for experimental work is connected with 
vessels of more than 0-7 speed-lengths ratio, with 
multiple screws, and especially those having a high 
ratio of beam to draft. The William Froude tank 
at Teddington, of which Mr. Baker is the superin- 
tendent, is one of the most modern establishments ot 
its kind, and the published records of the work done 
there are eloquent testimony of the study given to 
the problems entrusted to the staff. 


THE PROSPERITY OF FRANCE. 


Aut the Allies sacrificed men and treasure in the 
war, though in different proportions, but only some 
of them suffered destruction of their property in 
their own territory. As compared with other 
material losses these were conspicuous not merely 
in being physically evident, but also because as 
soon as the war came to an end they were felt both 
immediately and entirely. For all three reasons 
they assumed a special prominence when after the 
Armistice the Allies had to consider how their 
damages were to be met, and by common consent 
a first purpose of all parties was that destruction 
within home lands should be made good with the 
least possible delay. France and Belgium had been 
the largest sufferers in this way, and a preference 
was at once given to Belgium, which enabled that 
country rapidly to repair the industrial damage it 
had sustained. The much larger scale of the injuries 
inflicted on French soil made recovery a longer 
business, and the anxiety felt by Frenchmen and 
their sympathisers in this country and elsewhere 
was aggravated by financial embarrassments. It is 
therefore with real satisfaction that the friends of 
France in this country will realise that not only the 
material damage inflicted on and in French terri- 
tory has been made good, but also that in the process 
French industry has been brought up to a far higher 
level than it occupied before the war. 

It may be questioned whether this achievement 
has been recognised as clearly as it should be. 
As human nature goes, calamity attracts the 
attention both of the victim and of onlookers, 
though prosperity may pass unnoticed and_ be 
taken as a matter of course. In France itself 
many must have been aware of the steady growth 
of industry, as is shown by the considerable subscrip- 
tion of new industrial issues, in spite of the keenly- 
felt financial disadvantages of the situation. Even 
in France, however, and still more outside it, much 
greater attention has been given to the fluctuations 
of the exchange value of the franc and their 
immediately inconvenient and dangerous conse- 
quences. This aspect of the French situation is, 
however, very far from affording a full and correct 
view, and those whom it interests may amplify 
their information and readjust their perspective by 
reference to ‘one of the reports recently published by 
the Department of Overseas Trade, in which Mr. 
J. R. Cahill, the Commercial Counsellor by whom it 
is represented in France, discusses the economic and 
industrial conditions in that country for the year 
1925-1926.* Such reference will be the more 
serviceable not merely because of the ability and 
comprehensiveness with which the subject is 
treated, qualities that are not uncommon in the 
reports of the Department and have been conspicu- 
ous in those of Mr. Cahill for previous years, but also 
because of the exemplary promptness with which 
the report has been completed and published. 

_ French economic history for the last eight years 
is the resultant of a complicated interaction of 
economical, financial and _ political influences, 
an account of which is given in the report and 
elucidated by an abundance of statistical material. 
lhe results, however, that are most interesting at the 
present time are simple. To quote the report—-France 
has completed, by her own resources, the formidable 
task “of the industrial and agricultural restoration 
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of the ten devastated counties.” She has set up 
again and re-equipped thousands of factories, rebuilt 
hundreds of thousands of farms and dwellings 
and transformed the whole area from its condition 
of ruin into an economic whole of far greater capacity 
than before the war. Simultaneously the factories 
which had been developed and improvised in other 
industrial areas for the purposes of the war turned 
almost without interruption to the uses of peace, 
and for the last five years France has enjoyed an 
unbroken period of intense industrial and commer- 
cial activity. Unemployment has been practically 
non-existent, in spite of a vast expansion of 
manufacturing facilities. In fact, industry has 
suffered and been restricted repeatedly through 
shortage of labour, though immigration has brought 
the population, which even the addition in 1918 of 
nearly two million in Alsace and Lorraine had left 
substantially short of the figure for 1911, to over a 
million above that figure. In 1920-21, which is 
described as the year of great unemployment, the 
official return of unemployment benefit from 
municipal and county relief funds show a total of 
under 100,000 unemployed. By 1922 this extreme 
figure had fallen to 2,000 and continued falling, 
till in 1924 it was only a few hundred, and for 
August and September last averaged 350. When 
finally information was taken up to the middle 
of November, acute dearth of labour was reported 
in agriculture, and actual shortage in several great 
industries both in the great manufacturing districts 
and in important centres elsewhere. The present 
incidence of unemployment, following on the 
appreciation of the franc, seems likely to be only 
temporary, and in any case is trivial compared 
with what this country has been enduring for 
years. 

The work of reconstruction doubtless accounted 
for some of the demand for labour, but only for a 
small part. The modern equipment of factories, 
both within the devastated areas and elsewhere, 
and the vigorous reorganisation undertaken by 
manufacturers, gave the revived manufactures a 
technical and commercial efficiency much beyond 
what they possessed before the war. The deprecia- 
tion of the franc, with the curious hysteresis by 
which its effect on internal prices was damped, as it 
had been with the mark in Germany, gave manu- 
facturers a temporary but opportune advantage 
in export markets. The same phenomenon deter- 
mined in France itself an anxiety to convert francs 
into material possessions, and thus stimulated 
demand in the home trade. The consequences were 
evident in almost all manufactures. Comparing 
1926 with 1913, plans both for hydraulic and for 
thermal generation of electric current had trebled, 
blast furnaces and electric furnaces had increased 
by a third, nearly 700 miles had been added to the 
electrified railways, commercial motor cars had 
trebled, the merchant fleet was nearly half as large 
again, and the tonnage of oil tankers had been 
multiplied ten-fold. Computing the figures for 1926 
from the returns of the first nine months, the 
production of pig iron was nearly double that of 
1913 and of steel more than double, and at the end 
of a considerable list showing mostly increases to 
various extents, mention is made of the importation 
in 1926 of nearly two million tourists from Great 
Britain, America and Spain. The home market was 
receptive for manufactures, and large reductions in 
imports showed that the home manufacturers were 
supplying it in increasing quantities and consolidating 
their hold on it. Nevertheless, they were making 
a simultaneous inroad on foreign markets. Again, 
comparing 1926, estimated on the basis of the first 
nine months, with 1913, the exports of pig iron had 
increased nearly seven fold, of iron and _ stee! 
products six fold, exports of steam engines and 
boilers, machine tools, and small tools had each 
more than doubled, while those of automobiles had 
nearly quadrupled, and the French percentage of 
international trade in electrical material had nearly 
doubled. The textile trades and agriculture have 
also shown marked prosperity. The engineering 
trades as a whole, with the exception of very few 
branches, have attained a productivity that can 
compare with that of any country. 

The country has now to go through the difficulties 





following on the gradual stabilisation of its currency, 





and, so far as it has gone, seems likely to suffer from 
them much less than had been feared. Few or 
no signs of depression were to be seen by the middle 
of last November, though the franc had appreciated 
abruptly from over 240 in July to under 140. 
Index prices, both wholesale and retail, had indeed 
risen considerably, but production had not been 
affected substantially, exports had shown no set 
back, and unemployment had not appeared. On 
the other hand, with the steady appreciation of 
the france, public confidence began to return, 
holdings in foreign investments were brought back 
and invested in Government bonds, and the financial 
situation of the Government was both eased and 
strengthened. This cannot have been a matter of 
indifference to the manufacturing industries, for the 
Government has been of the most essential service 
in aiding the extraordinary revival that the genius 
of French manufacturers has brought about. That 
industry will continue to enjoy this support cannot 
be doubted. Apart from other reasons, the war has 
introduced direct taxation into French finance, to 
which the contribution of industry is large. 

When the attempt is made to detect how French 
industry has effected its remarkable reconstruction, 
an aspect of its struggle emerges to which the 
report does not seem to allude. The fiscal system of 
France differs from our own, and doubtless contri- 
butions that in this country are collected by the 
State, such for instance as unemployment sub- 
scriptions, in France are imposed on individuals 
and do not enter into the budget. This may be 
part of the reason why the amount collected by 
income and similar taxes, computed at the present 
exchange, is not very much more than 100,000,000/. 
The fact remains, however, that even at the present 
time, when a determined policy of balancing the 
budget has set in, its amount is of the order of 
about half that of this country, as also is the 
amount absorbed in the service of the National 
Debt. At every turn, too, the Government has 
been behind the measures of reconstruction taken 
by manufacturers, and appears to have supported 
them promptly and liberally. 

Facts such as these suggest that the regeneration 
in question has not been attained, to quote the 
report, ‘‘ by the unaided resources of France.” It 
has been made possible by the fact that repayment of 
the loans of its Allies has been postponed till after 
French industry had been both reconstructed and 
restarted on a far better footing than it held before 
the war. According to this report, the State has 
met obligations to war sufferers to the extent of 
about 844 milliards of francs, and has spent further 
about 5-3 milliards on railway reconstructions. 
Even at present exchange this is about 720 million 
pounds sterling, and at the exchanges at which the 
works were carried it would have been a great deal 
less. The debt to Great Britain, on the other hand, 
was shown as at the end of last March at just on 
700 million. By the use of these moneys France 
has kept herself free of unemployment, and placed 
her industries in the position this report describes. 
During the last six years, on the other hand, unem- 
ployment in the engineering and allied industries of 
this country has never been less than the total 
number of men now employed in the engineering 
industries of France. Burdened by the support 
of the unemployed, and by a greater national 
debt, the reconstruction of British industries has 
had to go far more slowly. With the single excep- 
tion of electrical machinery, none of the engineering 
trades has ever reached the 1913 level, let alone made 
the great gains which French manufacturers enjoy. 
British engineers will not grudge their French col- 
leagues the good fortune their skill and courage have 
so eminently deserved. They know that with good- 
will on both sides the prosperity of international 
competitors can be turned to mutual advantage, 
and they will rejoice that the prosperity they mean 
also to enjoy has already made a start with their 
friends across the Channel. They will hope, how- 
ever, that the burden they have had to bear while 
French industry was reinstating itself will not be 
forgotten when, as must happen from time to time, 
the interests of both countries require co-operation, 
and that this country may look in such co-operation 
for the good-will it has endeavoured to show in 
dealing with the needs of France. 
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NOTES. 

THE CENTENARY OF VOLTA. 
TWENTY-EIGHT years ago, in 1899, an exhibition 
was held at Como to commemorate the centenary 
of the invention by Volta of the voltaic pile and 
battery. This year another exhibition has been 
arranged in connection with the centenary of Volta’s 
death which took place on March 5, 1827. Como 
was the birthplace of Volta, he held his first pro- 
fessorship there, and thither he retired when he | 
resigned his chair at Pavia in 1815. Volta came of | 
a noble and ancient family and was born in 1745. 
At quite an early age he began the study of elec- 
tricity, and in 1775 invented the electrophorus. 
He became professor of physics in the University of 
Pavia in 1779, and two or three years later made a 
visit to England and France and became acquainted 
with many men of science of the time. Volta’s 
countryman, Galvani, professor of anatomy at 
Bologna for some years, had made a study of the 
muscular contraction of animals, especially of 
frogs, due to electric influence. Varying results 
were obtained, some of which were ascribed to 
animal electricity and some to the contact of 
different metals. The popular story of the dish of 
frog’s legs in Madame Galvani’s kitchen probably 
has little truth in it. Galvani published his results in 
the Bolognese Transactions in 1791, and of these 
Volta sent an account to his countryman Cavallo, 
resident in London, for transmission to the Royal 
Society, of which Volta was a foreign member. 
Volta’s letters were read in 1793, and the following 
year he was awarded the Copley medal. Volta’s 
view was that most of the effects observed were due 
to the contact of metals in the presence of moisture, 
whereas Galvani laid greater stress on his theory of 
animal electricity. Pursuing his enquiries, Volta, 
by 1799, the year succeeding Galvani’s death, had 
been led to the invention of the Voltaic pile, and 
this he also made known to the Royal Society 
in a letter to the president, Sir Joseph Banks, a 
course of action due partly to the state of Europe. 
The letter was dated March 20, 1800, and the 
first voltaic pile made in England was that of 
Nicholson and Carlisle, which was used in May, 
1800, to decompose water. The interest excited 
by the invention of the pile was not less than that 
aroused by Oersted’s discovery twenty years later. 
Right throughout the eighteenth century electricity 
and magnetism had been studied, and thanks to the 
work of such as Gray, Canton, Dufay, Franklin. 
Aepinus, Nollet, Priestley, and Cavendish a great 
many facts had been made known. With the coming 
of the Voltaic pile and battery, however, a new and 
more fruitful field was entered upon. Davy always 
spoke of the Voltaic pile as the first source of his 
own success, while in the hands of Oersted, Ampere 
Sturgeon and Faraday and their contemporaries, it 
led to the great science of electro-magnetism on 
which all our subsequent developments are based. 

Tue Evectrric AccumuLAtoR INpusTRY. 

The average engineer, if suddenly asked whether 
the electric accumulator industry would benefit 
or not from the expansion of the three-phase 
system of distribution, would probably reply that 
it would suffer. It was, therefore, a little surprising 
to find that Mr. B. M. Drake, the chairman of the 
Accumulator Makers’ Association, at the annual 
dinner of that body on Monday, February 21, was 
quite optimistic about the future. He expressed the 
view that the publicity which the electrical industry 
had recently enjoyed would not be without its 
advantages to the brancl of the trade with which he 
was connected. Electricity had been so popularised 
that many would not wait for the mains to reach them, 
but would instal private plant, including, of course, 
a battery. Perhaps Mr. Drake was only expressing 
that form of prophecy which is father to the hupe, 
but when he pointed out that there was a growing 
demand for emergency batteries to light’ buildings 
connected to an alternating-current system, when 
a breakdown in the supply occurs, he was on 
surer ground, This has for some time been the 
practice in America ; and there are many places, 
notably theatres, shops and operating theatres, 
where it could well be introduced in this country. 
Curiously, Mr. Drake said little about the stimulus 








which must have been given to the accumulator 
industry by the spread of broadcasting, or about the 
many other ways in which the battery can be success- 
fully used. It is gratifying to learn that British 
accumulator manufacturers are holding their own 
against foreign competition. For many years the 
exports have largely exceeded the imports, and in 
1926 the difference in favour of the former was 
818,000/. 


AN APPEAL TO SCIENTIFIC WORKERS. 


If the difficulties of successfully organising what 
has come to be known as a third party in industry 
were not generally known, they would be made 
abundantly clear by an appeal which has been issued 
by the National Union of Scientific Workers. This 
body, which was formed in 1918, aims to influence 
scientific progress by promoting the general interests 
of the profession as a whole. In the past it has been 
markedly successful in improving conditions of 
service ; it has been represented on, or given evi- 
dence before, various committees, when the interests 
of scientific workers were involved, and it has 
intervened to prevent the curtailment of activities 
of research institutions. Unfortunately, however, 
it is not yet fully representative of the general body 
of qualified scientific workers, its membership being 
only 1,000 out of a possible 10,000. Its potential 
activities, on the other hand, are widespread, not 
only in the field of research proper, but in examining 
the work of organisations concerned with the appli- 
cation of science. It could also draw up a code of 
professional ethics and prepare a register of all 
those engaged in scientific work. The primary 
object of the present appeal is not, however, 
to recruit members, but to obtain the views of 
scientific workers generally regarding the future of 
the Union. Those interested should communicate 
with the secretary, whose address is 25, Victoria- 
street, London, 8.W. 


THE BritisH CORPORATION REGISTRY. 


Speaking at the thirty-seventh annual meeting 
of the British Corporation for the Survey and 
Registry of Shipping, which meeting was held in 
Glasgow on February 23 last, Mr. Robert Clark, 
the chairman of the committee, stated that the 
effect of the strike upon the operations of the 
British Corporation Register revealed itself in the 
fact that the shipping built during the year to 
the society’s classification was only 159,000 tons. 
Excepting the war period, this total was the smallest 
in any year since 1908. In addition to the tonnage 
built to class, however, 126,000 tons of shipping 
had been accepted for classification during the 
year. The new tonnage on order at the end of 1926 
exceeded 250,000 tons ; if, therefore, production were 
normal, it was reasonable to expect much better 
results from the present year. The past year had 
been notable for the expansion of the spirit of 
friendly international relationship which had taken 
place. The Governments of Denmark, Finland, 
Iceland, Norway and Sweden had agreed that it 
would be an advantage to their shipping community 
if they were to avail themselves of the services of 
the classification societies in connection with the 
survey regulations under their shipping laws. A 
Convention, which gave effect to that agreement, 
had been signed in 1926. As a consequence, classi- 
fication and surveys by the British Corporation, 
Lloyd’s Register, Bureau Veritas, Norske Veritas, 
and Germanischer Lloyd were accepted as evidence 
of compliance with such of these laws as‘applied to 
cargo vessels, under conditions expressed in the 
Convention. These conditions were practically 
those of classification and had been accepted by the 
Registries in 1926. Furthermore, an opportunity 
for making new arrangements in Germany had 
offered itself during the year. The Corporation 
had taken advantage of it. and had concluded a 
reciprocal agreement with the Germanischer Lloyd 
in connection with the testing of ship material 
and other work. Having become convinced that 
commercial aviation had already become a living 
factor in world transport, the British Corporation, 
along with the American Bureau, the Japanese 
Corporation, the Germanischer Lloyd, and Norske 
Veritas, had agreed to join the Bureau Veritas in 
the formation of an International Register of Air- 








craft, as well as of national classification rules 
which would have international acceptance and 
which would solve the problem of international 
surveys. The Society had, on that day, ratified 
the alterations to its constitution, which procedure 
enabled its name to be changed to ‘“ The British 
Corporation Register of Shipping and Aircraft” and 
to expand its organisation to cover all that was 
expressed by that change of name. These changes 
would take immediate effect. In addition to the 
expert advice and assistance placed at their dis- 
posal by the aeronautical section of the Bureau 
Veritas, the committee had been able to secure the 
services of Major R. H. Mayo as their consultant. 
There could be, therefore, no suggestion of lack of 
expert knowledge and guidance at the beginning 
of what might be a new era in British classification. 





THE ENGINEERING OUTLOOK. 
VIII.—Marine ENGINEERING. 


In no branch of engineering is more caution 
necessary in looking forward to the coming year 
than in marine engineering. The year 1925 saw a 
progressive decline in shipbuilding to the lowest level 
recorded since September, 1909. At the beginning 
of 1926 there was reason to hope that things would 
not get much worse, although there was little 
indication of immediate improvement in the figures 
of “tonnage commenced.” Any hope of recovery 
during last vear was destroyed by the coal stoppage 
and the consequent cessation of supplies of material. 
At the beginning of 1927 there is, therefore, a double 
tendency for improvement; firstly, in a reaction 
from the abnormal situation brought about by the 
coal strike, and secondly in the fact that the bottom 
of the depression had in all probability been reached 
before the coal strike took place. 

In addition, the temporary improvement in 
shipping freights, due to the dislocation of shipping 
during the coal stoppage, apparently led to enquiries 
for new tonnage. It seems probable that there was 
a misapprehension in some quarters of the true 
significance of the upward movement in freights. 
The removal of the causes of this rise in freights has 
been followed by a slump almost back to the pre- 
strike levels. It is clear that shipping freights 
must be governed by the demand for, and supply of, 
tonnage, and that there is still a considerable excess 
in the supply. All hopes of an extensive improve- 
ment in shipbuilding and marine engineering based 
on this factor would seem to be ill-founded. It 
may be affirmed that the general feeling of optimism 
which was in evidence a month or two ago with 
regard to shipbuilding was without foundation. 
An improvement in 1927 may be looked for over 
the results of 1926, and even of 1925 ; but, as pointed 
out last year, progress in the circumstances is bound 
to be slow and painful, and the industry is not yet 
within sight of prosperity. 

In Table I, on page 267.the more important indices 
of shipbuilding activity in recent years are given. 


The figures for the first quarter of 1926 made it ‘ 


appear that improvement was already in sight. It 
is expected that the “Tonnage Commenced” 
figure will show a further improvement for the first 
quarter of 1927, which will be reflected in “‘ Effective 
Tonnage under Construction.” During 1926, con- 
struction was well below one-third of the 1913 level, 
and it is not surprising that activity in marine 
engineering has dropped to still lower levels. In 
Table II, on page 267, employment statistics 
obtained from an investigation by sample in the 
principal marine engineering districts are given as 
an index of productive activity. 

Corroborative evidence is available, for recent 
years, from the statistics published in the Ministry 
of Labour Gazette, in which employment in marine 
engineering is shown separately. These figures for 
one date in each year are given in Table III. 

The “turnover” away from the industry shown 
by the continued decline in the numbers insured, 
indicates that there is still much surplus capacity 
and labour force in the industry in view of present- 
day requirements, and is a gloomy factor which can- 
not be attributed in any way to the recent industrial 
upheaval. The decline in employment and tlie 
increase in the number unemployed is only to be 
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expected from the slowing down of shipbuilding 
activity. 

The export of British marine engines during 1926 
declined heavily, and far more seriously than pro- 
duction as a whole. From the Table IV, below, it 
would seem that little more than half the 1925 
quantity was sent from this country in 1926. 


TaBLE I.—Shipbuilding Activity. 





*Effective tonnage 
under construction 
(000 tons gross). 


Tonnage 
Year. commenced 
(000 tons gross). 





1018... =e oa 467 1,890 
1921— 
Ist quarter .. os 393 3,302 
2nd yy se = 69 2,795 
eS Ss 51 2,552 
4th ,, ee ee Hy) 1,918 
1922— 
ist quarter . . PP 51 1,619 
2nd = es 39 1,439 
er sep g2 1,198 
4th 55 «- x 231 1,120 
1923— 
ist quarter .. ee 355 1,311 
” eres Re 241 1,208 
TG le rr 112 1,029 
a se 245 1,231 
1924— : 
1st quarter .. 228 1,372 
2n mes oe 375 1,464 
Srd 55 ee Ks 253 1,431 
4th ,, oe ee 195 1,236 
1925— 
Ist quarter .. oe 202 1,091 
2nd yee aia 189 1,017 
3rd_,, oe oe 260 198 
Mh » «- os 161 788 
1926— 
Ist quarter .. ee 193 763 
| ers os 168 670 
3rd ” ee ar 68 667 
4th ” « a9 152 661 











* “ Effective’ tonnage under construction means—Total 
tonnage under construction, less tonnage on which work is 
suspended. 


TaBLeE IT.—Employment in Marine Engineering. 








ear Number Index 
ma Employed. (1914 = 100) 
! 
1914 .. ee ee 20,048 100-0 
1918 .. = a 24,532 122-3 
1920 .. a Ee 20,565 102-6 
1923— 
Ist half-year Rf 9,328 | 46-5 
2nd 9 we 7,258 36-2 
1924— 
ist half-year «of 10,667 53-4 
2nd + wel 12,364 61-7 
1925— 
Ist half-year $i 12,206 | 60°9 
znd = 4 10,158 50-6 
1926 
ist half-year “e 9.617 418-0 
2nd ‘9 ae 9119 45-5 








National Unemployment Insurance Statistics, 
Marine Engineeriny. 


Taste IIT.- 























Date Number Number Number 
Insured. Unemployed.| Employed. 
July 23, 1923 | 66,870 14,844 | 
» 28, 1924 oe 66,110 10,751 | 
1925 He 61,720 13,450 
27, 1926 ee 58,370 16,774* 





* Of this number, 1,375 were ‘* temporary stoppages ’’ due to 
the general strike and coal dispute. 











Tasie 1V.—United Kingdom Exports of Marine Engines. 
Me . a ae Values 
Year, Volume. Value. per Ton. 
nae | Tons. £ 
19133 | 54,568 42-8 
119 5,850 86-5 
1920... 61,904 116-6 
1921 sia < “a 64,994 129-0 
1922 .. a te 82,842 108-0 
1923 ., EY - 38,622 | 80-9 
194. TT 90'499 | 78-6 
1925. a ..| 31,098 | 73-06 
1926 .. we oe 18,504 72 +2 








tn view of the improvement which took place in 
1925, this may, no doubt, be attributed to the 
Special circumstances of the year. The small decline 
in value per ton and the low level which it has reached 
compared with pre-war, make it unlikely that any 
further price reductions can be looked for. At their 
present level, British prices should be competitive 
With any foreign industry which does not enjoy 
xceptional advantages, such as a depreciating ex- 
change. It is reasonable to hope that the British 








industry will gain a fair share of such competitive 
export business as is available in 1927, while British 
shipowners have no cause to place orders elsewhere or 
to hold up construction in the hope of falling prices. 
These difficulties which have beset marine engineer- 
ing in recent years are now, it may be hoped, finally 
removed. The contraction of the aggregate demand 
for tonnage, however, is likely to remain for some 
time. Although idle tonnage in this country has 
been substantially reduced during 1926, it is likely 
to remain at a high level, and as long as this is so, 
British shipowners will be reluctant to embark on 
extensive new construction. 

Italy’s rapidly-increasing merchant marine is 
mainly being constructed in her own yards, while 
Germany has a greater capacity than she needs to 
construct her own requirements. Much of this 
work would always be carried out in national ship- 
yards, whatever the competitive situation, for poli- 
tical reasons. The fact remains that in Germany, 
Italy, the Scandinavian countries and even France, 
the limiting factor to ship construction at the 
present time is mainly finance. If financial facilities 
for the purpose could be provided in this country, 
not only would an expansion of construction result, 
but much of the work would be secured for British 
shipyards. No doubt, such a movement would be 
resisted by shipping interests; the present policy 
of inaction, however, while causing profound depres- 
sion in shipbuilding and marine engineering, has not 
produced any compensating benefits to British 
shipping. There can be little doubt that profits 
to-day are only made in shipping by the possessors 
of efficient tonnage. It is beyond our power per- 
manently to arrest the construction of new and 
efficient tonnage by foreign nations. It would 
appear, at least, a matter for consideration whether 
British shipowners would not be repaid by a bold 
policy of scrapping the obsolete tonnage which at 
present forms too high a proportion of our merchant 
marine. In that case, they would have little reason 
to fear competitors being aided by British finance to 
build in this country, while British marine engineer- 
ing would be rescued from the slough of prolonged 
depression. 

IX.—ConcLUSION. 

There remains a large group of industries covered 
by the term ‘General Engineering,” which, on 
account of the numbers employed and the size and 
world-wide renown of many of the firms engaged 
in them, deserves attention in order to complete 
this summary of the engineering outlook. Owing to 
the miscellaneous character of the products covered 
by “General Engineering,” it is impracticable to 
attempt a detailed analysis on the lines followed 
with other clearly-defined branches of the industry. 
An index of output may, however, be gained from 
employment statistics obtained from an investiga- 
tion by sample in the principal engineering districts 
of the United Kingdom, and set out in Table V 
which follows :— 


TasBLe V.—Employment in General Engineering. 

















Numbers Index 
Employed. 1913 = 100, 

1914 va ie es : | 47,275 100-0 
1918 & ae Ae at 86,097 182-1 
1920 a ne he ue 57,770 122-2 
1923— | 

Ist half-year .. < we 22,815 48-2 

2nd .” os as ae 31,702 67-0 
1924— 

1st half-year .. “a ma 28,264 59-0 

2nd es < es x 30,746 65-0 
1925— ‘ 

lst half-year .. ee oa 35,342 74°8 

2nd Pa oe a xe 34,422 72°83 
1926— 

Ist half-year .. ie es 34,205 72-1 

2ne - me wis 33,780* 71-4" 





* Estimated. 


The classification, ‘‘General Engineering and 
Ironfounding,”’ in unemployment insurance stat- 
istics, is somewhat wider than that upon which the 
above sample is based, but the figures given in 
Table VI for the last four years are of interest in 
conjunction with the above. 

The main conclusion from Table V is that, on the 
whole, general engineering showed a good resistance 
to the general industrial dislocation, in the absence 
of which a notable improvement might have been 





expected, as forecast at the beginning of 1926. 
The figures in Table VI, which relate to the middle 
of the stoppage, show the extent of its effect, 
while the decline in the numbers insured is no doubt 
a reflection of the reorganisation of some of the 
larger concerns which has taken place recently. 
On the whole, it is unlikely that that movement 
will go much farther. In 1927, it may be hoped 
that General Engineering will realise some of the 
hopes which were disappointed last year. At the 
same time, the position is very unsatisfactory as 
compared with pre-war, and rapid progress is not 
to be looked for. 
TABLE VI.—Unemployment Insurance Statistics, 

General Engineering and Iron Founding, and Constructional 





Engineering. 
Date Number Number Number 
% Insured. Unemployed.| Employed. 








July 23, 1923 698,700 
» 28, 1924 651,390 
» 27, 1925 653,410 He { f 
» 27, 1926 643,350 113,821* 29,529 








* Of this number 44,568 were “‘ temporary stoppages ” due 
to the general strike and coal dispute. 

From the analysis presented in this and preceding 
articles, it will be seen that the activity prospects 
and problems of the various branches of engineering 
are so widely diverse as to render generalisation of 
limited utility. Subject to the special factors 
affecting particular industries for good or evil, 
the following conclusions emerge :— 

(1) The slow recovery of the British engineering 
industry, which had been in progress for three 
years, received a severe check from the general 
strike and coal stoppage in 1926. 

(2) Prior to this, the level of activity was far 
from being sufficient to maintain the industry on 
its pre-war scale. The slowness of the rate of pro- 
gress was imposing a severe strain on the resources 
of many units within the industry. 

(3) The immediate prospect is of a general 
quickening of activity while overtaking last year’s 
setback. This activity may be expected gradually 
to slow down to the pre-stoppage rate of progress, 
and assuming no untoward events, it may be hoped 
that by the end of 1927 the general position of the 
industry will be as good as at the end of 1925. 

(4) The strain of a further two years depression 
will have been imposed on an industry the resources 
of which were already nearly exhausted without 
any compensating advantages. In __ particular, 
nothing has been done to tackle the sheltered wages 
problem. 

(5) As long as British engineering manufacturers 
have to. make all their purchases at high sheltered 
prices, and sell much of their product at low un- 
sheltered prices, export trade cannot leave the 
depressed level of the last few years. Gold produc- 
tion costs are unlikely to be materially reduced in 
the absence of a solution to this problem. The 
export outhook, therefore, is not promising. 

(6) At home, purchasing power must necessarily 
be curtailed as and when the cost of last year’s 
dispute is made good, whether that process involve 
increased rates and taxation, an efflux of gold, and 
a higher Bank rate, or not. 

(7) The immediate prospect of increased activity, 
coupled with the dissatisfaction at the inequity of 
the relative levels of sheltered and unsheltered 
wages, will not improbably lead to renewed friction 
within the industry. Any increase of production 
costs, whether arising from an advance in wages or 
reduced output due to discontent, would be disas- 
trous. 





INDIAN TARIFF ON IRON AND StTEEL.—She Steel Pro- 
tective Bill, amending the Indian Iron and Steel Tariffs, 
which has now finally passed the Legislature, differentiates 
in favour of British iron and steel products. Sir W. J. 
Larke, K.B.E., Director of the National Federation of 
Iron and Steel Manufacturers, considers that the measure 
will place makers in this country approximately on an 
equality with those of the Continent in this trade with 
India. The measure conforms closely to the very 
carefully considered recommendations of the Tariff 
Board, which, it may be recollected, consisted of Indian 
members only. Sir William is confident that the result 
of the measure will be a considerable development of the 
Indian iron and steel industry, brought about by co- 
operation with the British industry, and also of trade 
between these two parts of the Empire. 
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LABOUR NOTES | Corbett claimed, the question of building organisation ; 


AN interesting discussion on the question of working if they did not have that, costs would be prohibitive in 
| the building world. 


hours took place in the House of Commons on Monday. | 
On a vote on account of 114,650,0001. for Civil Service 
and Revenue Departments, Mr. Hayday moved a 
reduction of 100/. in order to call attention to the dese saat 
failure of the Government to ratify the Washington | the end of January 23,702 members were “ signing 
(Hours) Convention. The amendment was eventually | the books, an compared with 27,942 at the end of 
rejected by 199 votes to 108. In the course of the December. The expenses for January were 84,8981. 
debate, Sir A. Steel-Maitland, the Minister of Labour, | Ils. 4d.; in December—five weeks outlays are in- 
said that the last thing he wanted to do was to criticise | cluded—they were 147,607/. 11s, 7d. 
action that might be taken domestically by any | —— 
foreign country, but it was of the utmost importance : ; j 
to industry here that we should try to secure as much | ¢Xxecutive council are recommending members of the 
unanimity of interpretation and adequacy of enforce- | Boilermakers’ Society to accept the procedure agree- 
ment as possible. It was for that reason that the | ment recently arrived at with the Shipbuilding 
Government asked for the conference on interpretation | Employers’ Federation. This agreement had been 
which met last year, and that was the type of difficulty | called, he says, “ Provisions for Avoiding Disputes, 
with which they were faced. The whole history of the | 2"d although the draft was not in quite the form that 
last two years had shown that the only safe method in | they desired to have it, it was the best form of com- 
a matter of this kind was not to plunge in the dark, | promise which’ both sides could agree to recommend to 
their respective constituents. “* After all,” he adds, 
|“ it takes more than a form of words to avoid disputes. 
The Bill which the Labour Government had brought | The agreement provides opportunities for the applica- 
forward was, the Minister went on to say, impracticable. | tion of the spirit of justice and fairplay in all questions 
The Convention was framed in 1919, but the whole | of difference, and for this reason we recommend it 
progress made since then showed that if they interpreted | for your acceptance.” The vote is to be taken at the 
the Convention according to the strictest possible | March monthly meetings. 
canons it would be too rigid in its purpose. They could ; 
not get a convention which would stand the test of | (jn Saturday last the number of unemployed persons 
practice until they had explored the ground and made | jn France in receipt of relief was 79,689. This was an 
it clear that the various countries meant the same thing | increase of about 6 per cent. on the figures for the 
and that they were going to carry it out in the same way. | previous week. According to M. Poincaré, there 
Any other kind of convention was humbug. — Mr. | are indications that the crisis has reached its culmin- 
Montague asked if the Government would agree to a| ating point. 
provisional ratification pending an international agree- 
ment. Sir A. Steel-Maitland said that that was 
precisely the kind of point that would be taken into 
consideration in coming to a decision on the question 
whether ratification should be by an enabling Bill or 
by some other provision allowing us to ratify condi- 
tionally on the other nations ratifying. 


The Monthly Report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders’ states that at 


Mr. Hill, the general secretary, intimates that the 





The Foreign Office has issued an official warning to 
British subjects seeking employment in France. All 
British subjects proceeding to France with a view to 
obtaining paid employment of any nature, the notice 
states, must first be in possession of a labour contract 
known as a “contrat de travail.” Applications for 

ie such labour contracts must be made by the prospective 

The London District Committee of the National | employer in France to the “‘ Office Central de la Main 
Union of General and Municipal Workers has taken | d’(Euvre Etrangére,” Avenue Rapp, Paris. If the 
strong action against the Minority Movement’s | application is granted, the labour contract is issued 
adherents in its ranks. It has disfranchised the | to the prospective employer, with the endorsement 
Wandsworth, Westminster, Deptford, Walthamstow | that it has been approved by the French authorities. 
and City of London branches, and debarred a number | The labour contract must then be forwarded by the 
of prominent members of other branches from holding | future employer to the British subject in question, who 
eee. Serenee of — pa _ se a must pecan “ pr aeana ce his — on his 

1e District Council, on Saturday last, endorsed the | arrival at the port of entry into France. Persons going 
action of the District Committee. There is still a right | to France in search of employment without a labour 
of appeal to the National Executive: but the District | contract are liable either to be refused entry or refused 
Council's action has, it is understood, the approval of | permission to take up employment. They are further 
the organisation’s central authority. | likely to find difficulty in obtaining the authorisation 

| to pay the reduced fee (40 francs instead of 375 francs) 
: ; lah |for identity cards, which are required by all foreigners 

Consequent upon the appointment of Sir Andrew | intending to reside in France for any period longer than 
Duncan, vice-president of the Shipbuilding Employers’ | ty months 
Federation, as chairman of the Central Electricity peaceeeee 
Board, and the decision of Sir Charles Sanders,—the . ze ‘ . 

aie : Mr. A. 8. Firth, B.Sc. (London), has been appointed 
present secretary—to retire shortly, the headquarters : . : : 
“ie . : . assistant secretary to the General Council of the 
staff of the Federation has been reorganised. Mr. | ,, “ier a 5 é 
- : Trades Union Congress. Mr. Firth, who has_ been 
John 8S. Boyd, M.A., LL.B., has been appointed : ‘ ; oaks 
; . acting assistant secretary since Mr. Citrine took over 
secretary and Mr. Alexander Belch, deputy secretary. : aged 
™,* . es ~* | the duties of secretary, is 34 years of age, and a member 
Mr. Thomas Biggart—who has been intimately con- rae one xa ; : 
. : ice a - |of the National Union of Clerks. For some time 
nected with the Federation from its inception and is : ‘ 
’ he was assistant secretary to the Board of Governors 
consultant to the Central Board—has been elected an : Z na oe 3 
ye s : | of Huddersfield Technical College, and during the war 
honorary vice-president. Mr. Boyd has, since the | a : oo : 
as eee : | he served at the War Office as deputy statistical officer 
amalgamation of the great railway companies been | ; nits et nek ; 

. ; : . 7 | to the Department of Woollen Textile Production. 

assistant to the superintendent of the North Eastern | 


» 


Area of the London end North Eastern Railway Com- 
pany at York. He has had considerable experience 








| Some time ago the General Council of the Trades 


of industrial negotiations from the national point of | Union Lengrem invited the Intenational Federation of 
winw. nil as wenrekenting dhe Nl. he hes been a | Trade Unions to give an opinion on an interesting point 
Ss t f = i a  Railwave |2@rising out of the Russian trades unions’ desire for 
wraunat oF the Contes! Wages: Board for Railways | closer unity in international labour affairs. The 
and various London Committees on Staff questions. |". Fe ent th the LF.TL.U Ras faintness 
Mr. Belch, who now becomes deputy secretary, came question asked was whether the 1.F.1.U. would refuse 
b> Senibon lth fic Andscow Dencem as the letter’s |? pot ie 8 conference with the Russian trade 
1 ‘ £ 3 V . “] > . . . . sa: 
chief assistant when the Shipbuilding Employers’ unions if such a meeting were called by the British 
e ‘ 4 « wT ’ 2 ‘ - Peas “] ¥ > 
Federation was reorganised and its headquarters were Trades Union Congress, and for what reasons. The 
sammowed 40 inden. He hak had quch exnonance in reply of the International Federation of Trade Unions 
the conduct of the affairs of employers’ prise is to the effect that the Federation’s line of action was 


‘ : ae : 4g determined at the meetings of the General Council in 
and his knowledge of shipbuilding and ship-repairing | {°\°"™! ; as rete 
eee : | February and December, 1925, and that it is bound by 
is exceptional. ) 


these decisions. It is, therefore, Amsterdam says, for 
the British Trades Union Congress to ascertain from 
Mr. Harvey W. Corbett, an American architect, | Moscow whether the Russians are prepared to affiliate 
in the course of a paper which he read before the Royal | with the International Federation; in other words, 
Institute of British Architects on Monday, said that in | accept the principles which are embodied in the consti- 
spite of the fact that labour in New York was paid at | tution of the International Federation. That is, of 
least four to five times as much per hour as in London, | course, exactly what the Russians are strongly disin- 
the cost per foot cube of finished building was actually | clined to do, so that matters remain practically as they 
no more in New York than in London. He quoted | have been since the beginning. 
figures showing that a bricklayer in London receives 
ls. 9}d., and in New York, 7s. 3d. ; a compressor driver 


According to the Berlin correspondent of the 








gets ls. 54d. in London and 8s. in New York; an iron | Manchester Guardian, the sharp conflict in the Saxon 
worker ls. 54d. in London, and 7s. 3d. in New York; | metal industry has ended in a victory for the Metal- 


was a lock-out which affected 150 men. But after 
negotiations lasting ten hours an agreement was 
reached. The German socialist press interprets the 
agreement not merely as a local success, but as the 
initial victory of German labour in the struggle for 
the eight-hour day. The terms of the agreement 
are that the regular working week, including intervals, 
is to be 48 hours. If the economic situation demands it, 
then this 48-hour week may be prolonged by three 
hours, but only by agreement between the employers 
|and the factory councils. The pay for overtime up 
|to three hours per week is to be 10 per cent. more 
|than the pay for the normal working hours. The 
| pay for overtime above three hours is to be 25 per 
| cent. more than the normal for the first hour and 50 per 
cent. more than the normal for every further hour, 
No victimisation is to take place. 





Under a judgment of the Commonwealth Arbitration 
Court the standard hours in the Australian engineering 
industry are reduced from 48 to 44 hours per week. 
Chief Judge Dethridge, in the course of his judgment, 
said that though he approved a reduction of hours 
in the engineering industry, he thought that a general 
shortening of the 48-hour week was fraught with 
much danger to the workers themselves. It had not 
been shown that manual workers could obtain sub- 
stantially higher wages except by increasing output, 
and until employers and employees co-operated to 
produce more, a mere increase of leisure could not 
stimulate production. When working hours were 
reduced to 44 in New South Wales, no appreciable 
increase in hourly output had resulted, and the only 
compensation appeared to be labour-saving methods 
or bonus incentives. He regretted that most unions 
opposed the latter system. Judge Beeby, in the 
course of his judgment, came to the conclusion that 
industries in Australia could adapt themselves to 
a shorter working week without serious loss to the 
community. The task of adjusting the cost of 
production of some articles to a profitable selling 
price was difficult but not impossible. Compensating 
advantages would soon assert themselves. Three 
States already observed the 44-hour week. 


The Melbourne correspondent of The Times states 
that employers and Governments are examining the 
judgment in order to determine its full scope and effect. 
Manufacturers directly affected or likely to be affected 
are already discussing means to make good the loss of 
working hours. The general feeling is that the adoption 
of the piecework system is the only possible solution. 
Employers are discussing the advisability of a concerted 
move to induce the Court to provide for piecework in 
all industries. Union officials declare that they will 
not accept piecework except on their own terms. 





The correspondent at Adelaide quotes some very 
outspoken comments on the 44-hours judgment 
by Mr. E. H. Bakewell, President of the Employers’ 
Federation. Mr. Bakewell said that it was ominous 
that the extension of the principle of the shorter 
week seemed to depend upon application to the 
Court, and, as practical business men, they considered 
the position from a very different aspect from the 
kind-hearted judges. As some industries were unable 
to pass on the extra cost, the result would be higher 
protective tariffs and increased indirect taxation. 


The International Federation of Trade Unions 
states that a meeting has taken place in Berlin between 
representatives of the Russian Metal Workers’ Union 
and the executive of the International Federation of 
Metal Workers. The Russian representatives were asked 
if they were willing, as a condition of admission to 
the International, to dissolve the dissident organisations 
and Communist cells in the various countries, and to 
bring about their affiliation with the Metal Workers’ 
International. They refused to accept these conditions, 
and the conference came to an end. 

The Minister of Labour states that on February 21, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,196,100, of whom 955,300 were men, 33,100 
boys, 171,700 women, and 36,000 girls. Of the total 
number, 70,900 men, 100 boys and 1,000 women were 
persons normally in casual employment. On Feb- 
ruary 14, 1927, the number of unemployed persons 
was 1,270,217, of whom 1,005,372 were men, 36,355 
boys, 190,253 women, and 38,237 girls; and on 
February 22, 1926, it was 1,125,760, of whom 883,769 
were men, 30,623 boys, 177,801 women, and 33,567 
girls. 








Tue INSTITUTION OF MINING AND METALLURGY.—The 
annual dinner of the Institution of Mining and Metallurgy 
will be held at the Hotel Victoria, London, on April 6 
next. The annual general meeting of the Institution, at 





and a plasterer ls. 9$d. in London, and 10s. in New workers’ Union. At Leipzig the men had been on 
York. The crux of the whole situation was, Mr 


strike for three weeks. The week before last there 





which Mr. R. E. Palmer will succeed Sir Thomas H. 
Holland as president, will be held on April 21 next. 
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LETTERS TO THE EDITOR. 


CO2 RECORDING IN FLUE GASES 
FROM OIL-FIRED FURNACES. 


To THE Epitor OF ENGINEERING. 

Sir.—Mr. West’s letter published in ENGINEERING 
on February 18 last, came to our notice. 

The percentage of CO, present in the flue gas, 
the oil used being in point of fact Shell-Mex, (viscosity 
169 seconds at 100 deg. F.) was given as 16 per cent., 
which was a percentage by weight. 

As all practical engineers are aware, any attempt to 
calculate flue-gas contents by volume requires care 
and may lead to considerable error. We _ believe 
Mr. West’s calculations to be correct ; but we did not 
expect that our figure of 16 per cent. would be taken 
to be otherwise than the proportion by weight. The 
maximum theoretically possible, on this basis, is about 
22 per cent. 

Actual percentage for oil of analysis stated by 
Mr. West, is obtained as follows :— 

Chemical analysis: C., 86-2 per cent.; H., 12-4 
per cent.; O. and §., 1-4 per cent. 
86-2 32 100 2 
100 x Dp x 33 7 10 lb. of air 
12-4 | 16 | 100 _ 4-31 1b. of air 
100 2 23 
Add to this the original Ib. of oil 





C to COp requires 


Ho to H2O requires 





= 3 Th 
Total 15-31 lb. of 


gas 
5-2 
CO, content = 86:2 y 44 _ 3-16 Ib. 
100 12 
>. 
H2O content 434 x 18 = 1-12 lb. 
100 2 
.. Total dry flue gas = 15-31 — 1-12 = 14-19 lb. 


3-16 
14-19 

Boiler experts to whom we have shown the figure of 
16 per cent., tell us that it is a very favourable result. 

In conclusion, we should like to state that the figure 
given was read from a standard continuous CO, 
recorder made by a reputable firm who specialise in 
such articles, and the question of the accuracy of such 
machines, is one which would best be taken up with 
the makers. 

Yours faithfully, 
LaIpLaw, DREW AND COMPANY. 

Gilmour-street (Simon-square), Edinburgh, 

March 1, 1927. 





“. CO2 percentage = 22-3 by weight. 








LOW-TEMPERATURE CARBONISA- 
TION AND OIL PRODUCTION FROM 
COAL. 

To THE Eprror oF ENGINEERING. 

Sir,—I have read with interest the report in your 
issue of February 18 of Dr. Lander’s able paper re- 
viewing the present status of the above problem. It is 
only the great question of national welfare that compels 
me again to intervene and write you a memorandum 
upon Dr. Lander’s work, to which we must all defer 
and admire for its general soundness and impartiality. 
There are one or two points, however, which I should 
not, as an interested party, like to see pass unnoticed. 

Firstly, I think that despite the national bearings 
of oil production upon low-temperature carbonisation, 
its intrinsic and ultimate importance will be determined 
solely by the solid smokeless fuel forming the main 
product. Granted a successful result here—and surely 
Dr. Lander’s work confirms that such a product is 
available with every desired attribute—and leaving 
the other factor to be merely a question of throughput 
at an economic rate, it will be realised that the oil 
yield can more or less take care of itself; it will in 
any case have to take second-place in order that this 
prime combination of a high-rate process producing a 
suitable solid smokeless fuel may be assured. The 
deciding factors, therefore, are how, where, and with 
what margin of advantage, this combination-process 
may be given effect to, and with what relative result in 
competition with existing carbonising industries. 

The writer feels it is only possible to settle the 
low temperature carbonisation problem successfully by 
raising the charge temperatures above 650 deg. C., 
- regards the peak or finishing temperature suffered 
'y the coke. Oil must depend for its formation and 
preservation upon staged working and central offtake, 
the heating temperatures being staged and graduated in 
accordance with the travel of the charge through the 
retort zones for tar, gas, and coke isolation. Such work 
can only be carried out at collieries and gasworks, 
unless very cheap slacks are purchasable in the open 
market for long periods at stable prices. 
wa a demand—and there is a stable demand for a 
poe ituted solid smokeless fuel for raw coal at an 
*quivalent price, and for oil and motor spirit instead of 





imported petroleum products—the low-temperature 
process, if worked-on the above lines, is capable of 
enhanced financial yields as compared with existing 
well or badly-paying gasworks. It could even hold its 
own with the coke-oven industry, granted that the 
medium-temperature, staged, central offtake, and high- 
heating rate lines of working were adopted. 

Secondly, Dr. Lander stated, that as long as we did 
not understand the real nature of coal, we could not 
devise satisfactory carbonisation plants. Of course, 
there is substance in this opinion as things are to-day 
as regards the available-systems of retorts, and ovens, 
&c., but although this is a weighed and experienced 
view, fundamentally there is no reason to conclude 
therefrom that we shall never be able to devise satis- 
factory plants for low, medium, or high-temperature 
carbonisation. The objection that the writer takes 
to this view in its future import, is that the constitution 
or composition of different coals should be accepted as 
necessarily or even now presenting any insuperable 
difficulty in carbonising plant design. Nothing in plant 
design is required along these lines beyond the very 
pertinent and complete data afforded by the following 
items: the ultimate and proximate analyses, the 
composition in terms of «, 6 and y compounds, the 
primary yields of gas, tar, coke, &c., obtaining at the 
different temperatures for the different heating rates 
involved, and the physical factors—resistance and 
amount of tar evolved—of the plastic state. Granted 
this information—admittedly involving a heavy pile of 
work for the works engineer and chemist to secure it for 
every coal and blend of coals he has to use—there 
should be no grounds for complaint that ample data are 
not thereby provided to decide every issue in retort plant 
design and operation. It may be added that the writer 
considers the plastic resistance, and the expansion 
accompanying intumescence, override the other less ex- 
pressive factors, but even these are, of course, amenable 
to control granted the primary or fundamental factors 
for a successful procedure outlined at the start. 

In fairness to Dr. Lander, it should perhaps be stated 
that it is only too true that until and unless a high- 
rate process is established, the factors which are now 
responsible for trouble—largely due to the stated 
properties dependent upon the character of the fuel— 
do find a good opportunity for expressing themselves as 
a nuisance. But granted a high rate of heat trans- 
mission accompanied by a high rate of withdrawal 
of the distillates, in which matter sizing of the 
coal is a paramount influence, an altogether new 
orientation takes place—expansion and _ resistance 
accompanying the plastic state functioning normally 
and without discordant results either upon the retort 
walls, or the gas pressure, or the coke structure. 

But otherwise, where two-sided heating is in vogue, 
and offtake through the line of greatest resistance, or 
in the dual manner of the coke-oven path of travel of 
the gases, or where the heat transmission is slow, it 
is but a question of woes upon woes. 

Yours faithfully, 
Wo. EverarD Daviess. 
5, Tynybedw-terrace, Treorchy, Glam. 
February 22, 1927. 





THE Lioyp BaRRaGE at SuKkKuR.—In connection 
with the Sukkur Barrage Scheme on the Indus, there 
will be seven main irrigation canals taking off above the 
barrage. These will, be provided with 55 openings, 
for which altogether 165 regulator gates will be employed. 
These gates are all to be 25 ft. wide, but will vary in 
depth between 14 ft. for the smallest canals to 21 ft. for 
the largest. The gates will be electrically operated. 
The order for these regulator gates has been recently 
placed with Messrs. Ransomes and Rapier, Limited, of 
Ipswich. The above contract does not relate to the 
gates required for the barrage itself, the contract for which 
has not yet been placed. The scheme, it may be remem- 
bered, is a very large one—in fact, in flood time the 
barrage, which is approximately a mile long, will control 
a greater volume of water than any other used for irriga- 
tion purposes. ; 

ProposED NEW PoRTUGUESE ARSENAL.—The Portu- 
guese Governinent is inviting tenders for the construction 
of a naval arsenal on the south bank of the river Tagus. 
The adjudication for the construction and exploitation 
of the arsenal will only be granted to a Portuguese 
company. Foreign individuals or companies may, 
however, enter the competition provided they undertake 
to constitute a Portuguese company. All proposals, 
which should be written entirely in Portuguese, must be 
handed in at the Secretaria da Junta Autonoma do Novo 
Arsenal Naval, Alfeite, Portugal, not later than ll a.m. on 
June 28 next. Documentary evidence that a provisional 
deposit of 20,0001. has been made in the Caixa Geral 
dos Depositos, to the order of the Ministry of Marine, 
must accompany all proposals. The competitor to 
whom the construction of the arsenal is adjudicated 
will also be awarded the adjudication for its exploitation 
for a period of seventy-five years. The conditions of the 
competition, a collection of plans and drawings, and 
the specifications, may be seen at the Portuguese 
Embassy, London, on any week-day (except Saturday) 
from 3 p.m, to 6 p.m. 





THE LATE MR. T. H. WELLS. 


WE note with regret the death, on February 18 
last, at his home at Edgenden, Fleet, Hants., of 
Mr. Thomas Henry Wells, who for some years was 
consulting naval architect to the Crown Agents 
for the Colonies. Mr. Wells was born in 1869, and 
proceeded to Cambridge University in 1890, at the 
age of 21. He attended the engineering course of 
lectures and went through the practical work in the 
engineering shops and _ laboratories, gaining the 
B.A. degree in engineering and applied science in 
1891. In 1892, he entered the works of Messrs. Yarrow 
and Co., at Poplar, as an apprentice. This firm 
were, at that time, engaged in the construction of 
torpedo boats, torpedo-boat destroyers, light-draught 
motorships, and other vessels. Having completed his 
apprenticeship, the young engineer joined the staff 
of Sir E. J. Reed, K.C.B., M.P., in 1895.- During the 
following seven years, he assisted in the preparation 
of the designs of the hull, engines and boilers of vessels 
for the Government of India, the Colonies, and foreign 
powers, and was also engaged in inspection work on 
vessels during their construction and after their 
completion. In September, 1902, he started a private 
practice, and was eventually appointed consulting 
naval architect to the Crown Agents for the Colonies, 
a position he held at the time of his death. He was 
elected to full membership of the Institution of Naval 
Architects in 1903. 








THe Ex-BritisH-WESTINGHOUSE AssocIATION.—The 
ninth re-union dinner of the Ex-British-Westinghouse 
Association will be held on Friday, March 11, at the Hotel 
Cecil, Strand, at 6.45 p.m. Tickets, price 12s. 6d. each, 
may be obtained from the Hon. Treasurer, Mr. W. EF. 
Warrilow, 40, Mildred-avenue, Watford, Herts. 


LEITH NAUTICAL COLLEGE EXTENSION.—On the 24th 
of last month, a new wing was opened in connection with 
the Leith Nautical College, providing, on the lower 
floor, accommodation for a laboratory, classroom and 
common room for students, and, on the upper floor, three 
classrooms. The latter are, however, divided by two 
folding glazed partitions, so that the whole can be 
thrown into one large room for lecture purposes. The 
opening ceremony was performed by the Rt. Hon. 
Viscount Noran, the Chairman of the Governors, Mr, J. 
Duncan Cran presiding. 


BEAM-WIRELESS COMMUNICATION WITH AUSTRALIA,— 
We understand from Messrs. Marconi’s Wireless Telegraph 
Company, Limited, that the beam wireless system 
between this country and Australia has now been tested 
with very satisfactory results. For two days last week, 
beam signals from England were heard in Australia 
throughout the whole twenty-four hours, and two-way 
communication was maintained daily, for several hours 
on end, at speeds ranging from 250 to 3,000 letters per 
minute. The maximum speeds were equal to those 
obtained with the relatively short-distance beam service 
between England and Canada, full particulars of which 
will be found on page 528 of our last volume. In a 
continuous test of seven days’ duration, the average traftic 
capacity exceeded 60,000 words a day in each direction, 
which is, roughly, three times the minimum required in 
the latest agreement between the Commonwealth 
Government and Messrs. Amalgamated Wireless (Austra- 
lasia), Limited. Tests are being continued and negotia- 
tions are proceeding with regard to the final traffic 
arrangements. When these are completed and the 
official tests of the British Post Office have been carried 
out, the service will be opened for public use. 


TENDERS.—We have received from the Department. of 
Overseas Trade, 35, Old Queen-street, London, S8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—It is reported that tenders are invited by the 
Port of Antwerp for the supply and delivery of a floating 
grain elevator, to be erected on a steel pontoon. Tenders 
to reach Antwerp by April 1]. (Ref. No. AX 4321).- 
The State Electricity Commission of Victoria, Australia, 
are calling for tenders, to be presented by May 23, for the 
supply and delivery of switchgear and accessories. 
Specification No. 27/22. (Ref. No. BX 3285).—The Stores 
Division, General Post Office, Wellington, New Zealand, 
is calling for tenders, to be presented by May 4 next, for 
substation protectors. (Ref. No. BX 3286).—The New 
Zealand Railways are inviting tenders for the supply of 
machine tools, workshop equipment, and overhead eiec- 
tric travelling cranes for the new station at Auckland. 
Tenders must reach New Zealand before noon on June 13 
next. (Ref. No. AX 4344).—The New Zealand Public 
Works Department is inviting tenders, to be presented 
by May 31 next, for transformers for use in connection 
with the Arapuni and the Waikaremoana schemes. (Ref. 
Nos. BX 3293 and 3294, respectively).—The same 
department is also calling for tenders, to be presented by 
June 7 next, for railway substation equipment, in con-. 
nection with the Lake Coleridge electric-power scheme 
(Ref. No. BX 3295.) Further details regarding these 
New Zealand Government contracts may also be obtained 
from the High Commissioner for New Zealand, 415, 
Strand, London, W.C. 2. 





270 


4 


ENGINEERING. 








[MARCH 4, 1927. 





EXPERIMENTAL TRAMCARS FOR 
THE METROPOLITAN ELECTRIC 
TRAMWAYS. 

A NUMBER of experiments have been carried out for 
some time past by the tramways associated with the 
Underground Group in London, with the object of 
giving increased speed and comfort in this method of 
road transport. Not only has the seating accommoda- 
tion and internal finish of the cars been improved, but 
attempts have been made to increase the speed of 
loading and unloading at congested points by arranging 
for passengers to enter at one end of the car and leave 
at the other. In the case of double-deck tramcars, a 
special design and arrangement of the staircases is 
necessary for this purpose, and two cars incorporating 
this feature, together with various other improvements, 
have recently..been designed. and constructed for use 
on the Metropolitan Electric Tramways which operate 
in the northern and north-western suburbs of London. 

Of these two cars, which we had an opportunity of 
inspecting on Wednesday last, one was designed by the 
staff of the Metropolitan Electric Tramways and built 
at the Hendon workshops of the Company, while the 
other was designed and constructed at the Chiswick 

Works of the London General Omnibus Company. 
Both cars have covered-in upper decks, and the 
mechanical and electrical equipment is generally 
similar. The two four-wheel trucks, on which the body 
is mounted in each case, are of the low-wheel bogie type, 
with driving wheels 28 in. in diameter, instead of the 
usual diameter of 31? in. The axle boxes are equipped 
with roller bearings, while the armature shafts are 
fitted with ball and roller bearings. The motors, one 
of which is fitted on each truck, are of the light-weight 
type, with a rated horse power of 50, the weight being 
35 lb. per horse power, as compared with 56 Ib. per 
horse power, the corresponding figure for the older 
motors. A noteworthy feature is the provision of 
compressed-air brakes acting on all wheels and on the 
track, while air-blast sanders are fitted to apply sand 
immediately in front of the leading wheels. Emergency | 
cocks are fitted at each end of the car to enable the 
brakes to be applied by the conductor or by the 
passengers if necessary, and hand brakes are also 
provided. The electrical control is on the contactor 
system, with master controllers and interlocks, the 
contactor gear being located in an easily accessible 
compartment on the platform. 

The body design and arrangement of the seating 
accommodation in the two cars, however, differ consider- 
ably. In the case of the body designed by the General 
Omnibus Company, the pillars are of ash, with 148.W.G. 
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steel flitches inserted. These are gusseted to the main 
chassis frame, which is a nickel-steel pressing of Z 
section, ~ in. in thickness and 1 ft. in depth. The 
chassis frame is swept down at each end to accommo- 
date two main and two emergency folding steps, which 
are operated by hand levers, The seating capacity in 
the lower saloon is for 28 passengers, 16 of whom are 
wcommodated on longitudinal seats at the ends, and 
the remainder on transverse seats at the centre. The | 
upper saloon carries 36 passengers, on double rows of | 
transverse seats, which are arranged so that they = 


be rotated about a vertical axis to suit the direction in 
which the car is travelling. In both the upper and | 
lower saloons, the seats and backs are spring filled and | 
upholstered in moquette. 

The body designed by the Tramways Company has | 
a rather larger seating capacity than that described | 
above, 27 passengers being carried in the lower saloon | 
and 44 in the upper saloon; it is also considerably 
lighter, the weight of the body and equipment being 
6 tons, as compared with 9 tons 9 ewt. The body is 
composed mainly of 16-gauge high-tensile steel channel 
with ash filling, whiie the bottom cross members are of 
oak and the main side members of pressed high-tensile 
steel. Each pillar is attached to the underframe by 
means of a Tee web-section bracket, and to the roof 
member by a special section wood-filled bracket, both 
brackets being of high-tensile steel. 
moquette-covered seats, with short longitudinal seats | 
at each end, are provided in the lower saloon, while | 
the transverse spring seats fitted on the upper saloon | 
are covered in a leather substitute and have backs 
which can be swung over when the direction of travel is 
reversed, This car has already been approved by the 
Ministry of Transport and by the Police, and has been 
licensed for experimental service. When the car | 
designed by the Omnibus Company has been similarly 
approved, both will be put into service on the route 
between Tally-Ho Corner, Finchley and Paddington, | 
via Golder’s Green and Cricklewood, and if found 
generally satisfactory, the best features of each vehicle 
will probably be included in a new design. 


JAPANESE MACHINERY IMports.—-According to the | 
quarterly report issued recently by the Japanese De- 
partment of Finance, Tokyo, imports of machinery, 
during the nire months ending September 30, 1926, were 
valued at 6,889,1007, 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—lIn the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


Transverse | Plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 


| the London Metal Exchange for “fine foreign”? and ‘standard’ metal, respectively. The prices shown for 
|lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
| for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 


The pig-iron 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 1b. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 


| lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








THe Latre Mr. B. N, Brotpo.—The sudden death 


lof Mr. Benjamin Nikolas Broido, at his home in New 
| York, on February 10 last, removes from the ranks 


of American engineers a well-known designer of steam 
superheaters. Mr. Broido was born at Wilna, Russia, 
in January, 1879. He received his early education in 
Germany and graduated in mechanical engineering at 
K6éthen Polytechnic in 1904. He joined the staff of 
the Ascherslebener Maschinenbau, A.G., Aschersleben, 
Germany, in 1906, and remained with this firm for six 
years. In 1912, he entered the works of the Hanno- 
versche Maschinenbau, A.G., Hannover, and while there 
developed a design of water-tube boiler. Mr. Broido 
went to the United States in 1914, and, shortly after 
his arrival, took a post-graduate course in the City 
College of New York and Columbia University. Later he 








joined the technical staff of the Roessler and Hasslacher 
Chemical Company, Perth Amboy, New Jersey, for 
which firm he designed power plants. In 1917 he was 
engaged by the Philadelphia and Reading Railway Com- 
pany to design a power and creosoting plant, while at 
the end of the same year he entered the offices of the 
Superheater Company, New York, and was appointed en- 
gineer in charge of the design and the development of 
Elesco superheaters for stationary boilers. Subsequently 
he was given the position of chief engineer of the indus- 
trial department of the company, which position he held 
at the time of his death. Mr. Broido was a member ol 
the American Society of Mechanical Engineers, to the 
proceedings of which he contributed several papers. 
He was also a member of the Engineers’ Club of Phila- 
delphia and of the Vereines Deutscher Ingenieure. 
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THE NORTH-WESTERN BRANCH OF 
THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Ix our last week’s issue, on page 236 ante, we gave a 
report of the adjourned discussion at the Institution 
of Mechanical Engineers in London of the paper by 
Professors Mellanby and Kerr on ‘“ The Use and 
Economy of High Pressure Steam Plants,” mentioning 
at the conclusion of the report that the paper had also 
been discussed in Liverpool, at a joint meeting of the 
North Western Branch of the Institution with the 
Liverpool Engineering Society, on Friday, February 11, 
and also at a meeting of the North Western Branch 
in Manchester on Thursday, February 17. Below we 
give reports of the discussions at these two meetings. 

The Liverpool meeting was held at 9, The Temple, 
Dale-street, and Mr. Lloyd Barnes, who occupied the 
chair, said he thought the paper was almost unique in 
character. Shipowners would obtain a great deal of 
confidence from some of the points brought out, though 
their hopes might fall when they realised where the 
latest steamships came in the comparisons. 

Mr. Willet Bruce said that when they really looked 
squarely at the question of higher pressures for marine 
practice, he did not think they had very much to 
worry about, especially when they took into con- 
sideration the fact that they had the experience of 
higher pressures in generating stations to go by. At 
sea, no large powers were in use, and they could not do 
the experimental work which could be done on shore ; 
they naturally were quite prepared to learn from those 
who had obtained such valuable experience as the 
power stations in the country had had. He felt quite 
satisfied, with regard to the application to marine 
engineering, with a commencement with moderate 
pressures and did not wish for a moment to insinuate 
that anybody would recommend the adoption of such 
high pressures as 1,200 lb. Again, providing they could 
get their material to stand up to the stresses to which 
the high temperatures would no doubt subject it, 
they would be prefectly confident of success. But 
he would go farther than that: unless they could 
get a highly-successful, tight and efficient condenser 
all that high pressures and water-tube boilers could 
give them would be useless. He had been somewhat 
surprised to find how the authors had disposed of this 
most important subject, with which they, as marine 
engineers, had been concerned for the last five years 
in particular. He referred to the statement that 
eg condensers and condensing equipment have 
easily kept abreast of all these requirements.” He 
could not agree with that; the condensing plant was 
a source of great anxiety. 

If the order of ** full speed astern” was suddenly 
yiven, he continued, the pressure rose, and the safety 
valves blew off. What was going to be the result with 
steam blowing off at 500 1b. % No one would hear a 
command to lower boats, &c., and that was a rather 
important feature. If the safety valves blew, not 
one of them would be tight again; even with 250 lb. 
pressure that really occurred. In some _ instances 
they had tried stainless steel, and the results with 
that were better than with anything else they had 
tried. Again, in the King George V engine room, the 
temperature was extremely high. A better and more 
efficient non-conducting material, however, would go 
a long way towards reducing the temperature. 

Mr. W. J. Kearton said it would be of value to 
know the composition of the nickel-chrome alloy 
mentioned, and also whether it was possible to make 
tubes of this material. He was not sure that the 
Atmos and Benson boilers had been designed 
solely to obviate any troubles incidental to the 
generation of steam by violent ebullition. In steam 
boilers, as ordinarily constructed, it was necessary 
to have a more or less level surface of separation 
between the water and the steam, the area of this 
surface increasing with increase of evaporative capacity. 
This necessitated a steam drum of appreciable size, 
involving, with very high pressure, a solid forged 
steel drum of considerable thickness. Under these 
conditions, boiler-making became something akin to 
gun-making. : 

He was quite in sympathy with the authors’ state- 
ment that the Atmos and Benson boilers had 
hardly yet affected boiler methods; and, further, 
he did not think that the rotating-tube type would 
ever become a boiler type per se, mainly for the 
following reasons: (1) It must be supplied with feed 
water which was chemically pure, otherwise scale 
thrown by centrifugal force on to the inner walls 
of the tube would cause serious overheating. (2) The 
feed-regulating device was somewhat delicate. The 
available controlling force was a difference of pressure 
in a forced vortex, and, with the usual dimensions 
and speeds, was only quite small. (3) For a single feed 
regulator all tubes must be at the same level. 
" Owing to the unavoidably large mean-hydraulic 
depth and the short length of the gas path, the amount 








of heat transmitted by convection and conduction 
would appear to be negligibly small. The boiler was, 
in effect, purely a radiant-heat boiler. If the rotating- 
tube principle were ever adopted, he thought it might 
serve as the high-pressure section of a two-pressure 
boiler, the rotating tubes being placed in a horizontal 
row just under the ordinary water tubes. 

The fundamental drawback to the use of high-pressure 
or high-temperature steam as a means of increasing 
the thermal efficiency of steam plants, was the small 
thermal capacity at the higher temperatures. In other 
words, the gain of mean-effective temperature, as 
Mr. G. M. Clark had put it, was only slight for an 
appreciable increase in the total temperature. The 
process of re-superheating was really an attempt to 
add more heat at the higher temperatures and so to 
combat this shortcoming of the physical properties. 
It also had a beneficial effect on turbine performance 
for other reasons. But when an attempt was made to 
combine the re-heating process with extensive regene- 
rative feed heating, difficulties which had not appa- 
rently been appreciated by the authors seemed to 
appear. He had mentioned that in the discussion of a 
paper by the late Captain Sankey about two years ago, 
and he mentioned it again because he thought it had a 
very important bearing on the practical application of 
the cycle put forward by the authors. 

Three years ago, he read before the Institution a 
paper dealing with the possibility of using two working 
fluids, viz., mercury and steam. He still thought that 
was an attractive alternative to the high-pressure steam 
plant. He was optimistic enough then to assume a 
higher limit of temperature of 800 deg. F., in view of 
the fact that the mercury-vapour pressure was not likely 
to exceed about 50 lb. per square inch absolute. 
Assuming the upper limit to be 900 deg. F., he had 
calculated the probable thermal efficiency under the 
following conditions :—(a) Mercury vapour generated 
at 35 lb. per square inch gauge, and superheated to 
900 deg. F.; exhaust pressure 0-4 lb. absolute (¢= 
400 deg. F.); (6) Steam generated at 200 lb. absolute, 
with no superheating and complete regenerative feed 
heating ; (c) Mercury turbine, efficiency ratio 76 per 
cent. ; (d) Steam turbine, efficiency ratio 80 per cent. ; 
(e) Boiler efficiency, 90 per cent.. as in the paper. It 
could be shown that the thermal efiiciency of that 
boiler-turbine-condenser system was no less than 41-5 
per cent. 

Professor Watkinson said he was rather astonished 
that the authors had not taken account of the Ljung- 
strém pre-heater. Assuming that it was a success in 
practice, there was no such limit as the authors had 
put to the gain which might be obtained by air pre- 
heating. He did not see any reason why the air 
should not be raised to a temperature of 1,000 deg. F., 
or even higher. One advantage of that would be that 
the boiler could be cut down in size, weight and cost. 
With regard to the results obtained on the trials of 
the King George V., he gathered that the efficiency had 
worked out at 17 per cent. or 18 per cent. If that were 
so, he would advise them to scrap the steam plant, 
and go in for Diesel engines. They would then secure 
twice that efficiency even to-day. Modern steam plant 
was enormously complex as compared with an internal- 
combustion engine. No one who had to deal with the 
matter from the commercial point of view would agree 
that thermal efficiency was to be secured regardless of 
the commercial aspect. What they had to do was to 
get a compromise so that the net result would be a 
maximum ; there was undoubtedly a limit set by the 
financial side of the question. Referring to the decom- 
position of steam at a high temperature, he would 
draw attention to the fact that water was decomposed ; 
not only steam. That was the process adopted by 
Bergius for obtaining hydrogen for various purposes. 
The action there began at about 300 deg. C. (572 deg. F.) 
and became more rapid the higher the temperature. 

Professor William Mason said that, in the formula 
given by the authors relating to creep, the degree of 
security was expressed by 4 6. Apparently, in that 
formula the ‘‘ degree of safety’ was reckoned with 
reference to the temperature @, (corresponding to the 
stress S at which the material broke in a very short 
time) less a term that should express the temperature 
interval between 0, and the creep-limit temperature 
for that stress. Now that term did not appear to him 
to express the interval correctly; in other words, the 
formula for A@ did not appear to express correctly 
the interval 6:—0, where @ was the creep-limit tempera- 
ture. In view of the fact that creep was normally by 
no means negligible in amount before the creep limit 
was reached, he asked if it were wise or safe to measure 
the ‘‘ degree of security’ by A @ or 6:—8. 

Mr. A. E. Malpas, said the question of locomotives 
had already been touched upon by Professor Watkin- 
son, but he would like to suggest that there was no 
need to take up any further time in testing locomotives. 
It was far better to spend any capital on electrifying 
railway lines. To Professor Watkinson’s disgust, the 
authors had dismissed the Diesel engine rather curtly. 





He, however, thought their view was right, because 
in course of time oil supplies would be exhausted, and 
they would be forced to go back to coal. 

The chairman, said that if the Liverpool Corporation 
found that in their central station the fuel consumption 
could be reduced by putting up another station some- 
where else, but that the extra capital involved in 
putting the other station up was very much more than 
the fuel saved, the question would arise whether 
they should put up the station or not. If it were 
left to Liverpool shipowners, the other station would 
not be put up, but they had got another Commission 
now who were spending money that did not belong 
to them. The scrapping point in the future would 
be very different from that in the past. What Pro- 
fessor Mellanby really meant was that the industrial 
resources of the nation had to be economised, and he 
thought that, with the Electricity Commission at work, 
their ideas regarding scrapping plant would be put on 
a new basis. The authors stressed the point that the 
industrial resources of the country had to be economised, 
and that if an increased capital expenditure were neces- 
sary to do'this, and did not bring in a return, the fact 
that we were saving national resources was to be the 
dominant factor. It looked as if reduction of fuel cost 
was to be the main point in the designing of new stations, 
and if the older stations could not produce electricity at 
the reduced fuel consumption, that plant must rapidly 
become obsolete. 

Professor Mellanby, in reply, said that he did not 
think there was anything wrong with the statement 
that condensers had followed in line with the turbine. 
Turbines, boilers and condensers were none of them 
perfect. Mr. Bruce had also mentioned the engine room 
temperature on the King George V. On the first trip, 
the temperature had been very high, but it was quite 
all right now. The nickel-chrome alloy referred to was 
about 79 per cent. nickel and 21 per cent. chromium. 
The idea was to show in the paper the extent to which 
metallurgical science had gone in producing articles 
which would stand high temperatures, and that was 
the best of which they had any information. The trial 
results had been obtained at the National Physical 
Laboratory. He was quite convinced that by proper 
design a tubular air heater could be made quite as 
efficient as the Ljungstrém. 





At the Manchester meeting, which was held at the 
Engineers’ Club, Albert-square, the chair was taken 
by Mr. Harold Massey. The first speaker, Mr. R. W. 
Bailey, said that performance at high temperature 
depended on what they could get from the metals, 
but he thought that the author’s deductions were a 
little premature, in view of the present state of 
knowledge on the subject of creep. It stated in the 
paper that there was a limiting creep stress. People 
who were investigating the subject of creep were more 
and more coming to the conclusion that, as their 
apparatus became more sensitive and the methods of 
test more accurate, so the limiting creep stress receded 
in value. He gathered that the creep values in the 
paper corresponded pretty well with those given by 
Prof. Lea. One could not assume that for a 0-35 per cent. 
carbon steel creep ceased at 18 tons per square inch for 
400 deg. C. Since Prof. Lea’s work, there had been 
another published work on carbon steel issued in the 
United States. The rate of creep that Prof. Lea carried 


his work to was represented by 10~* i.e., oun in. per hour. 
The work of French and Tucker had carried the creep 
stress to a further degree. French’s actual experimental 
points had come out to 10°%in. strain per hour. 
Since that paper, French had published a further paper. 
Results were given of very careful creep tests on rustless 
iron, in which a stress had been applied below the elastic 
limit, the elastic limit of the material being 19,000 
lb. per square inch, and the stress applied 18,000 lb. 
per square inch. After 800 days, the specimen was still 
stretching, and it was impossible to say that the 
material had ceased creeping on account of the varia- 
tion in temperature. If one measured the slope of 
the curve, it would be found to be ;,';5 of the greatest 
sensitivity that Prof. Lea used in his tests. It could not 
be said, therefore, that the limiting creep stress had 
been found. Suppose creep went on continuously at 
a decreasing rate, then it would follow at once that a 
tube subjected to temperature would steadily even up 
its stress across the cross section. If, initially, the 
stress were a maximum at the inside, then creep 
would be greatest at the inside, and so it would tend 
to reduce the stress and bring about an equal condition. 
On the basis of the present state of knowledge, tubes 
would be a good deal safer than predicted by the 
authors. 

Mr. A. Stubbs said that from Mr. Guy's recent 
paper one would conclude that the economic position 
did not usually call for steam pressures exceeding 
350 lb. per square inch, gauge. With the present state 
of the art, there was little or nothing to be gained 
financially by adopting higher steam pressures. It would 
be reasonable, however, to assume that engineers who 
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were working on higher steam pressures were not pay- 
ing an exceptionally high price for their experience. | 
It was encouraging to note that Mr. John Anderson, of 
Milwaukee, had stated that there was exceptional | 
freedom from difficulty when placing in commission 
his new 1,200 lb. per square inch boiler, which was | 
capable of generating 240,000 lb. of steam per hour. 
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Within the last few years, there had been a rapid growth | 
of a school advocating pulverised fuel. An important | 
advance to which he wished to refer was the improve- 
ment in the space factor in the combustion chamber | 
for pulverised fuel and the like. As an instance of that, 
he would state that, in December, 1923, before the | 
Manchester Centre of the Institution of Electrical 
Engineers, he had criticised the then standard | 
pulverised-fuel furnace, and had suggested that the | 
development must be towards water-cooled walls | 
arranged around the whole of the combustion space 
in a similar manner to the walls of a blast furnace ; 
such an ironclad boiler had been constructed, 
and was in operation. With that type of boiler, the | 
intensity of combustion, or the quantity of fuel burnt 
per unit volume, had increased. As the intensity of | 
combustion still further increased, it would appear to 
be possible that the limitation in steam generation 
would pass from the combustion chamber to the steam | 
space, as determined by the facility with which steam 
could be liberated from the heating surfaces. If such | 
limitations were approached, would the increase in 
steam pressure help matters ? 
He asked that question because he had in mind | 
a cycle including an oil-fired furnace operating 
under a pressure of 4 or 5 atmospheres. The steam 
generated would be used with the standard turbo- | 
alternator set, the turbine being bled for feed heating, | 
and preheated air would be supplied to the furnace at a 
high temperature. The flue gases, after passing the air 
preheaters, would pass through a gas turbine entering 
the same at a suitable temperature and exhausting 
into a small economiser for heating the feed-water. 
The gas turbine would drive a turbo compressor, 
which would supply the air to the preheater. The | 
losses due to the inefficiency of the compressor and the 
turbine appeared as heat, and were transmitted to 
the steam, so that they were not lost to the system. | 
They had, however, the effect of making it necessary | 
to introduce a small water economiser, which meant | 
that the cycle was not quite so good as it would other- 
wise be, since the feed-water heating which was done | PUTposes. 
by the economiser might be the better performed by | 
steam bled from the main turbine. | pre- ht. with 
Mr. J. M. Newton said he would like to draw attention | Station at_a lower gs he ya t, ees sped st 
to what seemed to him to be a challenging statement heating. In America, there was fair number of large 
: yorking at about 600 lb. steam pressure. They 
and one of fundamental importance. The paper | plants working : A 5 
“ : : le d to be running satisfactorily. But he also 
stated that “the ultimate aim must be the achieve- | ®PPC@Te 8 : 

Se | believed that some of those large stations had not 
ment of the highest thermal economy open to} ~~. ca Gi ge tati at theke dimiueme. tk 
engineering skill and consistent with plant reliability ; | quite si rears A a ee enone : 1g S 

imi 7” : would be well to await further information before 
and limited by these only. He considered that | lei stg Se coe fj pine 
that was not the real aim of an engineer. His duty | stops hep ae ee a a ae ae 
was to produce power at the lowest overall cost. It | S“7°S !" at AamNERy. 
might be that those two aims closely coincided, in | 
which case no difficulty arose, but it was conceivable | 
that they might lead to widely divergent results, and 


while he agreed that it was the duty of the engineer | PRESSED-AIR MINE HAULAGE. 

to save fuel, it was equally his duty to save other | THE two interesting machines, of which we reproduce 
national assets, of which one was capital. He thought | Photographs above and on page 273, with sectional 
that the authors implied some such limitation|4t@wings on Plate XV, are, in the one case, an 
when they drew attention to a statement of Sir John | €X®#mple of modern Continental practice in apparatus 
Snell that in an up-to-date plant the fuel and capital | for sinking deep boreholes for mineral prospecting, wells, 
charges were about equal at 40 per cent. of the total. | 24 so forth, and, in the other, of colliery haulage appli- 
He would agree with that to the extent that, of two | @nces. They are manufactured by the Usines G. 
schemes roughly equal with respect to the costs of | Derihon Société Anonyme, Loncin-lez-Liége, of which 
generating energy, the one which would offer greater | firm Mr. J. D. Julien, 62, Oxford-street, London, 
fuel economy would be the preferable from an W.1, is the representative in this country. The 
engineering point of view. Most of them bought | haulage plant is distinguished by the employment 
electricity generated in such stations as Barton. of an interesting form of compressed air motor, and 
In his own case, he paid for heating 1}d. per unit, | by the ease with which it can be adapted to carry a 
and 5d. per unit for lighting. The actual cost of those 
units was 0-l5d. Except for a small fraction, the 
remainder was made up of capital charges in one form 
or another. Therefore an engineer handling a question 
like that would have to pay very great attention to 
the capital charges involved in the design. In Fig. 4, 
of the paper (see page 119 ante) the temperature 
margin of safety on ‘he superheater tubes—the 
comparison between carbon steel and nickel-chrome | 
alloy—was made on the basis of one pressure to | 
another at the same temperature. He took it that | 
the horizontal line had been drawn across the | 
curve from a point of about 430 deg. F. He would | 
like to ask the authors if they had examined the point | 
of the influence on the efficiency of the cycle of drawing | latter machine, which is illustrated in Fig. 1, above, 
a vertical line between the two curves; the effect of | and Figs. 2 to 7 on Plate XV. In Figs 1 and 2 the 
drawing the vertical line would be to work at a lower| boring head, with its hand-feed wheel, is seen on the 
pressure and at ahighersteam temperature. Heenquired | right. Towards the middle of the machine is a square 
if it were fair to say that the 900 deg. F. limit applied | casing vontaining the speed change gear, with a smaller 
at all pressures. He thought that probably the higher | gear-box at its side, from which is led the shaft to the 
the pressure, with materials at present available, the | winch used for the withdrawal of the pipe and tool. 
lower the temperature at which they would be safe|This winch may be seen on the left of the figures. 
to work. In the centre of the machine, in Fig. 1, will be seen 








DEEP BORING RIG AND COM- 


each side, or all three in combination. The charac- 
teristic feature of the boring rig is the great depth, 
3,900 ft. to 4,900 ft., to which it can be effectively 
worked while still maintaining a sensitive control at 
the working point. It is, further, provided with a 
gear-box affording 10 different speeds of rotation, 
|a@ point of great practical importance in operations 
where strata of different degrees of hardness are met 
with. The rig is, of course, of the rotary pattern, 
and the method of holding the boring tube is par- 
ticularly designed to secure accuracy of alignment in 
the borehole. 

We propose to commence our description with the 














central-grooved pulley only, or a winding drum on | 
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He felt that caution should be observed in adopting ;an internal combustion engine which provides the 
an increase of pressure, except for experimental | motive power. meth v 
In this country engineers had put up a |not an essential, and, in Figs. 2 and 3, Plate XV, an 
arge power station working at 450 1b. pressure with | enclosed electric motor is shown, while a compressed 
heating, and had since put up another very large | air engine of the type indicated in Figs. 11 and 12, and 


This method of driving is, however, 


| used with the winch depicted in Figs. 8 to 10, may be 
| fitted or, again, a steam engine may be employed. 
| The general design provides for a driving unit developing 
| about 60 h.p. at 1,000 r.p.m. 
| The boring head is shown in detail in Figs. 4 and 5. 
|It is attached to a horizontal trunnion A, on which 
| it may be swung to give the axis of the drill any desired 
angle relative to the ground. This trunnion is carried 
|in a split bearing B, provided with a vertical centre 
| pin C, round which it may be rotated when it is desired 
|to move the boring head clear of the bore-hole for 
‘inspection, withdrawal of tubes, &c. The direction of 
|movement and extreme position of rotation are 
|indicated by the dotted lines in Fig. 3. The trunnion 
|is secured by tightening the two bolts in the upper 
| half of the bearing, which are also best seen in Fig. 3. 
|The horizontal rotation of the head round the pin C 
|is effected by means of the worm wheel D, which is 
|attached to the bearing and runs upon a casting 
| bolted to the main frame. The worm, worked by 
'a crank handle, is seen at the left of Fig. 5. A short 
|lever, to be seen immediately above the worm crank- 
|handle, Fig. 2, is used for the movement of a dog 
clutch E, Fig. 5, on the driving shaft, it being 
|necessary, of course, to disconnect the head from 
|the motor when it is desired to swing it round. _ 
The boring head proper consists of a casting F, 
through which runs the tube carrier G, the tube itself, 
|which is about 4} in. (110 mm.) in diameter, being 
|marked I. The head is provided with covers to give 
|access to the pair of bevel wheels by means of which 
| the drive is transmitted to the tube carrier. As the 
\latter must have a considerable amount of vertical 
| movement, it is finished with a long keyway, the 
| driving key being fixed to the bevel wheel. The tube 
|is gripped in the tube carrier by means of a pair of 
| serrated jaws at each end. These are to be seen at 
| J, J, in Fig. 5, and the method of their attachment to 
ithe carrier by means of a screwed cap will be clear 
'from this illustration and also from Figs. 2 and 3. 
| Incidentally, it may be stated that somewhat similar 
|jaws are used, resting on the edge of the borehole, 
ito hold the length of pipe already in it, while a new 
| length is being inserted in the boring head. : 
| The tube carrier is furnished at its upper end with 4 
| flange H having hard steel faces on both upper and 
| undersides. This flange takes the thrust of the drill, and 
| runs in ball bearings contained in a race in the box K, 
| being screwed to a sleeve or quill, L. On one side of this 
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a rack is cut, of the same length as the keyway in the 
tube carrier, the 2 ft. or so of motion thus permitted 
being the amount of feed which can be given to the tool 
without altering the position of the grips. A pinion, 
geared, through a short train, with the large hand- 
wheel N, engages with the rack and a very sensitive 
feed is thus obtained. A single change of feed per 
revolution of the hand wheel can be made by altering 
the ratios of the gear in the usual way, the small change 
lever being seen in Fig. 2. 

Without some other provision, however, the feed 
would hardly be of a satisfactory character when the 
drilling point was close upon 5,000 ft. below ground level, 
and a weight of 15 tons or so pendant on the rack, or 
pressing on the diamonds of the cutting crown of the 
drill. The necessary provision is made in a very 
effective manner by supporting the tube carrier on two 
cylinders filled with oil at a pressure just sufficient to 
balance the weight of the tubes. The actual pressure 
on the drill crown is, thus, that due to the force exerted 


on the handwheel, which can obviously be altered to | 


suit the varying hardness of the successive strata met 
with in boring. 

The balancing cylinders with their pistons and rods, 
are shown at M, M, in Fig. 5. The upper parts of the 
cylinders pass through clearance holes in lugs on the 
casting F, while the lower ends rest in ball and socket 
bearings in the same casting. The piston rods have 
similar freedom of movement, being bedded on hemis- 
pherical bearings in the ball race box K, at the top, 
and in the pistons, which are packed with hydraulic 
leathers, at the bottom. Below each piston, in Fig. 5, 
1s an oil inlet through which oil is delivered to the 
cylinders by a rotary pump, driven from the gear 
box, a spring loaded valve with screw-down hand 
adjustment being used for control. The balancing 
load required can be regulated with precision by this 
valve, within the limits of zero pressure to 100 atmos- 
pheres, surplus oil being automatically returned to the 
pump. The several connecting pipes between the pump, 
valve, cylinders, &c., will be readily made out in Figs. 2 
and 3. They are fitted with swivelling joints on the 
centre of rotation of the head. 

_It will be realised that, as the load is carried on the 
Pistons of the oil cylinders, any rupture of a pipe or 
Connection might mean the sudden imposition of a 
heavy load on the boring tool. To prevent this, a 
safety gear is fitted. This consists of a pressure gauge 
having two pointers. The second pointer is arranged 
to move round the dial immediately behind the first, 
and just out of contact with it. Breakage of a pipe 





causes an immediate reduction of pressure, and the first 
pointer in consequence flies back on to the second one. | 











This contact completes an electric circuit, which, by 
means of a solenoid, shoots a bolt into the rack and 
locks the head in position. This action is practically 
instantaneous, and the tube cannot be moved until 
the repair of the pipe or connection is effected, and 
pressure is once more on the system. 

The gear-box is shown in Figs. 6 and 7, the latter 
figure being a developed section along the line 
ABCDEF in Fig. 6. Fig. 6 is a vertical section 
across the gear-box, that is, in a plane at right angles 
to the axis of the driving shaft. The section, Fig. 7, 
is, on the other hand, parallel with the shaft. Com- 
mencing with the driving shaft P, in Fig. 7, this is 
a six-splined shaft for the greater part of its length. 
It is finished at one end with a tapered shank and 
keyway for the drive connection. At the other end, 
it carries 2 bevel pinion, which gears with a bevel wheel 
on the oil pump shaft Q. By this arrangement the 
pump is not affected by the speed changes of the gear- 
box. 

The speed changes are made by means of a lever 
andtumbler gear. The lever R carries a pinion sliding 
on the shaft P, and an idler in mesh with the pinion. 
The idler can be brought into gear with any one of 
the group of spur wheels on the second shaft. This 
shaft is also splined, and carries a pair of sliding pinions 
S, one twice the diameter of the other. The position 
of these is controlled by the lever on the side of the 
gear-box to the right as shown in Fig. 2. By means of 
the wheels S, S, and corresponding spurs on the third 
motion shaft, the five speeds of the second shaft 
are doubled, the total range being between 56 to 
400 r.p.m. of the boring head. The shaft O also 
carries a pair of bevels T, T, and a clutch, this providing 
the reversing drive for the winch. A short shaft U, 
Fig. 6, carries a bevel wheel at each end, one of which 
meshes as shown with the bevels T, and the other 
with one on the shaft running to the winch. All the 
speeds are thus available in either direction for working 
the winch, and give winding rates between | ft. and 
6-5 ft. per second. This affords a wide range of 
control in raising or lowering the tubes. The latter 
operation may also be carried out by gravity, the 
descent being checked by the brake fitted to the winch. 
The winch requires no description, beyond stating that 
it is capable of handling a weight of 20 tons. It should 
be noted, however, that it, together with the other 
units of the machine, are all mounted upon one frame 
or bedplate of deep joists. This enables the boring 
machine to be moved as a self-contained rig, so that 
no time is lost in setting up elaborate machinery 
whenever a new hole is to be bored. The winch may 
also be used to assist the hydraulic cylinders by relieving 
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the weight of the tubes on the head. It may be noted, 
further, that all the handles and controls are grouped 
conveniently at the boring head. 

Turning now to the compressed-air haulage, two 
external views of this are given in Figs. 13 and 14, from 
which it will be seen to be very compact. The machine 
is primarily intended for use’ underground as a haulage 
winch, for driving wire rope conveyors, ventilating fans, 
hoists, and so forth, whence its small dimensions, the 
limits of 5 ft. 9 in. (1-75 in.) long by 2 ft. 74 in. (800 cm.) 
broad being imnposed by the regulations of the Mines 
Domaniales Frangaises du Bassin de la Sarre, to permit 
entry into the colliery cages. It is, however, equally 
suitable for use above ground, or even on board ship. 
Neglecting the compressed-air motor for the moment, 
the construction of the winding arrangements is best 
seen in Fig. 10. The channel framework carries a 
bedplate casting, to which are bolted two pedestals. 
That on the right-hand side of the figure is provided 
with a double bearing inside which is housed the 
gear drive, consisting of a pinion and bevel wheel in 
one piece, the bevel being driven by a bevel pinion on 
the horizontal shaft of the motor, while the pinion 
transmits motion to a spur on the drum shaft. The 
pedestal on the left-hand side of the machine is furnished 
with a single bearing only, the remaining space on this 
side being occupied by an internal expanding brake. 

As already pointed out, the machine can be used 
with the central grooved pulley only or with the two 
side drums. To facilitate transport down a mine shaft, 
the drums are arranged so as to be detachable. The 
manner in which these requirements are met is as 
follows: The main shaft is hollow and of a length 
coming within the limits of width imposed by the 
regulations. The centre pulley and the driving spur 
wheel are keyed to the shaft, the ends of which are 
finished with projections. The two outer drums are 
fitted with bushes, having dog projections corresponding 
with those on the shaft, and a long bolt is passed 
through the whole to clamp them together. 

The brake is automatic. The brake lever is loaded 
by a heavy weight easily distinguished in Fig. 13, 
which is prevented from coming into action while the 
machine is working, by the upward thrust of a piston, 
the under-side of which is in communication with the 
motor air supply. The air supply to the brake cylinder 
is controlled by the starting and stopping lever of the 
motor, which fhay be seen in Figs. 8 and 9, and is 
cut off when the motor is stopped. The weight then 
comes into action and applies the brake. The brake 
pressure can be regulated by a handwheel, which can 
also be used as a positive locking device, while a hand 
lever is provided for emergencies. The latter is shown 
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in Tigs. 8 and 9, but not in Figs. 13 and 14, in which, 
moreover, the motor control is slightly different. 

The motor itself is shown in detail in Figs. 11 and 12. 
As will be seen, it has four cylinders arranged radially 
round the crankshaft, each being 4.52 in. (115 mm.) 
in diameter and of 3-9 in. (100 mm.) stroke, 
working on a common crankpin. The valves are 07 
the piston type and are controlled by a spring lever, 
operated by a sleeve cam. The latter can be slid 
along the splined camshaft by a rod operated by 
the starting lever. The sleeve is cut with forward 
and reverse cams, and partial employment of these 
may be made for the purpose of varying the power. 
The normal power of the motor under the best 
conditions is obtained with a cut-off of 40 per 
cent. The point of admission is kept constant, the 
lower powers being obtained by increasing the period 
of compression in some of the cylinders. The cycle 
of the motor is arranged so that a temperature of 
120 deg. C. is reached by compression in the clearance 
space. This ensures the suspension of water vapour 
in the air, and the danger of it freezing in the passages 
is eliminated. The motor illustrated on the haulage 
gear develops about 15-h.p. at the hauling rope. At 
800 r.p.m. it develops nearly 19 brake horse-power. 
It is made, however, in larger sizes of 20, 30 and 60-h.p., 
and with six cylinders. 

In examining the details of both hauling winch and 
boring rig, it is interesting to note how extensive is the 
use made in them of ball bearings. The boring 
machine gear-box, for instance, is a notable instance. 
Great care has been exercised in the selection of the 
most suitable steels for the various parts, chrome-nickel 
steel being used very largely, while Firth’s Stainless 
Steel is employed for such parts of the compressed air 
motor as are likely to be in contact with water vapour. 
In fact, the whole of the details are designed and 
finished with a care not always found associated with 
mining machinery. In addition to the above, the firm 
manufactures a number of other patterns of winches and 
boring machines. 





THE TANSA COMPLETION WORKS 
FOR BOMBAY WATER SUPPLY*. 
By Artuur Watson STONEBRIDGE, Assoc.M.Inst.C.E. 


Tue first works for a supply from the Tansa Lake 
were completed in 1892. The available supply was 
41 million gallons per diem, but of this only 
174 million gallons were brought to the city, because 
only one pipe was laid on the syphons which connected 
the various portions of the masonry aqueduct, which 
latter was capable of taking the whole available 
supply. The next development was that known as 
the Tansa duplication works, which consisted in 
raising the dam by 9-58 ft. and duplicating the 
syphons. These works were completed in 1915. 
Serious shortage of water began to be felt in, 1918, 
and this led to the initiation of works which comprised 
the raising of the Tansa dam by a further height 
of 8-42 ft.—the maximum addition which had been 
provided for in the original design—the laying of 
two new pipes, of a maximum diameter of 72 in.. 
over the 55 miles between Tansa and Bombay, with 
various cross connections, and certain subsidiary 
works. It was decided to make provision for the 
future diversion of the Vaitarna River into the Tansa 
Lake, and for the future raising of the dam, which 
would necessitate the laying of a third new main 
from the lake to Bombay. Since the old bridges 
over the Bassein Creek were not able to carry the 
three pipes, it was decided to proceed with the 
construction of a new bridge 1,800 ft. long and 
60 ft. wide to carry the pipes, together with a roadway 
which forms part of an important road development.+ 

The main items of the work, which is designed to 
raise the total supply from Tansa to 90 million gallons 
per diem, comprise : the construction of a pipe-track 
from Tansa to Bandia; the building of steel bridges 
across the Bassein and Bandra creeks; the manu- 
facture, transport and laying of 81 miles of 72-in. 
steel pipes, 29 miles of 57-in. pipes, and 3 miles of 
60-in. pipes ; the remodelling of the distribution system 
in Bombay; the raising of the dam; filtration and 
chlorination of the supply; and the provision of 
service-reservoir accommodation. The pipe-track for 
the 72-in. pipes if 27 ft. wide, and a 2-ft. 6-in. gauge 
light railway was laid throughout. The principal 
difficulty encountered in this work was due to the 
unhealthy nature of the country, and it was therefore 
limited to the period November to May. The largest 
bridge over the Bassein Creek has thirteen 138-ft. 6-in. 
spans. The Pratt type girders are 36 ft. apart. Two 
pipes are carried on cantilevers, the third being 
accommodated alongside the roadway. The reinforced- 














* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesday, March 8, 1927. 

t An illustrated article on the Tansa Completion 
Works appeared in ENGINEERING, vol. exxii, p. 341. 


plates, 14 ft. in external diameter. 


the wells were plugged with 7-ft. of concrete, filled 
with sand to within 7 ft. of the top of the steel shell, 
which was cut off at R.L. 88 ft., and finally plugged 
with concrete and capped with the 8-ft. diameter 
pier, rising to R.L. 107. The deepest caisson was 
founded at R.L. 6. Sinking was carried out from 
a pair of barges carrying a steel framework from 
which the cylinders were pitched. 

The 82 miles of 72-in. pipe, comprising 59,000 tons, 
was manufactured in the contractors’ works on the 
site at Muland, transported, and laid in 16 working 
months. The pipes, which are of 3-in. plates, 7 ft. 2 in. 
between rivet holes longitudinally and long enough 
to make a complete strake with only one joint, are 
lap jointed, being double riveted longitudinally and 
single riveted circumferentially. The plates were 
rolled, drilled, scarfed and planed in England, and 
shipped flat to Bombay. Eight-strake pipes, 57 ft. 4 in. 
long, were made up in the Muland works for transport 
by light railway to the field. The cost per foot of 
pipe, exclusive of laying, ranged from Rs. 46.2.0 
for the 72-in. pipes to Rs. 37.1.2 for the 57-in. pipes. 
These works were equipped with a generating station 
containing three 250-kw. steam-driven generators, 
supplied by Babcock and Wilcox boilers with an 
individual evaporative capacity of 6,000 lb. per hour. 
Two air compressors were installed with a capacity 
of 550 cub. ft. of free air per minute each, which 
supplied a reservoir and ring main at a pressure of 
100 lb. per square inch. Three electrically-driven 
pumps delivered a total of 130 gallons per minute, 
at 1,500 lb. per square inch to a hydraulic ring main 
supplying 24 riveters. The shops consisted of five 
75-ft. span bays, and were equipped with electric 
travelling cranes fitted with electro-magnets. A 
broad-gauge siding ran down the centre bay, and 
the light railway sidings were laid down both sides 
of the works. Four plate rolls were provided, each 
driven by a 50-h.p. motor. During riveting the pipes 
were supported on turning cradles mounted on trucks 
running on rails. In the caulking bays the pipes 
were mounted on rotating stands. Spray painting 
proved to be impracticable owing to the fumes 
produced by the high temperature of the bitumen, 
and finally only the inside and the lower third of the 
exterior of the pipes were painted in the factory. 
For transport to the field each pipe was mounted on 
two four-wheeled bolster trucks. 

Curves generally were laid out to standard railway 
curves of 1, 2, 3,4 or 6 deg. In Bombay three standard 
sizes of bend plates were used for sharp bends, the 
ends being bevelled to 4, 14 and 2} deg. respectively. 
Thus, one pair of 2}-deg. plates give a deflection 
of 10 deg. in about 4 ft., which answered all require- 
ments. 

Riveting and caulking in the field were done 
by pneumatic hammers supplied by portable air 
compressors mounted on the finished pipes. Steam- 
driven sets caused trouble through vibration of the 
pipes, and were successfully replaced by oil-engine- 
driven sets. Expansion joints were provided about 
every 1,000 ft., and on each side of all anchorages. 
Hemp and jute fibre packing proved unsatisfactory, 
but a successful packing was made by a ring of }-in. 
lead pipe, followed by yarn and a second ring of 
lead pipe. Considerable difficulty was experienced 
from the effects of temperature, which varies from 
50 deg. to 140 deg. F. or more in the sun. The cost 
of laying and jointing at the site was Rs. 4 per foot 
for the 72-in. and 60-in. mains above ground, and 
Rs. 5.11.9 per foot in trenches. 

The question of filtration has been postponed for 
the present, owing to the difficulty of securing a 
suitable site for a service reservoir and filters, and 
a chlorinating plant with a capacity of 90 million 
gallons per diem has been erected at Powai. Liquid 
chlorine is used, and the dose varies from 0-4 to 
0-8 part per million. Malabar Hill and Bhandar- 
wada service reservoirs, with a joint capacity of 50 
million gallons, were originally used as filter beds 
to a small extent, but they could not be made 
adequate for the filtration of the increased supply. 
The filters were consequently dispensed with and 
converted into reservoirs, the intention being eventually 
to filter the whole supply at Powai. 

An accidental collapse occurred to a part of the 
pipe-line during charging operations. Though the 
72-in. pipe collapsed to an average height of 37} in. 
in the length affected, being as low as 6} in. at one 
point, the plates suffered no permanent damage. 
Pipe-laying operations in the city of Bombay were 
rendered difficult owing to the presence of numerous 
other mains. The pipes were not enclosed in concrete, 
and the trenches were generally 14 ft. wide by 11 ft. 
deep. The catchment area has been converted into a 





reserved forest. 
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concrete piers rest on caissons formed by annolar| THE GRIPPING FORCE OF INGOT 
concrete wells 3 ft. 6 in. thick cased in 4-in. steel | 
The cylinders | 
were sunk to rock which was trimmed by divers; | 
| Some time ago, the writer was called upon to make 


TONGS. 
By W. E. Wricut, B.Sc. 


investigations in order to discover the reason why a 
set of gripping tongs on a newly-built soaking-pit 
crane would not grip as desired. Experiments with 
red-hot ingots weighing about 5 tons might prove 
very awkward to arrange, but an analytical study of 
the defective tongs has yielded certain information 
which, in the ordinary course of events, would have 
been most difficult to obtain. The crane was intended 
to handle ingots the thickness of which varied from 
8in. up to 20in., and the tongs were given a 
generous allowance, the dogs being 5} in. apart when 
closed and 22 in. apart when fully open. It might 
have been easier to provide two sets of tongs 
—one for small ingots and one for large ingots—but 
the purchasers would not countenance the idea of 
always having one set of loose parts lying about and 
probably getting lost on some occasion when they 
might be urgently required. As will be shown later, 
the method of obtaining the large movement of the 
tongs was the cause of failure in the first instance. 

The action of the tongs and the calculation of forces 
involved will be appreciated after a study of Figs. 
1 and 2. A pair of parallel plates, in which guide 
slots DE and D’E’ are cut, are rigidly attached to a 
frame suspended from the crane and capable of being 
raised or lowered; a central forging, carrying pivot 
pins A and A’, is suspended between these guide plates. 
The chain which carries this forging passes over 
pulleys at the top of the mast and is attached at its 
other end to a large counterweight. 

In the normal position, the tongs BAC and B’A’(’ 
are pulled upward by the counterweight until rollers 
at C and C’ reach the upper ends of the slots at D 
and D’. If the counterweight were prevented from 
falling and the outer plates were raised, the tongs 
would fall by their own weight until C and C’ were 
resting at E and EK’, after which the tongs would be 
lifted bodily and their supporting chain would hang 
slack. Since the pivot pins A and A’ are at a fixed 
distance apart, the motion of the tongs down the slots 
forcing C and C’ apart will force the dogs B and B’ 
closer together. A solid object placed between the 
dogs will resist this closing tendency and a further 
raising of the guide plates will tighten the tongs until 
the article is gripped firmly and therefore lifted. The 
action of gripping is certainly due to the thrust between 
the dogs and the surface of the ingot, but owing to 
the very small area of the points of the dogs, the 
intensity of pressure is enormous and the dogs are 
forced to dig into the metal. The resultant positive 
grip may be regarded, for purposes of calculation, as 
the equivalent of a process whereby the coefficient 
of friction between the two metal surfaces is artificially 
increased. 

Imagine an ingot weighing 1 ton suspended from the 
tongs in the position shown in Fig. 1. The load is 
transmitted through the arms AC and A’C’ as indicated 
by the forces FG and GH in Fig.2. Consider the forces 
acting on the roller at C. There is a downward pull, 
FG, which must act from C to A. The reaction KF 
between the roller C and the guide plate must be at right 
angles to DE. Since AC rotates round pivot A, the 
motion of C must be at right angles to AC. GK, drawn 
at right angles to AC, completes the triangle of forces 
FGK. If we take moments about A, we find that the 
thrust T between the dog B and the ingot is given by 


T = GK x am L 
arm M 
The coefficient of grip, analogous to a_ special 
coefficient of friction, is therefore 


4 Ton 1 
-™~ Sion ~ $F 

It should be noted that, as the roller C mounts higher 
up the slot ED, the arm AC is inclined at an angle 
more nearly equal to the inclination of ED. In other 
words, the angle ECA, and therefore the angle FKG, 
becomes more and more acute as C mounts towards 
D. FG,K;, indicates the forces acting when roller ¢ 
is at the top of the slot, while FG2Kg indicates the 
forces acting when roller C is at the bottom of the slot. 
From these diagrams it may be seen that GK, must 
always be greater than GgKg. Hence the ingots which 
require a wide opening are gripped more tightly than 
smaller ingots which do not open the tongs so far. 

It will also be seen that, while the gripping force at 


B is proportional to the ratio ww the amount of 





movement at B is inversely proportional to this ratio. 
A reduction of the ratio Mm’ in order to gain an 
increased movement at B, can only be made at the 
expense of the gripping force available. This was the 
real cause of the failure of the tongs in question. These 
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tongs were drawn to scale as at first designed, and the | ratio, an increased gripping force per ton suspended. 
available gripping force was found for several posi-|In this arrangement, all the parts required for one 
tions between minimum and maximum opening. The | setting are used in the other setting, and no loose 
results obtained are shown in Table No. I. parts are left lying about to be lost; there is also a 
TABLE I.—Analysis of Defective Tongs. |reasonable overlap to avoid unnecessary changing. 

, As a general rule, ingots of about the same size are 














' ia | Gripping Force on Required jused over long periods, and the change from one 

” ng Bl = each Peg per Coefficient of | setting to the other has been made so rarely that no 
7 i One-Ton Ingot. Gripping. | inconvenience has been caused thereby. 

- | The gripping force for the extreme positions of 

Inches. Tons. each setting were obtained graphically. In addition, 

22 1-63 0-306 investigations were made of the tongs on two other 

s aa oun cranes in other steel works; one had been made by 

8 0-92 0-545 a British firm, and the other by a German firm. The 

54 0-85 0-589 results of these analyses are given in Table II. The 

values marked Crane No. 1 (large ingots) and Crane 





The actual tongs were tried on cold ingots of varying | No. 1 (small ingots) refer to the tongs as shown in 
thickness, and their performances were noted. For | Figs. 3 and 4, respectively. 
the smaller sizes, the tongs simply slipped over the} The most striking result of splitting the range of 
surface of the ingot and came away without lifting. | opening into two parts is that the variation between best 
Ingots of 12 in. thickness, lying flat on the ground, | and worst positions has been considerably diminished. 
were picked up from the horizontal to the vertical | The best gripping force is not so high, while the worst 
position, one edge remaining on the shop floor and | gripping force is not so low as is the case in either of 
becoming the axis of rotation until the ingot was | the other two cranes. The crane could have been 
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TABLE II,—Analysis of Successful Gripping Tongs, 









































1H (9967) “ENGINEERING” Width | Force at Each Required 
| —— of Dog per Coefficient of 

upright ; afterwards, when the whole weight of the | | Ingot. | One-Ton Ingot.} Gripping. 
ingot must be taken, the tongs slipped off once more. | _ | 
At a thickness of 14 in., the ingots could be picked up | : | In. | Tous, 
and carried about by the crane, but the workmen would | Crane No.1 .. yl > 2-00 0-250 
not venture too close to the suspended weight. Ingots | (Small ingots) | 36 3-20 0-156 
IS in. in thickness were picked up and handled quite | (oh. no. 1 | 12 2.90 0-227 
readily. Le (Large ingots) | ae 3-64 0-137 

After looking over the figures in Table I it is not —<—<—— = — 
eneorini : EE S| ee jf 14 1-50 0-333 
urprising that the smaller ingots could not be picked | Crane No. 2 14 27 5.30 0.095 
up. Indeed, it seemed remarkable that the tongs | — ae =e 
should grip even the thicker pieces. The critical | Gane No.3 .. i f if fe bie 
value of u—the coefficient of gripping—appears to Gita 











be about 0-44, which is far higher than the coefficient | 
of friction between two metal surfaces. The heated | made to give even better results throughout the whole 
ingots would be softer and would be gripped with more | range had it not been for the necessity of using as 
certainty, but it was necessary for the crane to be used | much existing material as possible. 
occasionally for picking up cold ingots. Any new set) A few notes on the design of new tongs may not 
of tongs should be so designed that, in the worst | be out of place. In order to obtain the best possible 
position, the coefficient required does not exceed 0-33. | gripping effect from a new pair of tongs, the designer 
The problem of designing tongs suitable for the | should aim at making the angle between the slot 
crane was solved by providing a new centre forging | DE and the arm AC as acute as possible. The points 
having two pairs of holes for pivot pins. By pivoting|p and D’ should be brought as near the centre as 
the tongs at the outer pair of holes, as in Fig. 3, the | possible, yet they must be far enough apart to allow 
crane could be used to handle ingots varying from the passage of the pivot forging between them. The 
2 in. to 20 in. in thickness ; while, by using the inner | points A and A’ should be as far apart as possible, 
pair of holes, as in Fig. 4, ingots from 7 in. to 15 in. | hut if they are too far out, the slope of AB and A’B’ 
could be handled. The existing outer guide plates| wij] not be good when lifting small ingots. By 
were retained, but new tongs had to be made. The | lengthening the vertical height of the slot DE, the 
new tongs had L re iol wave a | inclination will be reduced. The inclination of AC 
aan © geek | emo, wa £ | will be increased by shortening the arm L, but the 


smaller movement of the dogs, and, in the inverse | arm M must be reduced in proportion, and the limit 


is fixed by the necessity of leaving clearance for 
the top of the ingot between the dogs and the pivot 
forging. . On the other hand, a lengthening of the 
arm L (and also M) would produce a smaller change 
of inclination in AC, and therefore a smaller variation 
between maximum and minimum positions. As a 
general rule, the amount of vertical height available 
will fix a definite limit beyond which the arms cannot 
be increased. 

All the foregoing remarks are made on the assumption 
that the slots DE and D’E’ are straight. This is 
actually so in the majority of cases, since it is the 
simplest form and the easiest to machine correctly. 
However, it is possible to eliminate the variation in 
gripping force by the use of curved slots in the guide 
plates, as in Fig. 5. The forces acting are indicated 
in Fig. 6, following the same system of lettering 
as in Fig.2. It will be understood, of course, 
that while we obtain a greatly improved condition 
at the lower end of the range, there is a corresponding 
reduction in the gripping force at the upper end. A 
surprisingly small amount of curvature is sufficient 
to make the values at the two ends equal. It is 
important to note, however, that the curve must be 
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smooth and continuous on the working side. The 
smallest irregularity in the line of contact is sufticient 
to make a big difference in the efficiency of the tongs. 
If the tongs under examination had been designed 
for use with curved slots, then the whole range could 
have been covered with one setting, and the gripping 
force throughout the range of opening would have 
been a little better than the lower values for crane No. 1 
in Table II. 








LIVERPOOL ENGINEERING Society.—Among the various 
engineering institutions established in the great provincial 
cities, the Liverpool Engineering Society holds a high 
place. It was founded more than fifty years ago, and 
has long established its right to speak as the authoritative 
body on engineering matters in its native city. Naturally, 
and fittingly, its proceedings contain many papers of a 
marine character, but its activities, none the less, range 
over the whole sphere of engineering. That the society 
is in a flourishing condition was made very evident by 
the attendance at the annual dinner, which was held at 
the Midland Adelphi Hotel, Liverpool, on February 3. 
The chair was taken by the president, Mr. J. E. Lloyd 
Barnes, and distinguished representatives of many 
professions and interests were present. The toast of ‘“‘ The 
Imperial Forces’’ was responded to by Lieut.-General 
Sir Richard Butler, while the Lord Mayor of Liverpool 
replied for the city. ‘* The Society ” was proposed in a 
very able speech by Sir Benjamin Johnson, which was 
replied to by the president ; and to the toast of ‘‘ Pros- 
perity to the Empire,’’ proposed by Lieut.-Colonel 
Albert Buckley, Chairman of the Liverpool Chamber of 
Commerce, Sir Joseph Cook and Mr. Reavell, the Presi- 
dent of the Institution of Mechanical Engineers, replied 





in carefully considered and hopeful speeches. 
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NOTES ON NEW BOOKS. 


The Times, in a recent leader, repeats a statement, 
frequently made in the course of human history, to 
the effect that now “nearly everything is known,” 
and that as the result of the advance of science, 
awe and wonder have been banished from life. As 
regards the first proposition, it remains as true to-day 
as in the time of Newton that the greater the diameter 
of the circle of knowledge the longer is the perimeter of 
ignorance. A useful correction to the second allega- 
tion of our contemporary will be found in ‘‘ Beyond the 
Milky Way,’ published by Messrs. Charles Scribner 
Sons, at 7, Beak-street, London, W.1, at the price of 
7s. 6d. net. Inthislittle volume, Prof. G.S. Hale of the 
Mount Wilson Observatory and the Carnegie Institute, 
has collected together a most interesting series of 
articles, originally published in Scribner's Journal, 
dealing with recent astronomical researches. These 
have made us familiar with the idea of matter thou- 
sands of times as dense as water, and with distances 
which can be expressed only in hundreds of thousands 
of light years. The mind, which experiences no sense 
of wonder or awe in reflecting on these stupendous 
conclusions, must, we think, be somewhat singularly 


constituted. Prof. Hale’s little volume commences with | 
| Papin’s invention of the digester; somewhat later he 


@ brief history of astronomy, in which he notes, amongst 
other things, that transit instruments were amongst the 
cherished possessions of the early Egyptian kings, 
whilst in the later chapters of the volume he describes 
the methods by which it has been possible to measure 
the heat received from the stars, and to determine the 
distance and extent of certain nebule. 





When we referred to the engineering laboratories of 


| pedigree and life with an affectionate care that will not 








only leave no doubt in the minds of his readers as to 
the origin of the invention and the identity of the 
inventor, but will establish his claim to be ranked 
among the memorable philosopher-divines. The truth 
of the matter is that natural combustible gas had 
been observed at least as early as the beginning of 
the 17th century, and the crude products of heated coal 
may have been burnt experimentally about the same 
date or earlier. Dr. Clayton, however, at some date 
certainly beforc 1688, and in Mr. Layton’s opinion 
probably between 1680 and 1685, distilled coal under 
such conditions that he condensed the tar and passed 
the gas through water into stout bladders, whence it 
would escape through a pin-prick and take light at a 
candle if the bladder were gently compressed. At 
some later date he communicated the details of his 
experiment in a letter to Boyle, and published them 
ultimately in the Philosophical Transactions. It is 
thus clear that Dr. Clayton both separated the con- 
densable products arising from the destructive distil- 
lation of coal, stored the incondensable gas, and also 
demonstrated its continued combustibility. He was 
a Fellow of the Royal Society, and, in addition to his 
work on gas, made some early and rather risky 
experiments on the elastic force of steam, shortly after 


published observations on the people, climate and 
natural phenomena of Virginia based on his observa- 
tions during a visit to the colony. 





Although intended for the guidance of R.A.F. Flying 
Instructors, the new edition of the R.A.F. Flying Train- 
ing Manual, of which the 3rd edition of Part I, covering 
flying instruction, has been issued by the Air Ministry, 


the State of Wiirttemberg, on page 167 of vol. cxxi | (H.M. Stationery Office, price 2s. 6d. net), will probably 
of ENGINEERING, we drew attention to the work on | find many diligent readers among that large and grow- 
current meters done there by Professor A. Staus, chief | ing body of students who have been induced to interest 


of the hydraulics department. 
further interesting information on these instruments 


| 
| 


Dr. Staus has since given | themselves in aviation by the notice now taken of 


developments in commercial air transport. This manual 


in a pamphlet on “ Der Genauigkeitsgrad von Fliigel-| does nothing, of course, to remedy the lack of text- 
messungen bei Wasserkraftanlagen” (Berlin: Julius| books on civil air transport operation, the need for 


Springer; price 2-40 marks). As his investigations 


which will be increasingly experienced, but it contains 


proceeded he became more and more impressed with | a mass of information on the technical aspects of the 
the reliability and accuracy of meters of the propeller | control and maintenance of aircraft, which, though 
(hydrometric-wing) type, but less impressed with the | written from the service standpoint, will be useful to 


reliability of ordinary stop-watches. 
is not of any importance, since hydrometric mea- 
surements generally take from 40 to 120 seconds ; 


Dr. Staus mentions a new stop-watch of Messrs. Ott, | 


The latter point | members of flying clubs and schools, and students who 


hope to make commercial flying their vocation. The 
chapter on “‘ The Theory of Flight,” with which the 
book begins, contains only a short and elementary 


of Kempten, makers of the Ott flow meters, the | explanation of the rudiments of aerodynamics, and 


seconds-dial of which is divided into tenths of a second.| the rest of the work is strictly practical. 


These propeller-type meters are calibrated by being 
towed in channels, 
generally agree within 0-001 metre per second, or nearly 
80, is not a guarantee for the accuracy of the absolute 
speed value. The results have, however, been found to 
be reliable within 1 per cent., and are more reliable than 
those obtained by other methods, both at very small 
water velocities, as we mentioned on the previous occa- 
sion, and in the tail race of the turbines of La Chaux 
de Fonds at a water speed of 13 m. per second. Blade 
propellers within a guard ring seem to give better 
results than screw propellers. In order to prevent 
change of shape, Dr. Staus takes a plaster cast of 
the propeller, if possible, and afterwards checks the 
propeller by this. The Harlacher integrating propeller, 
used in South America, and the Ott cross-propelled 
meter (driven at a known speed across the current) 
are not considered generally suitable by Dr. Staus. 





Most well-informed persons, if they were asked who 


| 








Every 
evolution the pilot needs to have at his command 


That the records then obtained| is explicitly described, as well as the best means 


of imparting that knowledge in a manner that will 
give him the confidence that is the first attribute of 
the successful pilot. The principle and construction 
of the interna]-combustion engine are discussed in 
great detail, and with a wealth of line drawings 
and photographic illustrations which is one of the 
most praiseworthy features of the work. The pages 
which compose the manual are unbound, and are 
contained in a stout, extensible binder adapted for the 
inclusion of the amendment lists issued from time to 
time by the Air Ministry. 





Where water has to be stored or removed on a large 
scale, as for the works of a power station or of 
a drainage or sewerage scheme, accurate records of 
rainfall are indispensable. The greater the accuracy 
of such records and the farther back they go, the 
closer can estimates be made for the future. For 


invented gas lightinz, would say that it was William /the last 65 years, observations of rainfall have 
Murdoch, one of Boulton & Watt’s young men, who/| been made in all parts of the British Isles under the 


lit his house with it in 1792 and introduced the 
method publicly at the beginning of last century. 


| 





direction of the British Rainfall Organisation, almost 
entirely by voluntary observers, now nearly 5,000 in 


This statement would be correct in so far as it gave | number. This forms a good example of the extent of 


Murdoch the credit of first applying coal gas in practice, | continuous work that can be obtained from voluntary 


but would overlook the fact that the invention of 
gas lighting, carried out by substantially the same pro- 
cess as is used to-day, was at least a century earlier. 
In his booklet on “‘ The Discovery of Gas Lighting.” 
[London: Walter King, Ltd., 2s. net], Mr. Walter 
T. Layton, the editor of the Copartnership Journal of 
the South Metropolitan Gas Company, clears the 
matter up for those who may bein doubt ; and, though 
he stands in no need of introduction to those who are 


interested technically in gas lighting, he presents his | 
little monograph with a sympathetic and graceful | 


foreword by Dr. Carpenter, the President of the Com- 
pany. With the appropriate quotation of Sir Thomas 
Browne’s question ‘“* who knows whether the best of men 
be known ? or whether there be not more remarkable 
persons forgot, than any that stand remembered in the 
known account of time ?” he proceeds to celebrate the 
Rev. John Clayton, D.D., born in 1657, and dead two 
centuries ago, whom very few have recognised up till 
now as the true inventor of gas lighting. He has 
been at the pains of piecing together Dr. Clayton’s 





effort if it is properly organised. In May, 1925, the 
work of the organisation was combined and co-ordi- 
nated with the climatological work that had been 
carried out in the Meteorological Office for over forty 
years in connection with the weekly and monthly 
weather reports, 9 measure possessing obvious advant- 
ages; and the Meteorological Committee of the Air 
Ministry has now issued, under the title “British Rain- 


| fall, 1925,” the 65th annual volume of the organisation, 


reporting in the accustomed form on the distribution 
of rain in space and time over the British Isles during 
1925. [H.M. Stationery Office, price 15s. net.] The 
number of observing stations, though a few have been 
discontinued, has, on the whole, slightly increased, and 
the organisation continues to supply information for 
the special purposes of a variety of inquirers. Thus, a 
report was furnished for the guidance of the Electricity 
Commissioners in considering storage of rainfall for a 
power station for the supply of Barmouth; rainfall 
statistics and a map of the annual average rainfall were 
supplied to a Commission of the Ministry of Agriculture 








on the Ouse Drainage; and in other ways the data 
at the organisation’s disposal were applied to a number 
of independent services. Among the special information 
given this year are some important notes on errors in 
the measurement of rainfall, and the comparison, by 
Dr. J. Glasspoole, of variations of annual rainfall, both 
in the British Isles and at various stations throughout 
Western Europe, with those at two stations (Oxford 
and Glenquoich, in Invernesshire), the latter being 
made this year for the first time. A convenient sum- 
mary is also given of papers on rainfall that have 
appeared in previous issues since 1900, bringing up to 
date Dr. Mill’s similar report in that year for the 
previous forty years. A short abstract is also given 
of a report by Mr. C. D. Stewart on experiments on 
shielding rain-gauges. The obituary for the year in- 
cludes the names of 23 observers who kept rainfall 
records for not less than 30 years, four of them for over 
60 years, and one of these for 69 years. It may be 
questioned whether any record exists of voluntary work 
continued for so long a period. 





So much is expected of the chemist, and so varied 
are his methods, plant and apparatus, that Mr. Hugo 
Krause, of Iserlohn, found it very difficult to decide 
what to include in his “‘ Maschinenkunde fiir Chemiker”’ 
(Braunschweig: Friedr. Vieweg and Sohn, A.G.; 
price 19 marks). As a result, he changed his general 
plan while compiling this machinery handbook for 
chemists. He discusses his subject in eight chapters. 
The first on materials (iron, steel, copper, lead, wood, 
ceramic products, &c.) should certainly have been | 
longer, if there were not many special books dealing 
with these matters. The second chapter very properly 
reproduces the rules of the D.I.N. (the German stan- 
dardisation organisation) relating to the preparation of 
technical drawings. The third chapter deals with steam- 
boiler plants, the fourth with prime movers generally, 
and the following chapters describe prime movers, steam 
and internal-combustion engines, turbines, wind motors, 
electrical machinery, lifting appliances, pumps, machine 
tools, &c. All these are discussed with the praiseworthy 
object in view of enabling the works chemist to under- 
stand his machinery and to assist him with a know- 
ledge of what to do in case of trouble. Special 
machines for disintegrating, mixing, filtering, melting, 
drying, liquefying, distilling, &c., are dealt with in 
the seventh chapter. This chapter might, with advan- 
tage, have been longer, and the preceding ones 
shorter, although these special machines have not 
been neglected in modern literature. Moreover, 20 
pages, out of a total of 436, is hardly an adequate 
allowance for electrical matters. The last chapter, on 
parts of machinery, riveting, couplings, bearings, bolts, 
gearing, cylinders, pipes, &c., again contains many 
useful hints. The book is sound, well illustrated, and 
to the point both in word and illustration; though it 
could be easily criticised, it would not be so easy to 
make suggestions for improvements. 





THE INSTITUTION OF MiInING ENGINEERS.—The summer 
meeting of the Institution of Mining Engineers will he 
held at Newcastle-on-Tyne, by invitation of the president 
and council of the North of England Institute of Mining 
and Mechanical Engineers, on June 29 and 30, and July 1 
next. 





GreAT WESTERN Ramway Ports.—A book entitled 
“Great Western Ports” was sent us recently by the 
G.W.R. Docks Department. It has been produced and 
published by Mr. H. N. Appleby, by arrangement with 
the railway company. This, the fifth successive annual 
issue of the volume, gives a great deal of useful informa- 
tion regarding ports on the South Wales seaboard and 
in South Western England. It contains large-scale 
maps and detailed illustrated descriptions of the harbours 
and docks of Cardiff, Swansea, Newport, Barry, Port 
Talbot, Penarth and Plymouth. Brief descriptions are 
also given of Neath Harbour, Llanelly and Burry Port, 
Milford Haven, Fishguard, and other smaller ports 
owned, partly owned, or served by the Great Western 
Railway Company. A portion of the book which is 
likely to interest engineers is that dealing with improve- 
ments effected at Great Western docks during 1926. At 
Cardiff, the four new discharging appliances for dealing 
with 20-ton coal wagons, at the west side of East Dock, 
have been brought into use, and three of the new movable 
hoists at the Queen Alexandra Dock have been completed. 
The total number of hoists capable of dealing with 
20-ton wagons at Cardiff now numbers ten. At Swansea, 
nine 5-ton quick-acting hydraulic cranes have been 
brought into service, and at King’s Dock, three 3-ton 
electric cranes with level-luffing jibs have been substi- 
tuted for three of the existing fixed-jib hydraulic cranes. 
At Newport, eleven tips are now capable of shipping 
coal from 20-ton wagons, whilst one more is in course of 
re-construction. At Penarth, two new tips, capable 
of handling 20-ton wagons, have been erected, and at 
Plymouth, three 3-ton electric luffing cranes have been 
erected on the North Quay. Tables and detailed 
information regarding general trade, imports and 
exports, other than coal, dock accommodation, railway 
facilities, communications, and other matters of interest 
to manufacturers, merchants and shipowners, render 





the book a useful and complete work of reference. 
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THE SUPPORT OF UNDERGROUND 
WORKINGS. 


ProBABLY only those who are directly associated 
with coal-mining realise what a large number of accidents 
occur in collieries due to falls of ground. We have 
already noticed in these columns the work being done 
by the Safety in Mines Research Board, with the object 
of making recommendations to reduce the number of 
such accidents, which incidentally are much more 
numerous in some districts than in others. The 
latter fact is probably due principally to the varying 
conditions, such as character of the coal seam and 
adjacent strata, and the methods of working. The 
precautions taken against accident, however, also vary 
very considerably, and in many cases improvements 
could be introduced with advantage. For purposes 
of comparison, the number of persons killed and in- 
jured per 100,000 manshifts (instead of per 1,000 men 
employed) may be taken, since this gives a standard 
which is less affected by variations in time of exposure 
to risk, such as may occur from irregular employment. 
On this basis, the highest number of accidents is shown 
to occur in the South Wales district with 34-8 persons 
killed or injured per 100,000 manshifts per annum. The 
Fast Midland Coalfield comes next with 31-4, whilst 
Scotland is lowest on the list (excepting for the small 
districts of Somerset and the Forest of Dean) with 20-6. 

Reports of investigations made by the Research 
Board in South Wales and Scotland* were published in 
1925 and 1926, respectively, whilst the report covering 
the East Midland Coalfield, which includes Yorkshire, 
Derbyshire, excluding South Derbyshire, and Notting- 
hamshire, has lately been issued.t The coal measures 
in this area form geologically and economically one 
large coalfield, which is exposed in the west over an 
area of some 760 square miles, and ‘“‘ concealed” in 
the east over an area of about 1,200 square miles, 
as far as is at present proved. The number of mines 
embraced is 475, whilst the number of underground 
workers employed is 213,883. 

Most of the mines are worked on the longwall system, 
but pillar and stall is worked at some of the shallow 
mines on the western outcrop, and at a few small mines 
and in a few seams in the neighbourhoods of Barnsley 
and Sheffield. Of the total number of underground 
workers, only 3} per cent. are actually employed in 
pillar and stall mining. Fither stepped or straight 
faces are used in the longwall workings varying between 
300 and 2,000 yards, on the bord, on the end, or at 
various angles with the cleat. Usually the tub is taken 
along the face, which tends to keep the stalls straight 
and the timber in regular rows. In some of the 
thinner seams of Derbyshire and Nottinghamshire, 
jotties (small tubs) are used along the working face 
which permits of the gates being placed farther apart 
and avoids casting the coal. 

Intensive mining is unusual on this coalfield, and 
the average speed of advance is very low. This is 
intentional in some mines, in order to obtain the maxi- 
mum loosening effect of the roof weight in winning the 
coal, and thus avoiding the use of explosives and the 
production of small coal. It is pointed out, however, 
that there is a tendency for an increase of falls of ground 
when the timber at the face has to stand a long time, 
and the gateways are in use over a long period. It 
has been found, in cases where the introduction of 
mechanical coal cutters has accelerated the advance of 
the face, that roof conditions have improved, in addition 
to an increased output resulting. The best method of 
laying out faces can only be decided by practical 
experience of each locality. Asarule, the face should 
be kept square with the gates. When the cleavage is 
strongly defined, either in coal or roof, the face should 
not advance parallel to the cleat if it can be avoided, 
for such faces are always subject to heavy falls and 
require strong and close timbering. 

For the effective working of long walls, the face labour 
must be mobile, so that the number of men working 
in a stall can be altered whenever required to keep the 
face regular, whether in line or steps. It is regrettable 
that in some mines, especially the newer ones, the 
workers are constantly changing. It would be a great 
advantage, and decrease the risk of accidents, if the 
more experienced miners were given responsibility 
and authority to guide the other workers. 

The use of bars instead of lids is more conducive to 
safety, and the distance between supports should 
in many cases be reduced. In thin seams, wood bars 
have the drawback of taking up much space that 
cannot well be spared, but this may be overcome by 
using 3-in. steel bars. In the case of very loose or 
friable roofs, lighter bars may be set above, and at right 
angles to, the main bars, each of which may be set with 
lids over each end, and thus carry three or more of the 





* See ENGINEERING, vol. cxxi, p. 169. 

+ Safety in Mines Research Board, Paper No. 20. 
The Support of Underground Workings in the East Mid- 
land Coalfields. London: H.M. Stationery Office, Ad- 
astral House, Kingsway. [Price, 2d. net.] 





lighter bars. Where a short buttock is worked, the 
lighter bars would act as forepoling over the last set 
bar, and thus partially protect the newly-exposed roof. 
This is, however, only practicable when the bars are set 
parallel to the face, as is done abroad and in a few 
Welsh mines. Props are often knocked out by tubs 
when being turned on the flat-sheets. Long bars 
should be used at these places instead of lids, enabling 
the props to be set farther back from the flat-sheets. 
Grooves or guides should be provided to the flat-sheets 
to prevent the tubs running off. 

Considering that on this coal-field all the face props 
are drawn, comparatively little use is made of steel 
props. Many types of steel props have admittedly 
serious drawbacks—such, for example, as weight and 
the liability to fly out when being drawn. But a 
tubular steel prop filled with wood used at the New- 
battle Collieries in Scotland has proved very successful. 
This prop was referred to in Report No. 12 on The 
Coalfields of Scotland—see ENGINEERING, February 5, 
1926, vol. cxxi, page 169. 

Another tubular steel prop has been adopted by the 
Butterley Company, Limited, after numerous experi- 
ments, and employed at 11 collieries in Derbyshire and 
Nottinghamshire. This consists of a steel tube with a 
closed top, a sliding sleeve with a slot having a bayonet 
joint at the lower end, and a wood plug. A short bolt 
passes through the steel tube 6 in. from the top, 
engaging with the slot of the sleeve ; this bolt attaches 
the sleeve to the tube, but allows it to slide the length 
of the slot. Before setting the prop, the sleeve is raised 
its full length and turned over the bayonet-joint ; the 
wood plug is driven tightly into the sleeve so that the 
end of the plug is down on the top of the tube, and 
the sleeve is turned back again to release it from the 
bayonet joint. When the weight of the roof comes on 
the prop, it is first taken up by the wood plug, which 
is gradually crushed in the sleeve, the latter sliding 
downwards, permitting a gradual adjustment of about 
6 in. in the length of the prop before reaching the point 
of maximum resistance. Small variations in the initial 
length of the prop can be made by altering the length 
of the plug before it is placed in the sleeve. After the 
prop has been withdrawn, all that is necessary is to 
remove the wood plug to make it ready for use again. 
To facilitate ejection of the plug, the sleeve can be 
driven down the prop. In stalls where this prop has 
been in use for eight years, only one accident (non-fatal) 
has occurred during more than a million man-shifts. 
Since the introduction of this steel prop the condition 
of the roof has improved, and after a thirteen weeks’ 
stoppage in 1921, the working places were found to be 
open and ready for immediate resumption of coal 
getting. Among the advantages of this form of prop, 
it is claimed to have both lesser bulk and greater 
durability than timber, while it is more economical, 
showing a saving of 2-87d. per ton, and maintains 
roof height better where faces advance slowly. It is 
also easier to withdraw. The Butterley Company have, 
at present, 14,000 steel props in use, and intend to 
continue to substitute them for wooden props. There 
seems to be little doubt that this type of prop might 
be widely adopted in other collieries with great 
advantage. 

The size and shape of lids provided varies from 
wedges cut off when tapering props to pieces 18 in. by 
6 in. by 4 in. Frequently no lids are used at all, 
especially where the roof is hard; but the use of 
proper lids is to be recommended, as they afford much 
better protection and take up the weight better. The 
use of narrow pieces of wood often results in splitting 
the prop-head. Timber is very largely incompressible 
in the direction of the grain; hence, no roof settlement 
can take place without damaging the prop. By using 
lids in which the grain of the wood is horizontal, a 
certain amount of give is provided. Hence no prop 
should be set without a lid or a bar, and both these 
should, for preference, be sent to the stalls ready cut 
to size and shape. 

Much, it is thought, might be accomplished in the 
prevention of accidents by further education, courses 
of instruction, popularising the official regulations, 
and safety first campaigns. It is satisfactory to note 
that a beginning is being made in Nottinghamshire to 
organise safety instruction. The committee suggest 
that good would result from an interchange of under- 
ground visits between officials and, if possible, some of 
the workmen, in order that they might see and judge 
the effect of variations of method and detail. 





Royat AGRICULTURAL Society OF ENGLAND.—As 
already announced in our issue of January 7 last, on 
page 24, the eighty-sixth Royal Show will be held in 
Tredegar Park, Newport, Mon., from July 5 to 9, next. 
The Royal Agricultural Society of England has now 
issued the prize sheet for livestock, poultry, produce, 
implements, &c., The total value of the prizes offered 
(inclusive of championship prizes, special prizes, chal- 
lenge cups and medals) is 14,7017. All applications must 
be addressed to the secretary, at the offices of the Society, 
16, Bedford-square, London, W.C.1. 





CATALOGUES. 


Electric Motors and Generators—We have received 
a catalogue giving specifications and prices of electric 
motors, generators and motor-generator sets from Messrs, 
Higgs Motors, Witton, Birmingham. 


Drainage.—Messrs. Daniel Adamson and Company, 
Limited, Dukinfield, Manchester, have issued a further 
description of their self-acting apparatus for lifting sewage 
from low levels and delivering it to the main drains. The 
system is being adopted in a number of housing schemes. 


Vacuum Cleaners.—A fully descriptive catalogue of 
their turbine vacuum cleaners is to hand from the 
Sturtevant Engineering Company, Limited, 147, Queen 
Victoria-street, London, E.C.4, containing many illu- 
strations of large buildings in which the machines are 
used, 


Chain Drives.—A special catalogue dealing with chain 
drives for motor-car engine camshafts and auxiliary 
drives, has been issued by the Coventry Chain Company, 
Limited, Coventry. The subject is fully discussed, 
and details of gears are given in precise terms, which will 
be useful to motor-car designers. 


Excavators.—The application of oil engines to exca- 
vators is the subject of a special catalogue issued by 
Messrs. Ruston and Hornsby, Limited, Lincoln. A 
considerable number of the machines are illustrated at 
work under specially difficult conditions, and all the 
main parts are separately described. 


Paper-Mill Machinery.—Messrs. Mather and Platt, 
Limited, Manchester, have issued a catalogue illustrating 
the application of their electric motors to paper-mill 
drives, including general shaft and individual machine 
drives. The incorporation of steam engines in electric 
generation schemes, where large quantities of process 
steam are necessary, is also dealt with. 


Milling Cutters.—Messrs. Samuel Osborn and Company, 
Limited, Sheffield, have issued a catalogue of milling 
cutters made from their Mushet high-speed steel, and 
accurately finished ready for use. The catalogue gives 
tables of a wide range of sizes, with small variations, for 
the cutters known as parallel, slot, slitting, side and face, 
single and double angle, and a number of end mills. 
Involute-tooth cutters are also stocked and hobs are 
produced to order. 


Electrical Supplies—We have received from Messrs. 
William Geipel and Company, St. Thomas-street, London, 
8.E.1, catalogues of the following materials for which 
they are agents :—Splices and tapes for rubber insulated 
wires made by the Okenite Callender Cable Company, 
U.S.A. ; electrodes made by the Planiawerke Company, 
Germany ; and insulators made by the Fabbrica Isolatori 
Livorno Company, of Italy. In all cases ample illus- 
trations and descriptive matter are given. 


Electrical Machinery.—A batch of catalogues to hand 
from the Westinghouse Electric and Manufacturing 
Company, East Pittsburg, Pa., U.S.A., deals with 
tramcar handle switches, petrol-electric cars, electric 
drive for paper machines, railway control systems, 
motor-starting switches, lighting for oil and gas wells, 
synchronous motors, electrification of chemical plant, 
precipitation equipment, gravity oil feed, reversing 
motors for planing machines, watertight controllers, 
marine-type winches, measuring instruments for steel 
works, the babbitting of motor bearings, and electric 
locomotives. 


Wood-Milling Machine.—A full description of a 
semi-automatic machine for milling wood, especially 
suitable for pattern making, has been issued by, Messrs. 
Wadkin and Company, North Evington, Leicester. The 
cutter spindle is carried at the end of a horizontal arm 
outstanding from a box pillar, and the work is mounted 
on @ universal table. The adjustments make it possible 
to do a great variety of work, including the formation 
of core boxes for pipe bends, as well as plain turning, 
such as a grooved wheel rim in which the necessarily 
high cutting speed is imparted to the cutter and a 
moderate speed to the work. 


Wire Ropes.—Engineers responsible for wire ropes in 
lifting and hauling operations will find an excellent 
technical reference book in the catalogue (mining section) 
issued by Messrs. Bruntons, Musselburgh, Scotland. 
Each make of rope is illustrated in section, and a table 
of sizes, weights, breaking strains and working particulars 
of the various qualities is given. The mode of construc- 
tion, quality of wire, the dangers or corrosion, methods 
of lubrication, splicing, socketing, &c., are all dealt with, 
as also are connecting and running fittings, and the grooving 
of pulleys; tables of data on power transmission and 
haulage on inclines are also given. The tables of crane 
ropes show that, for direct lifts, the proper wire rope is 
one that would break at 5 to 6 times the weight lifted. 
A small priced catalogue of crane ropes for lifts. of 
16 ewts. to 25 tons has also been received. 





THE Iron anp Steet InstiruTe.—In our issue of 
December 24, last, on page 788, we gave particulars 
regarding the proposed meeting of the Iron and Steel 
Institute at Montreal, Canada, in August next. The 
Council of the Institute now informs us that the replies 
received from members relative to the meeting indicate 
that it is unlikely that an adequate representation of 
the Institute can be secured. Accordingly, the Council 
has decided to suggest to the Canadian Institute of 
Mining and Metallurgy that the meeting be postponed 
until a more favourable occasion. It is expected that 
the Autumn meeting of the Institute will be held in the 
latter half of September, at some centre in Great Britain. 
The place and the date will be announced in due course. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
sliustrated. 

Where i ti are ted from abroad, the Names, &£c., 
of the communicators are given in italics. — 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case. given after the abstract, unless the 
Patent has been sealed, when the word “* Sealed”* is appended. 

Anu person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 





259,717. Peace and Partners, Limited, Darlington, | 
By-Product Coke | ports f located at different levels, the cylinder ¢ being 
August 21, 1925.—The invention | provided with a set of ports g arranged in a ring round 


and G. Stephenson, Crook. 
Ovens. (10 Figs.) 
relates to doors for by-product coke ovens. A door, 
according to the invention, is built up of steel or iron 
members suitably braced together to form an openwork | 
frame and provided, at its upper end, with a cast-iron door 
frame and levelling door or stopper that may be of | 
ordinary type. Such a built-up openwork frame is fitted 


with fire brick, which may be in the form of slabs or | 


Fig.2 


Fig.l 
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bricks tongued and grooved one into the other in order | 
to assist in maintaining them firmly in position. The | 
frame of each door is built up of two side members 1 | 
and top and bottom members 2, 3, each of L section, a 
central vertical member 4 of T section and transverse | 
members 5 of L section, riveted to the side and central | 
members 1, 4. The openwork frame thus formed is 
provided at its upper end with a supplementary cast- 
iron frame 6, that is riveted to the side and top members | 
1, 2 of the openwork frame. (Sealed.) | 

| 

| 





259,745. White‘and Poppe, Limited, Coventry, and 
J.Milne, Coventry. Internal-Combustion Engines. 
(1 Fig.) September 30, 1925.—The invention relates to 
cylinders for internal-combustion engines having valve- | 
tappet guides in the base of the cylinder. The flange 2, | 
ordinarily provided at the base of the cylinder, is 
considerably thicker than usual, but the under face of it 
is recessed, as at 3, from a position around the outside of 
the end 4 of the cylinder wall to such distance from the 
edge of the flange as will ensure that there is a sufficient | 
surface for seating on the crankcase. At the appropriate | 
positions in the flange of the cylinder, are provided holes 


| 25 there is mounted a circular rack 29 meshing with a 
| pinion 30 on a shaft 31. 


different levels. 
outside a cylinder ¢ in which is a piston b. 
cylinder head. 
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it. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


259,308. L. Burn, Bath. Reversing Gears. 
(1 Fig.) July 8, 1925.—The invention relates to revers- 


ing gears for cranes, lifts or other hoisting machinery, 
wherein the load is required to be under positive control 
at all times. 


17 which rotates in a bearing 18 coaxial with the driving- 
shaft. The intermediate shaft carries crank-pins 19 
engaging a slotted disc 20 on the driven shaft 21. Sur- 
rounding the driving-shaft 11 there is a drum 22 which 
is coupled to the slotted disc 14, and a brake-band 24 
is operative on this drum 22 being controlled by a cam 
on the camshaft 25. A brake-band 26 is operative on 
the carrier 17 and is also controlled by a cam on the 
shaft 25. The slotted disc 20 is formed as a brake- 


;drum 27, and a brake-band 28 is provided to operate 
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on this drum, being controlled by a third cam on the 
shaft 25. It will be seen that this drum 27 is directly 
connected with the driven shaft 21. Upon the shaft 


The shaft 31 carries a second 


The drawing illustrates diagrammatically 
| the gear associated with an internal-combustion engine. 
| The driving-shaft 11 has crank-arms 13 which engage 
| the slotted dise 14 of the intermediate shaft 15. The 
| shaft rotates in a bearing 16 mounted in the carrier 











(259745) | 


5 suitable for the reception of separately formed valve 
tappet guides 6 to be pressed therein. These holes are 


located in the recessed portion 3 of the flange, and around | 
their lower edges are provided depending flanges 7 the | 
lower ends of which are level with the base of the cylinder | 


and are machined with it. The separately formed tappet 


guide is provided with a cylindrical portion 8 around it, | 


adapted to make contact with the interior of the depend- 
ing flange 7 around the hole 5 provided for the guide. 
The mounting of the guide within the flange is by a press 
fit and the engaging surface is confined wholly, or sub- 
stantially, to the depending flanged portion 7 which 
forms a housing for it. (Sealed.) 


261,475. Sir A. S. Haslam, Derby. Gas Com-| 
pressors. (2 Figs.) August 19, 1925.—The inven- 


tion relates to gas compressors of the type comprising a 
cylinder and a piston and a sleeve valve mounted outside 
the cylinder. According to the invention, the inlet 
and outlet ports in the cylinder are located at the same 
level and the inlet and outlet ports in the sleeve at 


| pinion 32 engaging with a rack 33 carried by a control- 
| shaft 34, this shaft being manually operated by a hand 
| lever 35. This lever has a detent 36, whereby it can be 
|locked in either of three positions indicated by the 
slots 37 in a locking plate 38. When the hand lever is 
moved to either end of its travel, as indicated by the 
|}endmost slots, one or other of the brakes 24, 26 is 
rendered operative, so that the gear gives a forward or 
reverse drive. When the handle is in the intermediate 
position indicated by the middle slot, the two brakes 
24, 26 are both released, so that no drive is transmitted 
through the gear, but the brake 28 is supplied to the drum 
27 and thereby to the driven shaft 21, so that the load is 
held against movement. (Sealed.) 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 
260,765. W. Heaton, Leicester. Power Hack- 
Saws. (1 Fig.) October 28, 1925.—The invention 
| relates to power hack-saws provided with means for 


| lifting the saw from the work during the return stroke. 
The saw blade 1 is fixed in a frame 2 adapted to recipro- 
cate on a slide 3 on a carrier arm 4 fulerummed on the 
driving shaft 5 of the machine. This shaft is fitted with 
a dise 7 which operates, through a connecting rod 9, to 
| reciprocate the saw frame 2. For lifting the saw on the 
| return stroke, there is provided a quadrant 10 fulerummed 
at 11 and connected to the carrier arm 4 by means of a 
| rocking lever 13 and a connecting rod 15 jointed to the 
| rocking lever and to the carrier arm 3. Mounted on the 
fulcrum I1 is a lever 17 fitted with a pin 18 which con- 
stitutes a fulcrum for another lever 19. The lever 17 is 
controlled on one side by aspring 20. Thelever 19 has a 


a is a reciprocating sleeve located| quadrant, and is actuated by an eccentric 27 on the 
d is the} shaft 5. : D ) 
In the sleeve a are inlet ports e and outlet | arrow, the lever 19 is oscillated, so that, during each 


As the shaft 5 rotates in the direction of the 


upward movement, the shoe 25 engages and lifts the 























quadrant 10 which, through theintermediate connections 
associated with it, lifts the carrier arm 4 to raise the saw 
blade 1 from the work in the vice during the return 
stroke of the saw. (Sealed.) 


259,282. John I. Thornycroft and Co., Limited, 
Westminster, London, and V. G. Barford, Basing- 
stoke. Bearings. (10 Figs.) July 1, 1925.—The 
invention relates to a ball or roller bearing arrangement 
in which a shaft can rotate about a horizontal, or approxi- 
mately horizontal, axis, and is carried by a rigid 
supporting member. A bearing arrangement, according 
to the invention, comprises a ball or roller bearing 4 
through which the shaft 10 to be supported extends, 








and in which the shaft can rotate about a horizontal, or 
approximately horizontal, axis, a housing 1 enclosing the 
ball bearing and a flat vertical flexible carrying member 6 
to which the housing is firmly secured, and which, in turn. 
is positively and directly secured to a rigid supporting 
member 9. The housing 1 is positively secured, as by 
bolts 7, to the flexible member 6, which, in turn, is 
positively secured to the rigid support 9 at a number 
of points around the housing 1 by a plurality of bolts 8. 
(Sealed, ) 


RAILWAYS AND TRAMWAYS. 


260,811. The Brush Electrical Engineering Com- 
pany, Limited, Loughborough, and A. C. Baker, 
Moseley, Birmingham. Tramway Trucks. (+ 

igs.) January 14, 1926.—The invention relates to 
tramway vehicles. In accordance with the invention. 
side oscillations, commonly known as “tail wagging.” 
are eliminated, or reduced, by the provision, in association 
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with the axle-boxes, of adjustable means for maintaining 
predetermined co-axial distance relationship between 
the wheels and such boxes. 1 and 2 represent sem- 
annular parts of a distance collar provided with bosse= 
bored to receive the bolts and nuts necessary to clam) 
the parts to the axle 4. 5 are lugs tapped for screws " 
employed to adjust axially the collar on the axle 4- 





shoe 25 for engaging frictionally with the periphery of the 





( Sealed.) 
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THE RECONSTRUCTION OF NEW 
BRIGHTON LANDING STAGE. 


In addition to the floating landing stage at Sea- 
combe, on the River Mersey, the reconstruction 
of which we described in our issue of November 5* 
last, the Wallasey Council also owns floating stages 


Fig.1. 
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, Fig.3. 








ing of the Seacombe ferry stage, has also indirectly 
led to the reconstruction of the stage at New 
Brighton. This stage, which is the most northerly 
of the three floating stages of the Wallasey Corpora- 
tion, lies in an exposed position at the end of a 
pier at the mouth of the River Mersey. It deals 





only with passenger traffic. The growth of this 
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Fie. 4. Sraae Durina ConsTRUCTION. 


at Egremont and New Brighton. From all of these 
Stages the Council operates steam ferry services to 
Liverpool. In our account of the reconstruction of 
the Seacombe stage, we referred to the great increase 
of ferry traffic which has followed the development of 
the residential districts in Wallasey. This develop- 
ment, which has necessitated the complete replann- 


a 





* See ENGINEERING, vol. cxxii, page 557. 





traffic had been met by adding to and altering the 
stage from time to time, but ultimately the old 
stage proved inadequate to its exposed position, 
and to the conditions to which the various altera- 
tions subjected it, and the girders fractured in 
several places. In view of this state of affairs, 
Messrs. Wilton and Bell, of 57 and 59, Victoria-street, 
Westminster, and 1, Crosshall-street, Liverpool, were 
called in as consulting engineers and prepared 










plans for an entirely new stage, which has now been 
constructed and is in service. 

The overall dimensions of the new stage are 
242 ft. by 45 ft. ; it is carried on eighteen: pontoons. 
Access from the pier is given by two bridges, but the 
stage relies for position entirely on moorings, there 
being no booms, and the two bridges resting on 


* North End 


Beams carried out to support 





“372 @ 26-7 £b.£ 


slides at the stage end. At the pier end they land 
on trunnion bearings, which allow both vertical 
and horizontal movement. The general features 
of the stage will be understood from Figs. 1 to 3, 
on this page. The conditions to which it is exposed 
are very severe. It encounters heavy waves, and at 
the same time lies in such shoal water that it is 
liable to ground at low water of spring tides. As it 
was necessary to design the structure, so that indi- 
vidual pontoons could be removed for examination 
or repair, by floating them out endwise, the avail- 
able depth for girders was rather limited. These 
conditions have been met by a heavy superstructure, 
consisting of three main-box girders running the full 
length of the structure and connected by diagonal 
bracing at each end, as shown in Figs. 2 and 3, and 
also in the general view of the stage during construc- 
tion given in Fig. 4, annexed. The main-box 
girders are 2 ft. 9 in. deep between flanges and 
1 ft. 10} in wide between webs. The flange plates 
are 3 ft. wide, and the flange thicknesses vary from 
1 in. at the ends to 5} in. at the centre. Five man- 
holes are provided in each girder. The deck beams 
are 10 in. by 5 in. by 30 Ib. joists, riveted direct 
to the main girders at 10-ft. centres. The decking 
is of timber, carried on timber beams arranged as 
shown in Fig. 3. . The positions of the slides for the 
bridges which connect the stage, with the pier 
are also indicated in this figure and in Fig. 2. 

The stage was built on a site alongside the Great 
Float, the largest of the Birkenhead Docks. This 
provided a good frontage, and railway facilities were 
available for bringing the material to the site. 
The contractors plant consisted of a 10-ton crane 
by the railway siding, and a 5-ton crane at the quay 
end of the site. By passing loads from one to the 
other, these cranes were made to cover the whole 
working area. Two steel gantries carrying hydraulic 
riveters were arranged to run on rails parallel with the 
girders. They were removed bodily by the crane from 
one girder to another as required. The equipment 
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also included two hydraulic accumulators for the 
riveters and two air compressors for the pneumatic 
tools. 

As it was necessary to place the new stage in 
position in the shortest possible time after the old 
one had been removed, it was arranged to erect the 
girders before the pontoons from the old stage 
became available. The first proposal was that the 
girders should be supported on dolphins, but on 
the suggestion of Mr. Wilton, the contractors 
adopted a system somewhat on the lines of a ship | 
launch. The girders were erected at right angles | 
to the face of the quay, on timber blocks which | 
raised them about 3 ft. above the ground, the | 
blocks being arranged to give a fall of 6 in. towards | 
the dock in the length of 240 ft. When the super- 
structure was completed, and prior to launching, 
the blocks under the girders were replaced by 
timber launchways, greased and fitted with guides 
to prevent the stage from moving sideways during 
the launch. To overcome the initial friction and 
start the launch, two jacks, bearing against a hold- 
fast in the ground, were set against the inshore end 
of the centre girder. When the stage had started, 
the cranes provided power to keep it moving, their 
jibs being dismantled and the hauling ropes led to 
the stage through a series of tackles. Launching 
began at 8 a.m. in the morning and proceeded with- 
out difficulty. When the stage projected sufficiently 
over the water, hauling was stopped and a pontoon, 
previously partly flooded and with wood blocks on 
its deck to a height of 3 ft., was floated under the 
end of the stage. When it was in position, the 
water was pumped out until the weight was taken 
on the blocks; hauling was then started again 
until another pontoon could be put in, and so on, 
until the stage was completely water borne. A view | 
showing an early stage of the launch is given in | 
Fig. 5, annexed. The work was finished by mid- | 
night, and would have been completed considerably 
sooner had it not been for trouble with the salvage 
pumps. 

After launching, the stage was moored alongside 
the quay, the timber blocks were removed and 
the girders bolted down. The floor joists, the 
compressors or mooring bits, the bollard supports 
and fender brackets, and, finally, the decking and 
- deck houses were then fitted. Most of the pontoons 
which were used for the new stage had been in 
service for some considerable time, but two additional 
units were required. These are 55 ft. long, by 6 ft. 
3 in. deep by 11 ft. 6 in. wide. As at low water on 
spring tides, the pontoons are liable to ground, the 
bulkheads by which they are divided into three 
watertight compartments are made strong enough 
to take the heavy load which comes on them under 
these conditions. After the new stage had been 
moored in position, the two bridges which weigh 
about 140 tons each were replaced by the Mersey 
Dock and Harbour Board’s floating crane Mammoth, 
and the stage was finally re-opened for traffic after 
being closed for about five months. A view of the 
crane lifting the North Bridge for the removal 
of the old stage is given in Fig. 6, herewith. The 
contractors for the superstructure were Messrs. Sir 
William Arrol and Company, Limited, who were 
represented locally by Mr. J. Ramsay. The two new 
pontoons were built by Messrs. Cammell Laird and 
Company, Limited, of Birkenhead; the flooring, 
deck houses and fenders were built by the Wallasey 
Ferries own workmen. Mr. 8. M. Scott Ram acted 
as resident engineer for Messrs. Wilton and Bell. 











DisTaNCcE THERMOMETrERS.—A particularly interesting 
publication illustrating and describing the principles 
involved in the design and manufacture of their mercury- 
in-steel distance thermometers, has been issued by Messrs. 
Negretti and Zambra, 38, Holborn-viaduct, E.C.1. 
These instruments, which were illustrated and described 
in our issue of December 3, 1920, on page 736, are suit- 
able for temperatures ranging from — 39 deg. F. to 

+ 1,000 deg. F., and their accuracy is generally guaran- 
teed to be within 0-5 per cent., although it is sometimes 
much higher. They consist of a steel bulb connected by 
a steel capillary tube to a Bourdon tube, the latter being 
in the form of a spiral having several complete turns so 
that the innerend can be connected directly to the pointer, 
the use of the usual toothed quadrant and pinion being 
avoided. To prevent the indications of the instrument 
from being affected by variations in the temperature of 
the long connecting tube, it is obvious that the volume 
of the mercury in the tube must be small compared with 





THE NEW BRIGHTON LANDING STAGE 
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LAUNCHING THE STAGE. 
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Fic. 6. REMOVING THE CONNECTING BRIDGE. 


that in the bulb. Messrs. Negretti and Zambra have 
employed for this purpose a capillary tube of compara- 
tively large bore in which a wire of Invar was inserted, 
but they have now been able to produce capillary tubes 
having so fine a bore that no such compensating device 
is usually necessary. The tubes now used are of 0-005 
in. or 0-007 in. bore, and a 1-mile length of the smaller 
size would contain only just over a cubic inch of mercury. 
In many cases, the larger size can be used, and, as an 
example, it may be mentioned that in certain instru- 
ments, having a range from 0 deg. to 100 deg. C., a 
capillary 10 ft. in length, of 0-007 in. bore, is used. 
This has a volume of 0-0046 cub. in. while the bulb has 








a volume of 0-73 cub. in., and a change of 20 deg. : 
in the temperature of the tube would only affect th roar 
ing of the instrument by just over 0-1 deg. ; the use 
of capillary tubing of 0-005 in. bore in these inst ruments 
would halve the trifing error mentioned. When be 
long capillary tubes are necessary, compensatine lin “ 
are inserted at intervals. These consist of cylindri: al ae 
chambers containing Invar rods, the intervenins sere 
being filled with mercury and the whole being suite 
proportioned to effect the required compensation. | W ith 
this device, the indicator can be located at any oe - 
up to 150 ft. fromthe bulb. A recorder can in any ©a°e ‘] 
used in place of, or in addition to, the indicator. 1! ¢ LES 
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Electric Circuit Theory and the Operational Calculus. 
By Joun R. Carson. London: McGraw Hill Publish- 
ing Company, Limited. [Price 15s. net. ] 

TuoucH the name of Oliver Heaviside is known to 
most electrical engineers on both sides of the Atlantic 
as the author of those three epoch-marking volumes, 
“ Blectromagnetic Theory,” his methods are known 
and appreciated by comparatively few; while these 
few are to be found principally among those special- 
ising in the more advanced aspects of telephonic 
communication. The author of this volume is such 
a specialist, being associated with the American 
Telephone and Telegraph Company. His work in 
this branch of electrical engineering, as testified 
by his several contributions to the literature of the 
theory of electric circuits, has given him an 
appreciation of the Heaviside operational calculus. 
The operational calculus affords a direct method 
for the solution of differential equations, not only of 
electric circuit theory but of mathematical physics, 
and it possesses many advantages. The author 
considers that the neglect among engineers and 
physicists to make fuller use of this method of attack 
with its wide applicability may be due less to its 
inherent difficulty than to certain obscurities in 
Heaviside’s presentation of the subject. It has been 
the main aim of the author in the first part of his 
book to give an explanation and a development of 
the operational calculus. This analysis is preceded 
by two important chapters devoted to the funda- 
mentals of electric circuit theory. The whole subject 
of electric circuit theory is shown to resolve itself 
into the interpretation and solution of a system of 
simultaneous differential equations. These circuit 
equations are here set up, and the classical theory of 
linear differential equations is followed up to the 
stage of determining the forced exponential solution 
and the derived steady state solution. It is shown 
how from this point onwards Heaviside departed 
from the classical methods. The differential 
operator d/dt in the equations is replaced by the 
symbol p, and the operation f dt by 1/p, thus reducing 
the equations to an algebraic form. The Heaviside 
operational equations which are symbolic equiva- 
lents of corresponding integral equations are thus 
obtained. The author then deduces the rules of the 
operational calculus from these integral equations 
which provide the interpretation of the operational 
equations. In the following chapter a number of 
general formule and theorems are established, use 
being made of the principle that any method which 
can be applied for the solution of the integral 
equation gives a corresponding method for the 
operational equation, and that the solution of the 
former gives at once the solution of the corresponding 
latter equation. A table of solutions of operational 
equations is given, which are applicable to several 
of the technical problems considered later. As an 
introduction to asymptotic and divergent solutions 
involving Heaviside’s so-called “ fractional differen- 
tiation,” a selection of definite problems are solved, 
including that of a current entering a non-inductive 
cable and the current entering a transmission line 
having distributed inductance, resistance and 
capacity. 

The practical applications in electrical engineer- 

ing of the operational calculus are of the greatest 

interest and importance to transmission and com- 
munication engineers. The theory of the non- 
inductive cable also possesses an additional historic 
interest. associated with Lord Kelvin. It was he 
who in connection originally with the first Atlantic 
telegraph cable, enunciated the famous “KR” 
law, showing that the total time required to transmit 
a given system of signals intelligible as dots, dashes 
and spaces, is proportional to the product of the 
capacity and the resistance of the line: it follows 
that if the length of cable be doubled, to obtain the 
same signal definition, the speed of signalling is 
reduced to a quarter. The solution of this problem 
is fully worked out. This extremely able treatise 
concludes with chapters devoted to the even more 

'mportant and difficult investigation of current and 

Voltage in transmission lines, the propagation in 

artificial lines and wave filters, the finite line with 

terminal impedances, the theory of variable circuits 





and the application of the Fourier integral to electric 
circuit theory. The latter integral is a faithful 
guide and counsellor to the telephone engineer, in 
that it not only indicates the factors upon which 
distortion of transmitted speech depends, but 
formulates the conditions necessary for distortionless 
transmission. We know now that for exact repro- 
duction, the transfer impedance of the transmission 
circuit must be equalised both as regards amplitude 
and phase; while over the essential frequency- 
range, amplitude must be constant and the phase- 
angle linear with respect to the frequency. In a 
bibliography the reader will find references to many 
other original contributions dealing with the appli- 
cations of the operational calculus to electric 
circuit problems. 


Experimental Researches and Reports. Sheffield: The 
Department of Glass Technology, The University, 
Vol. VIII. 1925. 

THE establishment of the Department of Glass 

Technology in Sheffield University, in the year 

1915, marked the commencement of an important 

epoch in the history of the British glass industry. 

The formation of the Society of Glass Technology 

soon followed, and these two organisations have 

been jointly responsible for an imposing output 
of research work bearing on the properties of 
glasses, and on the various processes involved in 
manufacturing the different kinds of glass, as 
well as on the refractory materials available for 
the construction of glass melting pots and tanks. 

It may be noted that most of the characteristics 

of the refractory materials come into consideration 

also for possible use in metallurgical and other 
operations in which high temperatures are needed 
under varying conditions. 

The volume under consideration comprises 
articles and reports which have been collected 
from the Journal of the Society of Glass Technology, 
the Journal of the Royal Society of Arts, and the 
Handbook to Annual Meeting (at Leeds in 1925) 
of the Society of Chemical Industry. As these 
publications are not all equally accessible every- 
where, it is convenient to have the papers thus 
brought together for ready reference. 

While each contribution has its own interest, 
it will only be feasible here to indicate in a general 
way the scope of the investigations, and to point 
out a few of the more important results. The 
subjects range from reports on the glass industry 
of North America, on progress in the Department 
of Glass Technology (Sheffield), on the Glass Industry 
in Yorkshire, and on the Modern Production 
of Sheet Glass—all by Professor W. E. 8. Turner— 
to records of the methods and results of investiga- 
tions relating to viscosity, to control of colour, 
and to some other properties of certain glasses, 
and also to the possibility of using commercial 
sillimanite as a refractory material in glass- 
making. 

Several of the papers may be regarded as of 
academic rather than practical interest, but the 
majority undoubtedly have practical bearings 
for those engaged in the glass industry, and afford 
valuable data for guidance. The papers dealing 
with colour refer mainly to effects produced under 
specified conditions by the use of selenium and 
arsenious oxide. The chief conclusion reached is 
that when selenium is used for decolorising glass, 
arsenious acid is also necessary, the amount of 
the latter not being less than thirty times the 
amount of the selenium. 

Three articles relating to the use of commercial 
sillimanite as a refractory material have a special 
importance because sillimanite is known to be free 
from some of the objectionable properties which 
characterise fireclay and other refractories in 
common use. The disadvantages of sillimanite, 
as compared with fireclay are its want of plasticity, 
its greater density (involving increased pressure 
in the furnace structure), and the higher temperature 
necessary to give sufficient mechanical strength. 
These disadvantages are not very serious, but the 
extra cost might be prohibitive for some purposes. 
The advantages of sillimanite (bonded with ball 
clay) as a refractory include smaller drying 
and firing shrinkage, greater refractoriness and 
mechanical strength, with no tendency to squat 





when in use for melting glass at 1,500 deg. C. 
(or even at 1,600 deg. C.), greater resistance to 
rapid changes of temperature, and smaller iron 
content of the glass produced. These advantages 
should be worth considering for other high tem- 
perature industrial purposes. 

Professor Turner and his collaborators may be 
congratulated on the valuable results of their 
investigations, and the book in which they are 
recorded can be confidently commended to the 
attention of all connected in any way with the 
glass industry. 





Landeselektrizititswerke. By A. SonénpeRG and E. 

Guunk. Munich: R. Oldenbourg. [Price 26 marks.] 
During the discussions on the Electricity Bill of 
1925, which has now been placed on the Statute 
Book, frequent references were made to electrical 
progress in Germany. Although conditions are 
different in Great Britain, the electrical development 
in that country may be of great service to us in the 
near future. There, electricity supply has gone 
forward in a remarkable way in the last two decades. 
Towards the end of 1925 the great station at Rum- 
melsburg, in Berlin, was opened, while considerable 
progress has been made with railway electrification 
—the suburban system of Berlin is expected to be 
completed in two years. Water power in South 
Germany has already been extensively developed, 
and the recently opened 220-kilovolt line from the 
Rheinisch-Westfalische Elektrizitiitswerk to Mann- 
heim will serve to link up these areas with the 
northern coalfields. 

It may well be expected, therefore, that a book 
describing the chief work of one of the pioneers in 
this development, namely, Oskar von Miller, will 
be welcome. The two authors are the technical 
directors of Herr von Miller’s bureau, and in 
dedicating this treatise to him they have placed on 
récord the results of their long association with his 
activities. It is not intended that this book shall 
appeal solely to technical men, but to officials, 
lawyers, directors, financiers and others connected 
with the erection and working of power stations 
and electricity lines. In addition, therefore, to 
technical questions, much space is devoted to the 
financial and legal aspects. Passing on from urban 
stations to linked or “ grid’’ networks, projects 
and plans of electricity supply over wide areas are 
considered. Among the illustrations from the 
authors’ own experience may be mentioned the 
great works in Bavaria, comprising the modern 
hydro-electric station at Walchensee, with its 
3-phase, 50-frequency general supply and its 1-phase, 
16% frequency for main-line traction, and linking 
up numerous stations in its great ring main. 

The subjects discussed include estimated consump- 
tion, selection of stations, arrangement of high- 
voltage lines, capital and working costs, tariffs, 
concessions, agreements, &c. In the investigation 
to determine the desirability of linking up or 
extending lines in certain areas, actual examples 
are dealt with. On the other hand, since the 
intention of the book is to cover the whole range of 
generation and distribution, constructional details 
of the works, lines, sub-stations, &c., are not 
included. Consequently, the book makes an appeal 
to civil, mechanical and electrical engineers alike, as 
well as to financiers and lawyers. At the same 
time, much important information is included in the 
general consideration of hydro-electric installations, 
steam stations, transmission lines, transformer and 
switching stations. The technical reader will find 
much here of great value. Costs and organisation 
occupy the last fourth of the book. The text is 
elucidated by numerous tables and schedules. 

In considering the usefulness of the book to readers 
in this country, certain facts at once emerge. First 
the reader is readily convinced of the authoritative- 
ness of the work, and secondly, certain fundamental 
differences become strikingly apparent. Thus the 
large amount of attention devoted to hydro-electric 
works is chiefly useful to engineers dealing with 
Colonial schemes, while the lavish way in which 
land is used for Continental stations would be out 
of the question with us. At the same time, the 
book is worthy of close study by all who are directly 
concerned in making the new Electricity Act a 
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success, for after all, the underlying principles, 
namely, economics, are common to all schemes. 

At the end of the treatise there is an interesting 
note of a plan for a national electricity supply for 
Germany. It is assumed that in 1940 the total 
electric power for the whole of Germany will reach 
a peak value of 6 million kw., representing an 
annual consumption, including losses, of 30 milliard 
units, or 500 units per person. The 6 million kw. 
would be generated as follows :—Water power, 
1,500,000; brown coal, 2,500,000; hard coal, 
2,000,000. The units produced by these three 
sources would be 10, 15 and 5 milliards, respectively. 
The overall generating costs are roughed out to be | 
0-44 pfennig (nearly 3d.) per kw.-hour. Many | 
readers may be interested to compare these calcula- | 
tions with those contained in the Weir report. 

| 
The Marketing Problem: How it is being tackled in U.S.A. | 

By Epwarp T. Exvsourne. London: Longmans | 

Green & Co., Ltd. [Price 10s. net.] 
WHEN the present times have receded into the past 
and have become history, probably one of the most | 
prominent features noticeable to the student will | 
be the amount of attention given to the question 
of efficiency and, it may be, the manner in which 
the results of the enquiries made were ee 
and—forgotten. The necessity for production to 
be efficiently controlled, for costs to be known, 
and not only known, but used, the need for efficient 
management and craftsmanship have been stressed 
again and again with varying results. Trading 
conditions are still so bad, however, that the work 
of internal and external enquiry must be continued 
until the desired improvement has taken place. 
To this end any and every means by which 
information can be gleaned, which is calculated 
to enable the methods employed to be reviewed 
and compared, should be encouraged. Closely 
linked up with the question of production is that 
of distribution. It has been frequently stated 
that distribution—sales—has been prejudiced in 
consequence of the high cost of production, but 
there is very little doubt that production has been 
the willing horse and more often than not has 
had to do most of the pulling, sales having quite 
often been the idle leader, if not actually a 
passenger. 

Sales policy is as important as manufacturing | 
policy; in fact it is often the most influential | 
factor in manufacture, but too often it has | 
amounted to little better than having articles 
ready should a customer happen to want them. 
Such a “ policy” is of no use; even where there 
is a monopoly, or where a reputation has been 
built up, which has made the name of an article | 
a household word, such a policy means commercial | 
or industrial death sooner or later. The object | 
of salesmanship is not to wait for customers, but | 
to go out into the highways and byways and to | 
bring the articles for sale to the notice of possible 
customers—to the man who does not want them, 
or thinks he does not—in such a manner that he 
immediately realises his need and straight away 
considers purchasing. That there are many firms 
in this country whose sales managements are | 
efficient and effective cannot be questioned; at 
the same time, judging by their advertisements 
and the methods of their representatives, there are 
many by whom the question of effective salesman- 
ship might well be studied. 

In his book ‘ The Marketing Problem,” Mr. 
E. T. Elbourne gives an interesting review of the 
marketing and, to some extent, the administrative 
methods used in America. In the preface he gets 
quite to the kernel of the problem when he says 
*‘the issue is essentially the utilisation of brains 
and not merely their possession.” He thus 
emphasises in connection with marketing what 
has long been preached, but not always followed, 
in connection with production. In the book itself, 
which is largely one of quotation, the references 
made are fairly comprehensive, the term “ market- 
ing” being interpreted in a very liberal manner. 
In Chapter VII, Budgetary Control is treated. In 
this chapter, a large portion of which is quoted 
from an address by Mr. F. W. Shibley, Vice-President 
of the Bankers’ Trust, New York, administration of 
the whole business is considered, works as well 





























| be studied and copied where advisable. 


as sales. Reasons are given which, in his experience, 
were the cause of the failure of a number of corpora- 
tions. ‘‘ The sea floor of the industrial ocean is 
strewn with such wrecks.’ Two of these reasons are 
all too often applicable to British concerns. These 
are: (1) Uncontrolled executive management and 
uncontrolled departmental operations; (6) Cost 
systems in which overhead was treated as a fixed 
percentage of direct labour cost, and which did 
not tie into the balance sheet and monthly operating 
statements. : 

Following these are given nine essentials for the 
efficient administration of a manufacturing concern, 
and there is little doubt that any business run on a 
basis as introspective as is here suggested should 
avoid the shipwreck mentioned earlier. Briefly put, 
Mr. Shibley asks for intelligence, foresight and know- 
ledge, without which control is either ineffective or 
cannot be attempted. Under “ Budgetary Control ” 
it is stated that “‘ the inventory of one corporation 


| was reduced from 170 million dollars to less than 


90 million dollars, a larger business being done on 
the smaller inventory.” “I have seen inventory 
turnover in several large corporations not only 
doubled but quadrupled”; ‘an inventory turn- 
over of four times increased in a single year to 
thirteen times.”” This is not marketing exactly, 
but the marketing of the product of a firm whose 
output was less than 40 per cent. of that possible, 
would be a somewhat hopeless proposition. 
Another interesting chapter is ‘‘ Elimination of 
Waste.” Under this head, wastes of all kinds are 
included. Fifteen are catalogued, one of the most 


|important perhaps is No. 12, which is defined as 


waste due to destructive competition of people who 
are, in fact, exhausting their capital through little 
understanding of the fundamentals of business in 
which they are engaged. 

A most significant comparison is given of wage 
and price movements in America and Great Britain. 
The index figure in each case represents 1913 as 
100. We quote the following table :— 











America. Britain. 
Year. | Wage Rates| Prices. | Wage Rates. | Prices. 
| 
- Nl 
1920 | 199 226 230 283 
1921 | 205 147 260 181 
1922 193 149 200 159 
1923 211 | 154 170 162 
1924 | 228 | 150 170 174 





These figures, which are given as quoted from 
U.S.A. official publications, are so significant as 
to need no emphasis. In the face of them there 
is little reason for wondering why trade disputes 
are less common in the United States than in this 
country. 

Mr. Elbourne can quite well claim to have fulfilled 


| what he states was his primary object, viz., the 


provision of information for such British manufac- 
turers and merchants as have not visited the United 
States within the last two or three years. American 
methods are described rather than advocated, and, 
as Sir Josiah Stamp suggests in his foreword, may 
The book 
is well printed ; it contains a long list of marketing 
literature helpfully arranged under subjects ; has a 
good general index as well as a separate one of com- 
modities and industry and another of individuals 
and organisations. There is much in it that is 
worth reading and it might be said of the book, 
itself, that it is not a bad example of successful 
marketing. 








LAUNCH OF THE 8.8. “Srv KHENG SENG.’’—On Febru- 
ary 17, Messrs. Harland and Wolff, Limited, successfully 
launched from their Govan shipbuilding works, the single 
screw steamer Sin Kheng Seng, which has been built to 
the order of Messrs. Mackie and Baxter, Limited, Govan, 
for the Straits Settlement coasting trade. The vessel, 
whose main dimensions are length 110 ft., breadth 22 ft., 
depth 9ft. 6 in., with a gross tonnage of about 200, is 
divided into fore and aft cargo holds, fore and aft peak 
tanks and the machinery space, by four watertight 
bulkheads, oil fuel being carried in a double bottom tank 
under the engine room and in side bunkers. The pro- 
pelling machinery, consisting of triple expansion surface 
condensing engines, will be supplied by Messrs. Mackie 
and Baxter, Limited, and is designed to give the vessel 
a speed of 9 knots when loaded. 





THE PRODUCTION AND REFINING 
OF WHITE BEARING METALS. 


Apart from a few very large machine works or 
other plants requiring large amounts of bearing 
metals, all such establishments purchase their 
bearing metals from smelters and metal traders, 
whilst a few produce their alloys from the pure 
metals, selling the old, used-up, alloys to melt. 
ing works or exchanging them against certain 
amounts of fresh alloy. Whilst the latter method 
doubtless ensures the production of uniformly good 
bearing-metal alloys, relatively high expenses are 
incurred. Equally good results are obtained at 
decidedly lower costs by working up old bearing 
metals or other scrap alloys of suitable composi- 
tion purchased on the scrap metal markets at prices 
far below the corresponding costs of new metals, 
The costs of building a small melting plant for this 
purpose are comparatively low and seldom exceed 
1007. to 150/., an amount which in large plants 
is easily made up by the benefits accruing within a 
year. 

All bearing metal scrap purchased in the open 
market is more or less contaminated with impuri- 
ties which deteriorate the qualities of the bear- 
ings. All impurities which either act against the 
uniform distribution of the hard antimony crystals 
in the base metal, or influence the hardness of the 
crystals as well as the softness of the base metals 
and other properties important to the qualities of 
good bearing metals, or again lower the absorptive 
capacity and the softening point of the bearing 
metals, must be removed from the alloys as com- 
pletely as possible. The most important of these are : 
zinc, iron, arsenic, sulphur, and aluminium, all of 
which tend appreciably to increase the hardness 
and brittleness of the bearing metals. 

Regarding the influence of copper in low-tin 
bearing metals, opinions vary strongly. As a rule, 
copper is excluded or removed from all bearing 
metals low in tin, whilst with rising percentages of 
tin, copper may be increased slowly until, at a per- 
centage of 80 per cent. tin, copper reaches a maxi- 
mum value of 5 per cent. If the amount of copper 
present exceeds the proper maximum, brittleness is 
increased until cracking occurs. 

In bearing metals high in tin, lead is considered 
an impurity which may be present in comparatively 
small amounts only. For economical reasons 0-5 
per cent. are usually permitted, whilst 1 per cent. 
of lead lowers the chemical and mechanical pro- 
perties of the bearing metals to such an extent as 
to necessitate its removal. The influence of 
nickel upon high-tin bearing metals up to 0-5 per 
cent. is not pronouncedly bad, since it improves the 
ductility and elongation of the alloy, thus counter- 
acting the unfavourable influence of the other 
impurities. However, since the nickel eventually 
present is always removed along with the copper 
in the various processes devised for dealing with the 
latter, and since special additions do not seem to 
be justified under ordinary circumstances, nickel 
is seldom found in bearing metal scrap and need 
not be seriously considered. Concerning the 
deteriorating effects of zinc in bearing metals, 
opinion is unanimous. Its properties as a base 
for the so-called zinc-bearing metals need not be 
discussed here. 

A melting pot plant for the cleaning and alloying 
of white bearing metals is shown in Fig. 1. The 
melting pots are made of cast iron, which should 
contain about 30 per cent. of hematite, in order to 
increase its resistance to the corrosive influences of 
the firing gases and the fused alloys. With a depth 
of 25 in. and an upper diameter of 35 in., the pot 
shown in Fig. 1 will hold about 1} tons of bearing 
metal. The pot rests upon a cast-iron plate 
designed to carry the weight of the pot filled with 
metal, besides preventing spilled metal from 
coming in contact with the brickwork. The 
distance between the grate and the bottom of the 
pot should be at least 12 in. in order to prevent 
burning the pot. The firing gases should not be led 
from the grates directly into the flue, but should 
be conducted through a circular channel leading 
around the pot, thus turning to account all the 
heat contained in the fuel. Any kind of fuel may 
be used for this purpose, hard, old, lignite and 
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anthracite being mostly used. If coke is utilised, 
the distance between the grate and the bottom of 
the pot should be increased by about 2 to 4 in. 
Suitable scrap metals, as obtained in the open 
markets, usually consist of remelted type metals 
and all kinds of white bearing metals. Of the 
type metals, the following are the most charac- 


teristic :-— 


Lead. Antimony. Tin. Copper. 
per cent. per cent. per cent. per cent. 
90 10 _— — 

80 20 _— — 

93 4 3-0 —_ 
85-5 10 4-5 —_ 
70-0 23 7 —_ 

69 20 9 2 
61 19 20 _— 
55 23 22 _ 


The bearing-metal scrap is composed of lead, 
tin, antimony, and copper in all conceivable propor- 
tions, tin in percentages of 10 to 70 per cent., 
antimony from 10 to 20 per cent., copper from 2 to 
15 per cent. Considerable amounts of zinc are 
often present. 

The removal of copper from the scrap is carried 
out as follows:—The metal is melted in the pot 
until this is filled up to within 5 in. from the top ; 
it is then mixed thoroughly, when firing is dis- 





Fig.1. 
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continued and the melt allowed to cool off gradually. 
With decreasing temperatures, a dark viscous scum 
begins to separate out on the surface of the metal, 
which gradually hardens. As soon as this has 
reached a thickness of about }-in., it is taken off 
by means of punctured ladles, which permit the 
liquid metal to drain out, leaving behind a thick and 
dry mass containing most of the copper. If very 
much copper is present, this treatment is repeated 
once or twice. In this manner the percentage of 
copper may be reduced to as low as 0-10 per cent. 
with low tin alloys, and to 0-15 to 0-20 per cent. 
if much tin is present. If for some reason it is 
desired to decrease still further the percentage of 
copper present, the following sulphurising treat- 
ment must be resorted to:—After removing the 
bulk of the copper by the above method, the 
contents of the pot are heated to about 850 deg. F., 
and a few pieces of sulphur in a “ sulphurising 
apparatus * are added, being carried down into the 
metal as far as possible below the surface. This 
sulphur is vapourised, and the vapour generated 
stirs up the metal thoroughly, thus ensuring the 
intimate contact required of all parts of the metal 
With the sulphur vapours. Part of the copper 
Present combines with the sulphur, forming copper 
sulphide, which rises to the surface and is removed 
together with the dross formed. In order to 
crease the reactive power of sulphur, a few pieces 
of fresh potato are often added to the sulphur in 
the sulphurising box, the water vapour generated 
intensifying the sulphurising action. The sulphuris- 
ing apparatus consists of a cylindrical or square iron 

x, about 5 in. long and 3 in. wide, welded on to 
4n iron rod at least 7 ft. long. The lid of the box, 


which, throughout the sulphurising process is 
turned downward, is drilled with a few small holes 
to enable the sulphur and water vapours to escape. 
Since, at the high temperatures of the process the 
iron walls of the pots are severely attacked by the 
sulphur vapours, the sulphurising box should not 
be fastened to the extreme end of the rod, but 
about 4 or 5 in. from the point, so that if the end 
of the rod rests on the bottom of the pot, the 
| sulphur vapours will not reach the bottom. 

| The dross obtained in removing the copper by the 
| first method described does not, of course, consist 
of copper exclusively, but is largely composed of 
| lead and antimony, as well as some tin, the antimony 
and copper being concentrated into the dross, while 
|most of tin remains in the metal. This process 
may be carried far enough to convert a bearing 
metal of, say, 35 per cent. tin, 10 per cent. antimony, 
and 3 per cent. copper into a final product containing 
55 per cent. tin, 3-5 per cent. antimony, and 0-10 
to 0-20 copper. In this particular case the final 
product, containing 55 per cent tin, will amount to 
20 per cent. of the raw material used, the rest 
being made up of alloys of varying compositions, 
ranging from 55 to about 20 per cent of tin; the 
antimony and copper contents of these alloys 
increase with decreasing percentages of tin. All 
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the alloys are used as primary alloys for the pro- 
duction of bearing metals. 

This process may be carried out more conveniently 
by the following method :—Fig. 2 shows the type 
of melting appliance required. The furnace con- 
sists in principle of an eliquating pan, a small firing 
arrangement, and a small melting pot placed in 
front of thefurnace. Instead of the shallow, concave 
bottomed, iron-box formerly used as eliquating pan, 
which, on account of the heating strains, invariably 
set up along the bottom section, tended to crack on 
the slightest provocation, the type shown in Fig. 2 
has proved very successful. It consists of 2 iron 
plates resting obliquely upon a central collecting 
trough slightly inclined towards the melting pot 
placed in front of the furnace. The eliquated metal 
is thus made to flow over the plates, heated from 
below, into the trough and, finally, into the melting 
pot. Square slabs or bars of the raw material are 
laid side by side upon the iron plates which are 
gradually heated to the low temperature of 370 deg. 
F., or until drops of fluid metal begin to appear on 
the surface of the bars. This temperature is then 
maintained until eliquation of the metal fusible at 
that temperature ceases, when, as a rule, the bars 
of white metal charged have turned into a dry, 
disconnected mass, from which the soft material 
rich in tin has been separated. If more raw material 
is available, the residue is scraped together and 
another set of slabs is placed on the plates. When all 
the soft metal has been eliquated out and collected 
in the melting pot, it is thoroughly mixed and ladled 
out. The fire under the plates is next made hotter, 
and the residue spread out evenly, the eliquation 
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process being continued until a dark and dry 





material very rich in antimony and copper, and 
comparatively poor in tin remains. This may be 
sold to smelters. 

The composition of the two alloys eliquated out 
and of the residue depends in the first place, of course, 
upon the composition of the raw materials used. 
A bearing metal scrap containing 40 per cent. tin, 
15 per cent. antimony, and 3 per cent. copper, may 
give the following results :— 


(1) Product (25 per cent. of charge): 40-8 per cent. 
lead, 55 yer cent. tin, 4 per cent. antimony, 0° 1—0-2 
per cent. copper. 

(2) Product (40 per cent. of charge): 49—50 per cent. 
lead, 40—45 per cent. tin, 6—9 per cent. antimony, 
0-2—0°3 per cent. copper. 

(3) Product (35 per cent. of charge): 34—37 per cent. 
lead, 25—30 per cent. tin, 30 per cent. antimony, 6—8 
per cent. copper. 


The copper contained in the second eliquation 
product may be reduced to below 0-15 per cent. by 
segregation in the melting pot, whilst the excessive 
amount of copper remaining in the third product is 
removed by eliquation or segregation in reverbera- 
tory furnaces. The soft and relatively pure white 
metals obtained are used for the production of white 
bearing metals. The furnace described may also 
be used for the removal of copper from all white 
metals by simply raising the heat until all of the 
white metal excepting a black powdery dross has 
been melted down and removed. 

All the white metal scrap purchased on the open 
market contains varying amounts of impurities 
which, although generally present in very small 
quantities only, depreciate seriously the value of 
the material as bearing metal. Zinc and sulphur are 
particularly harmful. The material is most effectively 
refined by passing a stream of superheated steam 
into the bath of metal. The use of boiler steam is 
not to be recommended, however, even if highly 
superheated, since, on account of the formation of 
water of condensation in long transmission pipes 
of small size, explosions may result. This danger is 
avoided in a very simple and effective manner by 
using the steaming appliance described below, which, 
besides being absolutely safe and very cheap in opera- 
tion, does away with the need of steam boilers or 
other costly and bulky apparatus. 

A seamless water pipe is bent so as exactly to 
fit the walls of the melting pot, as shown in Fig. 1. 
The other end of the pipe is connected with the water 
system, the connection being secured by two valves, 
the handle of one being removable and remaining 
in the foreman’s charge. If steam is required, the 
first valve is opened entirely, whilst the foreman’s 
valve is opened cautiously until the metal begins 
to boil vigorously. The handle is then removed, 
and the first valve turned back until the surface 
of the metal is just seething. Steaming is con- 
tinued for ten minutes, when a sample is drawn 
and examined for surface appearance, fracture, 
&c. If satisfactory, the metal is then ladled 
out. If the sample still indicates the presence of 
impurities, steaming is continued some three minutes 
longer. The principles underlying this steaming 
process are very simple. The small amount of 
water entering the steaming pipe is immediately 
transformed into steam, which is forced into and 
through the metal if the water pressure is sufficiently 
high. The pressure required depends, of course, 
upon the height of the metallic bath. At a height of 
metal surface above the bottom of the pot of 20 in., 
the head necessary amounts to 16 ft. to 18 ft., so 
that a water tank 21 ft. to 24 ft. above the pot will 
serve. 

The refinement of the metal is still frequently 
carried out by conducting compressed air through 
the bath or by hydrochloric acid treatment ; both 
of these methods possess very serious disadvan- 
tages. Whilst quantitatively the oxidising effect 
of air on the impurities equals that of steam, it 
has a very strong oxidising action also on tin and 
antimony, thus giving rise to appreciable losses 
of valuable metals if the air treatment is permitted 
to continue for any considerable length of time. 
Hydrochloric acid, besides influencing but weakly 
the impurities of the white metal alloys, has a 
serious corrosive effect upon the iron parts of the 
melting pot plant, particularly upon the hood, 
which quite frequently is completely destroyed within 





a month or two. If salammoniac (ammonium 
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chloride) is used instead of hydrochloric acid, 
corrosion of the iron parts is avoided, but the 
refinining effect is not much improved. If the 
removal of copper is carried out in the melting pot, 
particularly if the sulphurising process is employed, 
this should be followed by steaming for from 5 to 
10 minutes in order to remove all traces of metallic 
impurities and of sulphur introduced into the alloy 
by that process. 

The efficiency of the plant is largely influenced by 
the manner in which it is used. In order to 
avoid local burning of the walls of the pot, this 
should be turned around its vertical axis about 
5in. to 10in. at least once a week. Empty melting 
pots should never be subjected to sharp heat. 
For melting down the first 10 or 15 slabs of metal, 
a small fire suffices. This may gradually be 
increased with larger amounts of metal in the | 
pot. Carelessness in this respect is responsible for 
the ruin of many melting pots. On the other 
hand, large amounts of metal should never be 
allowed to freeze within the pot. Since the entire 
volume of the metal does not freeze at once, but | 
will crystallise out in stages, the fluid eutectic | 
finally remaining will fill up the spaces left between | 
the solid metal and the walls of the pot by the con- | 
traction of the freezing metal. Thus, after the | 
solidification of the eutectic alloy, the cold block of | 
metal will fit the pot tightly. If, subsequently, | 
the pot is heated from below, the expansion of the | 
lower strata of the metal will either force the solid | 
upper portion up, or else cause cracking of the pot. | 


THE ELECTRIFICATION OF THE) 
| 
SYDNEY METROPOLITAN RAILWAYS. | 

THE very extensive electrification and improve- | 
ments of the railways of the City of Sydney and its | 
suburbs, which are now being carried out, follow | 
on a series of discussions and proposals extending 
over some seventy years. A considerable amount 
of work has been carried out in the past, very | 
largely in the form of widenings, but it is only in 
recent years that a comprehensive scheme has been 
accepted and put in hand. 

In addition to very necessary improvements in 
the suburban services, this scheme covers the con- | 
struction of a City railway, enabling suburban 
passengers to travel direct to various points within 
the business area of the city, instead of having to 
leave the railway at the old Central Station, which | 
was not very conveniently situated from the point | 
of view of everyday suburban traffic. The present | 
programme is essentially linked up with the great 
Sydney Harbour bridge, now under construction, 
and it is certainly fortunate from the point of view 
of the future interests of the City that a complete 
and uniform scheme should have been accepted and 
put in hand as a whole. 

The work which is now being carried out follows 
the recommendations of a report prepared by | 
Dr. J. J. C. Bradfield, M.Inst.C.E., now chief 
engineer of Metropolitan Railway Construction and | 
of the Sydney Harbour bridge. This report was | 








| of 45,000 kw. in the White Bay power house, also 
| feeder cables, substations, overhead wiring, signall- 
ling, etc. The Act also necessitated the electrifica- 
|tion of the inner zone suburban railways and the 
| provision of rolling-stock and power. 

In designing the system of electric railways 
adopted, the decision had to be made whether the 
| railways in the city proper and immediate suburbs 
were to be wholly underground, deep down, and served 
by lifts and escalators, or whether, as far as possible, 
| they should be located just below the surface and in 
the open air where practicable. The harbour crossing 
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and the Harbour, connecting with the St. Leonards. 
Eastwood Railway with spur line extensions to serve 
Balmain, Haberfield and Ryde. 

The first section of the City Railway to St. James’. 
street was opened on December 20 last, and in 
connection with this stage of progress in this im- 
portant work, we illustrate various features of the 
constructional and electrical work in Figs. | to 27, 
on Plates XVI. to XIX., which accompany our issue 
of this week, and on this and following pages. For 
our illustrations and the information on which our 
description of them is based, we are indebted to 
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was largely the deciding factor. If this was to take 
the form of a bridge, the location of the Metro- 
politan Railways would be for the most part in the 
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|the courtesy of Dr. Bradfield. Fig. 2, opposite, 
shows in full black lines the City Railway and 
the Sydney Harbour Bridge railways as now 


submitted by Dr. Bradfield on February 24, 1915,| open air; if, however, a tunnel was to be con-| being constructed, and in dotted lines the inner 


subsequent to visits paid to the chief underground 
electric railways in Europe and America. The report 
recommended :— 

(a) A system of electric railways for the metro- | 





structed, the location would be mostly underground. 
In 1913, the Parliamentary Standing Committee on 
Public Works adopted the high-level bridge scfieme 
originated by Dr. Bradfield for connecting Sydney 


City loop and the cross-city tracks from North 
Sydney to the southern and western suburbs which 
| will be undertaken in the near future. The City 
Railway makes a junction with the existing railway 


politan area, the City Railway to be constructed with North Sydney, as against the subways recom-|system at Wells Street, Redfern, eight tracks 
simultaneously with the electrification of the} mended by the Royal Commission in 1909. This | continuing as the City Railway, whilst four tracks 
suburban railways; the new railways to have fly- | recommendation for a high-level bridge in lieu of run to the present Central terminal to handle the 


overs at all grade crossings and to be signalled with 
automatic signals ; 

(6) Widening the existing structure gauge and | 
altering overbridges to allow for wider all-steel 
rolling-stock, and 

(c) The electrification of the existing suburban | 
railways. Power to the extent of 45,000 kw. to 
be generated at White Bay by units of 15,000 kw., | 
current to be converted to 1,500-volt D.C., and | 
supplied to the trains from overhead wires. 

The report was submitted to Parliament, and on | 
October 13, 1915, the “* City and Suburban Railways | 
Electric Railways Act, 1915,” received Vice-Regal | 


assent. This Act authorised the construction of the | the St. Leonards-Eastwood Railway, one from Gordon | block of properties bounded by Elizabeth-stree 


City Railway, the Eastern Suburbs Railway to Bondi | 
Junction, the Western Suburbs Railway to Weston 
Road, the provision of additional power to the extent 





subway connection was supported by Mr. David 
Hay, M.Inst.C.E., who had been commissioned by 
the Government of New South Wales to report on 
the traffic problems of Sydney. 

A map of the Sydney city and suburban rail- 
ways is given in Fig. 1, on this page, and indicates 


'the extent of the work now being carried out. 


The whole suburban area from the Hawkesbury 
River, Penrith, Campbelltown, Waterfall, etc., will 


eventually be electrified. The work will also cover | 
the new City Railway and connecting railways, | tinue 
'citywards along Belmore Park, across Hay-stre 


via the harbour bridge to Bay Road station, the 
proposed railway to Mosman, Manly and Narrabeen, | 





to Narrabeen, the railways to the Eastern suburbs, | 
the Tempe to East Hills Railway, a new railway | 
midway between the existing railway to Strathfield 





|country steam trains. On the eastern side of 
| Central station is a new open-air electric station 
jhaving its passenger and baggage facilities inter- 
connected with the existing terminal. Between 
| Redfern and Central station a system of fly-overs 
|is almost complete which will take the traffic on the 
| City Railway, and bring the up and down tracks in 
| pairs to opposite sides of the four island platforms 
lat Central station, each platform being served 
| wholly by either down or up trains. : 

| Leaving Central station, six tracks continue 





and Campbell-street, and run underground in - 
Campbell-street, Castlereagh-street, and Gouiburn- 
street. 


Four tracks then diverge and pass around the 
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western side of the city to a six-track station 
now under construction under George-street, in 
front of St. Andrew’s Cathedral and the Town Hall, 
and thence under George-street and York-street to 
Wynyard-square Park, at the junction of the 
Bridge railways with the City Railway. From the 
upper level four tracks will continue across the 
bridge. 

The two City Railway tracks at the lower 
level, however, lead to Circular Quay, where there 
will be a combined passenger and ferry station, and 
thence these two tracks continue along the eastern 
side of the city, becoming the up and down City 
East, with St. James Station at the northern end 
of Hyde Park and Museum Station at the Liverpool- 
street end. 

Of the four lines of railway crossing the bridge, 





Fig. 3. FLYOVER CROSSINGS. 








be by means of flyover crossings, thus ensuring the 
maximum possible train capacity for the tracks 
with absolute safety. When the whole scheme is 
complete, passengers from the eastern, southern, 
and western suburbs will be able to reach six stations 
within the city proper without changing trains, 
whilst passengers from the northern suburbs will 
be able to reach at least three city stations without 
changing trains. Easy interchange is provided at 
St. James’s, Wynyard and Town Hall stations, 
and with an interchange at one of these three 
stations, passengers from any suburb can reach 
any other suburb; in most cases even this one 
interchange for inter-suburban passengers will be 
unnecessary. 

The route mileage of the City Railway under 
construction from Redfern back to Redfern is 
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two tracks connect with Town Hall and Central 
Stations; the other pair, after leaving Wynyard 
station, will traverse the city serving stations—one 
located between Pitt-street and Castlereagh-street 
near Market-street, a second near Wentworth- 
avenue, and a third near Central station, thence 
through the easternmost arch of the Cleveland- 
street Bridge to East Hills, connecting with the 
a Suburbs Railway and the East Illawarra 
ailway. 


Traftic from the eastern suburbs will run through 
St. James’s station on the City Railway, and thence 
by the inner loop to a station under O’Connell- 
street between Bent-street and Hunter-street, 


thence to a station under Pitt-street between King- 
street and Market-street, connecting thence with 
the City Railway at Town Hall station, and thence 
under George-street to a station at Railway-square 
on the western side of Central station, thence along 
Georye-street West, with a station near the Univer- 
sity Gates, and will connect with the main northern 
line at North Strathfield. 

The City Railway and the future extensions 
outlined have been so located that all crossings of 
tracks carrying traffic in the opposite direction will 
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way holding up traffic. The arrangement of this 
part of the scheme is illustrated in Figs. 3 to 6 
on this page. Thus the vexatious delays which 
now occur when a train requiring to enter 
Central Station is held up for a train scheduled to 
leave that station will be obviated. The train 
capacity of the City Railway will be increased by at 
least 30 per cent. The system of fly-overs is the 
largest in the world, there being 14 fly-overs and two 
level crossings, the latter accommodating trains 
in the same direction. When the tracks reach 
saturation point, it will be possible to transfer the 
trains from any one track to any other track in the 
same direction without materially slowing down, 
the running. 

The superstructure of the fly-overs was laid out 
to afford a maximum of simple construction and 
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5 miles 22 chains, and the track mileage 17 miles 
69 chains. The time of journey from Central 
station around the loop and back to Central station, 
with a 30-second station stop at Wynyard-square 
and a 20-second stop at all other stations, will be 
11 minutes 38 seconds, the distance being 3 miles 
63 chains. The longest distance between stations is 
St. James’s to Quay—71-3 chains, the running 
time being 2 minutes 10 seconds. As already 
mentioned, the section to St. James’s was opened for 
traffic on December 20, 1926. Passengers can now 
reach St. James’s in 2 minutes 35 seconds from 
Central station—about the same time or less than 
it takes for them to disembark from the train at 
Central station and board the tram there to com- 
plete their journey. 

To route the trains as required, and to provide 
the utmost flexibility and safety, a system of fly-overs 
was, as stated, installed between Cleveland-street 
Bridge and Central Station, whereby the four 
up tracks become high-level tracks, and the four 
down tracks lower-level tracks, so that, if a train 
leaving or entering the station has to cross the 
track of a train proceeding in the opposite 
direction, it can accomplish this without in any 








Fig. 6. SECTION 8.8. 
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repetition work, and consists largely of simple steel 
beams encased in concrete and supported on brick 
piers, carried on concrete footings. Where, on account 
of crossings, this construction could not be followed, 
it was replaced by a series of skew spans, consisting 
of plated girders carrying stringers encased in 
concrete. The piers of this construction have 
openings left in them for economy. The approaches 
to the superstructure consist of embankments 
between retaining walls. A general view of the 
fly-over crossing is given in Fig. 7 on Plate XVI. 
The piers are spaced at 24-ft. intervals and have an 
average width of 3 ft. 6 in., with a maximum height 
of 20 ft. 

The track is carried from pier to pier on 24 in. 
by 74 in. rolled steel joists, spaced 3 ft. centres, 
held to position by bolts passing through the webs. 
The floor is supported by concrete jack arches 
between the joists, having a minimum thickness at 
the crown of 16 in. The floor is waterproofed with 
bitumen and the water led to drainage gratings to 
ensure a perfectly dry track. When completed, 
the construction of the fly-overs will have employed 
some 4,500,000 bricks, 8,000 cubic yards of concrete, 
and 1,200 tons of steelwork ; whilst the excavation 
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has amounted to over 83,000 cubic yards of shale, 
clay and sand. 

When the City Railway is constructed and the 
electrification of the suburban railways completed, 
the whole of the suburban railway traffic now 
terminating at Central Station will pass through 
the new station into and around the City. The 
four island platforms served by stairways from 
subway concourses at the north and south ends 
are each 520 ft. long, with a maximum width of 
33 ft. The roofs of the two platforms completed 
are of steel supporting a reinforced concrete slab. 
The roof columns are spaced 38 ft. centres in pairs, 
12 ft. apart, and make practically no obstruction to 
the traffic on the platforms. A 3-ton electric goods 
lift is provided on each platform to convey passen- 
gers’ baggage to a 10-ft. baggage subway, which 
connects with the existing baggage subways at 
Central Station, soon to be the steam long-distance 
terminal station. The entrance and exit stairways, 
and subways are independent of each other, so as to 
avoid interference between passengers moving in 
opposite directions. The northern concourse is 307 ft. 
11 in. long, with an inside width of 55} ft., and is 
immediately under the tracks. An entrance 30 ft. 
wide leads down from Chalmers-street on an easy 
grade of 1 in 13-7, while a western entrance gives 
direct communication to the concourse from Eddy- 
avenue. A 12-ft. stairway in the western corner of 
the concourse connects the old station with the new. 
The general lay-out of the new Central Station is 
shown in Fig. 31, on page 294, while Fig. 8, on 
Plate XVI, shows the interior of the Northern 
Concourse. 

Views of the Central Station are given in Figs. 9 
and 10 on Plate XVI. Fig. 9 shows the track and 
platforms, while Fig. 10 is a further view and shows 
the first electric train to travel on the City Railway. 
Ironbark timber sleepers on blue metal ballast 
have been adopted for the road bed, both in the 
open and in tunnels. In the latter case the ballast 
is laid on the concrete floor of the tunnels. The 
sleepers are of hardwood Qin. by 5 in. by 8 ft. long, 
with steel sleeper plates 9 in. wide by 9? in. long 
at all bearing points. The part of the upper 
surface of these plates upon which the rail rests 
is inclined 1 in 20 to give the rail the usual cant. 
An insulating pad is inserted between the rail 
flange and the sleeper plates to prevent the leakage 
of electric current through the road-bed with 
consequent interference with the signalling arrange- 
ments. The general spacing of sleepers is 2 ft. 4} in., 
centre to centre, allowing 18 sleepers to every 40 ft. 
rail, and slightly bunching the sleepers near the rail 
joint where bridge plates, 2 ft. 6 in. long and of the 


same cross section as the standard sleeper plate, | 


are provided. These bridge plates constitute a 
support for the rail joint and should be effective 
in reducing the hammering action over the joint 
and also in preventing rail breakage. The overhead 
wiring consists of a catenary of stranded copper 
0-4 sq. in. in section supporting a cadmium bronze 
contact wire of 0-209 sq. in. section, the whole 
acting as a feeder system. The platform nosings 
are non-slip and long wearing, the mixture con- 
taining carborundum, sharp sand and cement. 
The remainder of the platform surface is of tarred 
metal worked to a smooth surface. When the 
filling between the platform walls has consolidated, 
the tarred metal will be replaced with asphalt. 

The tracks from Central Station cross Eddy- 
avenue at an elevation of 21 ft. above, on a re- 
inforced concrete girder bridge, consisting of three 
roadway and two footpath spans. The bridge is 





on the centring and the concrete poured over the 
three roadway arches up to the construction joints 
over the outside piers. The electric cable ducts 
were placed on each side of the bridge, and the 
necessary provision made for manholes and posts 
for the overhead structures. The bridge floor 
was waterproofed with }-in. mastic asphalt .and 
graded to downpipes taken under the floor, then 
down the piers of the footpath spans to discharge 
into the road gutter. The piers and abutments 
are of ordinary concrete faced with sandstone 
masonry, with sets of bar reinforcement under the 
seating of the girders for anchorage. 

A general view of the above-ground portion of 
the work between Central Station and Campbell- 
street is given in Fig. 12, on Plate XVII, which 
shows the type of construction and its relation 
with the existing Central Station, built in 1906, 
which can be seen in the background. The gravity 
retaining wall along Elizabeth-street, extending 
from Eddy-avenue to Hay-street, is built of ordinary 
concrete with a facing of sandstone rock-faced 
masonry, supported on concrete piers taken down 
to rock. The wall has a total length éf 754 ft., and 
a maximum height of 35 ft. from top of parapet 
to bottom of first course. The face of the wall 
is battered to 1 in 48 and the buttresses spaced 
at intervals of 50 ft. 74 in., with a top width of 
5 ft., increasing to 6 ft. 9% in. at the hase. The 
concrete backing is 10 ft. thick at the base course, 
stepped up in 3-ft. courses to a top thickness of 
3 ft. 9 in. Weep holes are provided every 25 ft., 
and the hand-picked rubble backing has a thick- 
ness of 2 ft., thus ensuring a free drainage. 

The foundations of the wall consist of segmental 
arches between piers taken down to hard rock, 
which was found at an average depth of 27 ft. 
below surface level. The span of the arches is 
18 ft. 3? in. and the thickness of the piers 7 ft., 
the total width of the foundation being 16 ft. 
Where the wall crosses the Bondi sewer, which lies 
at a depth of some 12 ft. below surface, special 
provision was made in the arrangement of the 
foundation piers. An alteration had also to be made 
to the centring of the piers, on the opening up 
of a voleanic dyke some 20 ft. wide, which passed 
under the wall midway between Eddy-avenue and 
Hay-street. Borings disclosed no bottom in the 
decomposed basalt, so the dyke was bridged over 
from piers constructed on either side. Thirty shafts, 
each 18 ft. by 7 ft., were opened and excavated to a 
depth averaging 27 ft., where hard rock was found 
suitable for the foundation piers. About 10,000 
cubic yards of material were taken out of these 
shafts and the connecting trench for the arch, and 
used to form permanent filling for the embankment 
designed to carry the six tracks into the city. Up 
to date, upwards of 132,000 cubic feet of sandstone 
masonry facing to the retaining walls and bridges 
have been set, the rock-faced masonry, including all 
charges, costing 8s. 3d. per cubic foot, and the 
chisel-dressed sandstone, costing 12s. 2d. or 19s. 1d. 
per cubic foot, according to the ornamentation. 

The Hay-street arch bridge, shown in Fig. 29, 
on page 294, has a clear span of 81 ft. 8 in., with a 
width between parapet walls of 78 ft. 9 in., and was 
built in reinforced concrete, faced with sandstone 
masonry. The arch has a thickness at the crown of 
24 in., reinforced at the top and bottom with {-in. 
diameter bars at 4-in. centres. The intrados is a 
pure elliptic and the extrados five centred. The 
clear height from the springing line to the under- 
side of the crown is 17 ft. 1 in., and the roadway 
clearance at centre 20 ft. 9 in. The maximum 


illustrated in Fig. 11 on Plate XVII. The two| stress in the arch ring occurs at a point adjacent 


footpath spans have a clear width of 12 ft. 3 in. 


| to the crown, and was found to be just under 500 


and the three road spans 36 ft. 2 in. Seven tracks | ]p, per square inch for the concrete, with 7,500 Ib. 
are carried over the bridge, which has a width inside | stress in the steel, while the temperature stresses 


parapet walls of 94 ft. 3 in. The intrados of the 
span is elliptical, the bridge being constructed as 
a series of continuous reinforced girder ribs carry- 
ing a reinforced concrete floor. The ribs over the 


roadway spans are spaced at 7 ft. 8 in. centres, 
with a width of 25in. and have a depth over the 
piers of 9 ft. 74 in., diminished to 3 ft. at the 
crown. Continuing over the footpath spans the 
ribs are securely anchored to the abutments. 

After the placing of the girder and slab reinforce- 
ment, the sandstone masonry facing was constructed 





added another 150 lb. to the concrete, making the 
total stress 650 lb. per square inch. The arch 
abutments, 30 ft. wide, of sandstone concrete 
with plums, were taken down to hard rock, averag- 
ing a depth of 27 ft., giving a maximum pressure 
on the foundation of 10 tons per square foot. The 
spandrel walls were built up to within 12 in. of rail 
level and had expansion joints at both abutments, 
covered with sheet lead and continuing through 
the parapet. The abutments were poured up to 
the construction joint, with {-in. bars at 4-in. 





centres, embedded and left projecting from the 
concrete at the extrados and intrados of the arch 
to form an efficient bond. After the masonry facing 
was erected on the centring, the arch ring was 
poured in five sections, each having a width of 
15 ft. 6 in. between construction joints, and em- 
ployed 1,015 cubic yards of concrete. A section was 
poured each day, the actual working time being 
32 hours. The top of the arch was water. 
proofed with two 3-in. coats of mastic asphalt, and 
covered with brickwork laid in cement: before the 
hand-picked rubble filling was carried up to rail 
formation. The Campbell-street arch bridge of 
50 ft. clear span is of similar design to the Hay- 
street bridge. It has a clear height from road 
surface of 14 ft. 10 in. 

From the south side of Goulburn-street, the Down 
City East and Up City East tracks proceed north 
in twin tunnels constructed under Elizabeth-street 
and Liverpool-street, emerging at Museum station. 
The length is some 740 ft., with a rail level at 45 ft. 
below the surface. The tunnels are illustrated in 
Figs. 32 to 35, on page 294. A concrete arch con- 
struction, with centre and side walls in brickwork, 
extends from both ends of this section (Goulburn- 
street and Museum station) to a point immediately 
under the street buildings on the western side where 
for a short length, connecting the arch constructions, 
flat top construction is employed, consisting of 
rolled steel beams encased in concrete. The method 
of constructing these twin tunnels to pass under and 
near to the walls of Mark Foy’s furniture warehouses 
at the corner of Liverpool-street and Elizabeth- 
street, differed materially from the methods of 
tunnelling adopted on the other sections. From the 
top of the tunnel arch to the road surface of Liver- 
pool-street, with its very heavy vehicular traffic, 
was 14 ft., and only 11 ft. in Elizabeth-street, near 
Goulburn-street. The corner of Mark Foy’s furniture 
building carried a load of 145 tons, and was directly 
over one side of the tunnel, whilst further along, the 
corner column of this firm’s main building, supporting 
250 tons, was immediately over the other side wall. 

Commencing from the Museum station end, three 
bottom headings were driven on the line of the three 
walls of the tunnels. The two outside ones were 
10 ft. 6 in. high from rail level by 4 ft. wide, and the 
centre one was the same width, but 2 ft. 3 in. higher. 
These headings were timbered by means of squared 
sets using 8 in. by 5 in. sleepers for caps and 8 in. 
by 5 in. hardwood legs, being close lathed on the roof 
and also down the sides to where the rock started. 
They were driven in first of all for a distance of 
100 ft. before the bricklayers were started on the 
wall at the extreme ends of the headings. The side 
walls were made 2 ft. 8 in. thick and finished at the 
springing line of the arches. The centre wall was 
2 ft. thick and was carried up to 2 ft. 3 in. above the 
springing line, thus giving a 3-in. overhang on each 
side at the top of the wall. After the completion 
of the 100-ft. lengths of these walls, the excavation 
of the arched portion of the tunnels was commenced. 

To carry the overburden on this section during 
construction instead of the usual form of timbering 
with crownbars, &c., curved steel rails were used, 
as shown in Fig. 13, on Plate XVII. Centres 
were made up of 80-lb. steel rails and were curved 
to the outside radius of the tunnel, there being two 
pieces of rail to each tunnel or four pieces in the 
set. These centres, spaced 3 ft. apart, were con- 
nected together with fish-plates and bolts and then 
seated on bearing plates over the walls. | Excava- 
tion of the arch was afterwards made for a distance 
of 3 ft. and a second set of rails erected. Bridging 
pieces some 2 ft. 6 in. long were cut out of hardwood 
to suit the radius of the curved rail. These were 
blocked up and hardwood driven on them from 
the top of the first rail set. Special care was taken 
in the packing of all cavities above the laths and 
seeing that all bolts were screwed up tightly. 

Following the first set, when some 18 in. of excava- 
tion had been removed in front of the rail, the 
laths were threaded under the bridging pieces and 
driven ahead as far as possible and the back ends 
wedged down from the laths in the set behind. This 
maintained the ground above, while the next 
18 in. were excavated and the rail placed. The 
laths and cap pieces in what had been the three 





wall headings were recovered as the driving 
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of the arch proceeded, and the spoil from the arch 
portion was allowed to run down and fill up the 
space between the walls and the sides of the head- 
ings. The balance of the spoil was filled into skips 
and run down to the portals of the tunnels, where 
it was finally disposed of by cranes and lorries. 





3-in. oregon lagging on which the concrete was 
placed. The two tunnels were concreted simul- 
taneously, the concrete being mixed on the surface 
and conveyed by chutes into skips which were 
wheeled in and tipped on to a board below the 
sections under construction. The concrete was then 
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shovelled up into position 





Fig. 25. 


After driving about 18 ft. of the arch, work was 
at once started on the concreting of a 12-ft. length 
of both arches. This was done without interfering 
with the driving. Angle cleats with a } in. hole 
in each had been riveted on to the web of the curved 
rails, there being 10 to each set or 5 in each tunnel. 
Half-inch tie bolts of sufficient length with nut and 
plenty of thread on each end were hung through the 
holes in the cleats. On to these was fixed a Tee 
‘ron curved to a radius of 3 in. less than the finished 
radius of the arch. These Tee irons carried the 
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above the laggings, the 
curved rails and _laths 
being left in. The average 
thickness of the arch ring 
was 18in. The finished 
section of the tunnel was 
always maintained close 
behind the driving, thus 
giving the shale above no 
chance of disintegrating 
through exposure to the 
air. So soon as the driv- 
ing and concreting of the 
arches had been completed 
up to the end of the first 
. section of the brick walls, 
the driving of the headings 
was recommenced and 
about another 100 ft. 
of brick side walls con- 
structed. This is shown in 
Fig. 14, Plate XVII. 

Both tunnels were com- 
pleted in this manner up 
to the point at which the 
flat top construction was 
to be commenced, but 
there still remained a 
dumpling of rock and 
shale in the centre of each 
to be removed. These 
dumplings averaged about 
10 ft. in width and height. 
There was also the loose 
shale and rock which had 
been allowed to run down 
from the arch and to fill 
up what space was left in 
the headings after the 
brick walls had been con- 
structed. This material 
was taken out with com- 

pressed air pick machines, though there were places 
where it was sufficiently hard to necessitate blasting. 
The material surrounding the tunnels was then left 
practically in its original state, no damage whatever 
was done to roads or buildings above, such as might 
have been occasioned by the concussion from 
blasting. Fig. 30, on page 294, shows the com- 
mencement of the underground construction at 
Goulburn-street. The two tunnels on the right 
traverse the eastern side of the City while, of the 
four on the left, the inner pair take the tracks that 








form the western side of the City loop, and the outer 
pair are the tracks which connect with the northern 
side of the harbour via the Harbour Bridge. The 
first electric train to travel to the temporary terminal 
at St. James’ station is shown in Fig. 15, on Plate 
XVIII. near Goulburn-street on the return journey to 
Central station. This view also shows the overhead 
wiring arrangements and signal devices. The 
leading motor-car is of the latest all-steel type. 

Situated at the southern end of Hyde Park, 
Museum station, which is illustrated in Figs. 23 and 
24, annexed, is served by the two tracks, Down City 
East and Up City East, at a rail level of 50-00 ft., 
being 45 ft. below the surface. The roof consists 
of a single reinforced concrete arch of 48 ft. span, 
with a total length of 520ft. Platforms with a width 
of 12 ft. 6 in. on either side of the arch are served 
by 8-ft. wide longitudinal subways, located on the 
outsides of the main arch and leading to concourses 
at each end of the station. The main concourse is 
at the south end, giving entrance and exit to the 
corner of Elizabeth-street and Liverpool-street, 
while the smaller northern concourse serves 
Elizabeth-street at a point opposite Bathurst-street. 
Separate ingress and egress subways, stairways and 
barriers are provided, the incoming passengers enter 
at either end of each platform, whilst the outgoing 
passengers have four openings, intermediately 
located, for exit. At the south end, in addition 
to the above entrances, a system of subways is 
provided, giving communication to the station from 
the footpaths adjacent to the three buildings on the 
opposite sides of Elizabeth-street and Liverpool- 
street. whilst the large 12-foot subway also gives 
direct connection to Mark Foy’s Store. 

The total amoumt of excavation, including the 
subways, was 107,902 cub. yards. During the 
progress of the work considerable quantities of shale 
and pottery clay were excavated and sold, also 
bands of red oxide of iron, which was used for 
colouring roofing tiles. A seam of coal about } in. 
thick was also found. A general view of the site 
during excavation is given in Fig. 16, on Plate 
XVIII. The main arch with its span of 48 ft. 
clear and height above rail to underside of crown of 
26 ft., is supported on abutments having an average 
width of 15 ft., with the springing line of the arch 
14 ft. above rail, giving a rise of 12 ft. to the arch. 
The intrados of the arch is segmental to a radius of 
30 ft., with the extrados set to a radius of 34 ft. 
The thickness of the arch ring at the crown is 21 in., 
reinforced at the topand bottom with } in. diameter 
bars at 94-in. centres. The maximum compressive 
stress produced in the concrete at the crown from 
the dead load was found to be 590 lb. per square 
inch, which was increased some 60 lb. per square 
inch by stresses due to a variation of 20 deg. tem- 
perature and arch shortening, making the total 
stress in the concrete 650 lb. per square inch. 
The thickness of the arch ring at the haunches was 
2 ft. 6in. A construction joint was made between 
the abutment and the arch ring at a point 3 in. 
above the springing line of the arch, the joint being 
normal to the arch thrust. The maximum pressure 
on the abutment foundations, which are on poor 
sandstone, is 11 tons per square foot. A view of 
the arch during construction is given in Fig. 17 
on Plate XVIII. 

As the concrete roof was completed it was water- 
proofed with a layer of asphalt } in. thick and pro- 
tected with bricks laid in cement mortar. The earth 
filling was then placed in position and the surface 
of the park restored. Fig. 18 on Plate XVIII, shows 
Museum Station completed. The roof consists of the 
single span described, which accommodates two side 
platforms with a double line of railway between. 

In order to minimise the presence of dust in the 
underground stations, as well as reduce the track 
maintenance, the road bed is of concrete with timber 
sleepers embedded therein; the concrete is kept 
1 in. below the flange of the rail at centre and cam- 
bered to drain the water to the side drains. The 
sleepers are of ironbark—9 in. by 5in. by 8 ft. long, 
with 9 in. wide sleeper plates 9} in. long, at all bearing 
points. 

The interior walls of the stations and subways 
are finished with a hard glazed tile to a height of 
8 ft. or thereabouts, Above this the concrete is 
treated with two coats of mill white water paint 
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sprayed on, giving a hard white surface, which is also 
continued over the ceilings. The cream body tiles 
with top and bottom moulding courses are common 
to all stations, but the colour of the moulding tiles 
will be different at the various stations. Fig. 25 





on page 287 shows part of the northern concourse 
of Museum Station, and gives a good idea of the 





excavator, two steam shovels and an electric’crane 
being used. The latter was installed to handle the 
larger pieces of rock. The work is illustrated in 
Figs. 19 and 20 on Plate XIX. The total quantity 
of excavation was 128,446 cubic yards, consisting 
principally of shale and rock. It is interesting to 
note that the dragline excavator removed in 





intensity of illumination is that of 4 ft.-candles on 
a plane 3 ft. above platform level. On all platforms 
bubbler drinking fountains are provided. All 
details have been designed to harmonise as far as 
possible with their surroundings. This is eyi- 
denced in the design of the lamps chosen for 
Museum and St. James Stations, the latter being 
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lighting arrangements, also of the tiling on the walls 
and columns, and iron balustrading to stair ways. 

St. James Station, shown in Figs. 26 to 28 on this 
page, is located at the northern end of Hyde Park, with 
entrances and exits from} Elizabeth-street opposite 
Market-street, also from St. James-road in Queen’s- 
square at the top of King-street. With a rail level 
of 56-00, the station is some 40 ft. below the surface 
of the park. The two island platforms are served 
by four tracks, the Down City and Up City East 
lines occupying the outside roads, while the two 
inside tracks serve the Eastern suburbs. The out- 
side walls of the station at platform level are 108 ft. 
apart, the roof being supported by reinforced con- 
crete walls of 24 in. thickness. The two island 
platforms have a width of 28 ft., with an overall 
length of 520 ft., and are served by stairways to the 
concourse. One 12 ft. stairway from the concourse 
to each platform gives access for the incoming 
passengers, while two 6 ft. stairways on each plat- 
form carry the outgoing passengers to the concourse 
floor, a rise of 16 ft. 6 in. 

The concourse situated in the centre of the station, 
has a total width of 108ft. 6 in., and a length of 
108 ft. 6 in., with a clear height from floor to roof 
panel of 16 ft. to 18 ft., and is constructed with steel 
columns and girders, encased in concrete, with rein- 
forced concrete floor and roof panels. Separate 
entrance and exit subways are provided. The 
subways are in twin construction, with plain con- 
crete walls and reinforced concrete roof, with a 
clear width of 10 ft. to each subway, and a height 
of 7 ft. 10 in. to the springing line of the low sprung 
arch, which has a thickness of 12 in. The subways 
lead to an easy flight of steps giving access to the 
street. The total rise from platform level to the 
St. James-road entrance is 36 ft. and that to the 
Elizabeth-street entrance 17 ft. 6 in., the rise being 
negotiated by stairs and ramps on easy grades. 
This station is designed*to serve terminating as 
well as through traffic, being the junction station for 
the Eastern suburbs connection. 

The excavation for this station was carried out 
by the open cut method, a Bucyrus dragline 
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26 consecutive working days (8 hour) a total of 
26,000 cubic yards of material at a cost for wages, 
explosives and tipping into the lorries, of 9d. 
per cubic yard. Fig. 21 on Plate XIX shows a 
view of the platforms at St. James Station. The 
wearing surface of these platforms and that of the 
concourses is bituminous asphalt 1} in. thick. *; 

At St. James Station there are four tracks! 
serving two island platforms ; the two outer tracks 
are the City Railway tracks, and the two inner 
tracks are the Eastern Suburbs tracks. To ensure 
a non-slip, long wearing tread for the stairways 
and platform nosings, a mixture of 12/30 grit 
carborundum, sharp sand and cement, in the 
proportion of one, one, two, was laid over all 
treads and landings to a thickness of } in. 
James Station, with its open stair arrangement, 
has called for extensive balustrading, which has 
been carried out in wrought ironwork of plain 
bars with panels at intervals of a geometri€ pattern, 
furnished with a base of sheet iron. The. handrail 
is bracketed from the balustrade, and” as a finish 
to the latter, which is 4 ft. high, there'is a capping 
of extruded brass oxidised. Over 800 ft of ‘this 
capping were used, and this greatly enhances the 
appearance of the ironwork. Entrance and exit 
barriers consist of cast-iron posts with Doric caps 
and bases, collapsible gates and short sections of 





wrought-iron balustrading, to link up with that 
around the stairwells. A view of the concourse 
and stairways of St. James Station is given in 
Fig. 22 on Plate XIX. 

The lighting of the stations is so arranged that 
a failure of two separate systems is necessary to 





effect a complete shut down in the lighting ; these 
sources are represented by high-tension ring mains 
traversing the system and feeding the lighting 
reticulation through two independent transformers ; 
while a constant supply of 10 per cent. from a 
25-cycle main, would give sufficient light to the 
stations in case of failure of the main supply. The 
efficiency of the station lighting is shown by the 
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in close proximity to St. James Church and St. 
Mary’s Cathedral; two notable buildings in the 
history and life of Sydney: 





LABOUR NOTES. 


THE sub-executive committee of the Metalworkers’ 
Minority Movement have drawn up a “ programme” 
for the heavy iron and steel industry. They admit 
that the task was not an easy one, “as there are,” they 
say, “so many complications regarding terms ‘of 
employment, &c.” Moreover, in drafting the pro- 
gramme care had to be taken, it is pointed out, not 
to make it too; detailed in character, as a campaign 
plan: of such a character was unlikely to be generally 
acceptable. The proposals are certainly not over- 
one with detail, but. they certainly cannot be 

iscribed as unambitious. Indeed, if they fail to 
attract, the, explanation will probably be that they 
are much too drastic. 





The aims of the Movement inthis particular branch 
of British industry are declared to be : (1) An increase 
of 20s. per week on all existing rates to all adult grades, 
with a minimum of 16s. per shift. (2) The establish- 
ment of a 44 hours’ working week, and the abolition: of 
overtime. (3) The abolition of the sliding scale and 
the merging of all existing bonuses in the standard 
rate. Where it applies, the abolition of the grouping 
of bar-mills according to output for the purpose of 
wages ascertainments. (4) The introduction of third 
hands on all melting furnaces of 40 tons capacity and 
over where this does not already apply, the employers 
to be wholly responsible for payment. (5) Wage 
rates for youths to be one-third of full adult rate up 
to the age of 18, two-thirds between 18 and 20 years of 
age, and full rate thereafter, these rates to be based 
upon the above minimum demand. (6) The establish- 
ment of works’ committees representing all grades of 
workers employed. (7) The amalgamation of all 
unions in the industry into one union for metalworkers. 
(8) The establishment of 100 per cent. trade unionism. 





A bolder bid than ever is apparently to be made 
by the extremists this year to “capture ”’ the Trades 
Union Congress. The Worker, the official organ of 
the National Minority Movement, says :—* The 








views of St. James and Museum Stations, which 
were taken without the aid of flashlights. The 
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the future policy of the Trade Union Movement. At 
the moment there is no clear idea of what the future 
policy, leadership, and organisation of the movement 
should be. Every leader has a different opinion as to 
the line to be pursued, and, so far, Congress has not 
considered it worth while to have a thorough discussion 
on the existing situation, the difficulties facing the 
movement, and the methods to be adopted in the 
future. The result is confusion, rivalry, and inter- 
union jealousies, due to a variety of policies all cutting 
across each other, and not relating to the working 
classes as a whole.” 





“The Edinburgh Congress must,’’ the writer goes on 
to say, “allow itself plenty of time in which to get 
down to these problems; and after discussion has 
taken place on such questions as : trade union strategy ; 
wage campaigns, defensive and offensive ; joint action, 
methods and responsibilities ; relation of the unions 
to the Government and the State; the trade unions 
and the Labour Party ; workers’ control; and factory 
committees—a special reorganisation committee should 
be appointed by the Congress from the delegates 
present (half of whom must be rank-and-file members) 
to map out, in the light of the discussion, a considered 
statement to be submitted to a special Trades Union 
Congress, not later than March, 1928.’ ‘‘ We hope,” it 
is added, ‘some of our readers will draft resolutions 
embodying the above suggestions, and see that their 
executive committees get them placed upon the 
Congress agenda.” 





In the report of the Associated Blacksmith’s Forge 
and Smithy Workers’ Society for the fourth quarter 
of 1926, Mr. Lorimer, the general secretary, states that 
the resumption of work at the collieries of the country 
was followed, as was expected, by a gradual resumption 
in other industries. The immediate consequence was 
a decrease of 1,180 in the number of unemployed 
members. The total at the end of December was 
2,234, or slightly more than 20 per cent. of the member- 
ship. The trade union income for the quarter was 
3,795/. 2s. 10d., and the expenditure on trade union 
objects—4,6661. Os. 2d. The income of the Political 
Fund was 341. 5s. 8d., and the expenditure 68/. 7s. 04d. 
From the Ministry of Labour, 26,589]. 5s. 11d. was 
received, and 26,603/. 9s. 8d. was paid out; and from 
the Board of Health, 2,349]. 14s. 4d. was received and 
2,375]. 188. 54d. was paid out. 





Pressure is now being applied by the unions in both 
engineering, and shipbuilding, with the object of obtain- 
ing for their members an advance of wages. The 
executive of the Federation of Engineering and Ship- 
building Trades has decided to call a national conference 
for March 24 to consider the question of reviving the 
demand for an increase of 20s. per week. The advis- 
ability of approaching the shipbuilding employers on 
the same subject has also been under discussion, 
and it has been decided to refer the matter to the 
Emergency Committee with instructions to re-open, 
if it is deemed advisable, theJnegotiations which were 
suspended when the Joint Committee of Inquiry began 
its investigations. 





Mr. Lorimer, the general secretary of the Associated 
Blacksmith’s Forge and Smithy Workers’ Society, 
states that recommendations have been received by 
the executive to withdraw from the Federation of 
Engineering and Shipbuilding Trades. The grounds 
stated for the proposed secession are (1) that the Society 
derives no benefit from the connection, (2) that affilia- 
tion entails unnecessary expense on delegations and in 
fees. A vote of the members is to be taken on the 
proposal. According to Mr. Lorimer, the cost of 
attiliation, &c., is less than 3d. per member per month. 
“Your executive,” Mr. Lorimer says, ‘“‘ having regard 
to the services of this Federation, past, present and 
prospective, to the members in the districts covered 
by its activities, are emphatically convinced that our 
withdrawal therefrom would be a mistake, particularly 
in view of the joint problems (local and national) 
that, with the return of trade, will await adjustment.”’ 





Industrial and Labour Information. the organ of 
the International Labour Office, states that clause 2 of 
the French Bill for the ratification of the Washington 
Hours’ Convention, as it has been left by the Senate, 
reads, in effect, as follows :—‘‘ The approval thus given 
to the provisions of the Draft Convention limiting the 
hours of work in industrial undertakings to eight 
i the day and forty-eight in the week, drawn up by 
the International Labour Conference at its session 
held in Washington from October 29 to November 29, 
1919, shall, in conformity with Article 405 of the 
Treaty of Versailles, be communicated to the Secretary- 
General of the League of Nations for registration, 
Subject to the reservation that the obligations which 





it involves for France shall take effect only after the 
said Draft Convention has been ratified by Germany 
and by Great Britain.” 





In this connection, it may be recalled that in the 
debate on the Washington Hours Convention in the 
House of Commons on February 28, Mr. Montague 
asked if the Government would agree to a provisional 
ratification pending an international agreement. In 
reply, the Minister of Labour stated that that was 
precisely the kind of point that would be taken into 
consideration, in coming to a decision on the question 
whether ratification should be by an enabling Bill, or 
by some other provision allowing us to ratify condi- 
tionally on the other nations ratifying. 





The Political Correspondent of The Times under- 
stands that Lord Cecil has been appointed chairman of 
the Cabinet Committee which is considering the whole 
question of the Washington Forty-Eight Hour Week 
Convention. It is hoped, it is stated, that, as a result 
of this inquiry, the decision of the Government on the 
question of ratification will be announced soon after 
Lord Cecil’s return from Geneva. The general feeling 
among members of the House of Commons is, the 
correspondent adds, that, as a result of last week’s 
debate, the decision of the Government will certainly 
be in favour of early ratification, provided that a few 
technical difficulties can be overcome. 





The Ministry of Labour states that on February 28, 
1927, the. number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,169,500, of whom 940,100 were men, 31,300 boys, 
164,000 women and 34,100 girls. Of the total number, 
71,200 men, 200 boys and 900 women were persons 
normally in casual employment. On February 21, 
1927, the number of unemployed persons was 1,196,059, 
of whom 955,348 were men, 33,091 boys, 171,646 
women, and 35,974 girls; and on March 1, 1926, it 
was 1,107,138, of whom 872,055 were men, 29,311 
boys, 173,153 women, and 32,619 girls. 





Speaking at Norwich during the week-end, Mr. C. T. 
Cramp, industrial secretary of the National Union of 
Railwaymen, said that there was a school in the trade 
union world which believed that the ultimate triumph of 
the workers could best be brought about by destroying, 
or at least damaging, the industries in which the workers 
were engaged. The leaders had every right to know 
where their members stood, and what it was they 
desired to be accomplished. If it was to be the progres- 
sive ruin of the various industries, then they must 
cease negotiations and relinquish their endeavours to 
rectify grievances and to present programmes. They 
must merely aim at destroying or impoverishng the 
industries with which they were concerned. “I do 
not think,’ Mr. Cramp said, ‘‘ we should have many 
members left in our trade unions if we embarked upon 
that course.” 





Mr. J. H. Thomas, M.P., strongly condemned the 
general strike as an economic weapon, in the course of 
a speech delivered at Blackburn on Sunday. As an 
economic weapon, as a means of improving the economic 
position of the worker, the general strike was not only, 
he declared, a bad and a wrong policy, but was a policy 
that was doomed to failure from the start. The 
moment, he said, that on a clearly-conceived pro- 
gramme, a leader or number of leaders, speaking in the 
name of the movement, declared that on a given day 
a general strike would take place, it would be the 
bounden duty of any Government, whether it were 
Liberal, Tory, or Labour, to say, ‘‘ This is a challenge 
to the authority of the State.” They would be bound 
to say that, because they would have to organise to 
meet it. Therefore, he ruled out a general strike as a 
practical scientific weapon for achieving their economic 
salvation. The more effective a general strike became 
the more the workers themselves must suffer. 





A Royal Order has been published in the Gaceta de 
Madrid enforcing the Spanish Decree of December 24, 
1926, which set up a General Department of Labour 
and Social Action. Under the new Order it will be 
the duty of the Department to organise and supervise 
the departments of the Ministry of Labour dealing 
with the enforcement of such labour laws as are not 
dealt with exclusively by the factory inspectorate, 
and with all questions concerning the national 
corporate organisation, home work, social insurance, 
grants for employment exchanges, unemployment and 
large families, cheap housing and co-operation. The 
Department will have to consider what amendments 
or new proposals experience of the legislation referred 
to may suggest, and to compare national legislation 
with legislation of other countries. 





It will also collect statistical information concerning 
employers’ and workers’ organisations, and examine 
the legal and economic situation of the workers, 
the state of employment and unemployment in Spain 
and other countries, and the administrative relations 
of the Ministry of Labour with its various advisory 
and auxiliary institutions and organisations, such as 
the Council of Labour, the National Provident Insti- 
tute, the Vocational Re-education Institute, the Home 
for Disabled Workers, the Committee of Representa- 
tives of the Corporate Councils, and the Home Work 
Committee. Finally, the Department will have charge 
of the relations of the Ministry with the International 
Labour Office, and will deal with all questions sub- 
mitted to the Ministry of Foreign Affairs by the Ministry 
of Labour, Commerce and Industry, in connection with 
the appointment of delegates and advisers to the Inter- 
national Labour Conference. 


A Bill has been submitted to the Austrian Parliament 
by members of the Christian-Socialist and Pan-German 
parties relating to the rights of association and assembly. 
The promoters assert that the liberty of association 
has, in many cases, been abused. According to the 
official organ of the International Labour Office, the 
measure closely follows the Czechoslovak Act of 
August 12, 1921, ‘* to prohibit coercion and to safeguard 
liberty of assembly.” It provides that any person 
who ill-treats another (or the family, dependants or 
persons under the care of another), or injures him 
in his person, liberty, &c., or who knowingly takes 
advantage of any imminent distress threatening 
another, or makes use of his position in order illegally 
to compel another to perform, omit or tolerate any 
action, shall be deemed to. be guilty of coercion. 
A strike or lock-out shall not be deemed to be injury 
within the meaning of the Bill unless it is directed 
against individual employees from religious or political 
motives. 

Coercion is to be deemed a contravention, punishable 
by the courts with detention for not less than one 
month and not more than six months. Any person 
who, either alone or in association with others, wilfully 
breaks up a legally-convened meeting, or frustrates 
its purpose, shall likewise be deemed guilty of a 
contravention, and shall be punished by the court 
with detention. The Bill has been transmitted to the 
Constitution Committee (Verfassungs-Ausschuss). The 
Social-Democratic Party, and also the trade unions 
affiliated to the Austrian Trade Union Committee 
(representing over 80 per cent. of all organised workers 
in Austria), are said to be strongly opposed to the 
measure. 








Frencu ForeiaN TRADE IN Motor VeEuHIciEs.—A 
short report under this title has been prepared by the 
Department of Overseas Trade, 35, Old Queen-street, 
8.W.1, from information furnished by the Commercial 
Counsellor at Paris, for issue to firms whose names appear 
on the Department’s special register. British firms 
desirous of obtaining a copy, together with full particulars 
of the special register service, should communicate with 
the Department at the above address. (Ref. No. 
AX. 4302.) 

TrriaL Trip oF THE 8.8. “ ANDALUSIA.”—On Tuesday, 
March 1, a successful trial trip was carried out at sea 
of the S.S. Andalusia, the second of three twin-screw 
geared-turbine vessels built by Messrs. Cammell Laird 
and Company, Limited, Birkenhead, for the Blue Star 
Line. The following day the Andalusia left for London, 
and she will sail for South America on March 11, on her 
maiden voyage. 'Thenew vessel is 510 ft. long, and has a 
displacement of about 23,000 tons. Notable features 
are the luxurious decoration, furnishing and ventilation 
of the public rooms and staterooms for the accommoda- 
tion of about 180 first-class passengers, no other class 
being carried. 

An Earty Evecrro-PNeumatic LAmp.—Prior to a 
meeting of the Institution of Electrical Engineers held 
on Thursday, March 3, a demonstration was given by 
Mr. Ll. B. Atkinson of a lamp used in the early part of 
last century for lighting candles, &c. It consists of a 
china vessel mounted on a wooden base and containing 
apparatus for the automatic generation of hydrogen 
by the action of sulpharic acid in zine, while enclosed in 
the base is an electrophorus which had, of course, to be 
excited in the usual way. By pressing a knob, a cock 
was opened to allow a stream of hydrogen to issue from 
a jet, and the plate of the electrophorus was simul- 
taneously lifted so as to cause a spark to pass and ignite 
the gas. The apparatus was patented in this country 
by R. Lorenz in 1807, and various improved forms were 
afterwards brought out and used to a limited extent, 
although, as far as is known, the example demonstrated 
by Mr. Atkinson is the only one now in existence. In 
the light of present knowledge, the apparatus seems 
to have been a particularly complicated, troublesome 
and expensive method of obtaining a flame, but it was 
probably an important improvement, in some respects, 
on previously existing methods ; it certainly serves to 
show what a blessing the invention of the iucifer match 
must have been to our ancestors. 
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WORKING CAPACITY AND VENTILA- 
TION IN COLLIERIES. 


IT has lately become more and more generally ac- 
cepted that favourable environment, conducing to the 
health and comfort of the worker, is a most important 
factor in obtaining efficiency and high output. Of the 
conditions affecting physical environment, probably 
ventilation and temperature of the working places have 
a greater influence than any other. Whilst in some 
industries these may be highly satisfactory, in others the 
very nature of the work renders the control of these 
factors impossible or at least extremely difficult. A 
notable example of the latter conditions is found in 
coal-mining, where the work is arduous and the 
temperature, especially in the deeper mines, is often 
high. 

Investigations in certain industries involving heavy 
manual labour have shown sufficiently conclusively 
that unfavourable conditions undoubtedly have an 
adverse effect upon the efficiency of workers. But in 
coal-mining it is obviously difficult to make comparisons 
which would be of any value owing to the dissimilarity 
of prevailing conditions, not only in different collieries 
but sometimes even in the same seam. More than 
usual interest, therefore, attaches to an investigation 
of conditions in this industry by the Industrial 
Fatigue Research Board, a report on which has been 
recently published.* 

Since, for the reason mentioned above, i.e., the 
varying difficulty of getting coal, the output of one 
seam could not be fairly compared with that of 
another, two methods were adopted. In heavy mus- 
cular work, as this report points out, the effort is 
never truly continuous, but is interrupted periodically 
by short rests. The percentage of time spent in these 
voluntary pauses may, it is considered, be taken as an 
approximate measure of the working capacity. Again, 
the time required for a given task may be taken: 
in this instance the filling of a tub or mine wagon was 
chosen, Further, a study was made of the relation of 
atmospheric conditions to the accident rate. 

The subject is one which will naturally, in the future, 
acquire increasing importance, since colliery workings 
tend to become deeper as the upper seams are 
exhausted. Whilst it has been usually actepted that 
the working capacity of the miner decreases at high 
temperatures, there is no general agreement either as to 
the extent of decrease in efficiency or at what tempera- 
ture this falling off starts. Previous investigations 
have been too superficial to be very convincing and the 
results, in fact, have occasionally been of a contra- 
dictory nature. In the investigation covered by the 
report under notice, observations were made by Messrs. 
Vernon and Bedford at two adjacent collieries in the 
Eastern Division over a period of five months. In one 
of these, selected on account of the wide range of tem- 
peratures encountered, the upper seam is of steam coal, 
5 to 6 ft. thick, and observations were made at 540 to 
660 ft. below surface with a temperature of only 63 deg. 
(d.b.) and 59 deg. (w.b.), whilst the greatest depth, 
where a 5 to 6-ft. seam of household coal is worked, 
is 2,655 to 2,715 ft. and the temperature as high as 
89 deg. (d.b.) and 82 deg. (w.b.). In the adjoining 
colliery, the variations in depth were not so great, and 
included’a seam of 3 to 6 ft. at a depth of 1,700 to 
2,150 ft., one of 44 ft. at a depth of 2,100 to 2,200 ft., 
and one of 5 to 6! ft. at a depth of 1,450 to 1,600 ft. 

The working place selected for observation was 
generally reached about 9.30 a.m., and, after setting up 
the kata-thermometer apparatus, observations of the 
air velocity and temperature were made as near as 
possible to where the collier was usually standing— 
i.¢., 3 ft. from the coal face, the instruments being fixed 
at roughly the chest height of the men. All cessations 
of work to the neares* quarter minute were recorded, 
the rest pauses being aivided into three categories, viz., 
voluntary rests, involuntary rests (due mostly to 
waiting for tubs and to standing clear to avoid falls of 
coal after * barring ’’) and time spent in talking aboyt 
the work with a mate or a deputy. 

One observer was usually able to record the rest 
pauses made by two colliers, and also to estimate 
the tub-filling time. The time taken to fill tubs 
ranged between the extremes of 6 and 15 min., whilst 
8-0 to 8-9 min. was the most frequent period. Rest 
pause observations were made on 124 colliers altogether, 
and also upon 14trimmers. Only one visit was made to 
any one working place, so that all the observations 
relate to different men. The kata-thermometers were 
held in a clamp fixed to a 15-in. brass rod, screwed 
into the head of a light metal photographic tripod. 
The wet- and dry-bulb temperatures were taken by 
means of standardised Edney sling hygrometers. 

The data obtained showed that the wet kata cooling 
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power is a better index of atmospheric conditions in 
relation to working capacity than any measure that has 
so far been suggested. In order to bring out the relation- 
ship between cooling power and working capacity, the 
138 observations made were divided into six groups, in 
which the mean wet kata cooling power ranged from 
18-6 to 6-4, and the associated dry kata cooling power 
from 5-6 to 1-7. With decrease of cooling power, the 
voluntary rests from work rose fairly steadily from 
4} min. to 8 min. per hour, whilst the involuntary rests 
rose somewhat irregularly from 1 or 14 min. to 124 min. 
The rests taken in talking about work were generally 
about | min. per hour, and the total rests taken ranged 
from a minimum of about 7 min. at the highest cooling 
powers, to a maximum of about 22} min. at the 
lowest cooling power. 

The colliers thus put in 53 min. of physical work 
per hour under the most favourable atmospheric 
conditions, as against 374 min. per hour when the 
conditions wére least favourable. Further, the speed 
differed quite considerably. They took 8 min. to fill 
a tub under the best conditions, and 9-6 min. under the 
least favourable. The actual working capacity of the 
men could therefore be proportional to working time 
per hour divided by tub-filling time. Converting the 
working capacity thus deduced into percentages, the 
most unfavourable conditions show a working capacity 
which is only 59 per cent. of that obtained under the 
best conditions. 

Whilst the natural temperature and humidity of 
mine workings cannot be controlled, they can certainly 
be modified and improved by increased ventilation, 
and the fact that the wet kata cooling power is a good 
index of atmospheric conditions in relation to working 
capacity, shows that air movement plays an important 
part. But it is probable that this influence is even 
greater than is shown by the cooling power observations. 
In comparing two groups of observations in which the 
air velocity averaged, respectively, 15 and 51 ft. per min., 
the rest pauses taken by the low velocity group were 
9-6 min. per hour, whereas those taken by the high 
velocity groups were only 7:8 min., notwithstanding 
that the wet kata cooling power of both groups 
was practically the same. Again, the tub-filling 
time was 9 min. for the former, as against 8-6 
min. for the latter, so that the working capacity of 
the former group came to 8 per cent. less than the 
latter. It would appear, therefore, that in this case 
the wet kata cooling power was not an accurate index 
of working conditions, since it under estimated the 
importance of air movement. Nevertheless, it was 
more accurate than any other index available. 

It was observed that the air velocity at pillars and 
heading was only half that at longwall faces. By | 
keeping the brattice well advanced, however, the | 
velocity can be greatly increased, and it was found that 
when the brattice was 5} ft. from the face, the velocity 
was 68 per cent. as great as that observed in the intake 





Working Capacity and the Accident Rate of Coal Miners, 
by H. M. Vernon, M.D., and T. Bedford, B.Sc., Medical 
Research Council. London: H.M. Stationery Office, 


Adastral House, Kingsway. ([Price, ls. 3d. net.] 


and return airways, but when 31 ft. distant it was only 


| in effecting increase of comfort and working capacity of 
|the miners. When, however, the velocity is too great. 
|it may, in some cases, be inadvisable to advance the 
| brattice to the shortest distance, since a continuous 
| draught may give the men rheumatism. 

It would appear that the accident rate may be 
influenced a good deal by the atmospheric conditions 
under which the miners work. At one colliery, where 
the ventilation in the airways was worse than in the 
other, the accident severity rate was 55 per cent. 
greater. When a cooling plant was introduced, in 
1922, at the Morro Velho gold mine, in Brazil, by means 
of which the intake air was cooled from 67 deg. to 43 deg., 
the wet-bulb temperature, in the deepest workings at 
about 6,000 ft., was reduced from 89 deg. to 80 deg., 
becoming thus quite bearable, and the improvement 
was reflected in the accident rate. In the 16 months 
previous to the installation of the plant, there were 2 
fatal accidents, whilst in a similar period following 
its introduction, only six fatal accidents occurred. 
Apparently, under cooler conditions, the men were 
more alert to perceive and avoid danger. 





SHIP’S AUXILIARY LIGHTING AND 
PUMPING SET. 


THE photograph reproduced above illustrates a useful 
auxiliary lighting and pumping set recently supplied 
by the Parsons Oil Engine Company, Limited, Town 
Quay Works, Southampton, for installation on a yacht. 
but which appears to have many other possible applica- 
tions. It consists, as shown, of one of the firm’s 
standard 14-16 h.p. engines, which start on petrol and 
run on paraffin, mounted on a cast-iron bedplate, and 
driving both an 8-kw. continuous-current generator 
and a reciprocating pump. The engine has two 
cylinders of 4}-in. bore with a piston stroke of 6 in.. 
and is generally similar in design to the three-cylinder 
model illustrated and described on page 543 of our 
119th volume. One or two special attachments are, 
however, provided, and one which may be mentioned 
is a small reciprocating pump, visible on the extreme 
right of the illustration, this pump being used to draw 
fuel oil from storage tanks located low down in the 
boat and deliver it into an overhead tank supplying 
the engine by gravity. 

The drive from the engine passes straight through the 
gear-box to the generator, which runs at the engine 
speed, while the pump is driven through worm reduction 
gearing provided with engaging and disengaging 
mechanism, so that the pump can be driven without 
running the generator, or vice versa. The pump, which 
is capable of delivering from 30 gallons to 40 gallons a 
minute, can be used as a bilge pump, or, with a suitable 
valve chest, can be employed to pump sea water fo! 
deck-washing or fire-extinction duties. A special 
feature of the particular set illustrated is that it has 
been arranged so that the generator can be used as a 





32 per cent. as great. The advance of the brattice 
would therefore appear to be, in many cases, desirable | 





motor for starting up the engine, which is fitted with 
a device for relieving the compression while the generat! 
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picks up speed. Another point to which the makers 
call attention is the absence of vibration. We under- 
stand that, owing to the firm’s practice of fitting this 
type of engine with a balanced crankshaft, it was not 
found necessary to bolt the set down to the test bed 
for the shop trials. 





A SIMPLE TRANSMISSION DYNA- 
MOMETER. 
By J. C. Oaxpsn, M.A. 

A TRANSMISSION dynamometer of a simple and rather 
unusual type has recently been made and installed 
in the laboratories of the Municipal College of Tech- 
nology, Manchester. In principle, it is a copy of a 
dynamometer constructed by Sir Charles Parsons, 
K.C.B., F.R.S., in 1896, and used by him for deter- 
mining the shaft horse-power of the first steam turbine, 
developing 2,000 h.p. at 2,000 r.p.m., installed in the 
experimental turbine ship Turbinia. This instrument 
was of the spring flange-coupling type, its special features 
being the use of short, stiff springs to avoid distortion 
due to centrifugal force, and a very ingenious recording 
device, which enabled readings to be obtained without 
the use of optical mechanism or complicated levers. 

The present instrument is of much smaller size. 
- purpose is to measure the power output of a small 
Je Laval steam turbine, which drives a centrifugal 
pump at a speed of 1,700 r.p.m. through reduction 
searing. The maximum power of the turbine is 20 h.p., 
responding to a torque on the pump shaft, on which 
the dynamometer is mounted, of about 62 lb.-ft. 

. Diagra mmatic sketcheslof the dynamometer are given 
r igs. 1 and 2, and a photograph is reproduced in 
'g. 3. The flanges A and B, Fig. 1, are connected 
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by two helical springs, each having four free turns 
of 4-gauge steel wire, coiled to a diameter of 1} in. 
These are so stiff that there is little tendency to 
sag under centrifugal force. The relative motion 
of the flanges occasioned by the compression of 
the springs is made to rotate a bell-crank lever C, 
which is pivoted upon one flange and guided in 
a grooved block mounted on the other. The mass 
of the lever and the guide block is balanced by holes 
of suitable size drilled in the flanges. The free end of 
the lever carries a steel point projecting outwards, 
and a similar point is mounted upon the outer edge of 
the flange B. 

The method of obtaining readings is exceedingly 
simple. The rotating parts are normally surrounded 
by a metal guard, shown by broken lines in Fig. 2, and 
this is arranged with a flat top having a rectangular 
hole through which the two points project slightly at 
one part of each revolution. By pressing a piece 
of wood upon the flat surface while the machine is 
running, two scratches are made upon the surface of 
the wood. The distance between the scratches is 
measured, and the torque in the shaft can then be 
obtained by reference to a calibration curve. The 
records of the observations are thus obtained in a 
permanent and convenient form, and one piece of 
wood can accommodate a complete set of numbered 
records relating to one or more runs of the machine. 
The instrument was calibrated by applying known 
values of turning moment by means of levers bolted 
to the flanges. The curve so obtained is reproduced 
in Fig. 4. It is not quite a straight line, on account 
of the circular path of the moving point. 

It was found on test that the dynamometer ran 
smoothly and without vibration. The distance between 
the points can be measured without difficulty to 
within one-fiftieth of an inch, giving a maximum 











error in the horse-power of about 2 per cent. 

The instrument was designed by Professor G. G. 
Stoney, D.Sc., F.R.S., late head of the Mechanical 
Engineering Department of the College, from drawings 
of the original Turbinia dynamometer kindly supplied 
by Sir Charles Parsons. 


COLLIERY ACCIDENTS IN THE UNITED STATES.— 
Accidents in United States collieries during 1926 resulted 
in the loss of 2,510 lives, and as the output of coal for 
the year was 663,290,000 tons, the fatality rate was 3-78 
per million tons, as compared with 3-84, the corresponding 
figure for the previous year, 





THE SOCIETY OF GLASS 
TECHNOLOGY. 


Tue Society of Glass Technology held a joint 
meeting with the Yorkshire Section of the Society of 
Chemical Industry, in Sheffield, on Wednesday, 
February 16. The following bodies also took part: 
The Sheffield Metallurgical Association, The Sheffield 
Section of the Institute of Metals, and The Sheffield 
Society of Engineers and Metallurgists. The meeting 
was devoted to a general discussion on silicate analysis. 
The following papers formed the basis of the dis- 
cussion :— 

“A Critical Survey of the Method in Use for the 
| Analysis of the Simple Glasses,” by W. H. Withey, 

B.A.—The glasses comprised in the scheme normally 
contained silica, iron oxide, alumina, manganese oxide, 
magnesia, soda and potash, with sulphate and chlorides, 
and sometimes the oxides of arsenic and antimony in 
small proportions. The soda-lime series of glasses was 
included, and lead glasses differed only in that they 
contained lead. Borosilicate glasses containing zinc, 
and other glasses of more complex composition were 
excluded. Attention was directed only to criticisms of 
methods and recommendations as to the best procedure 
in order to ensure the most accurate results. Referring 
to the question of the limits of accuracy possible in 
glass analysis, the author pointed out that the adoption 
of any standard became naturally a matter for personal 
opinion and experience. It was not unreasonable to 
suppose, however, that the limits of accuracy for the 
major constituents were in the order of 0 + 0-08, 
calculated on the weight of the original material, 
and that the total for the best analyses should fall 
within the limits 99-75 and 100-20. A comprehensive 
examination of various methods was made under the 
following main headings :—I. General Survey ; II. The 
Precise Determination of the Constituent Oxides ; 
IIT. Suggested Schemes of Analysis ; and IV. Modifica- 
tions of the Scheme for Approximate Results for 
Purposes of Works Control. 

‘Notes on Methods used in the Analysis of Glasses,” 
by Violet Dimbleby, M.Sc.—Stress was laid in this 
communication upon the precautions to be observed in 
the determinations of silica and alumina, even in the 
case of the simple glasses. There was great need for 
careful washing and for control of the temperature of 
baking the silica; for the latter, the use of a high 
temperature was strongly condemned. Experiments 
made with pure rock crystal indicated that nothing 
was to be gained by this pratice, and when other 
constituents were present with the silica, as in a glass, 
serious contamination of the silica would arise. Passing 
to the study of the more complex glasses, consideration 
was given to the determination of ferric oxide, ferrous 
oxide, manganese oxide, arsenious and arsenic oxide, 
lead oxide, titania, zirconia, zinc oxide, cobalt oxide, 
baryta, boric oxide, sulphur trioxide, chloride and 
fluoride. Difficulties that were likely to arise, and the 
precautions or modifications that were necessary under 
certain conditions, were indicated. The choice of 
method for the determination of any one of the con- 
stituents of a complex glass was determined by the 
qualitative analysis of the glass ; that is, by the nature 
of the other constituents present. Reference was also 
made to alternative methods which might be adopted, 
in some cases, where speed was of more importance 
than absolute accuracy. 

“The Analysis of Refractories,’ by W. J. Rees 
B.Se.—In the case of most refractories, the finest 
grinding of the sample before fusion was essential, 
while for a glass an exceedingly fine division was not 
absolutely necessary. For fireclays containing 3 per 
cent. or more of iron oxide and titania, it was undesir- 
able to heat the evaporated fusion at a temperature 
higher than 105 deg. C. The author found that, above 
105 deg., there was an increase in the contamination of 
the silica, and contented himself with evaporating on a 
water bath. He cordially seconded Mr. Withey’s re- 
commendation of the use of methyl red as an indi- 
cator; it was very useful in cases where the materials 
contained large proportions of lime and magnesia. 
Reference was then made to the analysis of magnesite 
bricks, basic dolomites, sillimanite, chrome refractories 
and silica bricks. Sillimanite gave trouble in analysis 
unless care was taken in the fusion. For the deter- 
mination of alkalies in fireclays, the author relied on the 
Lawrence Smith method. He expressed his great 
interest in a suggestion made by Dr. W. Rosenhain, in 
the course of the discussion on Miss Dimbleby’s paper, 
namely, the use of superheated water for the first 
breakdown of the original material. The author 
had tried the method in a small way, without getting 
very good results. The method, however, was worthy 
of further investigation. 

“* Notes on the Analysis of Silicate Slags,” by T. P. 
Colclough, M.Sc.—A close knowledge of the com- 
positions of the slags formed in metallurgical processes 
was of fundamental impottance, and methods for their 








rapid, and reasonably accurate, analysis were necessary. 
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A table was given showing typical analyses of various 
kinds of slags, from which it was seen that the slags were 
generally much less siliceous than glasses. Methods were 
then indicated for the determinations of silica, iron 
oxide, alumina, phosphate, manganese oxide, lime and 
magnesia, sulphur and vanadic oxide. In addition to the 
more precise methods indicated, it was necessary, for 
the control of commercial processes, to be able to make 
analyses of slags for certain constituents with sufficient 
rapidity and accuracy to be a guide to the person 
operating the plant. In each of the separate opera- 
tions in iron and steel making, at least one constituent 
of the slag was of vital importance, in either the control 
of the operation or the manner of disposal of the 
material produced, and a method for the determination 
of that constituent must be available. A few examples 
were given to illustrate this point. 





THE LATE MR. GEORGE CAWLEY. 

THE regretted death of Mr. George Cawley, which 
took place at his residence, Nippon, Sutton, Surrey, 
on Thursday, March 3, recalls the early reliance placed 
upon British engineers by Japan. Born in Lancashire 
in 1848, Mr. Cawley served an apprenticeship with 
Messrs. Jesse Varley and Company, St. Helens, from 
1869 to 1873. Like many engineers of his day, he 
obtained a good technical education, contemporaneously 
with his practical training, by attending evening classes, 
and distinguished himself in the old Science and Art 
Department examinations. His work in the earlier 
days after his apprenticeship was in the now almost 
vanished trade of the millwright, and he was employed 
in a leading position in this capacity, and as foreman 
engineer, in various works at Westminster, Deptford, 
Windsor, and Charlton, at the latter place with Messrs. 
Siemens Brothers and Company, Limited. In 1873 he 
was appointed instructor in practical engineering at 
the newly formed Imperial College of Engineering, 
Tokyo, Japan, a post he retained until 1878. In that 
year he made a tour of the leading mining districts 
of Canada and the United States, and then returned 
to England. Employment as chief draughtsman to 
Messrs. Gwynnes Engineering Company, Limited, 
Hammersmith, followed, and then Mr. Cawley joined 
the Boiler Insurance and Steam Power Company, | 
Manchester, as assistant engineer. In 1886 he became 
editor of the technical journal Jndustries, and occupied 
this position till 1893, when he commenced practice 
in Westminster as a consulting engineer. His early 
work in Japan no doubt influenced his appointment as | 
consulting engineer to the Imperial Japanese Rail- 
ways, a post he successfully filled for twenty years. 
At one time he was interested in electric traction, and 
invented a haulage system for canals. He was one of | 
the older members of the Institution of Mechanical 
Engineers, having been elected a full member in 1883. 
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THE LATE MR. J. G. PARRY THOMAS. 

Ir is with great regret that we record the accidental 
death of Mr. John Godfrey Parry Thomas on Thursday, 
the 3rd instant, while engaged on an attempt to 
establish a world’s record for the flying mile. It has 
been widely stated that the accident was primarily 
due to the fracture of a driving chain on the car which 
Mr. Thomas was using. Hasty conclusions as to the 
cause of the accident are, however, to be deprecated, 
as any small compensation for Mr. Thomas's tragic 
death must be looked for in applying the lesson of his 
accident to give increased security to others. We 
feel sure that Mr. Thomas himself would have concurred 
in this view, as he was an automobile designer as well 
as a racing motorist. It was suggested that the most 
fitting end to the wrecked car would be to abandon it 
to the mercy of the waves, but it is sincerely to be 
hoped that before it is disposed of in any way it will 
be subjected to a searching examination. 

Mr. Thomas was born in 1885, and commenced his | 
engineering career in 1902 by taking the electrical | 
engineering course at the City and Guilds Engineering | 
College. After completing this course, he spent a few 
months in research work on induction motors under | 
the late Professor Ayrtoi. From 1905 to 1907, he | 
was gaining practical experience in the shops, first 
of Messrs, Siemens Brothers and Company, Limited, | 
and later of Messrs. Clayton and Shuttleworth, Limited. | 
Towards the end of 1907, he left the latter firm to | 
engage in private experimental work on an electrical | 
transmission for motor vehicles, which resulted in the | 
well-known Thomas transmission. Between 1908 and 
1911, Mr. Thomas was joint managing director of 
Thomas Transmission, Limited, and of Thomas Foreign 
Patents, Limited. Shortly before the war he joined 
Messrs. Leyland Motors, Limited, as chief designer, | 
and was in that capacity responsible for the design of 
the * Leyland Eight ’ and of commercial vehicles. It 
may be mentioned that he was in no way responsible | 
for the Trojan car, as has len erroneously stated. | 


Mr. Thomas took up racing in 1921, and soon estab- | 











lished a position as one of the most capable drivers in 
the world, as evidenced by the long series of records 
which stand in his name. Mr. Thomas was elected a 
member of the Institution of Automobile Engineers in 
1912. The car on which he met his death was practi- 
cally of his own design, and consisted of a modified 
racing chassis previously owned by Count Zborowski, 
to which Mr. Thomas fitted a 12-cylinder, 400-brake 
horse-power Liberty aero engine. 
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TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 
S.W.1, particulars of tenders invited by various bodies 
in the British Possessions and in foreign countries. 
Further details and information relating to these can be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case :—It is reported by His Majesty’s Trade 
Commissioner at Toronto, Canada, that two Canadian 
firms, with a view to future import, are desirous of 
particulars regarding certain materials and equipment 
for the motor-car industry, such as full finished auto- 
mobile sheets, blue annealed sheets, &c., and trimming 
materials. (Ref. No. CX 2226.)}—The Department of 
Navigation and Ports of the Argentine Government are 
inviting tenders, to be presented in Buenos Aires by 
May 2, forthe supply of ten 12-ton wagons, of 5 ft. 6 in. 
gauge. Documents may be inspected on application 


to Room 50 until March 16. (Ref. No. AX 4354.)— 
| The Postmaster-General’s Departinent, Melbourne, Aus- 


tralia, is calling for tenders, to be presented by May 17, 
for resistances and reactances. Schedule C. 182. (Ref. 
No. BX 3307.)—-There are two calls for tenders from 
the New Zealand Government Railways, both of 
which must be presented at Wellington by June 6 (a) for 
the supply and delivery of overhead equipment for the 
Christchurch-Lyttelton electrification scheme (Ref. 


| No. BX 3301), and (b) for six electric locomotives ; the 


motors must be suitable for operation on a 1,500-volt 
D.C. supply. (Ref. No. AX 4355.)—-The Chilian State 
Railways are inviting tenders for the supply of a large 
number of goods required during 1927, amongst which 
are the following: Acetylene lighting and material for 
electric and autogenous soldering. (Group No. 17.) 
Tenders close April 25; ingots of antimony, tin, iron 
and lead, and foundry materials. (Group No. 24.) 
Tenders close May 23; tools in general. (Group No. 
25.) Tenders close June 6; machinery, including 
hand winches, steam hoists and travelling cranes, &c. 
(Group No. 27.) Tenders close June 20; tool steel in 
bars, rounds, &c., and iron sheets and bars. (Group No. 
28.) Tenders close July 4. Tenders to be sent to 
the Department de Materiales y Almacenes, Estacion 
Alameda, Santiago. Local representation is desirable. 
(Ref. No. CX 2206.)—It is reported that tenders are now 
open for the construction of the Koninginne Bridge at 
Rotterdam, and should reach Rotterdam by April 138. 
(Ref. No. AX 4373.)—-The Chief Mechanical Engineer’s 
branch, of the New South Wales Government Railways, 


| is inviting tenders for two 7-ton steam-driven travelling, 


slewing and derricking shunting cranes. Tenders to reach 
Sydney by April 27. Local representation is essential. 


(Ref. No. AX 4402.) 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday, 

Iron and Steel.—Basic steel furnaces are still working 
at high pressure, and are likely to continue to employ a 
substantial part of their capacity until the end of April on 
arrears of contracts. New business, however, is still of 
much smaller measure than is required to replace expiring 
orders, and unless the position improves considerably 
during the next two months steelmakers will be compelled 
to consider the necessity of restricting output. The main 
difficulty is that, with coke and pig iron dearer than 
before the coal stoppage and with values inclined to rise 
rather than to reach a more attractive level, steel con. 
sumers decline to commit themselves far forward, being 
mostly of the opinion that after the present burst of 
activity, which they regard as largely artificial, quotations 
will reach a lower basis. Complaints of a decline in 
activity are also heard from the general engineering 
branches. Much more business could be undertaken in 
the railway steel departments, particularly in the pro. 
duction of axles, springs, and tyres. Home companies 
are expected to re-enter the market in the early future, 
as no orders of any weight have been received from this 
source since Christmas. Wagon builders are facing keen 
competition from Germany and Belgium in India and 
South America, though overseas orders in bulk are sub. 
stantial. Automobile steel is a progressive line, not only 
as regards wheels, axles and cranks, but respecting special 
fittings and tool kits. Steady progress is reported in all 
sections of stainless-steel and rustless-iron production, 
There is a widespread feeling that only the initial cost 
of materials of this class ‘prevents their far wider adoption 
for general engineering purposes. The tool trades are 
inclined to be patchy, file-making being a disappointing 
section in which considerable price cutting is reported. 

South Yorkshire Coal Trade.—The general position in 
this district is that, in all qualities, supplies are substan- 
tially in excess of market requirements. In some 
instances, spot lots are being offered at special rates, and 
while this relieves pressure on accommodation, it is 
inclined to delay contract bookings. Industrial concerns 
have no difficulty in covering their needs, but are inclined 
to await the advent of more attractive rates before 
engaging for supplies far ahead. Gas coal contracts can 
be obtained, providing values are such as meet with the 
views of the big consumers. Export demands are finding 
an outlet for an increasing tonnage of industrial fuel, 
though competition tends to become keener. With the 
continued restriction of purchases, house coal prices 
have eased. Pit quotations are still nominal. 








NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel Trade.—-No change of any note has taken 
place in the Scottish steel trade over the week. The 
works are all actively employed and are likely to be so 
for some time, on account of the accumulation of old 
contracts. New business is certainly very scarce, and 
although the future is somewhat obscure, producers are 
quite optimistic, and are convinced that fresh contracts 
will come along in due course, thus ensuring a con- 
tinuity of employment at the works. There is a fair 
pressure for delivery, particularly from shipbuilders, 
and all deliveries to them are being quickly absorbed. 
Inquiries are rather below standard at present In the 
black-sheet trade, conditions vary. Whereas the demand 
for the heavy gauges is not as good as it might be, that 
for the lighter gauges is quite substantial. In the latter 
connection, both black and galvanised qualities are well 
booked, and a pleasing feature is that a considerable 
tonnage is now on order for the home as well as for the 
export market. Prices overall have not varied, and are as 
follow :—Boiler plates, 11/. per ton ; ship plates, 81 7s. 6d. 
per ton; sections 7/. 17s, 6d. per ton ; and sheets, under 
fr in. to fin., 127. to 131. per ton, all delivered at Glasgow 
stations. 

Malleable Iron Trade.—In the West of Scotland malle- 
able iron trade, the position is unchanged. Orders on 
hand are being gradually cleared up and there is little 
fresh booking at the moment, while the general inquiry 
is of a limited nature. Very similar conditions prevail in 
the steel re-rolling branches, and the outlook on the whole 
is not very encouraging. The price of Crown bars is un- 
changed at 111. 15s. per ton, delivered at Glasgow stations. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade, there is a fair output from the works. The recent 
scarcity of supplies is being steadily overcome, and the 
fact that this is being accomplished with only some 
28 furnaces in blast, is not a very satisfactory position, 
The case of special brands of iron is somewhat different, 
as a number of these are still scarce, and in some 
instances, unobtainable. An increase in the number 
of furnaces in operation has been made by the Summerlee 
and Mossend Iron and Steel Company, who have just 
re-lit three, while William Dixon and Company, Limited, 
are re-lighting two furnaces at Govan. When these 
are all in blast, there will be 33 furnaces producing 
iron in Scotland, which will be rather less than half 
the normal number. Prices are all easier, and the fol- 
lowing are the current market quotations :—Hematite, 
85s. to 87s. 6d. per ton, delivered at the steel works ; 
foundry iron, No. 1, 92s. 6d. to 95s. per ton ; and No. 3, 
87s. 6d, to 90s. per ton, both on trucks at makers yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, March 5, showed a slight impr¢ pin 
ment, and amounted to 1,438 tons. Of that total, 1,256 
tons went overseas and 182 tons coastwise. For the 
corresponding week of last year, the figures were 321 t ns 
overseas, and 164 tons coastwise, making @ total ship- 
ment of 485 tons. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—While the Cleveland pig 
iron market cannot be described as active, an optimistic 
tone continues, and hope is entertained that business 
will expand and supplies become more plentiful. Cus- 
tomers are persistently seeking price concessions, but 
as yet are unsuccessful. Home needs fully take up pro- 
duction, and consequently Continental offers to purchase 
at half-a-crown below recognised market rates are 
refused. No. 1 Cleveland is extremely scarce, there is 
marked shortage of No. 4 forge, and No. 3 and No. 4 
foundry are available for sale in only moderate parcels. 
No. 1 is 87s. 6d.; No. 3 g.m.b., 82s. 6d.; No. 4 foundry, 
81s. 6d.; and No. 4 forge, 81s. 


Hematite.—The situation in the East Coast hematite 
branch is unsatisfactory. Prices have taken a downward 
turn and have dropped to figures which producers declare 
involve a loss. Orders on hand are running out and new 
business matures very slowly. Nos. 1, 2, and 3 are offered 
at 87s., and No. 1 is put at 87s. 6d., but buyers state 
they can purchase at below these figures. 


Foreign Ore.—Sellers of foreign ore are taking a firmer 
stand and do not name below 22s. 6d. c.i.f. Tees for best 
rubio, but consumers have large stocks and are holding 
off the market. 


Blast-Furnace Coke.—While there is an easier feeling 
in blast-furnace coke, quotations remain on much too 
high a level to meet the views of local consumers. Good 
average kinds are 27s., delivered here. 


Manufactured Iron and Steel—While new orders are 
coming forward very slowly, producers of finished iron 
and steel are sufficiently well sold to maintain prices, 
and principal market rates remain : Common iron bars, 
lll. 15s.; best bars, 121. 5s.; best best bars, 121. 15s. ; 
iron ship castings, 12/7. 10s.; iron rivets, 121. 15s. ; 
packing (parallel), 8/.; packing (tapered), 11/.; steel 
billets (soft), 72. 12s. 6d.; steel billets (medium), 
81. 2s. 6d.; steel billets (hard), 82. 12s. 6d.; steel rivets, 
131. 10s. ; steel ship plates, 81. 7s. 6d. ; steel ship angles, 
7l. 17s. 6d.; steel joists, 71. 17s. 6d.; heavy steel rails, 
8. 10s.: and galvanised corrugated sheets, 151. 5s. 


Imports of Iron and Steel.—Large quantities of foreign 
iron and steel continue to be unloaded in the Tees, 
possibly due, to a considerable extent, to the completion 
of contracts arranged during the coal strike. It is, 
however, disconcerting to find that 32,411 tons were 
imported last month as against 25,672 tons in January. 
Last year February unloadings amounted to 21,716 
tons, and January imports to 23,602 tons, while in 
1914 the figures were 5,150 tons in February, and 
5,012 tons in January. 





CoAL IN THE UNITED StTatEes.—According to figures 
supplied by the United States Bureau of Mines, the con- 
sumption of coal in that country, during the last quarter 
of 1925, averaged 11,200,000 tons a week. At the present 
time, production is averaging 13,400,000 tons a week. 





PERSONAL.—Messrs. Dowdings Machine Tool Company, 
Limited, Bush House, Aldwych, W.C.2,° have now 
been appointed the sole selling agents in Great Britain 
for the Godfrey oxygen-jet cutting machines, which 
are manufactured by the Godfrey Engineering Works, 
Wood Green, London, N.—The Directors of Messrs. 
Vickers Limited have appointed Mr. F. C. Yapp a 
member of the Armaments and Shipbuilding Management 
Board.—The address of the Sheffield brench of the 
General Electric Co. Ltd., is now Magnet House, Fitzalan- 
square, Sheffield.—The London address of Messrs. Cooke, 
Troughton and Simms, Ltd., is now Broadway-court and 
Nos. 15-17, Broadway, ‘S.W.1, instead of No. 3, 
Broadway as formerly. 








Contracts,—Messrs. Ransome and Rapier, Limited, 
Ipswich, have recently secured a contract for 10 roller 
type gates for five openings of the new Kaffir Bulin 
regulator about midway between Cairo and Alexandria. 
Each opening will have two gates, having a combined 
depth of 5-7 m., and span of 5 m. The contract also 
includes two pairs of double-leaf lock gates, each of 12 m. 
span and 5-7 m, in depth, sluice valves, &c., as 
well as a swing bridge of 12 m. span and 22-5 m. overall 
length providing for a 5 m. roadway.—In connection 
with the electrification of the Great India Peninsular 
Railway, it is interesting to note that the contract for 
the equipment of 834 miles of track has been secured by 
Messrs. British ‘Insulated Cables, Limited, of Prescot, 
Lancashire. The overhead construction is of the 
catenary type and will include a main catenary of 0:5 
Sq. in. section, a 0+2 sq. in. auxiliary catenary, and a 
0-3 sq. in. British Standard section grooved contact 
wire, the total copper section thus amounting to 1 sq. in. 
Current jis transmitted at 120,000 volts to sub-stations, 
wicnce it is supplied to the line at 1,500 volts D.C. The 
track runs from Kalyan in a northerly direction to 
Igatpuri, and in a southerly direction to Poona, the 
line to Poona including the Ghats section and about 
four miles of tunnel.—Messrs James Pollock Sons & Co., 
Ltd., The Shipyard, Faversham, Kent, have contracted 
to build a powerful coaster for service in Venezuela and of 
the following dimensions: Length 80ft. and breadth 18ft. 
On a draught of 7ft. 2ins., she will carry 115 tons. 
The propelling machinery will consist of a 120 b.h.p. 
two-cylinder Bolinder direct-reversible heavy-oil engine, 
developing full power at 375 r.p.m. For cargo handling, 
& 1} ton motor winch will be fitted forward having 


NOTICES OF MEETINGS. 





Tue Puysicat Socrery.—To-night, at 5 p.m., at the 
Imperial College of Science, Imperial Institute-road, 
South Kensington, S.W.7. ‘‘The Measurement of the 
Absorption Coefficients of Light Filters,”” by Dr. G. M. B. 
Dobson and Mr. I. O. Griffith. ‘‘ A Comparison of the 
Behaviour in Thermal Diffusion of Nitrogen and Carbon 
Monoxide, and of Nitrous Oxide and Carbon Dioxide,” 
by Mr. T. L. Ibbs, Ph.D., and Mr. L. Underwood, M.Sc. 
“The Relighting of a Neon Lamp when Momentarily 
Extinguished at Voltages below the Striking Potential,” 
by Mr. R. R. Nimmo, M.Sc. ‘The Electrification of 
Dust Clouds,” by Mr. G. B. Deodhar, M.Sc. 


THE INstITUTION oF MECHANICAL ENGINEERS.— 
To-night, at 6 p.m., at Storey’s-gate, S.W.1. General 
Meeting. ‘‘The Development of Mechanical Vehicles 
for General Load-Carrying Duty in the Army,” by 
Captain C. H. Kuhne. Monday, March 14, at 7 p.m. 
Graduates Section. Informal Discussion on the 
‘“* Efficiency of the Repair Shop,” introduced _by Mr. 
E. F. Cordell. Friday, March 18, at 7 p.m. Informal 
Meeting. ‘‘Some Aspects of Workshop Organisation,” 
introduced by Mr. F. E. Robinson. 


Tue INstiTUTE oF MARINE ENGINEERS.—To-night, 
at 6.30 p.m., at 85-88, The Minories, Tower-hill, E.1. 
Annual General Meeting. : 


THE JUNIOR INSTITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘‘ The 
Design, Construction and Operation of the Cupola,” 
by Mr. J. Wolstenholme. Friday, March 18, at 7.30 p.m. 
‘““An Investigation of Torsional Vibration, with 
Particular Reference to Aircraft’ Engines,’”? by Mr. J. 
Calderwood. 


Tue Roya InstirutTion.—To-night, at 9 p.m., at 
Albemarle-street, W.1. ‘‘The Wall of Hadrian,” by 
Sir George Macdonald. Tuesday, March 15, at 5.15 p.m. 
‘“X-Rays and the Chemical Molecule” (Lecture I), 
by Dr. G. Shearer. Thursday, March 17, at 5.15 p.m. 
‘“Colour Measurement” (Lecture I), ‘by Dr. Guild. 
Friday, March 18, at 9 p.m. ‘‘ Colloidal Solutions,” 
by Dr. E. Hatschek. Saturday, March 19, at 3 p.m. 
“The Alpha Rays and Atomic Structure ” (Lecture I), 
by Sir Ernest Rutherford. 


Tue InstITUTE OF MetTAts: ScorrisH LocAL SECTION. 
«=—Monday, March 14, at 7.30 p.m., at the Institution of 
Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. Annual General Meeting. ‘‘ Moulding 
Sands,” by Mr. G. Watt Tyrrell. 


THe INSTITUTION OF THE RuBBER INDUSTRY.— 
Monday, Murch 14, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W.1. ‘‘ Rubber Pigments from the 
Point of View of the Manufacturer,” by Mr. C. A. 
Klein. 

Tue Royat Socrery or Arts.—Monday, March 14, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘‘Some Industrial Applications of Electro- 
thermics ’’ (Lecture I), by Mr. G. I. Finch. 


THE INSTITUTE OF TRANSPORT.—Tuesday, March 15, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Graduates’ 
and Students’ Lecture. ‘‘The Commercial Aspect of 
Loeal Passenger Transport,” by Mr. T. E. Thomas. 


Tue InstTITUTE OF British FOUNDRYMEN: LAN- 
CASHIRE. BRANCH, BURNLEY SEcTION.—Tuesday, March 
15, at 7.15 p.m., at the Municipal College, Ormerod Road, 
Burnley. Lecture. ‘The Mixing of Cast-Iron: with 
Special Reference to Carbon, Silicon, Phosphorus, 
Manganese, and Sulphur,” by Mr. A. Buck. 


Tue SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, March 15, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘‘The Burning of Coke,” by Mr. R. Wig- 
gington. 

THE Society or Giass TECHNOLOGY.—Wednesday, 
March 16, at 2.45 p.m., at The University, Edmund- 
street, Birmingham, “‘' The Thermal Expansion of Some 
Boric Oxide Containing Glasses’? by Prof. W. E. 8. 
Turner and Mr. F. Winks. ‘ The Properties of some 
Soda-Lead Oxide Glasses’? by Miss V. Dimbleby, M.Sc., 
Dr. S. English and Prof. W. E. 8. Turner. ‘Some 
Further Developments in Recuperative Glass Furnaces.” 
by Mr. Th. Teisen. 


Tue LIVERPOOL ENGINEERING Socrety.— Wednesday, 
March 16, at 6 p.m., at the Temple, Dale-street, Liver- 
pool. ‘Cargo Ship Proportions,” by Mr. H. C. Carey. 


THE INSTITUTION oF CiIvIL ENGINEERS.—Wednesday, 
March 16, at 6.30 p.m., at Great George-street, S.W.1. 
Students’ Meeting. ‘‘ Fire-Protection in Buildings, with 
Special Reference to Reinforced Concrete Construction 
and Automatic Sprinklers,” by Mr. F. C. Jordan. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS: SOUTH 
MipLAND CENTRE, WIRELESS SuB-SEcTION.—Wednes- 
day, March 16, at 7 p.m., at the University, Birming- 
ham. Lecture. ‘‘ Characteristics of Audio-Frequency 
Amplifiers used in Telephonic Repeaters,” by Mr. C. 
Robinson. i 

Tue Royat METEOROLOGICAL SocieTy.— Wednesday, 
March 16, at 7.30 p.m., at 49, Cromwell-road, South 
Kensington, S8.W.7. The G. J. Symons Memorial 
Lecture. ‘‘ Turbulence,” by Mr. G. I. Taylor, F.R.S. 


Tue INSTITUTION OF CiviL ENGINEERS: YORKSHIRE 
ASSOCIATION.—Wednesday, March 16, at 7.30 p.m., at 
the Royel Victoria Hotel, Sheffield. ‘‘ The Properties 


THE INstTITUTION OF MINING AND METALLURGY.— 
. Thursday, March 17, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly, W.1. ‘‘ Notes on 
Some Ancient Equipments and Systems,” by Mr. R. E. 
Palmer. ‘Mica and its International Relationships,” 
by Mr. G. V. Hobson. 
THe Instirurion oF ELECTRICAL ENGINEERS.— 
Thursday, March 17, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Faraday Lecture: ‘‘ What is 
Electricity ?*? by Prof. W. M. Thornton, D.Sc. 
THE Royat AgERONAUTICAL Socrety.—Thursday, 
March 17, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘Line Squalls,” by 
Mr. M. A. Giblett, M.Se. 
TuE Institute or Metats: Lonpon Locat SECTION. 
—Thursday, March 17, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders, Limited, 83, Pall 
— S8.W.1. ‘The Works’ Chemist,’”’ by Mr. C. E. 
arrs. 


THE Nortu-East Coast INstiruTioN oF ENGINEERS 
AND SHIPBUILDERS.—Friday, March 18, at 6 p.m., at 
the Literary and Philosophical Society, Newcastle-upon- 
Tyne. ‘‘ Development of the Fiat Marine Oil Engine,” 
by Mr. D. M. Shannon, 


Tue InstrruTeE or TRANSPORT: NORTH-WESTERN 
Locat Secrion.—Friday, March 18, at 6.30 p.m., 
at the Lime-street Station Hotel, Liverpool. ‘A 
Survey of Road Transport,” by Mr. C. le M. Gosselin. 


THE InstiruTE oF British FoUNDRYMEN: LAN- 
CASHIRE BRANCH, JUNIOR SEcTION.—Saturday, March 
19, at 7 p.m., at the College of Technology, Sackville- 
street, Manchester. “The Application of Modern 
Metallurgical Knowledge to the Casting of Non-Ferrous 
Metals,” by Dr. S. F. Barclay. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Signs of the improving position ot 
the Welsh coal export trade are afforded in the fact 
that, in the past week, shipments as cargo foreign amounted 
to 502,510 tons, which represents the largest quantity 
despatched since the strike. Compared with the 
preceding week, shipments from Cardiff were raised 
from 266,190 tons to 311,660 tons, at Swansea from 
36,570 tons to 49,620 tons, at Port Talbot from 28,230 
tons to 52,650 tons, and at Llanelly from nil to 2,500 
tons. At Newport, however, there was a. reduction 
from 99,420 tons to 86,080 tons. It is also significant 
that, for shipment ahead, collieries are quoting prices 
from 6d. to ls. per ton above those at which they are 
prepared to conclude transactions for prompt shipment. 
Up to 24s. is, for instance, indicated for best Admiralty 
large for shipment in the second half of the month, 
whereas, for prompt loading, supplies can be obtained at 
23s. Seconds are up to 28s. for shipment ahead, and 
available at 22s. for prompt business. Smalls are 
generally steady on the basis of 15s. for the best bunker 
descriptions, and from 12s, 6d. up for inferiors. Many 
colliery undertakings are now refusing to contract ahead, 
declaring that they have already booked up as much 
business as they want for the time being. The Egyptian 
State Railways have accepted the offer of Messrs, Tabb 
and Burletson, of Newcastle, to supply them with 
100,000 metric tons of Welsh large coal at 33s. 5d. per 
metric ton, c.i.f, Alexandria. The Metropolitan Water 
Board has also contracted for the supply of 130,000 
tons of Welsh large, through and small coal for delivery 
over the remainder of the year. The pithead price of 
best Welsh house coal has been reduced from 32s. 6d. 
to 25s., which should bring the retail price down from 
48s. 6d. to 41s. per ton, delivered. 


Iron and Steel.—Exports of iron and steel goods from 
South Wales in the past week amounted to 13,651 tons, 
against 12,038 tons in the previous week. Shipments of 
tinplates and terneplates totalled 9,669 tons against 
4,812 tons, blackplates and sheets 301 tons against 
1,678 tons, galvanised sheets 1,251 tons against 3,094 
tons, and iron and steel goods 2,430 tons against 2,453 
tons. Receipts of tinplates in the past week amounted 
to 105,979 boxes, against 135,481 boxes in the preceding 
week, while shipments totalled 135,537 boxes against 
131,187 boxes, stocks being reduced from 158,786 boxes 
to 129,228 boxes, which was, however, considerably 
in excess of the stocks at the same time last year, when 
they amounted to 77,260 boxes. 














MontrREAL Motor Suow.—A short report on the 
Montreal Motor Show, held from Janusry 22 to 29, 
has been prepared by the Department of Overseas 
Trade, 35, Old Queen-street, S.W.1, from information 
furnished by H.M. Trade Commissioner in Canada, and has 
been issued to firms whosenames are entered on the Depart- 
ment’s special register. British firms desirous of obtaining 
a copy, together with full particulars of the special 
register service, should apply to the Department at 
the above address, quoting Reference No. A.X. 4371. 





Launcn or THE §.S. ‘‘ CorcHESTER.”—The steamer 
Corchester, built to the order of Messrs. Cory Colliers, 
Limited, Fenchurch-street, London, E.C.3, was launched 
recently from the Wear Dock Yard, Sunderland, of 
Messrs. S. P. Austin and Son, Limited. The vessel, 
which is the thirty-second ship built for the same owners, 
is designed to carry about 3,500 tons total deadweight 
on a light draught. She has large self-trimming hatches 
for the owners’ coal trade, and ample water-ballast 
capacity. The vessel will be classed 100 A.1. under 
Lloyd’s Survey. Accommodation is provided for 
captain, officers and engineers in houses on the deck, and 
for the crew in the forecastle. 








messenger drive to the anchor windlass. 


of Concrete,” by Prof. F. C. Lea, D.Sc. 
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CARGO HANDLING. 

Any one, it has been said, can manufacture a 
product, but it takes a clever man to sell it. Like all 
generalities, this statement contains a germ of 
truth, and to a certain extent evades that desirable 
quality. As it stands, and within its limitations, 
it is equally applicable to such commodities as coal, 
which, though not strictly speaking a product, has 
to bear a series of charges in its passage from 
the place where it is won to the consumer, a 
series, which, in the aggregate, adds considerably 
to the, first cost, often leading to futile comparisons 
being made between the initial amount and the 
selling price. It was, for instance, pointed out in 
the Coal Commission’s report last year that the 
railway carriage charges added 25 per cent. to the 
cost of coal at the pit’s mouth, while port and 
dock charges form another increment when ship- 
ment abroad comes to be considered. It is 
evident, therefore, that if the export trade in 
this commodity is to be maintained and expanded 
it is essential, not only that attention should be 
paid to miners’ wages and the reorganisation of coal 
winning on modern lines, but that every item of cost 
in the lengthy and complicated passage from the 
pit to the consumer should be carefully examined. 
This is equally true of other commodities, whether 
raw material or manufactured products, for only 
thus can waste be eliminated and the maximum 
economy obtained. 

Important factors in the cost sheet, which 
must form the start of such an analysis, are the 
charges imposed for transferring the coal (it will 
simplify the discussion to consider one commodity 
only) from the railway truck to the ship at the port 
of dispatch and for the reverse operation at the 
port of entry. These charges may be conveniently 
divided into ‘“ port charges,” which include such 
items as pilotage and towage, and “ port costs,” 
which cover the charges made for actually handling 
the goods. The former are statutory, and in 1922 
were from 100 to 150 per cent. above pre-war level. 
Thanks in large measure to the work of the Traders 
Co-ordinating Committee on Dock Charges, they 
have now been reduced to about 50 to 60 per cent. 
above those ruling in 1914; and it appears that no 
further reduction can for the present be expected. 


In a report,* with which we dealt nearly three years 
ago, the Port Facilities Committee, which was 
appointed jointly by the Chamber of Shipping of 
the United Kingdom, the Association of British 
Chambers of Commerce, and the Federation of 
British Industries, called attention to the facilities, 
some excellent and some otherwise, which existed at 
the various ports in the United Kingdom and made 
certain recommendations for improving them. The 
matter has now been dealt with on rather broader 
lines in a paper on “Loading and Unloading 
Facilities on Board Ship and on Land,” which was 
read before the North-East Coast Institution of 
Engineers and Shipbuilders by Mr. R. I. Dodsworth 
recently, while a report by the Traders Co- 
ordinating Committee on Dock Charges, which was 
issued some weeks ago, may be considered as a 
useful complementary and supplementary document 
to this communication. Only by improving facilities 
can charges be reduced. 

The position, as disclosed by the second of these 
publications, is such as to give rise to grave anxiety. 
Trade is not only depressed, but, in the committee’s 
opinion, we are in danger of losing our power of 
recovery. Production has decreased, because high 
costs prevent our goods being sold in the world’s 
markets at competitive prices. The result is that, 
while in 1913 the weight of our exports (including 
re-exports) was 93-8 million tons, in 1925 it had 
fallen to 69 million tons, after having reached 98-6 
million tons in 1923. A warning must, however, 
be uttered against a tendency to exaggeration, 
which the report sometimes exhibits. Figures, for 
instance, are given of the arrival and departures 
with cargoes and in ballast for foreign trade at 
various British ports. In 1913, London handled 
25-13 million tons, an amount which had risen to 
34-36 million: tons in 1925, or an increase of about 
36 per cent. Liverpool and Cardiff showed a much 
smaller increase, when the same two years are com- 
pared, while Cardiffand Newcastle, not unexpectedly, 
show a decline of the order of 35 per cent. and 20 per 
cent. respectively. On the other hand, while 
Antwerp showed an increase of 43 per cent., which 
is better than London, the increases for Hamburg and 
Rotterdam were but 17 and 30 per cent. respec- 
tively, and Trieste showed a decrease of no less 
than 62 per cent. From these results it cannot 
be correctly deduced that the trade of British 
ports is ‘‘ practically stationary,” especially when 
the industrial history of the past few years is taken 
into account. 

The committee are on surer ground when they 
ascribe the greater prosperity of the Continental. 
compared with the British ports, to the use of modern 
equipment and consequent lower costs. In this they 
are supported by Mr. Dodsworth, who regards the 
problem from the point of view of the steamship 
manager. _He makes some comments, which dock 
authorities and engineers generally will find useful. 
Taking the question of cost, as the accountant 
would see it, an instance is given by the com- 
mittee of a steamer of 1,860 tons register loading 
cargo and bunkers for Genoa on the Tyne, and at 
Rotterdam, respectively. At the first port, these 
operations cost 338/., at the second 218/. Speaking 
at the annual meeting of Messrs. Furness, Withy 
and Company last July, Sir Frederick Lewis said 
that the facilities at British ports frequently suffered 
in comparison with those at foreign ports; and 
gave several examples of the expedition with which 
goods could be dealt with.. On the same subject, 
Mr. Dodsworth mentions the case of an extraordinary 
record, which was set up at Sewell, near Norfolk, 
Virginia, where a vessel took 11,785 tons of coal 
on board in 2 hours 55 minutes. If, therefore, we 
admit that these figures show that something is 
wrong with the way in which cargo is handled at 
our docks, the next thing is to discover how they 
may. be improved. Fundamentally, the matter 
comes down to pounds, shillings and pence, but 
intermediately there are some interesting engineering 
problems, towards the solution of which Mr. 
Dodsworth gives some valuable assistance. 

Port speed, i.e., the rate at which a vessel is 
capable. of discharging or receiving her cargo, 
depends chiefly upon the efficiency of the port 
equipment, the ship’s cargo gear, and the proper 











* See ENGINEERING vol. exvii, page 108. 
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division of the ship into cargo compartments. As 
regards the last of these, the ‘‘ main hold ”’ idea is 
in a large measure responsible for retarding the 
port speed. This is clear, if the ship be assumed 
to be divided into compartments of identical 
capacity, which can be discharged in the same time 
by appliances working with the same load factor. 
If, on the other hand, the compartments are of 
different capacity, only one set of appliances, that 
serving the largest hold, can be worked efficiently,the 
remainder, representing almost all the capital outlay, 
being idle for the greater part of the time. Again, 
the arrangements of the hatch coverings require 
attention, for as much as 8 per cent. of an eight- 
hour day may be lost in dealing with them. 

In Mr. Dodsworth’s view, however, if we may 
judge by the amount of space he devoted to the 
subject, the weak link in the chain from the producer 
to the consumer is the lay-out and equipment of the 
docks themselves, especially so far as loading and 
unloading facilities are concerned. He agrees with 
the opinion expressed in the document, which we 
have already quoted, that the loading and dis- 
charging of bulk cargoes at British ports is generally 
slower than at certain foreign ports, and that the 
cost in this country is higher. In this connection 
reference may be made to a paper on “ Electrical 
Power in Ports and Harbours,’’ read before the 
Institution of Engineers and Shipbuilders in 
Scotland on the 8th inst. Mr. Dodsworth recognises 
that conditions are different in different countries, 
and that while, no doubt, considerable improve- 
ment is necessary, slavish imitation by us of the 
practice elsewhere would be neither wise nor de- 
sirable. We possess ports—Sunderland and Im- 
mingham are examples—where the facilities for 
handling coal leave nothing to be desired, in 


comparison with, say, Rotterdam and _ other 
Continental harbours. Yet, taking the South 


Wales coal trade in 1913, the peak year, 150 appliances 
shipped only 39,000,000 tons, an average of 260,000 
tons per appliance per annum. At the rate of 
100 hours per week this only averages 50 tons per 
appliance per hour. Yet the potential efficiency of 
this equipment ranged from 200 tons to 400 tons per 
hour for the hoists and cranes, and up to 800 tons 
per hour for the conveyors. Even in the most 
favourable year, therefore, the actual traffic dealt 
with per appliance was only 20 per cent. of the 
aggregate possible. It is thus evident that the mere 
installation of modern equipment is not in itself 
sufficient to secure increased output. 

Mr. Dodsworth gives a number of reasons for this 
discrepancy between capacity and achievement. 
Some of these, such as fluctuation in demand, stress 
of weather, stoppage of appliances during move- 
ment of vessels and failure of supplies from collieries, 
may be taken as common to all ports, British and 
foreign, and can therefore be neglected in any 
comparison of the two. Others, such as time lost 
in transit, re-marshalling trains and feeding the 
hoist roads, cannot be considered to weigh against 
us, if a comparison is made between the best British 
ports and Continental ports, and not between 
obsolete British ports and modern Continental 
ports. 

Eliminating factors which are common to all ports, 
two things seem to remain ; firstly, the conditions 
imposed on the British coal and shipping trade 
that different sorts of coal shall be kept separate, 
and that loading shall be so effected that breakages 
do not occur ; and, secondly, that very complicated 
question, which is conveniently described in the 
phrase “the labour problem.” In this country 
it appears that the serting of grades is carried out 
to an almost inordinate extent—certainly to an 
extent unknown elsewhere. The result is that 
comparatively few train loads of any one sort of coal 
are handed over to the railway companies for transit 
to a given port. The re-marshalling, which is conse- 
quently necessary, takes time and money. Though 
this applies to coal, however, it does not apply to 
iron and other ores, nor to grain, nor to oil in bulk ; 
or, where sorting is a factor in dealing with these 
commodities, it is one whose influence must be 
equally felt, both in home and foreign ports. 
So far as the coal trade is concerned, it is a factor 
which apparently must be accepted. 

We are, therefore, driven to the conclusion that 


the principal reason, or at least the one to which 
most attention must be given, for the differences, 
which exist between the results obtained by us 
and our foreign competitors, is to be found in the 
labour problem. As Mr. Dodsworth mildly puts 
it, at certain ports very irritating customs have 
been introduced by the trade unions working the 
cargo. For instance, where there are cranes capable 
of lifting 2 and 5 tons, and others of 35 cwt., they 
are seldom allowed to handle more than 10 cwt. at 
a lift. Further, assuming that packages of 3} cwt. 
have to be lifted, two would make a lift, as three 
would be 4 cwt. over the maximum stipulated by 
the union. Even more important, in its effect on 
the cost, is the rigid insistence on the sacred dogma 
of the eight-hour day. In the report on dock charges, 
to which we have already referred, it is pointed 
out that of 365 days’ freight earnings, 115 days 
are absorbed by the cost of stevedoring. Labour 
is, therefore, an important item in the balance- 
sheet. Yet a case is given of a steamer, requiring 
1,400 tons to fill its bunkers, being detained over the 
week end and finished at 9.45 a.m. on the Monday. 
In another case, a steamer of 5,000 tons cargo 
required 190 tons to finish at noon on a Saturday. 
Two hours overtime were worked, in which no less 
than 46 tons were loaded. That steamer was, 
therefore, still 144 tons short. The captain refused 
to sail, and on Monday the trimmers would not 
allow any more coal to be shipped, so that when the 
ship eventually left there was a deficit of 75l. 
on freight and about 80/. on running expenses. 
We can only marvel at the misplaced ingenuity 
which promulgates such rules, and the entire 
disregard of personal interest, which observes them. 


THE STRENGTH OF STRUTS. 
Tue preliminary experimental work undertaken 
in connection with the designing of the great 1,750 
ft. suspension bridge at Philadelphia has been of 
very exceptional interest and importance. Amongst 
other matters investigated, was the minimum 
thickness permissible for the webs of hollow struts. 
Practice in this respect has been based almost 
wholly on experiments made by Fairbairn about 
1849, which led him to formulate the rule that 
the thickness of such plates should never be less 
than ,{, of the effective width. This rule was at 
times departed from by some of the older school 
of American bridge engineers, who without either 
experimental or theoretical inquiry occasionally 
used web plates only about one-half as stout as 
Fairbairn’s rule would demand. When, however, 
it was decided to construct, between Philadelphia 
and Camden, a bridge of 1,750 ft. span with towers 
343 ft. high, it was deemed expedient to determine 
by direct experiment whether these wide departures 
from Fairbairn’s rule were legitimate, since in view 
of the enormous weight of steel involved it was 
well worth while to expend considerable sums 
in ascertaining how this might be used in the most 
effective and economical way. The research in ques- 
tion was carried through by the U.S. Bureau of 
Standards, and is described in detail by Mr. R. S. 
Johnston in a report obtainable for 20 cents net from 
the Government Printing Office at Washington, 
D.C. The test columns were all 10 ft. long and 
35 in. wide, whilst the flange angles were all 6 in. 
by 4 in. by ? in. with the 4 in. leg outstanding. 
The thickness of the web plates was varied from 
% in. to 13 in. The general result was to 
confirm Fairbairn’s rule, as has already been 
previously announced, but the additional data 
given in the report now published indicate that 
the esperiments also confirm in a very satis- 
factory way the theoretical conclusions of Professor 
G. H. Bryan, who in a paper published in Proc. 
Math. Soc. for 1890, page 54, discussed the stability 
of a plate under thrust in its own plane. The sub- 
ject was further discussed by the same author in 
a paper read before the Institute of Naval Architects 
in 1893. 

In these papers the following formula was estab- 
lished :— 





3b2g (1 — m) 
7 wee 
where ¢ represents the thickness, of the plate, 6 its 
width transverse to the thrust, whilst S denotes the 


#2 


buckling stress, and m. Poisson’s ratio. 
Young’s modulus is represented by E. 

Professor Bryan,also pointed out that if it were 
attempted to stiffen such a web by angles placed 
transverse to the line.of thrust, then these stiifeners 
must not be located so as to divide up the web into 
squares. 

If this were done they would, he predicted. prove 
absolutely useless, and this conclusion has now 
been confirmed by these new experiments of the 
Bureau of Standards. The reason for this jp. 
effectiveness lies in the fact that when, buckling 
occurs, the web takes the form of a standing wave 
with nodes and loops, instead of remaining straight, 
A stiffener placed at a node is useless, since at 
each node the buckled web still retains its original 
position, and has no tendency to bulge to one side 
or the other. Hence if such stiffeners are to be 
used they are best spaced apart at distances equal 
to b,/2; but as Professor Bryan pointed out at 
the time, the additional material involved would 
be better employed in the form of longitudinal 
rather than transverse stiffeners. This can be 
done in effect by increasing by some 6 per cent. 
the ratio of the thickness to the width. 

Whilst, as already mentioned, the general result 
of this new inquiry has been to confirm Fair- 
bairn’s rule as safe and conservative, the con- 
clusion was also reached that when special care was 
taken the ratio might be raised to 45 if b was 
taken as the total width of the strut, or to 35 if 
b denoted the distance between lines of rivets. 
On the other hand, with thick web plates, coupled 
to relatively light angles, 6 should always be taken 
as the full width of the plate. 


As usual, 








THE INSTITUTE OF METALS. 


THE nineteenth annual general meeting of the 
Institute of Metals opened at 10 a.m., on Wednesday 
of this week, in the Hall of the Institution of 
Mechanical Engineers, Storey’s Gate, Westminster, 
London, S.W.1, and was brought to a conclusion 
in the afternoon of yesterday. The chair was 
occupied by the president. Sir John Dewrance. 


REPORT OF THE COUNCIL. 


The report of the Council on the work done 
during the past year was read by the Secretary. 
This showed that the. membership of the Institute 
had risen from 1,692 in December, 1925, to 1,801 
in December, 1926, an increase of 109. The Council 
recorded with regret ‘the death of several members 
of the Institute, among whom were Messrs. W. H. 
Allen, J. A. Brinell, John Clark, H. J. Enthoven, 
G. E. Fleming, J. O. Fredholm, John Smith, and 
Sir Philip Watts. The past year had been specially 
notable in the annals of the Institute on account of 
the holding of the autumn, meeting at Liége. This 
was the first gathering of the Institute to take place 
abroad since the Ghent meeting of 1913. The 
Liége meeting had proved very successful and had 
been well attended by British and Overseas members. 
The new Articles of Association of the Institute 
which had come into force during the year had 
greatly simplified the procedure for the election 
of members. The excellent ‘work of the six local 
sections was actively continued during the year. 
It was desirable that all members residing in a local- 
section area should not only apply for registration 
of sectional membership, but should also. support 
the local meetings by their presence. The Council 
was glad to be able to announce that they had 
secured the services of Mr. A. Cameron, as 
corresponding member for India. 

Under the direction of the committee, Mr. May 
had continued the investigation of a number of 
problems connected with the corrosion and protec- 
tion of condenser tubes. The greater part of the 
work carried out. during the year had been on the 
formation of protective films or scales, since 1t was 
becoming more clearly realised that the: good beha- 
viour of brass tubes; under working conditions, 
frequently depended, to an important extent, 
on the presence of such films. Special attention 
had been given to the influence of iron compounds 
on film formation, Considerable success had been 
obtained in the formation .of resistant films using 
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certain silicate solutions. Films of this type, 
which appeared to be resistant to deposit attack, 
had been successfully produced. The investigation 
of these films was being actively continued. Valu- 
able information on the deposition of films and 
scales had been kindly supplied by engineers in 
charge of certain power plants. Further work had 
been carried out on the electrical differences which 
might be set up under certain conditions between 
the tubes and tube plates of a condenser. The 
results were of much interest, since they provided a 
simple explanation of a number of actual cases of 
condenser-tube corrosion for which no satisfactory 
explanation had been forthcoming in the past. 


PRESIDENTIAL ADDRESS. 


Sir John Dewrance then delivered his presidential 
address, in which he gave an account of various 
difficulties encountered by the bronze founder, 
and also briefly referred to some aspects of the 
corrosion problem. Sir John stated that he had 
spent fifty-four years in the study and practice 
of metallurgy, and, among his many activities, 
he was a bronze founder. Bronze founding was 
a very ancient craft ; all the members were familiar 
with the relics of the Bronze Age, the beautiful 
bronze statues of Ancient Rome, and the many 
other proofs of the antiquity of the art. Many 
of the large bells produced in the Middle Ages 
were still in use at the present time. 

Turning to the subject of the crystallisation of 
bronze from the fluid state, the size of the crystals 
depended on the time occupied by the cooling 
process. When an alloy consisting of one part 
of tin and nine parts of copper was poured on to 
a piece of tracing paper, floating on water, the 
crystallisation was very rapid, and, even when 
a polished section had been etched and magnified 
50 diameters, it was difficult to see the crystals. 
Unfortunately, it was not easy to obtain test pieces 
from bronze cast in this manner. The Brinell 
hardness, however, using a 10-mm. ball and 
500-kg. load, was 100, against 77, the value 
obtained from material cast in dry sand, and 
1 in. in thickness. A plate, 9 in. in diameter and 
1 in. thick, cast in a damp-sand mould, showed 
how crystallisation was sensitive to the rate of 
cooling. The crystals on the under side of the 
casting were smaller than those on the upper 
side. This was due to the fact that the lower side 
of the casting had rested on the damp sand of 
the mould; on the other hand, the cooling of 
the upper side had been delayed because contraction 
had caused a space to be formed between the 
mould and the casting. Interesting results had 
been obtained by allowing a melt of an alloy, 
containing, as before, one part of tin and nine parts 
of copper, to set in a crucible cooled at a very slow 
rate in the furnace, the metal being covered with 
a layer of glass. The bronze had probably taken 
twelve hours to crystallise. The crystals produced 
were very large, and subsequent examination 
showed that bubbles were present throughout the 
metal; some of these lay along the boundaries 
of the crystals. Most of the gas had apparently 
escaped through the glass lying above the metal, 
while this was still in a molten state. The appear- 
ance of the surface of the melt showed, however, 
that bubbles were still escaping from the metal 
when the glass had become too viscous to allow them 
to pass through. It was evident that gas had 
been evolved over a period, which may have been 
Several hours. 

The period of crystallisation of a molten metal 
was governed by the temperature of the metal 
poured into the mould, the mass or thickness of 
the casting, and the cooling properties of the 
mould (dry sand, damp sand, or metal). When the 
crystallisation was completed within, say, about 
ten minutes, the occluded gas remained dissolved 
in the metal. When, on the other hand, the period 
of crystallisation was extended, the occluded gas 
was discharged; in other words, the metal 
effervesced. In this connection, a series of experi- 
ments had been carried out, using an 88:10: 2 
copper-tin-zinc alloy. Blocks of this material, 
2} in. sq., were cast, at various temperatures, 
in dry sand. The resultant ingots were then 
Sectioned, polished, and etched. One of the 





specimens was poured at 1,140 deg. C., a temperature 
which was quite satisfactory for castings of less 
thickness. It was subsequently found, however, 
that small bubbles were distributed throughout 
the mass of the metal. A second sample, poured 
at 1,230 deg. C., contained still more bubbles of 
gas. The crystals, as revealed by etching, were 
a little larger than was the case in the former 
sample, and, moreover, they were less distinct. 
A third sample, poured at 1,450 deg. C., contained 
many more bubbles than either of the other two, 
and the crystals had been so much disturbed 
that etching had only just revealed their outline. 
Furthermore, the surface of this last sample had 
risen to a considerable extent. 

There were variations in the volumes of occluded 
gas contained in different brands of copper, and it 
would be a great help to the founder if members of 
the Institute could teach copper refiners to supply 
gas-free copper. To the bronze founder, oxygen 
was one of the most harmful impurities present in 
copper, as, when tin was added, it at once began to 
take the oxygen from the copper to form stannous 
oxide. The process extended beyond the time that 
the metal was kept molten. Stannous oxide was 
very viscous ; it surrounded particles of slag and 
bubbles of gas, and was the cause of subsequent 
flaws in the casting. Remedies for these troubles, 
in order to be of practical use, should not add too 
much to the foundry expenses and should not 
prolong melting unduly. Designers should make 
every effort to have all castings as uniform in 
thickness as possible; when it was necessary to 
increase the thickness of any portion of the casting, 
chills in the mould might provide a remedy. In 
theory a pyrometric reading should be taken before 
casting operations were begun ; this, however, was 
not practicable. If the crucible were moved gently 
backwards and forwards, very accurate estimations 
of temperature could be made. When very hot, 
the metal washed against the side of the crucible 
like water, but when cool enough to pour, it behaved 
somewhat like cream. When the metal was poured 
into the mould at the proper temperature, the 
runner or gate sank; if poured too hot, it rose 
and the castings proved useless. 

One aspect of the corrosion problem was the 
penetration into a metal of a corrosive fluid or gas. 
Cast-iron, for instance, was affected throughout its 
mass when subjected to high-pressure superheated 
steam. After exposure it could be easily broken up 
between the fingers. Again, steel used for rifle 
barrels was penetrated by the products of the 
explosion of cordite, and a rifle, after ‘being fired, 
required very careful cleaning in order to prevent 
a deepening of the attack. The products of the 
explosion were, no doubt, forced into the metal. 
In this respect some steels were more resistant 
than others. The effect of corrosion was more 
widespread than was generally realised. Machinery 
bearings became worn in time, and the wear was 
commonly attributed to abrasion; with imperfect 
lubrication this was the case. With perfect lubri- 
cation, however, the only cause of wear was corro- 
sion. The surfaces were separated by a film of oil, 
and so long as this circumstance obtained there 
could be no abrasion. The oil always contained 
some corrosive impurity ; in the case of animal or 
vegetable oils this was mostly oleic acid, and in 
the case of mineral oils, sulphur compounds. If 
the separating film was thick enough, the products 
of corrosion remained on the surfaces and arrested 
further corrosion; if, on the other hand, the film 
was extremely thin, these products of corrosion were 
rubbed off, and the polished surface of the metal 
was subject to further corrosion. 

The Institute of Metals was not at present in a 
position to carry out or subsidise researches ; it, 
however, performed useful work in publishing the 
results of the work of its members, and the informa- 
tion contained in the Journal should be studied 
carefully by all practical men. Investigators were 
generally of opinion that their work did not command 
sufficient attention in industrial circles; with the 
growth of the membership of the Institute and the 
increase of scientific education, this cause of com 
plaint should pass away. The council and staff of 
the Institute were doing good work for}theJnon- 
ferrous’ metals industry. It must, however, always 





remain with the mass of the members to help in 
the progress which, it was to be hoped, was in store 
for the Institute in the future. 


THE Errect or BismMuTH ON CopPER. 

The first paper taken was by Professor D. Hanson 
and Miss G. W. Ford ; it was entitled ‘“‘ The Effect 
of Bismuth on Copper ” and constituted Part V of the 
“Investigation of the Effects of Impurities on 
Copper.” In the absence of Professor Hanson, 
on account of illness, the paper was read in abstract 
by Miss Ford. It described experiments made 
on copper containing up to 0-1 per cent. of bismuth, 
and the effects of small quantities of bismuth on 
the casting, hot- and cold-rolling, mechanical 
properties, electrical conductivity, and micro- 
structure of copper. The authors were of opinion 
that the solid solubility of bismuth in copper was 
less than 0-002 per cent. They stated that small 
quantities of bismuth adversely affected the rolling 


properties of copper, particularly during hot 
rolling. The limiting percentage for the hot 


rolling of bar appeared to be less than 0-01 per 
cent., and, in all cold rolling, the material fractured 
when more than about 0-05 per cent. was present. 
Tests on rolled bar showed that bismuth had a 
harmful effect when present in still smaller 
quantities, particularly on the cold-working proper- 
ties ; consequently, in material that had to with- 
stand severe cold work, bismuth should be excluded. 
For most other purposes, 0-005 per cent. might be 
regarded as the maximum. Bismuth lowered the 
electrical conductivity slightly, but its effect was 
negligible within the limits that permitted successful 
working. The effect on the ultimate stress was 
also small. 

The discussion was opened by Mr. R. Genders, 
who stated that this contribution to the investigation 
of the effects of impurities on copper was quite up 
to the standard set by the previous contributions. 
It was now fully established that bismuth was not 
soluble in solid copper and that it was capable of 
forming a film round the boundaries of crystals. 
The limits given by the authors would generally 
be agreed with, but there were cases in which even 
these were too high. He had had occasion to have 
rolled a piece of copper which was free from oxygen, 
gases, and other impurities, and contained only 
0-002 per cent. of bismuth. This copper had 
cracked on cold rolling. This circumstance was 
probably due to the fact that the bismuth present 
had been able to form continuous films round the 
crystals. No data regarding the tensile strength of 
castings had been included in the paper; these 
would have been valuable. The mechanical 
properties of the castings were probably affected by 
crystal size. Captain L. Taverner, who spoke 
next, thought that the authors might have over- 
looked something in considering bismuth and copper 
only. The densities of the cast alloys appeared to 
vary a great deal. This seemed to prove that 
something else, besides bismuth and copper, was 
present. This ‘‘ something else ” might be a gaseous 
element. He felt that some of the results put 
forward in the paper were not quite consistent, 
and that there must be some further explanation to 
account for these variations. Bismuth was seldom 
present in electrolytic copper but, at the same 
time, quantities of copper, which contained higher 
percentages of bismuth than those allowed in the 
paper, were still being produced. This would prove 
somewhat disconcerting to many readers of the 
paper. 

The next speaker, Dr. W. Rosenhain, said that, 
under certain conditions, bismuth could exceed 
the limits laid down by the authors, when other 
impurities were present. He wished to emphasise, 
however, that, in the present research, an endeavour 
had been made to determine the influence of bismuth 
alone on copper. The combined effect of several 
impurities on the metal was of the highest import- 
ance, but, before this could be investigated, it was 
necessary to determine the effect of each impurity 
by itself. One impurity was, therefore, being 
investigated at a time. Dr. R. S. Hutton echoed 
the last speaker’s remarks. He recognised the 
importance of studying the combined effect of 
several impurities. The British Non-Ferrous Metals 
Research Association, with which he was connected, 
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had asked the National Physical Laboratory to 
carry out a research on the combined effect of both 
antimony and bismuth, and arsenic and bismuth. 
In order to clear up any misunderstanding which 
might exist, he wished to state definitely that the 
present investigation was merely a study of the 
effect of bismuth alone on the mechanical proper- 
ties of copper. Sir John Dewrance stated also that 
the paper under discussion constituted merely a 
section of a large comprehensive research, the 
results of which were being published in small 
portions. As Dr. Hutton had said, the series of 
researches was being continued. 

In her reply, Miss Ford stated that it was quite 
possible that crystal size had a great effect on the 
mechanical properties of the material they were 
discussing. In the course of their investigation, 
however, they had not found that films were present 
round the boundaries of crystals of material con- 
taining only 0-002 per cent. of bismuth. In metal 
of this composition, they had ascertained that 
only isolated particles of the impurity were present. 
The microstructure of the alloys had shown that 
small variations in pouring temperature caused a 
considerable variation in the crystal size. 

The temperature aimed at was 1,200 deg. C., 
measured by means of an optical pyrometer while 
the metal was in the furnace just before pouring. 
It had proved difficult to maintain the temperature 
of pouring uniform throughout, although every 
endeavour had been made to attain this end. In 
answer to a point raised by Captain Taverner, all 
the castings produced contained a certain amount of 
gas. None of the castings was absolutely sound ; 
there was always gas present in addition to bismuth 
and copper. 

Tue Errect oF ARSENIC AND OxYGEN ON CopPER. 

The second and third papers dealt with on 
Wednesday morning were Parts III and IV of 
the “ Investigation of the Effects of Impurities on 
Copper.” Part III was entitled ‘‘The Effect of 
Arsenic on Copper,” and Part IV, “The Effect of 
Arsenic plus Oxygen on Copper.” These contri- 
butions were by Professor D. Hanson and Mr. C. B. 
Marryat, and were presented to the meeting by 
Mr. Marryat. We reproduce Part III on page 303, 
and Part IV on page 306 of this issue. 

Captain L. Taverner, who opened the discussion, 
thought that Dr. Rosenhain’s remarks on the last 
paper had clearly defined the position occupied by 
the investigations under consideration. It was 
necessary for the manufacturer to realise that these 
investigations represented fundamental work. He 
wished to draw the attention of the meeting to the 
densities given for the cast bars. These figures 
varied for no apparent reason, and he was of opinion 
that considerable quantities of hydrogen were 
present in the cast bars. It was well known that 
copper might contain appreciable proportions of 
hydrogen, as well as oxygen, and he thought that 
the authors ought to have carried out hydrogen 
estimations on their samples. It was, he thought, 
necessary to get down to the basis of having one 
impurity present, and one only. The authors had 
made a remark which was to the effect that the use of 
special deoxidisers in their casting operations was 
undesirable, yet they had poled their melts with a 
graphite rod; he contended that this carbon rod 
constituted a deoxidiser. 

In regard to the solubility of arsenic in copper. the 
new figure given would prove of the highest 
importance. In one section of their research the 
authors had studied the question of over-rolling, and 
had given a considerablt: amount of information on 
the subject. They had made the observation that 
over-rolling only occurred if the ratio of arsenic to 
oxygen fell below a certain limit, which was 
approximately 10:1. This figure was liable to be 
misleading, and it could hardly be said that it was 
borne out in commercial practice. As a result of 
the work contained in Part III, the authors had 
come to the conclusion, in Part IV, that an increase 
in the amount of arsenic usually permitted in 


practice appeared to be allowable, and, where 
oxygen was present, such an increase might be 
decidedly beneficial, particularly where the copper 
had to withstand severe operations of cold working. 


ment to make. It might be applicable to copper 
containing arsenic and oxygen alone, but it was not 
applicable to the arsenical copper of commerce. 
The authors had also stated that their experiments 
had shown that very small amounts of oxygen, 
as low as 0-016 per cent., had a distinct embrittling 
effect, which might be corrected by arsenic. It was 
probable, however, they continued, that pure copper, 
completely free from oxygen, would be devoid of 
this defect, and it was not suggested that arsenic 
would have the same improving effect on such 
material. He maintained that 0-016 per cent. of 
oxygen was quite a common percentage of that 
element, and one could not quite describe an ordinary 
electrolytic copper as being brittle. 

Dr. W. Rosenhain remarked that although carbon 
was theoretically a deoxidiser, a graphite rod, such 
as the one employed for the poling operations, was 
less acted upon by the molten metal than anything 
else which could have been used. If, however, it 
did act as a deoxidiser it had less harmful effects 
than any other form of deoxidiser, as any gases which 
were produced from it gave no trouble. The next 
speaker, Professor T. Turner, said that the only 
adverse criticism which had been levelled, in his 
hearing, against the papers under discussion, was 
that the authors had brought out a great deal of 
information which was already known. Data 
regarding the deleterious effects of bismuth and 
arsenic on the mechanical properties of copper were 
already available. The real value of the work lay 
in the fact that the authors had gone over the 
ground carefully and had given quantitative values 
instead of vague qualitative data. The information 
furnished had systematised our present knowledge, 
and had prepared the field for the investigation of the 
several impurities when present together in copper. 
Mr. N. F. S. Hubbard, who spoke next, stated that 
the information contained in the contributions under 
discussion would, in all probability, not introduce 
any revolutionary changes in methods of manu- 
facture. It often happened, however, that even 
quite small points raised in papers of this type 
found application in commercial processes. Taken 
altogether, the investigations described contained a 
great deal of data useful to the manufacturer. 

Mr. C. B. Marryat, in a brief reply to the dis- 
cussion, stated that not only had they used a 
carbon rod for poling operations, but the metal 
itself had been melted in Salamander crucibles. 
In reply to a point raised by Captain Taverner, 
the rolling operations carried out on their material 
were very severe and the 10:1 ratio mentioned in 
the paper was merely a kind of a guide which was 
meant to indicate in what direction the brittleness 
would manifest itself. 


BRITTLENESS IN ARSENICAL COPPER. 


The last contribution considered on Wednesday 
morning was entitled ‘ Brittleness in Arsenical 
Copper,” by Mr. Clement Blazey, an Australian mem- 
ber of the Institute. In the absence of Mr. Blazey, 
the paper was taken as read; it was, however, 
discussed. The author stated, in his contribution, 
that on three separate occasions brittle arsenical 
copper had been encountered in a mill regularly 
producing a large quantity of tubing. Investiga- 
tion had shown that this copper was brittle only 
after annealing below about 600 deg. to 650 deg. C. 
In the tensile test, its strength was several tons below 
normal, and its elongation relatively slight, whilst 
it broke with a non-necked intercrystalline fracture. 
Brittle samples readily submitted to cold rolling, 
but not to cold drawing. The brittleness was 
transient, and disappeared on prolonged heating 
at annealing temperatures below 600 deg. C., and 
rapidly at temperatures in the neighbourhood of 
600 deg. to 650 deg. C., or above, even in the worst 
instances. ‘It was inherent in the metal in the 
“as-cast ’’ condition, and reappeared at every 
annealing operation following cold work, such as 
hollow drawing, strip or wire drawing, and rolling. 
The susceptibility to brittleness varied from billet 
to billet, and the degree of susceptibility was prac- 
tically constant for any one billet. The brittleness 
was associated with recrystallisation and early 
stages of grain growth, but was not dependent on 
grain size or on any noticeable peculiarity of grain 





This was, he thought, a somewhat dangerous state- 


structure. There was reason for believing that the 





metal passed through the brittle stage when annealed 
at temperatures above 650 deg. C., but, owing to the 
rapidity of softening and recrystallisation, it was 
impossible to catch the metal in the brittle range. 

That the susceptibility was connected in some 
way with melting operations was clear, because the 
whole of the susceptible material was converted 
into non-susceptible material by re-melting and 
re-poling. Chemical analysis failed to throw light 
on the problem, but, although most of the usual 
impurities to be found in copper of this nature were 
determined, unsuspected elements (probably gases) 
might have been involved. It was difficult to under- 
stand how susceptibility could vary from billet to 
billet without a corresponding variation in the 
quantity of some constituent. No recorded case of 
brittleness met the conditions outlined above. The 
association of intercrystalline weakness with re- 
crystallisation and early stages of grain growth, 
suggested that it might be due to the temporary 
setting aside to the boundaries of a constituent 
which interfered with the rearrangement of the 
copper atoms at recrystallisation, but which could 
return into solution after the rearrangement had 
taken place. j 

Mr. R. Genders, the first speaker in the discussion, 
said that Mr. Blazey had described some curious 
difficulties which had occurred in arsenical-copper 
tubing. He would like to suggest that this was 
entirely due to a gaseous constituent present in the 
copper. He did not wish to go into the matter 
further at this stage of the proceedings, because 
he himself was presenting two papers to the meeting, 
in which gases were thought to be responsible for 
many remarkable phenomena. The next speaker, 
Mr. N. F. S. Hubbard, thought that the percentage 
of antimony present in the author’s tables was 
extraordinarily high for commercial copper. The 
lowest figure was 0-016 per cent., many of them 
were over (0-020 per cent., and one sample con- 
tained as much as 0-058 per cent. He thought 
that all manufacturers of copper would agree that 
even 0-01 per cent. of antimony was very dangerous 
and would cause brittleness in the cold material. 
The effect of gases in the material should certainly 
be taken into account, but he was of opinion that 
the antimony present in the tubes would cause 
them to be brittle in any case. He had come across 
materials which gave quite normal analyses while 
their degree of brittleness varied. In such cases 
gases might be responsible. It sometimes occurred 
that just one portion of an ingot was affected ; this 
portion subsequently formed part of a rod or tube, 
and it was found that this part of the rolled product 
alone was brittle. The fact that the brittleness 
could not be recovered after heating to a high 
temperature seemed to suggest that gases were 
responsible for the phenomenon. 

Mr. J. H. Grant wished to correct an impression 
conveyed by the previous speaker. He strongly 
disagreed with the statement that 0-01 per cent. of 
antimony was fatal or deleterious to copper. He 
had had 40 years’ experience and had produced 
large quantities of copper; his material sometimes 
eontained twice, or even three times, the amount 
of antimony mentioned, and no harmful effects had 
resulted. He would like to know from what sources 
Mr. Hubbard had obtained his information. He 
particularly wished to challenge this statement, 
because, when published, a remark of this kind 
was harmful to the copper manufacturer. With 
regard to the presence of impurities in copper, there 
was a liability that misunderstandings might arise. 
People were rather apt to take isolated statements, 
made in the course of a preliminary research, as 
final and absolute conclusions. 

Mr. R. Lloyd Gibbins, who spoke next, thought 
that the proportions of lead (0-002 per cent. to 
0-007 per cent.), phosphorus (0-016 per cent. to 
(0-031 per cent., and in one case 0-132 per cent.), a nd 
bismuth (< 0-001 per cent. to 0-005 per cent.), as 
shown by chemical analysis, were somewhat con- 
siderable. This probably explained why the tubes 
were brittle. 

At this stage of the proceedings the president 
adjourned the meeting until 2 p.m. We intend to 
deal with the subsequent proceedings in our next 
issue. 

. (To be continued.) 
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THE LEIPZIG FAIR. 


Tue Leipzig Spring Fair, which opened on Sunday 
last. inevitably induces comparison with the 
similar efforts which have been recently made by 
British industry at Birmingham and in London. 
Historically. Leipzig must unhesitatingly be awarded 
the palm. In some form or other a fair has been 
held in this town twice annually for some seven 
hundred years, while the British Industries Fair is, 
of course, of quite recent growth, and has only 


products as ceramics and glass, rubber, cork and 
celluloid goods, optical requisites and_ lighting 
fittings of every kind, is accommodated in over 
eighty fair “‘ palaces”? in the centre of the town, 
while a number of foreign countries, including 
Switzerland and Austria, have their own buildings 
or hold special national exhibitions. Great Britain 
is as yet meagrely represented, exceptions to the 
general rule being Callender’s Cable and Con- 
struction Company, Limited, the Concrete Equip- 
ment Company, and Fry’s (London), Limited. The 











Fig. 1. 








al 








Fie. 2. 


come to anything like fruition since the war. 
To Some extent it must be admitted this is true of 
Leipzig also, for while in 1897 there were only 
1,300 exhibitors, this number has increased to well 
Over 10,000 this year. In 1924, over 175,000 buyers 
and people interested were attracted to the fair 
from all parts of the world, and there is every indi- 
cation that in 1927 that number will be largely 
exceeded. In respect of the way in which the 
exhibits are housed, Leipzig also leads. Instead 
of the rather derelict buildings at Shepherd’s Bush 





> the improvised erections at Castle Bromwich, 
the General Samples Fair, which includes such 


HALL FOR INTERNAL CoMBUSTION ENGINES. 


and the ‘Come to 


Southern Railway Company 
making themselves 


Britain > Movement are also 
known by useful propaganda. 

In addition to these displays in the centre of 
the town, the Technical and Building Fair has its 
own grounds on the outskirts, where not only are 
the buildings of considerable architectural interest, 
as Fig. 1. suggests, but there is plenty of room 
for outdoor displays of such plant as steam 
rollers and conveying machinery. The whole 
arrangement renders it possible to review what 
Germany is doing in engineering and the allied 


branches of industry. This separation of the 








technical from the samples fair was first made in 
1920, when an area of 19,850 sq. ft. was set aside 
for all kinds of engineering exhibits. This was 
increased to 278.375 sq. ft. in 1925. The exhibits 
are housed in thirteen separate buildings covering 
building material, including iron and timber con- 
struction; furnaces of all kinds; gasmaking 
plant ; electrical equipment. a separate building 
being devoted to electrically-operated agricultural 
machinery ;: vehicles; brown coal and fuel equip- 
ment ; machine tools ; pumps ; textile machinery ; 
haulage gear ; iron and steel work and finished and 
semi-finished products of all kinds. 

All these buildings, like those of the Sample Fair 
in the centre of the town, have been built specifi- 
cally for the two displays which take place in the 
spring and autumn of each year, and are only 
employed incidentally for other purposes. In 
addition, as we have said, a large amount of equip- 
ment, especially that for the transport of material 
and for building purposes, is shown out of doors. 
Having in view the large number of visitors, all of 
them connected with some industry or another, and 
by no means all of them German, who attend this 
fair, it seems a pity that British firms, both engineer- 
ing and non-engineering, are not more largely 
represented. The reason probably is, and it is 
not without its validity, that our own Industries 
Fair has absorbed every energy, and that the close- 
ness together of the dates on which the two fairs 
are held and their comparatively short distance 
apart does not make it difficult for the overseas 
buyer to visit both. Nevertheless, as we pointed 
out two years ago, the various British trade asso- 
ciations might do worse than to arrange joint 
displays of products of their members. Leipzig is 
a meeting point of many “trade routes.” Its fairs 
have a great and justifiable reputation. The expen- 
diture of some money and energy on a representa- 
tive British display would therefore be worth while. 

Before proceeding to give a general description of 
the exhibits, a word may be said about the organ- 
isation. This is excellent. A criterion in this 
branch of human activity is the state of readiness 
on the opening day. It may be said that most 
firms triumphantly passed this test, though a pre- 
liminary visit paid on Saturday led to the belief 
that it was extremely unlikely they would do. so. 
On Sunday, however, there appeared to be no 
stand that was not ready, though the absence in 
some cases of complete or printed information 
about the exhibits showed that the machine was 
not always running quite so smoothly as it appeared 
to be on the surface. To be ready at Leipzig is 
not. however, quite so difficult as at some British 
exhibitions. As we have said, the buildings are 
used for no other purpose but for these displays, 
and exhibitors have therefore plenty of time in 
which to erect their plant. Moreover, they are 
permitted to leave their exhibits in the buildings 
after the fair has closed, a state of things which, 
from the cost point of view, compares favourably 
with the conditions at, say, Olympia, where the 
close proximity of severa) exhibitions cuts down 
the time at the disposal of firms, both before the 
day of opening and after the day of closing. 

Though, nominally, the fair is open to buyers and 
those interested in trade only, it was evident, from 
the type of attendance present on the opening day, 
Sunday, that this restriction is interpreted some- 
what elastically. Opportunity had obviously been 
given to stafis and workmen of the various firms 
represented to see what was to be seen, and to bring 
their friends for the same purpose. It was stated, 
we should say with justice, that the Technical Fair 
had never been so crowded on the first day. It was 
added that more orders for machine tools had been 
booked during the first two hours than during the 
whole fair last year. This, however, is said of most 
fairs and exhibitions. It will be sufficient to remark 
that Leipzig is crowded with both Germans and 
foreigners, and that among the latter, Englishmen 
are well represented. 

In the space at our disposal, it will not be possible 
to do more than give a general description of the 
various exhibits. As in former years, perhaps the 
most impressive combined engineering exhibit is 
that organised by the five associations which repre- 
sent respectively the machine tool manufacturers, 
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the wood-working machine manufacturers, the | adjustments are now operated by electric motors, | but a small selection of the interesting examples on 
precision tool manufacturers, the grinding machine | and many firms have adopted methods which permit | view. We hope to give more detailed descriptions 
manufacturers, and the punch and die makers. |the return (non-working) stroke to be made. at an | of some of them in future issues. 

In all, 216 firms, who come under these various | accelerated rate, with advantageous results from | The electrical equipment exhibited in the ‘ Haus 
headings, are exhibiting, and combine to make | the economic point of view. As usual, the firm of | der Elektrotechnik” (see Fig. 1) is intended to attract 
up a most interesting and instructive display | Schiess-Defries A.-G., Dusseldorf, have the largest | the attention of the consumer rather than the pro- 
in the large hall (No. 9) of the Technical Fair} machine in the exhibition. This consists of a|ducer and distributor of electricity. A striking 
buildings. As giving some idea of the area/cylinder-boring machine for steam turbines. It|feature is the numerous patterns of armoured 
covered by these particular exhibits, we may say | can take work up to about 22 ft. in diameter, the | switchgear. It is well known that the German visitors 
that the hall is 600 ft. long by 250 ft. wide, with a | boring shaft being 36 ft. long. We shall hope to| to Wembley were much struck by what we were doing 
gallery on each side. Views of its exterior and | give some further details of this equipment in a|in this direction. The increasing voltage, which is 





interior were given in our account of last year’s | later issue. now being employed even on consumers’ premises, is 
Fair, which appeared in ENGINEERING of March 12,; Most of the machines are arranged for push- | also reflected in the design of switching equipment, 
1926. button control, and it is interesting to see the| which is robust and indicates great attention to 


A general survey of this year’s exhibits show | attempts that are made to eliminate the use of| detail. There are also some interesting exhibits 
that considerable advances in design and construc- | change wheels. In fact, one firm is exhibiting a|of insulators and insulating materials, as}well as 
tion have been made during the past twelve months, | lathe on which 240 different threads can be cut| protective systems. The Allgemeine Elektrizitats 
Special attention may be called to the numerous | without the use of change wheels. Another advance | Gesellschaft, on a large stand, satisfactorily cover 
measuring devices which are on view. Many of/in lathe design is the increased number of speeds | the whole field of their activities, not all of which 
these are intended for use in conjunction with the | available, so that the most economical speed can| are of an electrical character. To some of these 
mass production methods which are now so widely | be used for each piece of work. The change over| we shall refer in detail later. The same may be 
adopted. In this field, the well-known firm of Messrs. | from one speed to another can generally be effected | said of Siemens-Schuckertwerke, and their associated 
Zeiss and Company are well to the fore, while a| very rapidly. Some of the lathes shown are|firm of Siemens and Halske. An_ interesting 
Stuttgart firm has designed a set of gauges with a/ designed to employ as many as 16 tools on a/| exhibit on the latter firm’s stand is a display which 
wide scale, which enables measurements of an/| revolving head. |is designed to give an idea of the development 
accuracy of ;;'55 mm. to be made with a simple The multi-spindle drill is another development | that has taken place in the design of automatic 
setting. In another measuring device, the use of|in the same direction. Patterns with speeds up| telephone equipment from its earliest stages, the 
a column of liquid enables measurements to be|to 12,000 r.p.m. are on view, particularly suit- | apparatus that has been used at various periods 
made to within y5}5, mm. Another piece of able for brass, aluminium, and other light metals| being ingeniously arranged for that purpose. 
apparatus in the same class is intended for the|and their alloys. A number of improvements | Selectors and pre-selectors of the patterns used in 
accurate determination of distances between hole | have been made in radial drilling machines, while | the various years are shown, beginning with the 
centres. | the milling machines on view include one which | first experimental type and ending with the latest 

On the stand of Messrs. Rohde and Dévrenberg, of | will cut a slot 700 mm. long, 100 mm. wide and| model. It is interesting to see through how many 
Dusseldorf, there is a high-speed drilling machine | 25 mm. deep. in cast-iron in 21 minutes. Another | steps the design of the rotary selector has passed. 
which is fitted with a new device allowing all the} milling machine is intended for the production | In addition to the well-known type of pre-selector, 
holes to be drilled to the same depth. Mention | of various parts used in sewing machines. Among | in which the operating magnet is above the contacts, 
roay also be made of the reaming machines, with|the punches mention may be made of a machine | there is also exhibited the latest pattern, in which 
double cutting tools. Every other tooth roughs out |for the production of gear wheels which will | the magnets and the contacts are side by side. 
the holes, while the remainder finish off the work.| make up to 700 strokes in a minute. A press! This is claimed to allow of a great saving in space. 
The tooth making the first cut is set back about! for leaf springs for vehicles, such as motor-cars,| A number of photographs indicate the extent to 
g}> Mm. and acts as a guide for the finishing tooth. is also on view. In this the material is worked | which the internal design of the exchanges has 

As regards the larger machine tools, most of the | cold. The machines we have mentioned represent | altered since the first was erected at Schwabing, 
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near Munich, in 1910. Illustrations are also given 
of equipment which is being used on the trunk line 


between Cologne and Munich. For this service a | 


special alternating-current selector has been de- 
veloped. 

As regards the rest of the exhibits space only allows 
us to say that there are many well-arranged displays 
of standard motors, switchgear and switches of 
all sizes, circuit breakers, among which may be 
noted several patterns of a size suitable for use 
in domestic installations, measuring instruments 
and meters, lamps and lighting fittings, as well as 
a wide range of domestic apparatus of all kinds. 
Considerable attention is being paid to the use of 
electric heating for industrial purposes, and the 
exhibition generally contains a number of patterns 
of electric welding machines and rivet heaters, 
though these are often mot to be found in the 
electrical section proper. 

As in past years, there is no great display of 
motor-cars, while, of those there are on view, quite 
a large number are of American origin. The 
internal-combustion engine is, however, well repre- 
sented, both in the portable and stationary forms. 
Our illustration, Fig. 2, shows the interior of the hall 
in which this class of plant is exhibited. There 
are several examples of road and rail tractors, and 
such well-known firms as the M.A.N., the Motoren- 
werke Mannheim, Gebriider Sulzer A-G, have some 
interesting types on view. There are also good 
displays of conveying equipment of various kinds, 
much of which as already stated is shown out of 
doors, together with steam-rollers and some of the 
larger equipment, which is more conveniently 
displayed in this way. There is a considerable 
amount of textile machinery, and here again 





American influence is not wanting. There is 
nothing, however, to show that in any one way 
Germany occupies a predominant position in 
engineering over Great Britain. In some specialist 
directions she may lead, as we do in others. In 
Standard designs there is very little to. choose 
betwe¢ nh us. 


Hall 9, where, as we have already said, all types 
of machine tools are displayed, also contains a 
representative selection of woodworking machinery. 
These include sand-paper grinding machines, with 
one, two or three cylinders, for dealing with wood, 
cork, horn and other soft materials. Disc and 
other grinders of numerous patterns are also on 
view. A machine which nails up or presses on the 





bottoms and lids of boxes attracted a good deal of 
attention. It is said to be capable of dealing with 
800 to 900 lids or bottoms per hour. The absence 
of the belt drive is a distinctive feature of the 
drive of many of the woodworking machines. This 
is, of course, a great convenience, as the plant can be 
installed in the most convenient positions, irrespec- 
tive of the line shafting. 

As a whole, the display, both of machine tools and 
woodworking machinery, in this building must 
strike even the casual observer as very complete. 
There is little that is, or pretends to be, strikingly 
new, but the factory owner desiring to expand or 
replace his equipment will almost certainly find 
something here to suit him. In addition, he will 
have the advantage of comparing with the minimum 
of trouble what rival firms are doing, and of making 
his choice accordingly. It may be recalled that 
buyers may visit Leipzig for this purpose twice 
every year. It may also be recalled that our own 
machine tool makers deem it sufficient to hold 
exhibitions of their products only at infrequent 
intervals. The buyer is thus, to put it mildly, 
given an unnecessary amount of trouble. For the 
sake of British industry and British prestige, not 
to mention more sordid motives, it would appear 
wise for our own machine tool makers either to 
make a point of holding an exhibition each year 
or of arranging a representative display at Leipzig 
and other established trade fairs. Our tools are 
second to none in design and quality. It seems, 
however, that more vigorous steps are necessary | 
to sell them. 

Great satisfaction is expressed at the number 
of exhibits of prime movers, which are on view 





this year, as formerly, there has been some difficulty 
in inducing manufacturers of this class of plant to 
show. In the present Fair, most of the important 
firms seem to be represented, and, in particular, the 
improvements that have been made in the various 
types of oil engine can, therefore, easily be ascertained. 
A rail motor car, fitted with an engine of this class 
and intended for use on the State Railways, is 
among the novelties shown. It has an output of 
90-h.p. at 1,200 r.p.m., and is direct-coupled to 
dynamo of operation on the “ oil-electric”’ prin- 
ciple. Another novelty is a gas-fired boiler for 
heating purposes for which a high efficiency is 
claimed. It is fitted with 26 burners and can 
generate 234,000 thermal units per hour, while the 
space occupied is said to be not more than one- 





quarter of that of an ordinary boiler of the same 
capacity. A number of marine Diesel engines are 
to be seen, the oil consumption of which is about 
170 gm. per horse-power for outputs above 400-h.p. 
while the efficiency is of the order of 80 per cent. 
Consumptions at partial loads are said to be equally 
satisfactory. The Junkers Werke are exhibiting one 
of their well-known type of twin-piston engines. 

Turning to individual machines, Messrs. Friede- 
rich Schmaltz G.m.b.H., Offenbach-am-Main, are 
showing two interesting grinding machines, which 
are intended for use in locomotive construction. 
The first of these is a precision rotary grinding 
machine for locomotive axle journals and crank 
pins (Fig. 3), which permits all the inside axle 
journals and crank pins of locomotive wheels 
to be trued up at one setting, without moving 
the work. Both straight and cranked axles 
can be dealt with. The grinding saddle and the 
two tailstocks are mounted on a common bed- 
plate. The two tailstocks are equipped with 
bell centres and integral quartering gauges, and 
can be traversed longitudinally by hand wheels 
and worm gearing. One of the centres can be 
adjusted longitudinally by a hand wheel and screw, 
while both can be adjusted vertically and laterally. 
In addition, each tailstock is equipped with two 
adjustable swivel centres. These can be set to 
vernier gauges so that the relative position of the 
inside and outside cranks and the location of the 
crank pins can be checked before grinding. 


The saddle is fitted with a split ring. This ring 


| revolves in adjustable ground guides and carries the 


traversing grinding head. It is driven by a 6-h.p. 
motor through worm gearing. The advantages 
claimed from this arrangement are that the usual 
annular and other gears on long shafts are elimin- 
ated, with corresponding advantages on the score 
of silent running, simplicity and efficiency. 

The traverse of the saddle, whether power or 
manually driven, is reversed by sensitive micro- 
meter stops so that grinding dead up to a shoulder is 
possible. There are six grinding speeds, together 
with two for the power traverse of the headstock. 
Coarse and fine adjustments for setting up purposes 
are provided for the cross motion of the grinding 
head, while in addition there is a quick power 
traverse for changing over from the journal to 
the crank pin centres. These machines, like some 
of the shaping machines described in our account 
of last year’s Fair, are driven by an electric motor 
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in the grinding head itself; this is necessitated 
by the limited space between the crank webs. In 
this case, the Lauer-Schmaltz motor used takes 
wheels up to 550mm. in diameter, though its 
total width is only 85 mm., so that it will enter 
very narrow crank throws. This motor consists 
of an inner alternating-current -pole housing 
and rotor. The latter carries a flange, to which 
the external grinding wheel is fixed. The rotor 
runs in double thrust ball bearings. The motor 
is fixed on the cross slide, which is mounted on the 
inner race of the rotary head and can be longi- 
tudinally adjusted in the latter. In this way, it 
is claimed, that the difficulties formerly experienced 
in transmitting power to the grinding wheel are 
overcome. When a movement is made from one 
axle journal to another, the grinding motor is 
moved through the headstock by a crank and 
pinion motion. The head can be fed up to the work 
while the machine is running. 

It is stated that even on cranks which are difficult 
to get at or wheels fitted with crank pin bosses and 
balance weights, grinding may be carried right 
up to the shoulders, because the motor can be 
readily set at any angle. Dust is extracted 
by an exhaust fan which is fitted at the rear of 
the machine base, and its penetration into the 
gearing is prevented by enclosing these in dust- 
proof covers. This fan is driven by a 5 h.p. motor. 
while two motors, one of 5 h.p. and one of 6 h.p., 
are employed for operating the machine itself. 
The grinding motor itself has an output of 3 h.p. 

Another grinding machine for locomotive work 
which is made by the same firm, is illustrated in 
Fig. 4. It is intended for tuning up the outside 
bearings of assembled wheels and axles, including 
journals, crank and coupling rod pins, as_ well 


as crank pin holes. The heavy base plate is 
provided with a box frame for carrying the 


wheels and axle. The tailstock is equipped with 
a quartering gauge, while at the other end is 
the grinding machine proper, the headstock of 
which is equipped with both manual and auto- 
matically operated travel. The headstock is 
arranged for self-automatically operated travel. 
It carries a self-balancing projecting arm, attached 
to the nose of the main spindle and _ fitted 
with a powerful grinding head, which can be 
adjusted by differential gears while the machine is 
running. The grinding head is also fitted with a 
Lauer-Schmaltz motor, and the dust is removed 
on the same system as the machine we have just 
described. The box frame can be accurately 
adjusted by a vernier in a direction at right angles 
to the longitudinal axis and can also be revolved 
about its vertical axis. Both headstock arms 
have a common vertical coarse adjustment in 
addition to independent fine lateral and vertical 
adjustments. The three centre tailstocks allows 
the relative positions of the cranks and the crank- 
pin having centres to be checked and accurately 
set. The machine is easy to operate, all the control 
wheels and levers being placed within easy reach. 

The procedure adopted is as _ follows :—The 
assembly of wheels and axle is placed on the box 
frame and set so that the axle centre punch marks 
coincide with the two principal centres on the 
machine. If the inside axle journals have already 
been turned on the machine described above, it 
will only be necessary to centre the journals 
which are to be ground correctly with the revolving 
grinding arm. When work has been completed on 
one side, the set is turned through 180 deg. and 
the other side ground. 

The operations which are normally effected on 
the two machines we have just described can be 
combined on one machine in which the box frame 
which is used for supporting the wheel sets is fitted 
with cross traverse so that the work can be quickly 
brought into and out of position. 

(To be continued.) 





INSTITUTION OF QUARRY MANAGERS.—-The annual 
conference of the Institution of Quarry Managers is to 
be held this year at Harrogate, from June 27 to July 2, 
next. An exhibition of quarrying machinery and plant 


will again be held in conjunction with the conference. 
Instead of having a few lengthy papers read at the con- 
ference, a number of short lectures dealing with one 
particular aspect of the subject have been arranged for, 
Time for discussion will be allowed. 





THE LATE MR. ARNOLD HILLS. 


Mr. Arnotp Hints, who died at Penshurst 
on the 7th inst., was undoubtedly a very remarkable 
man, and though not himself an engineer, was 
for many years of his life the controlling spirit 
of a great engineering firm. Born in 1857, Mr. Hills 
was educated at Harrow and at Oxford. and at 
both he acquired a high reputation as ari athlete. 
He was a “ Blue” in 1877, 1878 and 1879, and 
in the latter year won the mile championship. 
He took his degree in 1879, securing a second-class 
in Modern History. Oxford has been dubbed the 
home of lost causes, and if this be true Mr. Hills 
might well serve as an example of a typical Oxonian. 
Throughout his life he had to fight a losing battle 
both against extreme ill-health and against social 
and economic conditions. He made a heroic struggle 
to maintain intact the Thames Ironworks, which, 
founded in 1864, was the direct heir of Messrs. 
Ditchburn and Mare, who, at first in partnership 
and later on independently, were responsible for 
the development of iron shipbuilding on the 
Thames, and through many prosperous years made 
the Thames the greatest shipbuilding centre in the 
world. Here in 1858-61 was constructed the 
Warrior, the first seagoing ironclad to be built, 
and almost innumerable vessels were built for 
our and for foreign navies, as well as many passenger 
and cargo vessels, and yachts. In spite of this 
immense influx of work the undertaking of Messrs. 
C. J. Mare and Company came to grief, and after 
a certain interregnum were taken over by a newly 
formed private company, which adopted the style 
of the Thames Ironworks, Shipbuilding, Engineering 
and Dry Dock Company, Limited. Amongst the 
directors was Mr. F. C. Hills, the father of Mr. 
Arnold Hills, who had amassed a large fortune 
as a manufacturing chemist, and who acquired 
ultimately a controlling interest in the Thames 
Ironworks. When his son, Mr. Arnold Hills came 
down from the University, he was immediately 
appointed a director. 

Mr. Hills took not merely an active part in the 
management, but was deeply interested in social 
and economic questions. Possibly he was in part 
influenced by Besant’s ‘ All Sorts and Conditions 
of Men,”’ but whatever the source of his inspiration, 
he adopted the policy of the hero and heroine of 
that novel, and went to live amongst the workmen. 
For five years he resided in the East India Docks- 
road, devoting his evenings to the improvement 
and recreation of the men employed by his firm. 
This did not, however, prevent the outbreak of 
a long series of strikes, the wastefulness of which 
led Mr. Hills, as Sir George Livesey had done 
before him, to hope that by giving the men a more 
direct interest in their work, by a system of profit- 
sharing, prosperity might be restored to the Thames 
shipbuilding trade. For some time it seemed that 
success would crown his efforts. At the launch 
of the Thunderer he stated that over 100,000I. 
had thus been distributed since the inauguration 
of the scheme. Moreover, owing to Mr. Hills’ firm 
being outside the Employers’ Federation, and to 
his having conceded the eight-hour day, work pro- 
gressed on this ship whilst shipbuilding elsewhere was 
held up by the prolonged strike. When the latter 
ended, however, the conditions on the Thames 
proved too unfavourable for effective competition 
with the northern yards. In fact, Mr. Ditchburn, 
in promoting iron shipbuilding during the middle 
of last century, had helped to seal the fate of the 
Thames as a shipbuilding centre, since competing 
undertakings were nearer the sources of supply. 
That, in spite of these adverse conditions, the 
industry was so long maintained was due entirely 
to the resolution—and, it must be added, to the 
marvellous fortitude—of Mr. Hills. At a compara- 
tively early age he was incapacitated by rheumatism, 
|and for two years all work was impossible. At 
|the end he was still unable to lift a finger, and he 
| had to attend the launch of the Thunderer in 
}an invalid chair. Shortly before the end of his 
| life he recovered sufficiently to be able once more 
| to sign his name. It is extraordinary that under 
| such extreme disabilities, which made him practically 
|unable to move, Mr. Hills was able to take the 
leading part in the activities of his firm. 





With a view to interesting the men in the past 
history of this undertaking, and in the work jn 
progress, he founded in 1896 The Thames Ironworks 
Gazette. This was issued quarterly, and Mr. Hills 
himself was a regular contributor. Much of what 
he wrote, or rather dictated, since, as indicated 
above, he was at that time unable even to sign his 
name, was devoted to urging the claims of vege. 
tarianism and total abstinence, but he also dealt 
largely with social and economic matters. Stil] 
more important was the fact that he induced the 
late Mr. G. C. Mackrow to contribute a series of 
articles which constitute almost a complete history 
of the development of iron shipbuilding on the 
Thames. 

Not content with the active part he took in the 
proceedings of his own firm, Mr. Hills further 
attempted to resuscitate the Thames Steamboat 
services, which in the days of Thackeray and for 
some decades afterwards formed one of the most 
popular methods of transport in London. The 
growth of improvement in the railway, tube. tram 
and ‘bus services rendered hopeless the prospects 
of success, and the attempt had to be abandoned. 

With the closing of the Thames Ironworks 
Mr. Hills definitely retired to his home at Penshurst. 

As will be seen, he was a man of great courage. 
In order to build the Thunderer, extensive and 
costly improvements and additions had to be made 
to the facilities of the yard, and this necessity was 
boldly faced. He was not afraid of new ideas, 
and in 1896 a method of rapid cable laying for 
war service, devised by Mr. C.S. Snell, received 
the strong support of Mr. Hills. The plan was 
intended to secure ready communication between 
a fleet and the shore by means of a submarine 
cable. In ordinary cable laying the speed of the 
cable ship does not exceed some 7 knots, but on 
the Snell system, cable could be laid at speeds of 
223 knots or more. The cable was, in fact, shot over- 
board at a higher speed than that of the ship in the 
opposite direction. Any ship could be used as a 
cable layer, and a very ingenious provision was made 
by which, in effect, there was always some 2,000 ft. 
of slack cable kept under a constant tension inter- 
posed between the cable discharger and the cable 
store. In this way sudden variations in speed or 
in the contour of the sea bottom were provided 
for. Unfortunately for Mr. Hills, the introduction 
of wireless destroyed the utility of the scheme. 





LAUNCH OF THE M.S. “ AuGustina.”—On Wednesday, 
March 2, Messrs. Swan, Hunter and Wigham Richardson, 
Limited, successfully launched from their Wallsend 
Yard, the M.S. Augustina, which has been built to the 
order of the Anglo-Saxon Petroleum Company, Limited. 
The vessel, which is 305 ft. long and 50 ft. broad, 
is provided with 15 oil-tight compartments as cargo tanks 
for carrying 3,600 tons of petroleum on a moderate 
draught. Amidships is a pump room fitted with two 
main oil pumps, so arranged that they will transfer 
oil from any compartment into any other on the opposite 
side of the ship, and also can pump from the sea into 
any oil compartment. In addition oil can be delivered 
simultaneously over each side of the ship from any 
oil compartment, with both pumps working to deliver 
different qualities of cargo. The propelling machinery 
consists of two main motors of the four-cycle direct- 
reversible six-cylinder single-acting marine type, which 
are being installed by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Newcastle-on-Tyne, who 
will also supply the donkey boiler. 

THE L.B. anv §.C. Rattway Locomotive ‘ GLAD- 
STONE.”’—The president of the Stephenson Locomotive 
Society informs us that negotiations for the preservation 
and acquisition of Mr. William Stroudley’s celebrated 
express passenger locomotive Gladstone, are now com- 
pleted. This locomotive was the first of a class of 
36, which made the name of its designer famous through- 
out the world. Built in 1882 and put into service in 
December of that year, the Gladstone has completed 
44 years’ service, It has just been withdrawn by the 
Southern Railway Company in order to be restored to its 
original condition and repainted in the distinctive yellow 
colour adopted by Mr. Stroudley. Arrangements have 
been made with the L. and N.E. Railway Company for 
the Gladstone to be housed in their railway museum 
at York until such time as accommodation can be found 
in London, possibly at South Kensington Museum in the 
course of a few years. The Stephenson Locomotive 
Society has taken the responsibility of the work in 
connection with the restoration of the locomotive, and 
has opened a fund to defray the somewhat heavy expenses. 
Engineers and others interested in the preservation of 
historic locomotives are invited to contribute to this fund, 
and any donations received will be gratefully acknow- 
ledged by the hon. treasurer of the Society, Mr. F. H. 
Smith, 159, Albert-road, Croydon, Surrey, to whom all 





donations should be sent. 
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CONCRETE MIXER WITH BURN-LANCASTER DRUM. 


CONSTRUCTED BY 


MESSRS. WINGET (1924), 


LIMITED, ENGINEERS, LONDON. 











Fia. 1. 


| 


WINGET CONCRETE MIXER WITH 
BURN-LANCASTER DRUM. 


THouaH the steady expansion of the use of concrete | 
has been accompanied by developments in machinery 
for preparing it, a tendency has arisen to stress the | 
output of appliances rather from the point of view of 
quantity. In open drum mixers, the result of this has 
actually sometimes been that the mix is anything but 
uniform. Whether due to unsuitable speeds, incorrect 
shape of drum, or too prolonged a period of rotation, it 
has been found in some instances that the concrete 
has undergone segregation, the larger aggregate being 
found at the top and the smaller underneath it. We 
illustrate, in Figs. 1 to 3, an open drum mixer for 
which it is claimed that no separation of this kind 
occurs. This is a Winget concrete mixer with 
Burn-Lancaster drum, which is being introduced by 
Messrs. Winget (1924), Limited, Winget House, Gros- 
venor-gardens, S.W.1. | 
_ This machine, called the 7-5 model, from the fact | 
it has a capacity of 7 cub. ft. of unmixed material and | 
5eub. ft. of mixed, has a normal daily output of about | 
60 to 70 cub. yards of wet mix according to the consis- | 
tency required, but from 80 to 100 cub. yards can | 
be obtained without detriment to the product. The | 
machine is driven by a petrol engine on an extension | 
of the base, is mounted on wheels, and has a power- | 
operated charging hopper. The construction of the | 
frame is so clear from the figures as to need no comment, 
beyond pointing out that the channels and angles | 
of which it is composed are of heavy section. Attention 
may also be drawn to the strut reinforcing the member 
of the A frame that carries the pivot of the filling 
hopper, which ensures adequate rigidity. 

‘The base of the frame is carried on a three point 
Suspension arrangement on the carriage, the frame | 
being locked to the carriage during the operation of the 
drum by the wooden wedges visible in Fig. 1. The road 
Wheels are 20 in. and 24 in. in diameter at the front 
and back, respectively, and can be supplied to swivel or 
hot as desired. The drawbar is seen in Fig. 1. The 
engine is totally enclosed in the steel casing at the right 
hand of this figure. It is a 5-h.p. Lister petrol engine 
running at 550 r.p.m., and has a water hopper. It is 
connected with the drum driving shaft, which passes 
through the trunnion, by a chain drive. This shaft 
transmits motion to the winding shaft of the charging 
hopper by another chain passing over a large sprocket 
wheel containing a clutch. The chain is supported by 
4 tightening idler. The engine is, of course, kept 
seomently Tunning during mixing, the winding shaft 
eng put into motion by the clutch, which is fitted | 
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InTERIOR VIEW OF LOWER PART 
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Fie. 3. 


with Ferodo lining. The control gear for the clutch 
may be recognised in Fig. 1; as the hand-lever is 
long a very sensitive control is obtained. The clutch 
and idler are visible just above the engine casing. 

The charging hopper is pivoted at about the middle of 
the frame, and is constructed with a long spout, having 
incurved edges. The drum is shown, in Fig. 1, in the 
charging position, with the hopper lowered to receive the 
measured aggregates and cement. In Fig. 2, the hopper 
has been raised to the charging position. This action is 
accomplished by winding in the ropes attached to it on 
to small drums on the winding shaft. Control during 
descent is obtained by a brake operated by a further 
movement of the clutch handle. In the charging position, 
the hopper is tipped so steeply that prompt and com- 
plete discharge is assured. A small difference between 
the machines shown in Figs. 1 and 2 may be referred to 
here. Fig. 2 shows a water tank, absent in Fig. 1. 
Such tanks are not always fitted, but their adoption 
adds to the rapid operation of the machine. Being 
fitted with a gauge, measured amounts of mixing water 
can be put in the drum. 

Fig. 2 shows the drum, which is the special feature of 
the machine, very clearly, but the shape is still better 
seen in Fig. 3, which is an interior view of the bottom 








MIxER witH Hopper IN CHARGING PosITION. 


half. It is formed with two helical surfaces, each ex- 
tending half-way round the drum, the junctions between 
them being made by an abrupt step. This arrange- 
ment, in its relation to the centre pin and top blades, 
visible in Fig. 1, is adopted to prevent the separation 
of the aggregate, and ensure uniform consistency 
throughout every mix. The drum is 36 in. in diameter, 
with an opening of 214 in. in diameter, and a depth of 
333 in. It rotates at a speed of 17 r.p.m., and a correct 
mix is stated to be obtained in 45 seconds. On this 
point it may be mentioned that the British Portland 
Cement Association lays down in its specification for 
concrete roads that the drum of a mixer shall make 
not less than 12, nor more than 18, r.p.m., and that the 
minimum time for a mix is one minute. The central 
projection seen in Fig. 3, is, of course, the housing for 
the pivot, which is fitted with ball bearings at both the 
top and the bottom. 

The tilting segment is of toughened cast-steel with a 
cast-steel sector and a large handwheel geared to it 
through a spur wheel. A particular point about this 
gear is the excellent balance of the drum, which, in 
conjunction with the large handwheel gives very easy 
control. The short handle projecting above the hand- 
wheel boss in Fig. 2 belongs to the catch by means of 
which the drum is locked in the charging, mixing, or 
emptying positions. The charging position has already 
been described ; mixing is done when the axis of the 
drum is vertical, and, for emptying, the drum is turned 
over towards the front of the machine, 7.e. towards the 
foreground of Fig. 2. The total weight of the machine 
is 344 cwt. It is 8 ft. 6 in. long over all. Its width, 
with the hopper the position of Fig. 1 is 8 ft. 6 in. 
With the hopper in the drum-charging position of Fig. 2, 
the width is 5 ft. 9 in., and the height is then 7 ft. 10 in. 








THE EFFECT OF ARSENIC ON 
COPPER.* 


By Proressor D. Hanson, D.Se., and 
C. B. Marryat, B.Sc. 

Tue investigation described in the present paper is 
part of a systematic research on ‘The Effects of 
Impurities on Copper” which is being carried out 
for the British Non-Ferrous Metals Research Associa- 
tion at the National Physical Laboratory, under the 
supervision of Dr. W. Rosenhain, F.R.S. Previous 
papers relating to the earlier portions of this research, 





* Communication from the National Physical Labora- 
tory, Teddington, being Part III of the “ Investigation 
of the Effects of Impurities on Copper,” read before the 
Institute of Metals, London, March 9, 1927. Abridged. 
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dealing with the effects on copper, of oxygen and of 


iron, have been published.* 





The materials used in the present investigation con- | present only in traces. 


sisted of cathode copper supplied by Messrs. Thos. 
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Fig. 18. ARSENIC-COPPER ALLOYS. SUMMARY OF TESTS ON SMALL 
CHILL- CASTINGS. 
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| It is difficult to obtain perfectly sound castings 


x 150. 


Brinell Number 
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of arsenic-bearing copper 
with very low oxygen 
contents, even when the 
arsenic content is as high 
as 1 per cent.; if, how- 
ever, the oxygen content 
is allowed to increase, 
this difficulty to a large 
extent disappears. For 
the purpose of the present 
investigation a low oxy- 








gen content was essential, 





and, since the use of 





special deoxidizers was 





DENSITY AS CAST (MACHINED) 









considered undesirable, it 
has been necessary to 
take rather elaborate pre- 





S86 cautions to obtain sound 
s+ castings. By using the 
B52 sound castings were ob- 
& tained, except in the case 
0 O2 038 8 04 05 06 ; 08 03 of small chill-castings, 
(i3.A.) Arsenic Contents per Cent “ENGINEERING” 


copper contained 0-004 per cent. of oxygen, and other | found, although many attempts were made. 


* Hanson, D., C. B. Marryat, and Grace W. Ford, 
** Investigation of the Effects of Impurities on Copper.”’ 
Part I.—‘' The Effect of Oxygen on Copper,’’ J. Inst. Metals, 
1923, vol. 30, pages 197-227; see also ENGINEERING, 
1923, vol. exvi, page 351. Part II.—** The Effect of Iron 


on Copper,” J. Inst. Metals, 1924, vol. 32, pages 335-361; | by preheating a Salamander crucible in the furnace and! the National Physical Laboratory. 
see also ENGINEERING, 1924, vol. exviii, page 379. 


The cathode copper, cut into small pieces, was pickled 





Fig. 8. ANNEALED. 
ARSENIC 0:053 Per Cent.; Oxya@en 0:016 Per Cent. 
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method outlined below | were tested in this condition. 





lin. in diameter, and the then machined to 1}} in. in diameter and cold-rollec 
small slab-castings, for} to $ in. in diameter. Series 4 consists of material in 
Bolton and Sons, Limited, and metallic arsenic. The ,which no method of obtaining sound material was | this “ as rolled ” condition. 


elements were either absent or were present in traces | pieces of copper were dropped, care being taken that 
only. In the case of the arsenic, foreign elements were | each piece was completely submerged. When the 
| whole of the copper was molten the temperature was 


aaa 
| Taise 





x 150. 


Fig. 79. ARSENIC-COPPER ALLOYS. BRINELL HARDNESS TESTS ON 


ROLLED MATERIAL. 
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of an arsenic-rich alloy added ; the melt was well stirred 
with a graphite stirrer, the borax thickened with sand 
to enable the covering to be held back, and the metal 
was poured. The pouring temperature was 1180 deg. 
to 1,200 deg. C. The following castings were made :— 

Billets for rolling, 1-% in. diameter, 12 in. long; 
small chill-castings, 1 in. diameter, 7 in. long; slab- 
casting, 6} in. by 44 in. by ? in. ; moulds were machined 
from solid Acheson graphite. 

The method of production of rolled material was 
arranged so as to produce five series of bars or strip 
in different conditions, in order to illustrate the effects 
of different degrees of cold-work and annealing on 
arsenic-bearing copper. In Series 1, 2, and 3, } in. 
diameter rod was produced by preliminary hot-rolling 


| from 1,8, in. in diameter to ] in. in diameter, annealing 


at 700 deg. C. for 30 minutes, followed by cold-rolling 
to Zin. indiameter. Series 1 and 2 were again annealed 
at 700 deg. C. for 30 minutes and cooled in air, and 
Series 3 was tested in the 
‘“‘as rolled” condition. Series 4 and 5 were produced 
from cast material after a preliminary annealing at 


800 deg. C. for 30 minutes ; the annealed material me 


A portion of this rod was 
then flattened under a power-hammer and cold-rolled 
into strip (approximately 0-03 in. thick, Series 5). 


in dilute nitric acid, washed in running water, dipped | Table I, page 305, summarises the tests carried out ou the 


|in 10 per cent. caustic potash solution, again washed | material of each series. 1 
During melting, every care was | materials used are shown in Table II. 1 
taken to prevent absorption of oxygen or furnace gases, | was carried out in the experimental rolling-mil 


and carefully dried. 


The compositions of the 
The rolling 
| at 
All the rods 


| forming a good bath of molten borax into which small | produced, whether rolled hot or cold, were quite 
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satisfactory and free from cracks. Except in the case 
of samples AC 8, AC 7, and AC 10, all samples rolled 
perfectly into strip 0-03 in. thick; in the three 
castings mentioned the edges of the strip were 
slightly serrated, but the material was otherwise 
satisfactory. After this thin strip had been subjected 
to tensile testing, one part of each of the broken test- 
pieces was further reduced by rolling to a thickness of 
0-004 in. The successful production of thin foil by 
continuous reduction in the cold from 1}} in. in diameter 
cast material to strip 0-004 in. thick, without any 
intermediate annealing, illustrates the great malle- 
ability of copper containing only arsenic as an impurity, 
even when the amount of arsenic exceeds 1 per cent 
The reduction in area during this rolling is over 99 per 
cent. 

The density (grams per cubic centimetre at atmos- 
pheric temperature) of small chill-castings, cast billets 


Fig. 20. ARSENIC-COPPER ALLO 


| than that of the rolled material. The densities of the 
‘“‘as rolled” and annealed rod are shown in Fig. 20. 
In three instances, AC 7, AC 10, and AC 5, the density 
of the annealed rod is lower than that of the rolled 
material. These results were confirmed by tests on a 
duplicate set of rods, It does not seem probable that 
these discrepancies are connected with the arsenic 
content of the materials; it is much more likely that 
they are due to a little porosity of the original castings, 
producing a slight expansion during the operation of 
annealing. The densities of the rolled material are in 
all cases rather greater than the density calculated 
from those of copper and arsenic, assuming a simple 
law of mixtures, and the departure from this calculated 
theoretical value increases as the percentage of arsenic 
rises. 

Tensile Tests at Ordinary Temperatures and at 250 deg. 
C.—Tensile tests were made on small chill-castings 





tion in the elongation. In Series 5, the effect of arsenic 
on the elongation is not so marked, probably because 
the effect of cold-work is so great in this severely worked 
material. 

Brinell Tests,—Brinell tests were made on the large 
chill-castings and on annealed rolled rod of Series 2, 
using a 10-mm. ball and a load of 500 kg. applied 
for 30 secs. The values obtained are shown in Fig. 19. 
The results vary somewhat in any one specimen, and 
average values are plotted on the curves. In the case 
of cast material, the variations in the hardness number 
did not appear to be connected in any very definite 
manner with the arsenic concentration. The hardness 
of the annealed rod is somewhat higher than that of 
the “‘ as cast’? material, and shows less variation. In 
neither case, however, is there any marked increase 
of Brinell hardness with rise in arsenic content. 





For the purpose of comparing the Brinell numbers 


YS Fig.21. ARSENIC-COPPER ALLOYS. TENSILE TESTS ON ROLLED MATERIAL. 


RELATIVE MASS CONDUCTIVITY & RESISTIVITY, ROLLED ROD.SERIES 3. 





02 0s $04 OSs 06 07 


053 
DIZ - 


Arsenic Contents per Cent. s 


08 09 





DENSITY GRAMMES PER CUBIC CENTIMETRE. 0g of 02 OS 














0 01 0-2 03 $04 05 06 07 


i z Arsenic Contents per Cent * * 


NOTCHED BAR & WOHLER TESTS. 


. 2 











0 
e 02 O3 04 0-5 06 07 08 8 O93 10 ti 
$2 Arsenic Contents per Cent 
AR. Broken Down Hot, Annealed , Cold Rolled, As Rolled Series 3. 
AN » ” a ” » Annealed Series 2. 


(3¢) CR Annealed as Cast, Cold Rolled 78% Reduction. As Rolled Series 4. .csserncr 


TABLE I, 

















AC Series, Tests Carried Out. 
1 Tensile tests at 250 deg. C. 
2 Density, tensile tests, Brinell tests, fatigue tests, 
notched-bar impact tests, electrical conductivity. 
Same as for Series 2. 
Tensile tests, Brinell tests, notched-bar impact tests. 
Tensile tests, Brinell tests. 
TABLE II. 
P | 
Cast No, Arsenic. | Oxygen. Tron. 
ee. ! 
Per cent. Per cent. Per cent. 
AC ad 0:°053 0:016 0-008 
AC 7 0-093 0-005 trace 
AC 9 0:36 0-003 99 
\C 10 0-60 | 0-009 ” 
Co | 0-86 0-013 os 
AC 4 1-04 0-0055 ee 





1 ¥,-in. in diameter, cold-rolled bar (Series 3), and rolled 
and annealed bar (Series 2), has been determined. In 
the case of the cast billets, the whole of the casting was 


used in making the density measurements. The 
densities of the machined tensile test-pieces of the 
small chill castings are shown in Fig. 18. .They are 
very irregular, and the values are comparatively low ; 


the unsoundness of these castings has already been 
mentioned. The density of the cast billets, 1,%.-in. in 


diameter is shown in Fig. 20. The densities are all less | ultimate stress, with, as a rule, a corresponding deprecia- 
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|containing 0-1, 0-33, 
| 0-36, and 0-86 per cent. 
|of arsenic respectively. 
|The results, shown in 0 9 O1 O-2 O3 
| Fig. 18, are somewhat $ 8 

|irregular, and appear to 
| be influenced more by 


|the soundness of the SeriesZ. ‘ 5 
castings than by the pny : 


|actual chemical compo- 
| sition. The casting con- (3) 
| taining 0-86 per cent. of 

lultimate stress being 12-3 tons per square inch, and 
|the elongation 33 per cent. The results of tensile 
|tests on rolled bar and strip are given in Fig. 21. 
| The effect of arsenic on the tensile strength of annealed 
| rod is small; the ultimate stress only increases by 1 ton 
| per square inch (from 14 tons to 15 tons per square 
| inch) with an increase in the arsenic content from 0-053 
| per cent. to 1-04 percent. The value of the elongation 
at 250 deg. C. is less than that found at ordinary tempera- 
ture, and drops steadily after a concentration of 0-36 
per cent. of arsenic is reached. This decrease of elonga- 
tion at 250 deg. C. is the reverse of the result obtained 
in the oxygen-copper series. In this latter case the 
elongation at 250 deg. C. was, as a rule, greater than 
that at atmospheric temperature. The combined 
effects of arsenic and cold-work are well illustrated 
in these tests. It is shown that the higher the arsenic 
content the greater is the effect of cold-work on the 
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with the values obtained in tensile and notched-bar 
tests in wrought material, specimens were prepared 
from Series 2, 3, 4 and 5. The Brinell numbers in 
these cases were determined with a 2-mm. ball and a 
load of 40 kg. applied for 30 secs. In the first three 
series, portions of the notched-bar test-pieces were used, 
the impressions being made on a longitudinal face. In 
the case of Series 5, the impressions were made on the 
rolled face of the enlarged ends of the tensile test-pieces, 
which were previously polished with a polishing paste. 
The results are represented, as stated, in Fig. 19. In 
the case of Series 2 (annealed material), no marked 
variation with rise of arsenic content is found, thus 
confirming the tests made with a 10-mm. ball. The 
results of tests on the cold-rolled material, Series 3 and 4, 
are interesting, for, although there is a marked difference 
in the tensile and notched-bar tests obtained for each 
of these series, Brinell numbers for each arsenic con- 
centration differ very little from one another, and, 
except for a gradual increase in the hardness as the 
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arsenic content rises, no other differences are observed. | iron, the effects of which have been described in 
The Brinell test fails to give any indication of the| previous reports. The columnar structure is much 
different amounts of cold-work, used in the production | less marked in this series than in the copper-oxygen 
of these two series. On the other hand, the Brinell | or copper-iron series. 
num ber of Series 5, which was very severely cold-worked | Microstructure.—A typical microstructure of cold- 
is much greater than that of the other series; if the | rolled material is shown in Fig. 7, which represents 
results for this series be compared with those obtained | copper containing 0-053 per cent. of arsenic. The 
with annealed rod, it is found that the increase of |deformation corresponding to about 50 per cent. 
strength and hardness due to cold-rolling rises with | reduction is shown. Fig. 8 represents the same 
the arsenic content. | material after annealing at 700 deg. C. for 30 minutes. 
Fatigue Range.—Fatigue tests were made on the |The consideration of a series of micrographs would 
material of Series 2 (rolled and annealed at 700 deg. C. | seem to show that the effect of arsenic content on 
for 30 minutes). A Wéhler machine was used, a single- | the crystal size of annealed material appears to be 
end load being applied to the specimen; the load- | small. . 
deflection test devised by Gough* was used, The| Determination of the Solubility of Arsenic in Solid 
values obtained for the fatigue range are shown in Copper.—In all the wrought material used in this 


Fig. 20. There is a gradual increase in the fatigue | 
range as the arsenic content rises, except in the case o 
the sample containing 0-36 per cent. of arsenic, which 


| investigation the arsenic appeared to be completely 
| dissolved in the copper. It was nevertheless con- 
|sidered desirable to ascertain the limits of solid 


gave the lowest value of the series. The values | solubility at all temperatures from that of the eutectic 
obtained are distinctly higher than those found in the | gownwards, since the effect of one metal on another 
sa | depends very largely on the solid solubility, and 
oe Impact Tests.—The test used ing the | the manner in which this solubility changes with 
standard Izod test, on specimens 10 mm. x 10 mm.) temperature. Bengough and Hill place the solid 
eer ae Pact — 2 _ | solubility of arsenic in slowly-cooled alloys at about 
deep, with a root radius of 0-25 mm. e energy Of | 3 per cent. of arsenic at ordinary temperature; they 
the blow was 120 ft.-lb., and the tests were carried - | state that precipitation of the copper-arsenic compound 
-y or anne uaa 2m apn eg “oy y — during cooling along certain planes within the 
3 and 4 was tested, and the results are shown in Fig. 20. | crystals. 
Test-pieces of material from Series 2 and 3 did not| ‘Alloys containing the following percentages of 
fracture completely, and the tests are therefore of little | arsenic were prepared :— 
comparative value. As a rule, however, the energy ponk aie: O00: 610k: b Ok Oke te 
absorbed by the annealed and rolled rod of the same | le a i 
arsenic content was very similar, except in the case of | 300-grm. melts were made in each case, and rectangular 
the annealed rod containing 0-6 per cent. of arsenic, | ingots 1 in. by 3 in. were cast. A complete cross- 
for which low values were obtained. The test-pieces | section } in. thick was cut from each ingot and reduced 
from material of Series 4 all fractured under this test, | to approximately } in. thick under a power-hammer ; 
and gave considerably lower values, which must be | all the ingots withstood this reduction without cracking. 
attributed to the greater amount of cold-work used in| From this hammered material, specimens } in. by 
the production of the material. The ultimate stress in | } in. by .% in. were prepared for microscopic examina- 
this series is also very much greater than that of | tion and subsequent heat treatment. All specimens 
Series 2; on the other hand, the Brinell numbers of | contained some light blue constituent, 8, and they 
Series 4, as has already been noted, differ very little | were free from cuprous oxide. For the purpose of 
from those of Series 3. jlong annealing, specimens were enclosed in glass 
Electrical Conductivity.—Electrical conductivity tests | combustion tubing, which was partially evacuated 
have been made on small chill-castings, both “ as cast’ | and sealed. The specimens = got were i 
and after annealing for 30 min. at 700 deg. C. In all | for the required time in an electric furnace, and even 
cases the conductivity is referred to the International after many hours signs of oxidation or volatilization of 
Standard for annealed copper, of which the resistivity | arsenic were absent. The specimens were quenched 
of a wire of uniform section 1 m, in length and weighing | by pulling the glass tube - . _ — into 
1 grm. is 0-15328 ohm at 20 deg. C. The absolute | water, when the glass cracked and allowed the water 
values for the resistivity, are expressed in microhms | to reach the specimens. In the first series of experi- 
per centimetre cube, the results of the tests being | ments, specimens containing from 2-52 per cent. to 
given in Figs. 18 and 20, page 305. The conductivity | 7°25 per cent. of arsenic were annealed at 650 deg. C. 
falls rapidly as the arsenic content increases, both in for 120 hours and quenched in iced prone Feel 
the “as cast” and annealed series. The difference | this treatment microscopic examination showed that 
between the cast and annealed material is negligible | the whole of the arsenic had become dissolved in the 
with a low arsenic content, but increases as the arsenic | copper. A similar series was annealed at 650 deg. C. 
increases, the ‘as cast’ material possessing the |for 77 hours, and the temperature was then slowly 
higher conductivity. The results obtained in this | reduced to 450 deg. C. in 42 hours, when the specimens 
series differ from those obtained in the oxygen-copper | were quenched and examined under the microscope. 
castings, in which the conductivity of castings was|Some specimens were further annealed for 77 hours 
| at 500 deg. C., and the temperature was then steadily 
|lowered in 18 hours to 400 deg. C., held there for 
18 hours, and the specimens quenched. In the whole 
of the series definite signs of the 8 constituent were 
absent. 


increased by annealing. 

The results of the tests on rolled bar are shown in 
Fig. 20. There is a very marked and uniform decline | 
in conductivity as the arsenic concentration rises. The | 
addition of as small a quantity as 0-053 per cent. of 


arsenic reduces the conductivity from 102-1 per cent. | 
for pure copper to 85-5 per cent. When the arsenic | sh : , 
: Pr : |a result that had not been anticipated in view of 


concentration reaches 1 per cent., the conductivity has 
been reduced to little more than 20 per cent. of the 


International Standard. The difference in conductivity | 
of ‘*‘ as rolled ” and annealed rod is negligible, and the | 


values obtained with rolled material are very close to 


those of the ‘“‘as cast’ and annealed material. The | 


values obtained in this investigation differ appreciably 
from those of Hiorns and Lamb. Below about 0-3 per 
cent. of arsenic their values are somewhat lower than 


those now reported; whilst above that arsenic con- | 
centration this difference is reversed. The differences | 
are not great, and small differences in the purity of the | 


materials, and in the mechanical or heat-treatment, | am . ) 
‘cent. of arsenic in solid copper. As a final check 


| on these results, further specimens containing 6-12 per 


would be sufficient to account for them. 

Macrostructure of Cast  Billets.—Arsenic greatly 
reduces the crystal size under the conditions of casting 
adopted in this investigetion; the crystals in the 
casting containing 0-053 per cent. of arsenic (the 
lowest arsenic content) are not greatly different from 
those of a pure copper casting cast under the same 
conditions, but as the arsenic content increases the 
crystal size decreases very considerably, although 
this decrease is not uniform as the arsenic content 
increases, probably because other influences, such 
as slight variations in the casting conditions, are 
at work. With higher arsenic contents, however, 
the crystal size is very much smaller than that found 
in the case of copper containing either oxygen or 








* ENGINEERING 1922, vol. exiv, page 291. 


|after this treatment, although the amount of this 


| cent. of arsenic, a few isolated particles in one small 
|region in the sample containing 7-25 per cent. of 


These experiments show that the solubility of 
arsenic at all temperatures is greater than 7 per cent.— 


the statements of other workers. A further series 
of alloys containing 7-78 per cent., 9-98 per cent. and 
11-88 per cent. arsenic was prepared as previously 
described,* and annealed for 192 hours at 650 deg. C. 
and quenched. Microscopic examination showed that 
the 8 constituent was present in all these alloys 


constituent was very greatly reduced in quantity 
as compared with that in the “as cast” material. 
A further annealing at 650 deg. C. for 96 hours failed 
to dissolve this constituent completely. These experi- 
ments indicate a solubility of approximately 7-25 per 


cent., 7-25 per cent. and 7-78 per cent. of arsenic were 
annealed for 192 hours at 650 deg. C. and quenched in 
iced water. Microscopic examination showed no signs 
of the 8 constituent in the sample containing 6-12 per 


arsenic, and numerous small globules in the sample 
containing 7-78 per cent. of arsenic. The solubility 
of arsenic in solid copper is therefore very close to 
7:25 per cent., and this solubility changes very little 
with a fall of temperature. 





* These alloys were not so malleable as those contain- 
ing less arsenic, and cracks developed during the forging 


THE EFFECT OF ARSENIC PLUS 
OXYGEN ON COPPER.* 


By Proressor D. Hanson, D.Sc., and 
C. B. Marryat, B.Sc. 

THE materials used in the present_ investivation 
consisted of pure cathode copper, arsenic-rich copper 
alloy, and oxygen-rich copper alloy. For the produc. 
tion of the alloys required, fireclay crucibles, stirrers, 
and skimmers were substituted for graphite, as used 
in the copper-arsenic series, and a molten glass covering 
in place of borax; in other respects, the methods 
adopted were very similar, the general melting practice 
being identical. 

By the use of an arsenic-rich copper alloy as the 
means of adding the required amount of arsenic, 
satisfactory agreement of the percentages desired with 
those shown by analysis was well maintained, only a 
slight loss occurring in a few instances. The oxygen 
content, on the other hand, invariably showed a slight 
increase on the calculated quantity. The compositions 
tested are given in Table V. 


TaBLE V.—List of the Compositions Tested. 








Cast No. AOC. Arsenic. Oxygen. 
Per cent. Per cent. 

AOC 20 0:09 0-1 
AOC 22 0-09 0-039 
AOC 23 0-24 0-04 
AOC 8 0-25 0-069 
AOC 7 0-30 0-07 
AOC 19 0-34 0-058 
AOC 6 0-44 0-071 
AOC 24 0-45 0-034 
AOC 25 0:96 0°05 
AOC 39 1-40 0-052 
AOC 21 2-02 0-06 











Fig.22. COPPER-ARSENIC- OXYGEN ALLOYS 


RELATIVE MASS CONDUCTIVITY & RESISTIVITY 
ROLLED RODS A.0.C. SERIES 3A. 
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Similar series of rolled material consisting of bars or 
strip in different conditions were produced as in the 
copper-arsenic alloys, together with additional modi- 
fications, introduced as circumstances demanded. The 
rolling treatment is shown in Table VI. 


TABLE VI. 





Series No. | Rolling Treatment. 
| 





1, 2A, and 3A | Rolled at 800 deg. C. to j-in. diameter, cold-rolled 
| to §-in. diameter. 

2, 2B, and 3 | Rolled at 800 deg. C. to 7-in. diameter, annealed, 

| _ cold-rolled to g-in. diameter. 


4 Annealed as cast, cold-rolled to §-in. diameter 
(78 per cent. reduction). cs 
5 | Cold-rolled from No. 4 material to 0°05 in. 


| thick. 





No difficulty was experienced in the production of 
Series 1, 2, 24, 28, 3, and 3A, in which the material was 


when cold-rolling was used throughout the results 
were not so satisfactory. For the latter tests, the 
cast bar was turned down after annealing to 1{} in., 
and rolled in rod rolls with round holes, two passes at 
right angles to one another being given at each size. 
Rod of good appearance was produced in all cases 
except AOC 20, AOC 22. Analysis shows that each 
contains 0-09 per cent. of arsenic with 0-11 and 0-039 
per cent. of oxygen respectively. In both cases the 
rods that failed split on a horizontal plane after but a 
small amount of reduction. In investigating the etfect 
of oxygen alone on pure copper it was found that cold- 
rolling of similar cast bars was not possible if more 
than a trace of oxygen were present. For example, a 
casting containing 0-04 per cent. oxygen split in this 
manner with slight cold reduction, whereas one con- 
taining 0-016 per cent. oxygen withstood considerable 
reduction without failing. The present tests show that 
arsenic counteracts this embrittling effect of oxygen: 





* Communication from the National Physical Labora- 
tory, Teddington, being Part IV of the * Jnvestigatio” 
of the Effects of Impurities on Copper,”’ read before the 





operations; forging was discontinued before cracking 
became serious. 





For Part III, see page 303, of this issue. 


broken down hot and subsequently finished cold, but‘ 


Institute of Metals, London, on March 9, 1927. Abridged . 
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a bar containing 0-04 per cent. of oxygen with 0-24 per| In the case of the castings the whole bar was used. 
cent. arsenic could be rolled without cracking; the |The densities of these castings are higher than in the 
same amount of arsenic with 0-069 per cent. of oxygen | arsenic-copper series, they range from 8-63 to 8-84. 
in AOC 8 also gave a bar which did not crack, although, | The castings containing the lowest amounts of oxygen 
as will be seen later, it cannot be said that in the latter | possess the lowest densities; the improvement in 
case the arsenic has been sufficient to counteract com- | density with increase of oxygen is due to the beneficial 
pletely the effect of the oxygen. In the bars that | effect of this element on the casting properties of copper 
failed during cold-rolling the amount of arsenic was not | and not to any direct influence, as is shown by the 
sufficient to counteract the embrittling effect of the | densities of rolled material in which the. order is re- 
oxygen present. versed. In this latter case the condition of the casting 

An attempt to produce thin strip by continuous cold- | is relatively less important, and the direct effect of 
rolling from the cast bar without intermediate anneal-! oxygen in lowering the density of copper is indicated 
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Fies. 34 anp 35. A.O.C. 23; Arsenic 0°96 PER CENT.; OxyGEN 0°05 PER CENT. 





Fic. 35. ANNEALED. x 150. 


ings was by no means so successful as in the arsenic- 
copper series. Portions of the rods of Series 4 were | possesses a high density. 

flattened by passing through cold rolls until a thick-| Tensile Tests.—The results of tensile tests on the 
hess of approximately 0-05 in. was obtained. All| material in different conditions are briefly outlined 
compositions except AOC 20 and 22, which failed in the | below :— 


previous tests, were used. In most cases serrated; Annealed Rod, Tested at Ordinary Temperature.— 


edges, end and central cracks developed at an early | Tensile tests on annealed rod (Series 2a, 2, and 28) 
stage, and only in one case (AOC 25, 0-96 per cent. | 
arsenic, 0-05 per cent. oxygen) was good strip obtained. 
The total reduction varied between 95 and 96 per cent., 
except in AOC 39 and 21, which split at about 93 per | rises was evident in all series. 
cent. reduction. Sufficient material was, however, ob- | and using AOC alloys, Nos. 22, 7, 24, 25, and 21, the 
tained to cut tensile test-pieces from seven compostions. | 
Density.—The density (grm. per cubic centimetre at | respectively, 14-4, 14-8, 15-2, 16-0 and 16-4. 
eo temperature) has been determined in the | 
Cases of : 
ordinary temperature shows the latter to be greater by 
from 3 to 4 tons per square inch, a result similar to 


that obtained in the arsenic-copper series. In the 


Cast bars, 1, in. diam. 
Cold-rolled bar, Series 4. 








Cold-Rolled Rod.—The effect of cold-rolling from {-in. 
to 3-in. diameter (Series 3 and 3a) is very similar 
in this series to that produced in the arsenic-copper 
series. The effect of work on the tensile strength 
increases with arsenic content. The omission of an 
intermediate anneal between hot- and cold-rolling has 
had little effect, although a small increase in the ulti- 
mate stress with the higher arsenic contents is a notice- 
able feature in the series produced without the inter- 
mediate anneal. 

Interesting results are given by Series 4, in which the 
material was produced by cold-rolling direct from the 
annealed casting. With the exception of bars AOC 20 
and 22, all compositions appeared to roll well, and rod 
of satisfactory appearance was produced. No cracks, 
either at the surface or on the ends, were observed. 
Nevertheless, rods derived. from AOC 6, 7, 8, and 19 
gave ultimate stress values considerably lower than 
might have been anticipated from the amount of cold- 
work put into the material. In these cases the values 
were in the neighbourhood of 21 tons per square inch. 
All the other samples in Series 4 gave ultimate stress 
value of well over 23 tons per square inch. Rods 
AOC 6, 7, 8, and 19 (Series 4) were, in fact, weaker than 
the corresponding materials produced mainly by hot- 
rolling (Series 3), all of which had ultimate stress values 
of above 22 tons per square inch. The other materials 
of Series 4 were stronger than the corresponding bars 
in Series 3, indicating that with these materials the 
additional cold-work had been accompanied by 
increased strength. These results indicate that certain 
of the bars have been “ over-rolled,” and that the 
process of cold-working cannot be carried very far 
without damaging the material. Confirmation of this 
“ over-rolling ” was obtained by examining specimens 
cut from near the fractures of the test-pieces; these 
exhibited distinct cracks diametrically situated on one 
or two planes roughly at right angles to one another at 
the centre of the bar; during rolling two planes of 
weakness appear to have developed, corresponding, no 
doubt, to the right-angle turns used in that operation, 
and under the further stresses produced during testing 
these have developed into cracks. 

The remarkable working qualities of arsenical copper 
practically free from oxygen have been clearly indicated 
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by the fact that material with a low oxygen content| in Part III (see page 303), and the conclusion appears 


to be justified that within the limits of composition 
investigated, i.e, up to 2 per cent., arsenic has no 
harmful effects—indeed, with this amount of arsenic 


| the material is still very ductile. An increase in the 


amount of arsenic usually permitted in practice, 
therefore, appears to be permissible, and where oxygen 


showed only slight variations, although the preparation | is present such an increase may be decidedly beneficial, 
and treatments were widely different ; a very gradual | particularly where the copper has to withstand severe 


increase in the tensile strength as the arsenic content | operations of cold-working. 
In the case of Series 24, | commerce usually does not contain much more than 


The arsenical copper of 


0-5 per cent. of arsenic, an amount which is not suffi- 


ultimate stress figures, in tons per square inch, were, | cient to counteract more than 0-05 percent. of oxygen 
|if severe cold-working has to be experienced. 

Annealed Rod, Tested at 250 deg. C.—Comparison | doubtful if the oxygen content is frequently much less 
of the strength of annealed bar at 250 deg. C. and at | than this, and it seems likely that for many purposes 


It is 


an increase in the amount of arsenic might be permitted 
with advantage. Copper containing 1 per cent. of 
arsenic possesses a high degree of ductility, and this 


“ As rolled” bar, Series 3A. ; > , / - 
dion” Gee oxygen-copper series, the loss of strength at 250 deg. C. | concentration could certainly be permitted in material 


Annealed bar, Series 2A. 


Bar annealed 140 hours at 650 deg. C., Series 2B. is rather more. 


|in which the oxygen content is not low. For very 
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severe conditions of cold-work the oxygen should 
certainly be kept very low, and it is suggested that the 
arsenic-oxygen ratio in such cases should be increased 
to, say, 20: 1. 

The experiments described in these reports show that 
very small amounts of oxygen, as low as 0-016 per cent., 
have a distinct embrittling effect, which may be 
corrected by arsenic. It is probable, however, that 
pure copper, completely free from oxygen, would be 
devoid of this defect, and it is not suggested that 
arsenic would have the same improving effect on such 
material. 

Brinell Hardness.—Brinell hardness tests give some- 
what variable results, depending mainly on the crystal 
structure, and do not differ, in this series, from those 
of arsenic-copper alloys. The effect of arsenic on the 
hardness, within the range of composition investigated, 
is very small. 

Fatigue Range.—Fatigue tests were carried out on 
material from Series 2A, which had been “ broken 
down hot,” then cold-rolled without an intermediate 
anneal, and finally annealed at 700 deg. C. for 30 min. 
The tests were made using machines of the Wohler type, 
employing single point loading. The tests were made 
at a frequency of 2,200 cycles per minute. Solid 
specimens were employed : the diameter of the specimen 
at the point of maximum fibre stress was 0-400 in., 
the perpendicular distance from this section of the 
specimen to the line of loading being 3in. As experience 
has shown that the S/N curve of certain non-ferrous 
metals and alloys, including copper, becomes parallel 
to the N axis after a greater number of reversals than 
is the case with ferrous metals and alloys, the endurance 
tests were made on a twenty millions reversals basis. 
The estimated limiting ranges varied between + 6-0 
and +7-6 tons per square inch. The ratio semi-range 
to ultimate stress varies between 0-42 and 0-47. 

Electrical Conductivity.—Electrical conductivity tests 
were made, at 20 deg. C. and at 65 deg. C., on rolled 
and on annealed rod, and the results are plotted in 
Fig. 22, in relation to their arsenic content, oxygen 
being ignored for this purpose. The curves follow 
closely those obtained for arsenic-copper alloys. 
Oxygen has a very small and negligible effect on the 
conductivity, which is dependent practically entirely 
on the arsenic. The features are similar to those 
described in Part III. 

Macrostructure of Cast Billets.—The macrostructures 
of all the billets cast for rolling were examined. For 
this purpose discs } in, thick cut from the top and 
bottom of each billet were used. Wide variations in 
crystalline structure were evident in the different com- 
positions, and often in billets of the same composition. 
Compared with the copper-oxygen and copper-iron 
series, arsenic has apparently a refining effect on the 
crystal size, though slight variations in the casting 
conditions no doubt influence the result. 

Microstructure.—The microstructures of the cast 
bars 1 in. in diameter showed some interesting 
features. Up to a certain concentration of arsenic, 
about 1 per cent., they consist of typical cuprous 
oxide, in a matrix of solid solution. With low arsenic 
content the eutectic structure is well defined, as shown 
in Fig. 28, but as the arsenic increases the fine eutectic 
structure becomes suppressed and the cuprous oxide 
occurs in the form of large isolated particles, as illus- 
trated in Fig. 29. When the arsenic content reaches 
about 1 per cent. the cuprous oxide becomes darkened 
in colour, and a darker slaty-blue constituent appears, 
which frequently contains small holes, roughly spherical 
in shape. This constituent is normally more irregular 
in shape than cuprous oxide, and is not easy to polish. 
With the higher arsenic concentrations cuprous oxide 
is not found, the slaty-blue constituent alone being 
present in the copper. A typical microstructure of | 
the rolled bar (in the condition ‘‘ as rolled ’’) is shown 
in Fig. 34, etched to show-the crystalline grains; the 
figure refers to composition AOC 23. The micro- 
structure of the same bar after annealing is shown in 
Fig. 35. Cuprous oxide and the slaty-blue compound 
occur in the rolled bar as in the castings. The appear- 
ance of the boundaries is interesting. In low arsenical 
bars the grains possess a normal appearance, but as the | 
arsenic is increased, a structure suggesting ‘‘ gassing” | 
appears, at approximately the same concentration as | 
the change from cuprous oxide to the slaty-blue | 
constituent. This is illustrated in Fig. 35, where it 
occurs in a few places. As will be shown later, how- | 
ever, this is not identical with “‘ gassing,” and is not | 
accompanied by brittleness. 





a few minutes’ quiet fusion, was poured into small 
open graphite moulds. The material obtained in these 
experiments proved, however, unsuitable for the 
determination of the solubility relationships of arsenic 
and oxygen in copper, and the difficulties encountered 
were such as to indicate that much further work would 
be necessary to arrive at any definite conclusion. 
Indeed, the mutual elimination of arsenic and oxygen 
during solidification indicated that the vapour phase 
might play an important part in this system, and special 
methods would have to be devised to take account of 
this fact. The systematic investigation of the consti- 
tution of the system was therefore not carried further. 

Certain conclusions can, however, be drawn from 

the experiments made. In alloys low in arsenic, the 
oxygen exists as cuprous oxide, having its own charac- 
teristic appearance under the microscope; as the 
arsenic content is increased, a point is reached at which 
the cuprous oxide becomes darker in colour, and it is, 
in this state, sometimes associated with or contains 
cavities usually roughly spherical. With still greater 
| arsenic content, the cuprous oxide is replaced by a 
slaty-blue constituent nearly always associated with 
cavities, and frequently more irregular in shape than 
the cuprous oxide, which is generally rounded. It is 
frequently difficult to distinguish between discoloured 
Cu,0 and the slaty-blue constituent, as there seems to 
be a gradual transition from one to the other, so far 
as colour under direct illumination is concerned. 
The method used to distinguish them has been to 
examine them by means of oblique light, using a dark 
ground illuminator. Under this lighting cuprous 
oxide normally appears a characteristic red colour, 
whereas the slaty-blue constituent appears uncoloured. 
A constituent that appeared red under this illumination 
has been called cuprous oxide; but even under this test, 
it must be confessed, there have been doubtful cases. 
The appearance of the new constituent is somewhat 
variable ; it is frequently speckled, as in Fig. 40. This 
appearance is more common in specimens in which the 
constituent has been formed in the solid metal by 
annealing. It is thought to be due to the presence of 
numerous small holes. The association of cavities 
with the discoloured cuprous oxide and the slaty-blue 
constituent is characteristic; they may be caused by 
evolution of gas or by some shrinkage accompanying 
its formation, but no conclusive evidence has been 
obtained. 
The Effect of Annealing in Hydrogen.—Experiments 
were made with the material used in the copper-arsenic 
series, the compositions of which are given in Table II, 
Part III, with the arsenic-oxygen-copper bars, the 
compositions of which are given in Table V., Part IV, 
and with a few other compositions. Specimens cut 
from rolled strip were annealed for 3 hours in hydrogen 
at 700 deg. C., and were subsequently submitted to a 
180 deg. reverse bend test. 

In the case of materials AC 5, 7, 8, 10, turned samples 
that had been carefully measured before treatment 
in hydrogen were found to have increased in sectional 
area by 4 to 6 per cent. after treatment, whereas 
samples AC 4 and 9 had been unaffected. It appears 
from these tests that copper containing more than a 
trace of oxygen is liable to be damaged by reducing 
gases, irrespective of arsenic content, and that arsenic 
has little, if any, protective action. The oxygen 
content appears to be the deciding factor, and the 
amount necessary to make copper liable to this gassing 
is so small—less than 0-01 per cent.—that only 
deoxidized arsenical copper can be considered immune. 














Soprum SuLPHATE In CanapD4.—Although the occurr- 
ence of saline lakes in Western Canada has been known 
for many years, it was the search for potash, during the 
war, which directed serious attention to their commercial 
possibilities, and led to their examination in detail. 
These lakes occur in depressions in the morainic drift 
of Manitoba, Saskatchewan, Alberta, and _ British 
Columbia, and vary greatly in size and salinity. Some 
are only slightly alkaline, while others contain thick beds 
of crystal deposits and are completely dry at certain 
seasons. These deposits consist chiefly of sodium sul- 
phate (Glauber’s salt), together with small percentages 
of magnesium sulphate, sodium chloride and similar 
salts. An investigation, conducted recently by the 
Mines Branch of the Canadian Department of Mines, 
has shown that, in the 21 deposits examined in detail, 
over 115 million tons of salts, mainly sodium sulphate, 
are present. In Canada, sodium sulphate, in the form 
of salt cake, finds its largest use in the pulp and paper 
industry ; it is also employed in the metallurgical, glass, 
dyestuffs and textile industries. Upwards of 40,000 tons, 
most of which quantity is imported, are used annually. 


With a view to ascertaining the solubilities of | Until recently most of the salt cake used in commerce has 
oxygen and arsenic in copper, in the presence of both, | been produced as a by-product in the manufacture of 
and in order further to study the new constituent | hydrochloric acid from common salt. It would now 


that had been observed, tvgg series of alloys were made. 
In each series the calculated oxygen content was kept 
constant at 0-5 per cent. or 1-0 per cent., while the 
arsenic percentage was varied from 1 to 8 in steps of 
1 per cent. About 300 grm. of copper were melted 
for each alloy; high-oxygen-copper and an arsenic- 
rich alloy were added, the metal was stirred, and, after 


seem, however, that these naturally-occurring deposits 


| of sodium sulphate might be profitably exploited on a 


commercial scale, A report on the whole subject 
(No. 646), by Mr. L. H. Cole, has been issued by the 
Mines Branch, Department of Mines, Ottawa, Canada. 
Copies of the book, of some 155 pages, and containing 
| plates and maps, may be obtained from the Director of 
‘the Mines Branch, at the address given above. 





CATALOGUES. 


Lifts.—Messrs. Smith, Major and Stevens, Limited, 
London and Northampton, have issued a pamphlet 
discussing the reliability, operating costs, &c., of lifts, 


Water-level Indicators.—A new edition of their cata. 
logue of instruments for indicating the level of water, 
sewage, oil, &c., has been issued by Messrs. Gent and 
Co., Limited, Leicester. Recording and alarm apparatus 
are provided as required. 


General Machinery.—Messrs. George Cohen, Sons and 
Co., Limited, 600, Commercial-road East, London, 
E.14, have issued a list with leading particulars of 
engines, boilers, electric motors, air compressors, pumps 
and general mill and foundry plant which they hold in 
stock, 


Insulating Bricks.—Bricks for building into walls, 
&c., and capable of resisting and conserving intense 
heat are described in a catalogue received from the 
Celite Products Corporation, 46, Victoria-street, London, 
8.W.1. The catalogue contains useful explanatory 
matter. . 


Condensers for Power Factor Improvement.—A new 
catalogue of static condensers for power factor improve- 
ment is to hand from the Telegraph Condenser Com- 
pany, Limited, Wales Farm-road, North Acton, London, 
W.3. An explanation of the need for, and economy of, 
power-factor correction is given. 


Pump  Gears.—Messrs. David Brown and _ Sons, 
Limited, Huddersfield, have sent us a circular describing 
a gear tooth specially designed for pumps, giving a 
large contact surface over the teeth. Considerable 
increase of efficiency is claimed for the new form which 
is fully described and iliustrated. 


Feed-Water Regulator.—An instrument for auto. 
matically controlling the supply of feed water, from the 
level of the water in the boiler, is described in a circular 
received from the Drayton Regulator and Instrument 
Company, Limited, West Drayton, Middlesex (formerly 
the Steam Fittings Company, Limited). 


Steel.—Messrs. Hadfields, Limited, Sheffield, have 
issued a catalogue of their Era non-corroding steel, with 
lists of the acids, alkalies, salts, and substances to which it 
is resistant, and particulars of its qualities with respect to 
cutting, rolling, riveting, brazing, welding, &c. The steel 
is obtainable in all the usual forms of sheets, sections, 
tubes, &c. 


Superheaters.—Several illustrated catalogues are to 
hand from the Superheater Co., Limited, 195, Strand, 
London, W.C.2. These deal with an Australian locomotive 
fitted with the M.L.S. superheater, and a number of 
integral machine-forged return bends. A reprint of a 
paper on locomotive superheating by Mr. H. E. Geer, and 
an illustrated description of a combination header and 
regulator have also been received. 


Pulverised Fuel Firing.—Messrs. Simon-Carves, Limited, 
20, Mount-street, Manchester, have sent us a new cata- 
logue containing a detailed explanation of their system 
of grinding, conveying and injecting coal-dust fuel in 
boiler firing. The firm in question advocates the ball mill 
for coal grinding, although pulverising or roller grinders 
are also employed. They also use either the unit or 
central system of firing according to circumstances. 


Electrical Machinery.—A number of catalogues recently 
issued by the British Thomson—Houston Company, 
Limited, Rugby, cover, among other subjects: truck- 
type switchgear for three-phase systems up to 11,000 
volts ; metal-clad compound-filled switchgear for indoor 
service, also up to 11,000 volts; oil-immersed circuit 
breakers for outdoor service up to 44,000 volts, and up 
to 88,000 volts; and earthing resistances for systems 
up to 33,000 volts for indoor or outdoor service. New 
priced lists of switch fuses and auxiliary current-limit 
switches have also been issued. 


Electric Driving of Looms.—The use of the electric 
motor continues to extend in the weaving industry. 
Three possible driving arrangements are shown in 4 
catalogue of loom motors received from the Metropolitan- 
Vickers Electrical Company, Limited, Trafford-park, Man- 
chester. The first of these relates to sheds accommodat- 
ing 350 and 840 looms with separate drive for each 
machine, the motors being generally of } h.p., although 
they are also employed up to 1} h.p. In the second 
arrangement, cross shafts driving groups of looms and 
driven by 10 h.p. motors are employed, while in the 
third, sheds of looms are shown with shafting and belt 
drives by motors up to 400 h.p. driving from rope 
pulleys. The practical difficulties of loom driving are 
discussed in an instructive manner. 








TriaL Trip oF THE S.S. WarLABy.—On Wednesday, 
February 23, successful trials were carried out at sea of 
the S.S. Warlaby, which has been built by Messrs. William 
Gray and Company, Limited, to the order of Messrs. Sir 
R. Ropner and Company, Limited, of West Hartlepool. 
The ship, which is constructed on the cellular double- 
bottom principle with large fore and aft peaks for water 
ballast, is 402 feet long, 55 ft. broad and 28 ft. 9 in. 
deep, with long bridge, poop and forecastle ; the framing 
being of the deep channel type with six watertight bulk- 
heads and asteel centre line bulkhead. Ten steam winclies 
working twelve derricks are fitted for cargo handling. 
The propelling machinery, which has been supplied 
by the Central Marine Engine Works of the builders, 
consists of triple expansion engines having cylinders 
26 in. 43 in., 71 in., in diameter and a stroke of 48 in.» 
steam being supplied by three large boilers at 180 jb. 
working pressure. 
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SIR ISAAC NEWTON. 


‘Nature and Nature’s laws lay hid in night, 

God said Let Newton be! and all was light.” 

Tue bicentenary of the death of Sir Isaac Newton 
in 1727, which is celebrated this week, reminds 
us that Pope’s panegyric hardly struck his own 
generation as extravagant. This fact constitutes 
a striking testimony to the revolution effected in 
human thought, by the doctrine of universal 
gravitation, which can only be compared with 
that wrought by Charles Darwin nearly 200 years 
later. The sciences of geometry and _ statics 
were founded by the Greeks, but they failed in 
dynamics, where the introduction of time as an 
additional ‘co-ordinate ’’ created complications 
with which they were unable to cope, and which 
Newton’s work suggests could hardly have been 
successfully tackled without new mathematical 
methods. It is true that these were not used in 
the Principia, but the papers in the Portsmouth 
collection show that many of Newton’s discoveries 
were reached in the first instance by the methods 
of the calculus, and that the geometrical proofs 
followed later. 

The Greeks believed that the heavier a body 
the faster it fell, an hypothesis which probably 
originated in an incautious extrapolation of the 
observation that very light bodies fell but slowly 
through air. The founder of dynamical science 
was Galileo, who, by his famous experiment at 
the leaning tower of Pisa, demolished once and for 
all the error inherited from the Greeks, and who 
established, so far as terrestrial conditions are 
concerned, what we now know as the laws of 
motion. Newton’s proof that these laws extended 
throughout the solar system, and probably univers- 
ally, meant a marvellous expansion of the mental 
horizon of mankind. The stars, which according to 
the traditional view, fought in their courses against 
Sisera, were thus shown to follow strictly prescribed 
paths, as indifferent to, and as unswayed by, human 
interests or activities as the gods of Lucretius. 

The idea that the planets moved round the sun, 
controlled by a central attraction, had occurred to 
many, and it was a natural conclusion that the 
force of the attraction should vary inversely as 
the square of the distance, the intensity being 
weakened in direct proportion to the surface over 
which the influence originating at the attracting 
centre was spread. Amongst those allured by this 
plausible guess were Sir Christopher Wren, Halley 
and Hooke, and the latter claimed to have obtained 
a proof that with such a law of attraction Kepler’s 
laws of planetary motion established by direct 
observation would hold good. When challenged 
by his associates, however, Hooke was unable to 
produce his proof, and reference was accordingly 
made by Halley to Newton, who answered at once 
that he had obtained the required proof some years 
previously, and this he sent to his correspondent. 

As is well known, Newton’s first numerical test 
of his theory, made about 1666, led to disappointing 
results, the observed acceleration of the moon 
being less than calculated, by about one part in 
seven ; and it has been commonly held that Newton 
refrained from publishing his conclusions on 
account of this discrepancy. Since, however, he 
knew that the size of the earth was but roughly 
known, it is probable that there were other reasons 
for his silence. Of these, the most important 
was the fact that he had, at the time, no proof 
that the gravitational attraction of a sphere on 
an external object was the same as if the whole 
mass of the sphere was concentrated at its centre 
of gravity. In fact, it was not till 1685 or 1686 
that he succeeded in proving this : but as the result 
of a controversy with Hooke, in 1679, he repeated 
his calculation of the lunar acceleration, using a 
more exact value for the dimensions of the earth, 
and, with this, found a very close agreement between 
observation and calculation. He was still a little 
doubtful whether the rule would hold rigidly true 
when distances became very great, and the suggestion 
that it might fail in these circumstances was renewed 
over a century later when observation showed that 
the motion of Uranus was not in agreement with 
calculation, even when every disturbing factor at 
that time known was fully taken into account. 





Adams and Leverrier, however, working indepen- 
dently, arrived at the conclusion that the pertur- 
bations must be due toa hitherto unknown planet, 
and this led to the discovery of Neptune. This 
remarkable achievement constituted a notable 
triumph for the Newtonian theory, confidence 
in which became general, and was subsequently 
enhanced by numerous observations on double 
stars. Nevertheless, certain small discrepancies 
remained outstanding. The details of ancient 
eclipses of the sun, as recorded in history, were 
irreconcileable with calculation. The region and 
extent of totality were not in good agreement 
with the records, and at the end of the nineteenth 
century, the failure of the moon to keep time, was 
described by Simon Newcomb as the outstanding 
problem in theoretical astronomy. Similarly, 
Leverrier in 1845, pointed out that the motion 
of the axes of Mercury’s orbit failed to agree 
with calculation to the extent of 43 minutes per 
century. No explanation of this on the basis of 
the Newtonian theory has been forthcoming, 
but the minuteness of the discrepancy is well 
illustrated by Asaph Hall’s statement that the 
discord would be eliminated if the gravitational 


attraction varied as instead of as 1. 
r 


© 


1 

As is now common knowledge, the discrepancy 
has been explained by Einstein’s general theory of 
relativity, from which it follows that instead of 
mass being constant, as Newton assumed on the 
basis of many careful experiments, it varies slightly 
with the velocity of the moving body. Mercury’s 
orbit being markedly elliptical, its velocity is 
sensibly different at perihelion and at aphelion, 
and there is a corresponding difference in the mass 
of the planet, as it varies from one position to the 
other. This, is Sir Oliver Lodge’s way of presenting 
Einstein’s results, and it has the advantage of being 
more or less intelligible to those of us, who are 
not professional mathematicians, and to whom the 
explanation that the sun constitutes a pucker or 
mound in a four dimensional time-space, round 
which the planets have to skirt, provides no mental 
picture of the processes involved. 

The “ Principia ” was published in 1687 on the 
insistence of Halley, who provided the necessary 
funds and took the whole of the financial risk. 
Halley has the additional distinction of being 
almost the only natural philosopher of real eminence 
which Oxford has produced during the last two 
hundred years. It was Halley who, applying 
Newton’s methods to the observations made on 
the comet of 1682, came to the conclusion that this 
was the same body as had been observed in 1607, 
1531 and 1456. He accordingly prophesied its 
reappearance in 1759. This event he could not 
expect to see, but, confident in the accuracy of his 
analysis, he expressed the hope that when the 
wanderer duly returned mankind would not forget 
that the event had been predicted by an English- 
man. This comet was also visible at the time of 
the Norman Conquest, and is represented in the 
Bayeux Tapestries. 

Newton’s work on light stands second only to 
his contributions to theoretical astronomy. Besides 
being possessed of extraordinary mathematical 
powers, he was also a most careful and ingenious 
experimenter. It was in February, 1672, that he 
wrote to Oldenburg describing his discovery that 
“colours are not qualifications of light, or reflections 
of natural bodies (as is generally believed), but 
original and cognate properties which in divers 
rays are diverse.” 

Each degree of refrangibility he showed corre- 
sponded to some particular colour, and the colours 
of natural objects were due to the fact that such 
bodies were “‘ variously qualified to reflect one sort 
of light in greater plenty than another.” This 
theory was strongly opposed by leading physicists 
of his day, both in England and abroad. At that 
time, moreover, criticism was apt to be somewhat 
unrestrained, and his experiences on this occasion 
had much to do with Newton’s reluctance to publish 
other of his discoveries.* In fact, he had at one 





* In this connection, however, it may be noted that 
the violent attacks to which Lord Rayleigh was subjected 
on his discovery of Argon, were but little milder than 
those which Newton had to face. 





time decided to suppress the third book of the 
** Principia.’? Newton explained the colours of thin 
plates, and measured what we now term the wave- 
length of light. He accounted for the production 
of his rings by his corpuscular hypothesis, on the 
assumption that these “light quanta ” were subject 
to alternating “ fits’? of easy transmission and 
easy reflection. These he believed were inherent in 
the light itself which is perhaps not wholly in 
accord with modern views, since the regularity 
which gives rise to interference effects has been 
held to be impressed on the light by the reflecting 
or refracting surfaces employed. In free air and in 
the interior of a transparent body the corpuscles 
were, Newton held, acted on by balanced forces, 
and thus moved in straight lines, but at a surface 
at which there was glass on one side and air on 
the other this balance would be disturbed, and 
in this way Newton was able to explain why 
it was that the sine of the angle of refraction 
was a multiple of that of the angle of incidence. 
This explanation, however, led to the conclusion 
that light travelled faster in glass or water than in 
air, a result which ultimately proved to be in 
disagreement from experiment. This observation 
was, in fact, held entirely to invalidate the corpus- 
cular theory of light, which, however, in the hands 
of Newton and his successors had had many remark- 
able successes. Newton, however, was less “ cor- 
puscular” than his disciples. His rejection of 
Huygens’s wave theory was based largely on the 
fact that if this were true, light should bend round 
an obstacle, just as sound was known to do. The 
experimental data then available showed very little 
bending, if any, but with our present equipment 
it is possible to copy a small photograph with a 
2-in. steel ball interposed between the copy and the 
plate. Even, however, had our present data been 
available, it seems probable that Newton, with his 
intuitive knowledge of mechanics, would have found 
a difficulty in a wave theory which postulated a 
spherical wave front in which the motion was 
everywhere along a great circle and at the same 
time everywhere of the same amplitude. As a 
matter of fact, it is impossible to visualise a mecha- 
nical model in which this condition is satisfied, 
and it may be doubted, perhaps, whether matters 
are helped much in this regard by Maxwell’s electro- 
magnetic theory. 

As is well known, other reasons, based on the 
electrical properties of light, have made it necessary 
to abandon the undulatory theory in its original 
form. This theory, whilst affording an explanation 
of all the optical effects of light, and which in this 
regard, has stood the test of the most refined experi- 
ments fails utterly to account for the electrical 
properties which light has been proved to possess. 
These have necessitated a reversion in some sort to 
Newton’s corpuscular theory, but the modern “light 
quantum ” differs very materially from Newton’s 
original model. A most ingenious modification 
has, however, recently been proposed by Sir J. J. 
Thomson, who suggests that each of these quanta 
has as its core a loop of electric force which is in 
steady vibration, creating thereby waves in the ether 
which accompany it in its flight through space. The 
“* free ether ” is, however, assumed to be devoid of 
stiffness, and to acquire this property solely in the 
neighbourhood of an electric charge or line of force. 
Hence the vibrations can only occur in the immediate 
neighbourhood of the travelling loop of force, and 
the energy radiated from the latter is reflected back 
whenever the wave reaches a point at which the 
ether is insufficiently stiff to transmit a vibration 
of the given frequency. On this hypothesis the 
“corpuscle,” in the shape of the looped line of 
electric force, carries with it the waves necessary to 
explain optical effects, and there is no dissipation 
or spreading out of the energy, as the system travels 
through free space. 

We have left to the last any mention or Newton’s 
very exceptional mathematical gifts. It is related 
that, having as a youth picked up a second-hand 
volume of Euclid, he read two or three propositions 
at theend of it. These seemed to him so self evident, 
that he dismissed the whole volume as a “‘ trifling 
book,” an opinion which he revised in later years. 
It was about 1665 that he devised his method of 
fluxions. The infinitesimal calculus was, however, 
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in the air at the time, and mathematicians every- 
where were waiting for a convenient notation. The 
importance of a neat and compact notation can be 
appreciated when we recall that in the early treatises 
on algebra, the unknown now commonly denomi- 
nated by x was called ‘the thing.” Minus and 
plus signs were unknown, and the sign of equality 
had still to be invented. Investigations were accord- 
ingly cumbrous, and similar difficulties arose in the 
early days of the calculus, so that whilst the 
main principles ef the science were more or less 
adequately grasped by many mathematicians 
before Newton, progress only became rapid after 
the notation for fluxions had been invented. 
This notation was very convenient for kinematic 
problems, but that subsequently independently 
invented by Leibnitz had greater flexibility, since 





in the expression ~ the independent variable is | 
definitely shown, and this greatly facilitates the | 
discussion of problems in which more than one 
independent variable appears. Leibnitz published 
an account of his work in 1684, whereas Newton’s 
was not published till 1687, although it had been 
explained to friends and pupils many years earlier. 
The violent controversy which arose in connection 
with the question of priority had most unfortunate 
consequences for the study of mathematics in 
England. Continental and British mathematicians 
came to speak in different languages, and matters 
were not remedied till the beginning of the 19th 
century, when there was a famous struggle at 
Cambridge between ‘“‘ Deism and Dotage.’’ that is 
to say, between those who advocated the introduc- 
tion of the D’s of Leibnitz and those who wished to 
retain Newton’s “dots.” Both systems are now 
often used concurrently, since Newton’s dots are 
found to be particularly convenient in the study 
of problems in dynamics. Newton’s method of 
founding the calculus on the doctrine of limits, 
though logically the best, is in practical applications 
much less convenient than that based on the | 
conception of infinitesimals of different orders. 

It is to Newton, of course, that we owe the 
binominal theorem, and he was the first to generalise 
the use of infinite series. His geometrical demon- 
strations have excited universal admiration, but it 
has been said that it required a Newton to devise 
them. He must have been an able mechanic, as 
he appears to have constructed his early reflecting 
telescopes with his own hands and devised improved 
methods of polishing his surfaces. He also invented 
the sextant, which, however, did not come into use 
until reintroduced by Hadley. 

Newton was elected a fellow of Trinity in 1667, 
and succeeded Barrow in the Lucasian chair of 
Mathematics in 1669. He became a fellow of the 
Royal Society in 1672, but wished, for pecuniary 
reasons, to retire in 1673, but the society excused 
him the normal weekly payments and his member- 
ship continued. He never took orders, and was 
therefore unable, under the conditions of the day, 
to retain his Fellowship for more than seven years, 
but he retained his Professorship. Further pro- 
motion was, however, long delayed, but in 1694 he 
was appointed Warden of the Mint, and three years 
later was given the Mastership. Here he effected 
revolutionary reforms. He was elected, President | 
of the Royal Society in 1703, a post which he retained | 
till his death in 1727, at the age of 85 years. 





| 
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PETROL-ENGINE DEVELOPMENT. 


ALTHOUGH engineers are quite well aware of the 
circumstance that low juel consumption is not the 
only consideration in connection with the economical 
production of power, it is well that they should 
occasionally be reminded of the fact. In endeavour- 
ing to reduce the fuel consumption of a petrol engine, | 
for instance, the first cost of the engine may easily be 
increased by an amount greater than the value of the 
fuel saved during the whole useful life of the engine. 
Moreover, if, as is likely to be the case, the engine 
with the lower fuel consumption is of a more com- 
plicated design than that of the less economical 
engine, there is the risk that some sacrifice of 
reliability will be incurred with the former, and this 
circumstance will still further weight the balance in 
favour of the engine using more fuel. 

Attention was called to this matter in a particu- 








larly interesting and able paper read before the 
Institution of Automobile Engineers, on the 4th 
inst., by Mr. H. R. Ricardo. In this paper, the 
author put the useful life of a modern high-speed 
petrol engine at about 5 years, and stated that, 
in the case of a touring car, the value of the fuel 
consumed during that period was about equal to the 
cost of the engine. It is obvious, therefore, in these 
circumstances, that a design of engine giving a 10 per 
cent. reduction in fuel consumption will be of no 
value on economic grounds if it involves an increase 
in first cost of more than 10 per cent. In the case 
of a commercial vehicle engine, on the other hand, 
the cost of the fuel consumed in the five years’ life 
of the engine amounts to about five times the first 
cost of the engine, and an increase in the latter of 
the order of 50 per cent., may be justified to obtain 


}a 10 per cent. reduction in fuel consumption. 


As a broad generalisation on the subject of 
economy in petrol-engine design and operation, 
Mr. Ricardo points out that to save material, 
efforts must be made in the direction of increased 
speed, but only up to the point at which ordinary 
materials and ordinary limits of accuracy in manu- 
facture can still be employed. For fuel economy, 
the highest possible compression ratio must be used, 
but here again he limits the ratio to that obtainable 
with ordinary fuels generally available on the 
market. Although occasional slight detonation is 
of no great importance, the compression ratio must, 
of course, be limited to that at which no persistent 
detonation occurs under normal running conditions, 
and of the means available for suppressing detona- 
tion, the author regards improvements in the design 
of the combustion chamber as the most promising. 

In connection with this point, Mr. Ricardo describes 
some particularly interesting experiments he has 
recently carried out with a side-by-side valve engine 
having a detachable cylinder head, and arranged so 
that other heads, of different shapes, can easily be 
fitted. A row of six quartz windows, radiating at equal 
spaces from the sparking plug, is fitted in the head, 
and these windows are covered by a horizontal rotat- 
ing disc, having six narrow slots corresponding with 
the windows and driven by helical gearing from the 
camshaft. The phase relation of the disc, which 
thus forms a stroboscope, can be varied at will, 
and a Farnborough indicator is connected with the 
cylinder, so that the pressure rise, and its phase 
relation, can be observed at the same time. In 
using the apparatus, the engine is run at full load 
with a certain pre-determined mixture strength, and 
the phase of the stroboscope dise is adjusted until 
the first window, 7.¢., the one nearest the sparking 
plug, is illuminated by the blue flame of the explo- 
ion. The timing at which this occurs is noted, and 
the phase of the stroboscope is adjusted until the 
flame appears at the second window, and so on, until 
all six windows are finally illuminated. Indicator 
diagrams having been taken simultaneously, the 
pressure rise can thus be studied in relation to the 
movement of the flame front across the combustion 
chamber. An interesting point which appears to 
have been conclusively demonstrated by these 
experiments is that detonation does not occur until 
the flame is near the extreme end of its travel. 

Altogether, nearly 30 different heads, all giving a 
compression ratio of 5 to 1, have now been investi- 
gated with the apparatus above described. In 
order to determine the relative tendencies to detona- 
tion in the different forms of combustion chamber, 
the composition of the fuel was varied until detona- 
tion could just be produced under certain standard 
conditions, and the fuel mixture was then tested 
in the author's variable-compression engine to 
determine its detonation value. In this way, the 
highest useful compression ratios for the heads were 
found to range from 4-8: 1 to 6-5: 1, referred to 
Shell No. 1 fuel as standard. It thus appears that 
much more can be done by studying the shape of 
the combustion chamber than is possible by the 
addition of dopes to the fuel, with the added advant- 
age that a mere alteration in shape does not increase 
the cost. Mr. Ricardo has also found that there is 
much less tendency to detonation in the case of 
engines of the side-by-side valve type than in 
those with overhead valves, owing to the more 
central position of the sparking plug in the former 
as usually arranged. In a careful comparison 








of two otherwise similar engines, it was found 
that the side-by-side valve engine could employ 
a compression ratio half-a-ratio higher than the 
maximum permissible in the engine with over- 
head valves, giving an all-round improvement 
in performance of the former of about 6 per 
cent. These remarks, however, apply to overhead- 
valve engines of the push-rod type, and not to those 
with two overhead camshafts and central ignition, 
The latter, although in Mr. Ricardo’s opinion, costly, 
elaborate and noisy, are almost ideal from the point 
of view of performance. 

The remainder of the paper was mainly devoted 
to the question of supercharging which, in the 
case of motor-car engines, the author regards as 
being rather in the nature of a passing phase. It is 
useless, he says, to apply supercharging to an in- 
efficient engine and he defines efficiency on the air 
consumption instead of on that of the fuel. For any 
given efficiency, the power of an engine is directly 
proportional to the weight of air it can be made to 
consume in a given time, and the air consumption 
can be doubled either by doubling the speed or by 
doubling the pressure, at the carburettor. There 
are practical limits to either course, one being 
reached when the speed ‘becomes mechanically 
destructive and the other when the flow of waste 
heat becomes higher than can be dealt with. Super- 
charging, although not greatly increasing the dyna- 
mic stresses, augments the heat flow very materially, 
while increasing the speed, which increases the 
heat flow less rapidly, intensifies the dynamic 
stresses considerably. The choice of the course to 
be adopted to obtain a greater power output is thus 
dependent upon which of the limits is already most 
nearly reached. In general, it appears that, 
in an engine of large cylinder capacity, the heat flow 
is the limiting factor and the possibilities for im- 
provement lie in the direction of increasing speed 
rather than in supercharging, which, however, has 
more scope in the case of enzines of small cylinder 
capacity. It should be made clear, however, that 
the difficulties in connection with the heat flow 
arise solely from the heat wasted and not from that 


| utilised for power production 


Consider the case of two engines of equal cylinder 
capacity having efficiencies, based on air consump- 
tion, of 20 per cent. and 30 per cent., respectively. 
At the same speed, the engines will consume the 
same weight of air, and if this quantity of air, when 
fully carburetted, is assumed to have the potential 
heat equivalent of 100 h.p., one engine will develop 
20 brake horse-power and reject the heat equivalent 
of 80 h.p., while the other will develop 30 brake 
horse-power and reject 70 h.p. Now the heat equiva- 
lent of 80 h.p. is almost the maximum quantity that 
an engine of good average design, and of the size 
considered, can dispose of, so that it would be quite 
impracticable to supercharge the engine having the 
lower efficiency. The more efficient engine, on the 
other hand, has only 70 h.p. of heat to get rid of, and 
the heat, moreover, is at a lower temperature. It 
would thus be possible to supercharge it up to over 
35 brake horse-power without exceeding the 80 h.p. 
heat disposal capacity. Actually it would probably 
be safe, in practice, to supercharge the more efficient 
engine up to 50 brake horse-power, since this output 
would not often be required, and then only for short 
periods. It would, however, be disastrous to apply 
a supercharger to an inefficient engine. 

The present position is that while the best designed 
engines have practically reached the limit of speed 
attainable, they are well below the heat-flow limit, 
so that supercharging is possible if it is desired 
to obtain the greatest output for a given cylinder 
capacity. Mr. Ricardo points out, however, that 
the trend of improvement may lead to a further 
increase of speed, so that the heat flow limit may 
be reached without supercharging. This he regards 
as a more desirable development, the supercharger 
being an added complication which, since it increases 
the liability to detonation, tends to lower the 
efficiency ; increase of speed, on the other hand, 
tends to reduce detonation and thus permits of 
increased efficiency. Supercharging, he concludes, 
has been made possible because the thermodynamic 
side of motor-car engine design has improved more 
rapidly than the mechanical side. It has also been 
encouraged by racing rules and taxation. 
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THE WORKS OF MESSRS. HERBERT 
MORRIS, LIMITED, LOUGHBOROUGH. 


Tue town of Loughborough lies roughly at the 
centre of a triangle, of which the corners are formed 
by Nottingham, Leicester and Derby. The district 
in the immediate neighbourhood is mainly agri- 
cultural, but considerable engineering importance is 
given to the town itself by the presence of three firms 
who have each achieved an international reputation 





for their particular products. These are, respec- 
tively, Messrs. Taylor and Co., Limited, who have 


Messrs. Herbert Morris, Limited, whose works we 
propose to describe in this and subsequent articles, 
are the successors of Messrs. Herbert Morris and 
Bastert, who were founded in 1884 as_ the 
manufacturers of pulley blocks. The present firm, 
who were incorporated in 1900, took over the original 
works beside the Great Central Railway, and 
extended them to the imposing group which will be 
familiar to all travellers by that line. In 1920, they 
took over the business of Messrs. H. Coltman and 
Son, Limited, and more recently have erected a 
new factory which can be seen from the Midland 
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1, Garage. 10. Smithy. | 19. Hardening Shop. 
2. Warehouse. 11. Foundry. 20. South Works Machine Shops. 
3. Offices. 12. Foundry Yard. 21. South Works Assembly Shops. 
4. Electric Pulley Block Fitting Shop. 13. Fettling and Grinding Shop. 22. Power Station. 
5. Electric Crab and Trolley Fitting Shop. 14. Pulley Block Stores. 23. West Works Storage Area 
6. East Side Stores. 15. Foundry Storage Area. 24. Runway Laying-out Area. 
7. East Side Machine Shop. 16. Pig-iron Storage Area. 25. Goods Waiting Despatch, 
8. East Side Tool Room. 17. Ambulance Station. 26. West Works Erecting Shop. 
9. East Side Tool Stores. 18. Pattern Stores. 27. Cycle Storage Sheds. 
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cast many famous bells, including Great Paul; the 
Brush Electrical Engineering Company, Limited ; 
and Messrs. Herbert Morris, Limited. There are 
also a number of hosiery firms, who serve to link 
up the town with the centre of this industry to the 
north. Loughborough has exceptional railway 
facilities in that it is served by the main lines of both 
the London, Midland and Scottish and the London 
and North-Eastern Railways, and there is also a 
branch line of the former from Nuneaton which 
terminates at Loughborough. There is canal com- 
munication with Leicester to the south, and with 
Nottingham and the Trent to the north, and it 
will thus be seen that the town possesses decided 
advantages as the site for a works. 
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line of the London, Midland and Scottish Railway. 
It should be explained that the firm of Messrs. W. W. 
Coltman and Company, Limited, whose boiler shop 
is adjacent to the Great Central Railway station, 
have no connection with Messrs. Herbert Morris. 

Various views in the works are given in Figs. 3 
to 6, Plate XX, and in Figs. 1, 2 and 7 to 9, on this 
and the following pages. As is known, the firm 
specialise in plant for handling goods of all kinds 
from the raw material to the finished product. It 
would be tedious to give a complete list of their 
specialities, and it will suffice to say that these 
include all types of cranes and hoists, overhead 
runways, conveyors, battery trucks, and battery 





locomotives. They also manufacture special trans- 


porting appliances to meet exceptional conditions, 
of which a typical example is the Morris track 
layer, described on page 102 of our issue of 
January 22, 1926.. This wide range of products 
lends particular interest to the methods of manu- 
facture adopted. The smaller appliances, such as 
pulley blocks, are made in large numbers, and lend 
themselves particularly well to continuous-produc- 
tion methods, while, on the other hand, the larger 
overhead cranes, and so on, come within the class 
of heavy erection work. 

The detailed description of the various shops 
will be facilitated if their order of erection and con- 
sequent grouping is first dealt with. Turning to 
the general plans given in Figs. 1 and 2, the building 
marked 4 and 5 on the former constitutes the original 
pulley-block machine and assembly shop. From 
time to time additions were made to the works, 
which ultimately resulted in the group of buildings 
shown on Fig. 1 on the east side of Empress-road. 
The group now includes the offices, foundry, smithy, 
machine and assembly shops for electric crabs, 
hoist-blocks and trucks, and minor buildings such as 
stores and garage, and is known as the East Works. 
The next large addition was the West Works, shown 
on Fig. 1 to the west of Empress-read. These were 
built in 1903, and are used for the erection of over- 
head hand cranes. The small parts for these cranes 
are made in the South Works, which will be referred 
to shortly, but the girders for both the cranes and 
runways are cut to length and drilled in the West 
Works, and the cranes are assembled here. During 
the war, the South Works, shown in Fig. 1 to the 
south of Great Central-road, were erected, and are 
now used for the continuous production of all the 
smaller standard parts required in the different 
departments throughout the whole works. The 
North Works, shown in Fig. 2, were put in hand 
after the war, and have only recently been com- 
pleted. They are used for the assembly of overhead 
electric cranes, for the manufacture of steam cranes, 
and for the erection of special appliances which 
require considerable space for assembly, such as the 
track layer already referred to. Fig. 2 also shows 
the property taken over from Messrs. Coltman, 
which is now mainly used for the manufacture of 
boilers for general purposes and for the steam cranes 
built by the firm. 

The buildings shown in Fig. 2 are about half a 
mile from the main group shown in Fig. 1. The 
convenient location with respect to the railway is 
brought out in both figures, the line shown in 
Fig. 1 being the Great Central section of the London 
and North Eastern Railway, while that shown in 
Fig. 2 is the Midland section of the London Midland 
and Scottish. In both cases the railways con- 
stitute the main lines between London and the 
north. The branch line from Nuneaton, to which 
reference has been made, terminates about half a 
mile from both works, and forms a connection with 
the London and North-Western section of the 
London, Midland and Scottish Railway. The 
Leicester canal runs immediately behind the East 
Works, and within 50 yards of the North Works. 
This canal, in common with the majority of others 
in the country, is now very little used, although 
until fairly recently the majority of the coal re- 
quired in Loughborough was brought by this means. 
The whole of the works is supplied with power by 
the Loughborough Corporation at a voltage of 6,600. 
It is transformed down in the works to various 
voltages to suit the machinery employed, the great 
majority of the motors being of the A.C. type. 
The power station shown near the railway in Fig. 1 
was originally used to generate current for the 
works, but has now been closed down, as the firm 
have found it to be more economical to obtain 
their supply from the corporation. 

Owing to the wide range of the work undertaken, 
a detailed description of the plant and processes 
is by no means easy. It will be convenient to 
commence with the North Works, as these form to 
some extent a self-contained unit. As will be seen 
from the plan, Fig. 2, this factory consists of a 
single building, 512 ft. long, 165 ft. wide, and 52 
ft. high. It is divided into three longitudinal 
bays, each being lighted from the north, as shown 
in Figs. 3,4 and 5. Of these, Fig. 3 is a general 





view of the centre bay, Fig. 4 a view of the western 
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end of the same bay showing electric cranes in 
course of erection, and Fig. 5 a view of the north 
bay taken near to the western end. The third 
bay constitutes the machine shop and _ stores, 
although, as shown in Fig. 3,.there are a number of 
heavy machine tools in the centre bay. The 
major part of the north bay is devoted to steam- 
crane assembly. The steam cranes hardly call for 
particular comment, as they are of the standard 
locomotive type, with vertical cross-fuse boilers. 
They are made with capacities of 3, 5, or 10 tons, 
and can be fitted with grabs or ships for the bulk 
handling of material. 

In shops such as the one with which we are deal- 
ing, where iarge work has to be machined and 
assembled, the transporting and lifting arrange- 
ments are of the greatest importance. Additional 
interest is given to the facilities provided in this 
case by the fact that Messrs. Morris specialise in 
the various appliances required. The overhead 
cranes in an assembly shop must be of sufficient 
size to handle the heaviest work undertaken, but 
as such cranes are of necessity relatively slow in 
operation, means must be provided for handling the 
lighter work independently. There is a danger, 
however, when the lifting appliances are in duplicate 
in this way, that one may interfere with the other. 
The arrangements adopted to overcome this diffi- 
culty in the North Works will be clear from the 
various illustrations. As shown in Figs. 3 to 5, 
there are two crane tracks down each bay, the one 
above the other. The higher track in the centre 
bay carries one 10 and one 25-ton crane, both having 
auxiliary high-speed lifts. The lower track carries 
a 5-ton crane, and also a number of travelling 
gantries, some of which can be seen in Fig. 3. Each 
of these gantries is fitted with a 1-ton electric lift- 
ing block. In the .steam-crane bay, the upper 
track carries a 10-ton and the lower a 5-ton crane, 
and 1-ton travelling gantries are again provided. 
It will be noticed in Fig. 3, that the gantries are 
on one side of the bay only, as they are employed 
for placing the work on the smaller machines, which 
are arranged down the left-hand side of the bay as 
viewed in the illustration. The work on the 
larger machines is handled by one or other of the 
overhead cranes, which are also used for transport- 
ing parts along the length of the bay, and in assembly 
work on the larger structures. In the case of excep- 
tionally large work the possibility of the assembly 
blocking the bay to longitudinal transport has to be 
guarded against, and this is effected by carrying out 
such assemblies at the end of one or other of the 
bays, as shown in Figs. 4 and 5. The provision of 
two craneways one above the other also tends to 
minimise this danger, as even though the lower crane 
is supporting the work, parts can be passed over it 
by employing the upper crane. Completed work can 
be loaded directly on to railway trucks in the shop 
itself, as the lines are brought in at the centre as 
indicated in Fig. 2. The wagons in the shop and 
siding are handled by a wagon tractor made by the 
Motor Rail and Tramcar Company. 

It is not possible in the space at vur disposal 
to enter at length into the machining processes 
or methods of assembly, but a short resumé may 
be given of the machines employed. These are 
all of the most modern type, and in the case of the 
larger machines have individual drive. They in- 
clude a Shank’s lathe with a 36-ft. bed for shafting 
work, a battery of Asquith drills, a group of Herbert 
automatics, two Sunderland gear planers, Cin- 
cinatti millers, and so on. It may be mentioned 
in passing that all the teeth on the gear wheels for 
the electric cranes made by the firm are machine 
cut, wheels with cast teeth being confined to 
unimportant trains on the steam and hand cranes. 
In addition to the Sunderland gear planers, there 
are also Browne and Sharp gear cutters in the 
shop. A number of the machine tools are visible 
in Fig. 3, the large Buckton planer shown on the 
right being of particular interest in that it is equipped 
with a 40 kilowatt motor generator by means of 
which three-phase alternating current, at 440 volts, 
supplied from a sub-station under the same 
roof, is converted to direct current at 300 volts 
for use by the various traversing and feeding 
motors on the machine. A separate view of a 
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Richards and Co., Limited, Broadheath, and em- 
ployed for boring steam-crane bases, is shown 
in Fig. 7. 


this practice is shown in Fig. 8, where a portable 
Asquith drill is shown in operation on a crane 
end-carriage. The mounting of another Asquith 
drill, shown in Fig. 9, is also of interest. This 
machine is mainly used for plate work, and it will 
be noticed that it is mounted on a carriage running 
on rails. The latter extend the whole length of 
the shop, and enable the machine to be rapidly 
run over a large plate, as shown in the figure. 
Another machine of which mention may be made 
in passing is a metal saw by Messrs. Clifton and 
Baird, Limited, of Johnstone. In this case the 
whole machine is mounted on a turntable, and may 
be racked round to face in any direction, thus saving 





boring machine manufactured by Messrs, George 


a considerable amount of handling when sawing 
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PortTABLE DRILL OPERATING ON CRANE END CARRIAGE. 


large girders. The shop is provided throughout 


| with a compressed-air system supplied from 
When dealing with large work, the| Broom and Wade air compressors, and much of 
modern tendency is to employ portable machines | the work is done with portable pneumatic tools. 
which can be brought to the job, and an example of | 


The shop is partly heated by a steam installation 
supplied from Morris boilers, and partly by 
Plenum heaters. 

It is difficult to indicate the resources of the 
plant in this part of the works without entering at 
length into the capacity of the individual machines 
installed. Such a compendium would be of no great 
interest, and upon the whole, a readier visualisation 
of the available resources will be afforded if we 
describe one or two of the firm’s larger products. In 
this connection, we may again refer to the track 


| layer described on page 102 of our issue for Janu- 


ary 22, 1926. As this, however, was an entirely 
special machine, we have also selected one of the 
firm’s electrical overhead cranes for description. 

This crane, which is being manufactured for the 
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Fic. 9. Dritt Mounted on 


North Metropolitan Electric Supply Company, is 
shown in elevation and plan in Figs. 10 to 12, 
page 314, separate views of the crab being given 
in Figs. 13 and 14, page 315. The crane has a 
capacity of 80 tons, and a span of 76 ft. As 
there is an auxiliary hoist to lift a load of 10 tons 
at increased speed, the crane is equipped with 
four motors. It will be seen from the figures, 
that the main girders are of lattice construction, 
with auxiliary lattice outrigger girders. All 
holes throughout the bridge structure are drilled 
from the solid, and the rivets whenever possible 
are closed hydraulically. All inside faces are 
painted before riveting. The girders are rigidly 
secured to the end plates to resist cross-whipping 
and have a steel rail, mounted on the top flange, 
for the crab carriage. Only steel sections of British 
manufacture are used by the firm. 

As will be clear from Figs. 10 to 12, the end 
carriages are of box section, built up of mild-steel 
sections riveted together. Each of the carriages runs 
on four wheels, as shown in Fig. 12, so that the total 
load is distributed over 8 wheels. The maximum load 
on each wheel is 30 tons, resulting in a maximum 
load on one gantry of 120 tons. The wheels are 
bushed with gun metal, and run on high-carbon 
steel axles; two wheels in each end carriage carry 
a machine-cut spur wheel, attached by fitted bolts, 
through which any heavy shocks arising from faulty 
control are transmitted. A machined register is 
provided between these components to ensure the 
spur wheel being mounted concentrically. The 
main travelling motion is actuated by the separate 
motor, shown near the middle of the span in Figs. 
10 and 11. The motor drives through a spur- 
gear reducing unit onto the heavy cross shaft, 
by which the motion is transmitted to the main 
driving spur gears in the end carriages. This 
gear is shown in Fig. 12. The control cage, as shown 
in Figs. 10 and 11, is mounted underneath one of the 
main girders near one end, the position giving the 
Operator an uninterrupted view of all motions and 
of the floor. A main-travel brake of the nipper 
type is fitted to a drum on the cross shaft about 
the middle of the span, thus equalising the effect of 
torsional deflection on the two halves of the shaft. 
This brake is operated by means of a pedal in the 
Operator's cabin, the connection being made by a 
flexible wire rope running°over suitable pulleys. 





CARRIAGE FOR PLATE WorRK. 


Turning now to the crab, it will be observed from 
Figs. 13 and 14 that the side frames are made from 
heavy rolled-steel sections. The crab is carried on 
high-carbon steel axles fitted with cast-steel runners. 
The latter are double flanged, and have machined 
treads. The axle bearings are a machine fit in the 
side frames, and accurate alignment is ensured: by 
boring all bearings at one setting of the frame. The 
cross-traverse motion is operated by a separate 
electric motor, shown in plan near to the left-hand 
bottom corner of Fig. 14. The machine-cut gearing 
for the transmission can be seen in the same view, 
and it will be noticed that two of the crab runners 
are positively driven. It will be observed from the 
figures that the main and high-speed hoisting motions 
are quite distinct, each being driven by a separate 
electric motor, operating through machine-cut spur 
gearing. The main motion is fitted with a change 
speed gear, shown to the right in Fig. 14, giving a 
lift at twice the normal speed on half load. The 
hoisting barrel for both motions is of specially close- 
grained cast-iron, turned and grooved spirally to 
take the whole of the rope without overlapping. 
The rope is of best quality plough-steel wire, 
specially manufactured for crane service and for the 
particular diameter of the sheaves over which the 
rope has to pass. The bottom blocks consist of a 
mild-steel crosshead carrying machine-grooved 
sheaves. Guards are provided to prevent the rope 
leaving the grooves when the block is lowered on 
to the floor. The hooks are fitted with a Morris 
ball-bearing swivel, having hardened and ground 
crucible cast-steel faces, thus allowing the load to be 
rotated with a minimum of effort. 

An electro-magnetic brake is fitted to the hoisting 
units. This brake is applied mechanically and 
released automatically by an electro-magnet, and 
is so arranged that whenever the electrical circuit 
is broken, either intentionally or through failure 
of the current supply, the brake is automatically 
applied, and the load safely sustained. An auto- 
matic centrifugal-governor brake is also fitted to the 
hoisting motions to prevent acceleration of the 


|load exceeding a certain predetermined safe limit. 


This brake has liberal surfaces and is fully auto- 
matic in action. It entirely prevents high stresses 
occurring in the armature or rotor due to faulty 
driving or control. In order to prevent the bottom 
block from being over-hoisted by an incompetent 


| 


or careless operator, an overwinding switch is 
provided, by means of which the motor circuit is 
automatically opened when the block reaches a 
certain height. 

Ring oiling has been adopted for the high-speed 
transmission bearings, other bearings being provided 
with Stauffer lubricators. The whole design has 
been carefully worked out to give easy access 
to all components for repairs, cleaning and lubri- 
cation, and is, in addition, of particularly neat 
appearance. The leading particulars are as foilows : 
Main hoisting speed at full load, 4 ft. per minute ; 
main hoisting speed at half load, 8 ft. per minute ; 
auxiliary hoisting speed, 20 ft. per minute. The 
cross-travel speed at full load is 60 ft. per minute, 
and the main-travel speed at full load 120 ft. per 
minute. Slower speeds than those stated are, 
however, available, as the crane is fitted with 
slow-speed control for all motions. The powers 
of the various motors are as follows: Main hoisting 


|motor, 33 brake horse-power; auxiliary hoisting 


motor, 20 brake horse-power ; cross-travel motor, 
12 brake horse-power; main-travel motor, 36 
brake horse-power. 

Before despatch, all cranes are tested at 50 per 
cent. above the normal loading. This offers no 
difficulty in the case of the steam cranes, which 
are, of course, self-contained, but in the case of 
overhead electric cranes the gantry is not usually 
available until it is erected in the customer’s works. 
To overcome this difficulty the adjustable gantry 
shown in Fig. 6, Plate XX, is employed. This 
consists of two Warren girders mounted on the 
lower crane rails. The girders can be spaced to 
give any span required, and are supported on steel 
trestles to relieve the crane rails from excessive 


| load during the test. 


The electrical crane testing equipment is housed 
on one side of the bay. Before describing this in 
detail, it may be pointed out that one of the most 
important requirements of the supply to the 
crane under test is that the constancy of the 
voltage and periodicity should be equal to that 
obtainable from a large power station. Unless 
this is assured, there will be considerable variations, 
due to the large and sudden changes of load 
produced in testing a large crane, and the per- 
formance under test would not be comparable in 
such circumstances with that which might be 
expected at the customer’s works. Actually, the 
automatic voltage regulation on Messrs. Morris’s 
test plant ensures that both voltage and periodicity 
remain practically constant under all conditions 
of loading. 

The plant is made up in two sets, the first 
comprising a squirrel-cage induction motor, wound 
for 440 volts, three-phase supply, at 50 cycles, 
coupled to two direct-current generators, each 
having a capacity of 350 amperes at 250 volts ; and 
the second a direct-current motor coupled to a 
revolving-field type alternator. The generators of 
the first set enable voltages of 110, 250 or 500 to be 
obtained. With the two machines in series the full 
kilowatt output is obtained when generating at 


TABLE I.—Output at 25 periods. 300 r.p.m. 

















Series Parallel. Parallel. 
Series. _—— 
Phase. Volts. | Amps. 
| Volts. | Amps. | Volts. | Amps. 
| | 
Single ..| 400 50 200 100 100 200 
or --| 560 50 280 | 100 140 200 
Two.. --| 560 50 280 100 140 200 
Three (Star) 700 50 350 | 100 175 200 








Three (Mesh) 400 86 200 | 170 100 200 











TABLE II.—Output at 50 to 63 periods, 























Series Parallel. Parallel. 
Series 

Phase. Volts. | Amps. | 
| Volts. | Amps. | Volts. | Amps 
Single 800 62 400 | 125 200 250 
a _— _— 560 125 280 250 
Two Se — —- 560 125 280 250 
Three (Star) == —: 700 125 350 250 
Three (Mesh) | 800 107 400 215 200 250 





500 volts, and for lower voltages down to 250 and 
110 respectively, the output is in proportion to 





the voltage. By putting the two machines in 
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80-TON CRANE WITH 10-TON AUXILIARY HOIST. 
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parallel, the full output can be obtained at 250 
volts. The direct-current motor on the second set 
is suitable for wide speed variation by utilising the 
series-parallel arrangement on the first set, and 
also by field control. The alternator on the second 
set can thus be arranged to give any periodicity 
from 23 to 63 with the outputs shown in Tables I 
and II, above. 

The intermediate voltages are obtained by field 
regulation. By suitable arrangements, 25 cycle 
three-phase current can be supplied at 440 volts 
instead of 400 volts, as shown in the table, and 
50 cycle three-phase current can also be supplied 
at 440 volts, instead of 800 volts. 

The auxiliary plant in the test house includes 
an exciter for the generator fields of the first set, 
and for the motor of the second set, and another 
exciter for the alternator, this exciter being coupled 
to the first set. There is also an automatic voltage 
regulator, the use of which has already been referred 
to. At the back of the alternator is fitted a special 
plug board for connecting this machine for series 
or parallel operation, giving a voltage range up 
to 800 volts, as shown in the table. A linkwork is 
provided to enable the stator of the alternator to 
be connected for single-phase, two-phase, and three- 
phase star or mesh, as required. It may be men- 
tioned that similar equipment on a smaller scale 
is also in existence at the West and East works, 
both of which will be referred to later. 

The boilers for the steam cranes are made in 
the block of buildings taken over from Messrs. 
Coltman. It is unnecessary to deal with these 
works at any length, as they are in a processs of 
transition. They were originally used for a general 


engineering business, in which small steam engines | 


were the main product, and in consequence, as 
indicated in the plan on Fig. 2, they comprise a 


complete series of shops, including foundry, machine | 


shop, smithy, boiler shop. and so on. At the 
moment, the boiler shop is being used for its original 
purpose, and the remaining shops are being utilised 





the firm’s steam cranes and for boilers sold as | 


separate units. 
(Zo be continued, ) 





THE INSTITUTE OF METALS. 
(Continued from page 298.) 

On Wednesday afternoon, the 9th instant, at 
2 p.m., Members reassembled in the Hall of 
the Institution of Mechanical Engineers, and the 
adjourned annual meeting was continued. The 
chair was again occupied by the president, Sir John 
Dewrance. 

ELrctric FURNACES. 

The first paper taken was entitled “ Electric 
Furnaces in Non-Ferrous Metallurgy.” It was 
by Mr. D. F. Campbell, who read it in abstract. 
We reproduce this contribution to the proceedings 
on page 334 of the present issue. 

A general discussion on the subject was opened 
by Dr. H. W. Brownsdon, who stated that the 
paper before them might be regarded as a sketch, 
the details of which would be filled in during the 
course of the discussion. Mr. Campbell had given 
the meeting, in Table I, on page 335, typical figures 
for the running of a furnace in Birmingham; an 
Ajax-Wyatt furnace installation was also shown in 
Fig. 2 in the paper. He, himself, had seen this 


| much this actually amounted to. 





particular plant in operation, and he thought that | 
the figures given were rather abnormal than typical. 
He would like to know what intervals there had 
been between pouring and charging. He could | 
not conceive that there had been 13 heats in 11 | 
hours; this might be described as a phenomenal 
procedure. In his opinion, the figure given for 
kw. per ton, namely, 206 was also low. He would 
like to know at what temperature the metal was | 
poured. Working with an Ajax-Wyatt furnace, | 
it had been his experience that it required from | 
50 to 55 minutes to melt the metal and, over and | 
above this, a certain degree of superheat was | 
necessary before the metal was poured. It seemed 
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his opinion, the Ajax-Wyatt furnace was yielding 
sufficiently good results without what he should call 
abnormal figures being put forward. 

Turning to the question of metal losses, he 
did not see why the matter should not be cleared 
up once and for all. A more definite figure for loss 
should have been given in the paper. He had 
found that the usual figure for zinc loss was 1 per 
cent. The weight of metal placed in the furnace, 
the weight of the ingots poured, and the weight of 
the recoverable splashes, &c. were all definitely 
known. In addition to this there was a certain 
amount of residue, and the question was how 
He, himself, had 
never had a loss which was less than 1-1 per cent., 
and that loss was practically wholly represented by 
zinc oxide. Insuch a case, the working figures were : 
cast ingots 98°9 per cent., and zinc oxide 1°1 per 
cent. The conditions represented by these figures 
were, however, somewhat abnormal. Under more 
average working conditions, the loss worked out at 
about 1-3 per cent. Under no conditions had he been 
able to obtain a loss of less than 1 per cent. The 
figures quoted were obtained when borax was used 
as a flux ; if borax were not used, the loss was nearer 
2 per cent. He maintained that the loss could be 
easily determined. It should be pointed out that 
the reduction of a loss, from 2 per cent. to 1 per 
cent., by the use of borax, must not be regarded as a 
great advantage, because borax was expensive. 
From a financial point of view, the regulation of 
operating conditions so as to obtain a low loss was 
not always the most economical way of running a 
furnace. It might be thought that by sealing 
up the furnace, or by using charcoal freely, the 
loss might be decreased. He had tried both 
expedients but had not been able to reduce the loss 
materially. Another point which should be re- 
membered was, that it was difficult to find a market 
for the zinc oxide residues. 

He was of opinion that the formation of zinc 
oxide and, therefore, the loss, occurred in the ear!) 


to some extent for odd work which cannot con- | to him, therefore, that the figures given in Table I, | stages of the melting operation. This oxide 
veniently be put through the main shops without | referred to what was usually described as cold metal. | formation was, he thought due to the lack of top 
interference with the general system. Ultimately, the | Unless further details were furnished the figures | heat. If it were possible for the added scrap to be 


whole of this block will be devoted to boiler work for | quoted by Mr. Campbell did not mean much. In| melted up more quickly, the oxide formation would 
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be lessened. Another’ point was that the walls 
of the furnace built up gradually, and quite a large 
proportion of the loss accumulated on the walls. 
He believed this building up was connected, in some 
way, with the material from which the lining was 
made. Taken altogether, these losses were impor- 
tant,and the fact that they consisted largely of 
oxide showed that oxygen was present. With 
Mr. Campbell, he was going to attempt further 
experiments in connection with melting under 
sealed conditions, and he was looking forward to 
interesting results. 

With regard to the working of the Ajax-Northrup 
furnace, he had had little experience. It was 
interesting to note, however, that the walls of this 
furnace did not build up; on the contrary, they 
wore away gradually. Turning to the question of 
the application of electric furnaces to annealing 
Operations, he thought there was just as bright a 
future for the electric furnace in the sphere of the 
heat treatment of non-ferrous metals as there was 
in tiat of the melting of these materials. The 
question of refractories was a difficult one. He had 
had some trouble in obtaining a satisfactory lining 
material for an ordinary Ajax-Wyatt furnace 
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employed for the melting of brass. He was of 
opinion that the United States and Germany were 
ahead of this country in the matter of refractory 
materials for use in connection with high melting- 
point alloys. 

Mr. W. R. Barclay said that he was somewhat 
disappointed that the are type of electric furnace 
had not received a little more attention in the 
paper. He was associated with one of the earliest 
attempts to melt nickel-copper alloys in a furnace of 
the Héroult type, and he was bound to say that the 
more his experience increased, the deeper became 
his admiration for that particular furnace. Conse- 
quently, he was disappointed that it had not 
received more attention from the point of view of 
improving the mechanical side. The are furnace 
presented problems, but the choice of refractory 
materials was more elastic than in other types of 
furnaces ; moreover, it was possible to do a little 
refining in the furnace. If it were always possible 
to obtain pure materials, this quality would possess 
little importance, but it was often necessary to deal 
with large quantities of scrap. It was therefore 
distinctly advantageous to have a little elasticity 





with regard to fluxing and slagging. The danger 





of carbon contamination from the electrodes had 
been sometimes referred to; if the furnace were 
properly worked, however, this danger could be kept 
well within reasonable limits. Taking everything 
into consideration, he was not quite sure that purer 
metals could be obtained from the high-frequency 
furnace than from any other type of electric 
furnace. 

He wished to put in a plea for closer collaboration 
between the engineer and the metallurgist. He 
did not think that sufficiently close collaboration 
had yet been established, and the consequence was 
that the mechanical arrangements of the majority 
of electric furnaces left much to be desired. Turning 
next to the question of electric furnaces for the 
heat-treatment and annealing of non-ferrous metals, 
no one who visited America could fail to be impressed 
by the large number of electric furnaces used in 
that country for heat-treatment purposes. The 
question of costs was often raised, but the position 
was not really so bad as it had sometimes been 
made to appear. It was true that the cost of the 
current expended, compared with the cost of fuel 
consumed in a gas furnace, was of the order of 
3:1, but there were many other factors to be 
taken into account. An electric furnace could, for 
instance, be installed within a few feet of a wire- 
drawing machine without the operator feeling any 
ill effects due to radiated heat. The furnace could 
therefore be brought to the work instead of the 
work to the furnace, and the cost of labour employed 
in transporting material from one end of a shop to 
another was eliminated. The accuracy of control 
was another factor to be taken into account. 

The next speaker, Mr. A. G. Lobley, thought 
that Mr: Campbell had made out a strong case 
for the induction furnace. At the beginning of 
his paper he had touched upon the subject of 
rotating arc furnaces and had mentioned the 
Detroit plant. An English rotating are furnace, 
designed by Watson, embodied many advantages ; 
the Detroit furnace was single-phase, whereas the 
Watson could be made three-phase. Furthermore, 
the electric arrangements of the Watson furnace 
were arranged well away from the operator, and 
there was little fear of breaking electrodes. For 
melting small quantities of aluminium alloys for 
die casting, he had found a small 60-lb. crucible 
type of furnace, heated externally by means of 
nickel-chromium resisters, highly economical. At 
the beginning of last year, heat-treatment furnaces, 
requiring together some 350,000 kw., were in use 
in the United States. Their advantages were not 
fully realised in this country. Mr. Lobley then 
showed a number of slides depicting various types 
of resistance furnaces useful for heat-treatment or 
annealing operations. Dr. Max Haas, who spoke 
next, said that the first essential in connection with 
electric furnaces was cheap current. The electric 
furnace was being developed in Germany because 
modern metallurgical conditions demanded it. 
This was especially true in the case of the manufac- 
ture and treatment of light alloys. Duralumin, for 
instance, was very sensitive to gases, and electric 
furnaces were, therefore, distinctly advantageous 
for the annealing and heat-treatment of this material. 

Mr. H. H. Hayes stated that he was present with 
Mr. Campbell when the first induction furnace was 
put down in the Midlands. He would like to quote 
a few figures of a typical week’s run of an Ajax- 
Wyatt furnace, working continuous 12-hour shifts, 
the plant only being shut down from 12.0 noon 
on the Saturday until 6.0 a.m. on the following 
Monday. The weight of metal charged was 24-6 
tons; the weight of ingots poured amounted to 
23-+4 tons, which figure was equivalent to 95-0 per 
cent. of the metal charged. The weight of the 
splashings put back into the furnace for remelting, 
was 0-602 per cent. of the weight of the metal 
charged, and the weight of the skimmings and 
chippings put back into the furnace, after being 
washed, was I-91 per cent. of the weight of the metal 
charged. The furnace ran for 168 hours, during 
126 of which it was occupied in melting ; the stand- 
by hours numbered 42. The kilowatts expended 
in melting, per ton of metal charged, amounted 
to 240, and the current consumption per ton 
of ingots poured averaged 243 kw. The units 
used during the stand-by period numbered 400, 
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equivalent to 6-37 per cent. of the total units 
used. The total units used in melting, per ton of 
metal charged amounted to 256, and the total 
current consumption per ton of ingots poured 
averaged 260. The metal irrevocably lost amounted 
to about 2 per cent. In no case was more than 10 
per cent. of pure metal utilised, the remainder was 
bulky scrap. 

The use of borax was to be recommended because 
it eased the labour of chipping out the built-up 
residues in the interior of the furnace. Borax 
rendered, the material a little more friable. Dr. 
Brownsdon had stated that he had found it 
difficult to find a market for his zinc-oxide residues, 
but these could be sold. He did not think that this 
building up of residues within the furnace was 
peculiar to the Ajax lining, it occurred in graphite 
pots, to a certain extent. He agreed that the 
question of refractories was a difficult one, and he 


thought that the problem had not been tackled | 
In the matter | 


seriously enough in this country. 
of electric muffles, he was of opinion that not enough 
attention had been paid to their design. These 
furnaces often had the same shape as gas or coal- 
fired muffles and were similar in outward appearance. 
This did not constitute progress. The work an 
electric furnace was expected to do should be 
carefully considered, from all points of view, when 
the design was being made. 

In a long contribution to the discussion, Mr. 
Otto Frick stated that although he had had 
25 years’ experience of steel induction furnaces, 
it was only two years ago that he had _ pro- 
duced a type of furnace suitable for non-ferrous 
metal melting. 
question of the lining; looking back, however, 
on all the obstacles in connection with the steel 
furnace, which obstacles had been successfully 
overcome, there seemed to be no reason why problems 


connected with the linings of non-ferrous furnaces | 
should not also be overcome in a short time. In| 


the case of the steel induction furnace, it had taken 
four years work to arrive at a satisfactory lining. 
This was composed of best Greek magnesite, without 
any binding material, but made plastic by additions 
of petrol during ramming operations. Utilising the 
experience gained in the preparation of linings for 
steel furnaces, a satisfactory and reliable lining had 
been produced in the factory of Messrs. A. B. Svenska 
Metallwerken, Vesteras, Sweden, for the first 
120 kw. brass-melting furnace constructed by them. 
This lining gave promise of a long life. The results 
obtained from a 120-kw., 600-kilogramme brass 
furnace might prove of interest to the members. 
The furnace produced from 18 to 19 casts, each 
weighing 630 kilogrammes, per day of 24 hours. 
The brass was shown by analysis to be perfectly 
uniform, and the energy taken was slightly less 
than 200 kw.-hours per ton of metal. In melting 
pure copper, and making one 100-kilogramme 
cast every half-hour, the energy consumption had 
been below 250 kw.-hours per ton of metal. The 
melting of pure nickel in a 100-kw. furnace would 
require about 425 kw.-hours per ton ; while cupro- 
nickel would cali for an expenditure varying from 


300 to 325 kw.-hours per ton, according to the | 


chemical composition of the alloy. 

Dr. W. Rosenhain was of opinion that the Ajax- 
Northrup high-frequency induction type of furnace 
was the most important laboratory research tool 


put in the hands of the metallurgist for the past | 
50 years. Much could be done with the Ajax- | 


Northrup furnace in a laboratory which was 
impossible with other types of furnace. 


The only difficulty had been the | 


| to be said for it. He could not help thinking that 
| induction heating would prove ideal in this branch of 
| metallurgy, especially if the material to be treated 
| were in the form of strip. If the strips were of fairly 
| heavy section, there should be no great difficulty in 
| turning out the necessary apparatus. It was quite 
| true that excellent heat insulation could be given to 
|furnaces. In some cases, however, he did not think 
this was quite necessary. When a furnace was used 
| intermittently the question of insulation was totally 
| different, and it was his opinion that it was possible 
to increase the efficiency of such a furnace by 
| cutting down the insulation. When this was accom- 
| plished, it was not necessary to heat up large masses 
of insulating materials each time that the furnace 
was switched on. Cheap current was essential 
and the question of costs was important but, as 
had been already pointed out, there were many 
advantages to be gained by the use of the electric 
current for heating operations. Anything which 
would improve working conditions in foundries and 
factories should be taken into account. 

Mr. D. F. Campbell, in his reply, said that Dr. 
Brownsdon had raised the question of the figures 
| quoted in Table I of his paper. He could only 
repeat that they were actual records taken from the 
working sheet in the factory. The figures given 
referred to extrusion metals, and the plant shown in 
Fig. 2 had nothing to do with the table. He did 
not wish to discuss the subject of metal losses 
| because all manufacturers calculated these in a 
different manner. There were a large number of 
| furnaces available for the annealing of metals. It 
was interesting to note that the whole of the wire 
| of the longest submarine cable in the world, which 
| had lately been laid in the Pacific, had been annealed 
| electrically. It was usual, in such cases, to heat the 
| wire in an atmosphere of nitrogen. In reply to 
| Mr. Barclay, he would like to state that he had been 
responsible for the erection of many arc furnaces. 
| He was not prepared to say that one could not 
| refine in a high-frequency furnace. It was important 
| to remember that in such a furnace the speed with 
| which the metal was brought into contact with the 
| slag was very great, and he thought it was possible 
|to carry out refining operations very efficiently. 
| The reason that the capacity of the induction furnace 
| was 600 lb. was because this size was suitable for our 
| present brass mills. Furnaces having a capacity of 
| 12 cwt. were working satisfactorily, and 25-cwt. 
|furnaces would soon be in operation. The size 
| to be given to a furnace depended entirely on the 
| working conditions. Dr. Rosenhain had told the 
| meeting that his crucibles frequently cracked and 
that, moreover, he expected them to crack. He 
| supposed that Dr. Rosenhain was referring to the 
|non-plumbago crucible; plumbago pots gave no 
| trouble at all. Carbon-free crucibles, on the other 
|hand, were quite a problem. The cause of the 
| cracking was, of course, the temperature gradient ; 
| the temperature on the outside of the furnace was 
| about 50 deg. C., while inside the crucible was a 
molten mild steel or nickel at a very high tempera- 
ture ; the distance between the two zones was only 

| about 2 inches. 
| At this stage of the proceedings the meeting 
'adjourned, the members reassembling later in the 
evening at the Trocadero Restaurant for the annual 

dinner. 


ANNUAL DINNER. 


The annual dinner, held at the Trocadero Restau- 


|rant on Wednesday evening, was a particularly 
When it | successful function, and was attended by well over 


came to the industria. application of the furnace, | 200 members and guests. In proposing the toast of 
other problems presented themselves. One of the | “ The Institute,” Sir Alfred Mond referred to the 


difficulties was the temperature gradient from the 
hot metal to the cold inductor coil. This placed an 
intense strain on the refractory materials, a strain 
which they could hardly be expected to withstand ; 


| importance of research work, and the part played 
| by the Institute in promoting it. 
| of its industrial importance, he mentioned the pro- 
| duction of an alloy containing nickel and chromium 


As an example 


he had had many cases of crucibles cracking. | which could be used for the construction of vessels 
Whether or not it was possible to make a crucible for the storage and transport of nitric acid. The 


which would stand the intense temperature gradient 


nese, and other pure metals and high melting-point 
alloys, it was difficult to say. 


by electrical means, this was, he thought, a most 


Turning to the} 
question of heat-treatment and annealing operations | 


attractive proposition, and there was a great deal | was responded to jointly by Professor Sir Ernest 


| president, Sir John Dewrance, who occupied the 
present during the melting of pure iron, pure manga- | 


chair, responded to this toast, and called attention 
to the importance of carrying on research in this 
country. It would not suffice, he said, to rely 
upon applying the results of foreign researches. The 
toast of ‘‘ The Guests,” proposed by Dr. R. Seligman. 








‘Rutherford, president of the Royal Society, and by 
Professor Sir William H. Bragg, president of the 
Institute of Physics. The former, in a particularly 
happy speech, referred to the work carried out in 
this country on the production and investigation of 
large single crystals of metals, expressing the view 
that these investigations would lead to great 
advances within the next decade. In the course of 
his response, Sir William Bragg pointed to the 
desirability of endeavouring to interest the workers 
in research and its application to industry, mention- 
ing that men were generally happier if they clearly 
understood what they were trying to do. 


PENETRATION OF METALS BY SOLDERS. 

The adjourned general meeting was continued 
on Thursday morning, the 10th inst. Sir John 
Dewrance, who again occupied the chair, announced 
that the three papers dealing with the penetration 
of metals by other molten metals would be taken 
together for the purpose of discussion. The first 
contribution read was that entitled, “The Pene- 
tration of Mild Steel by Brazing Solder and other 
Metals,” by Mr. R. Genders. We reproduce this 
paper on page 341 of the present issue. The second 
contribution was that of Mr. H. J. Miller on 
‘“The Penetration of Brass by Tin and Solder.” 
In the absence of the author, the paper was 
presented by Professor T. Turner. Mr. Miller 
was of opinion that the cracking of stressed 
articles, by a process of intercrystalline pene- 
tration, when in contact with molten solder 
of the tin-lead variety, was associated with the 
phenomenon of season-cracking and the penetration 
of mercury into brass. Experiments with stressed 
brass tubes indicated that high stresses were 
required for penetration to take place. We intend 
to reproduce this contribution in a forthcoming 
issue. 

The last of the three contributions was one 
by Mr. H. J. Hartley on “The Attack of Molten 
Metals on Certain Non-Ferrous Metals and Alloys.” 
This paper dealt with the attack of molten tin, 
and tin-containing solders, upon brass and copper, 
the time factor being taken into consideration. 
It was found that penetration of the molten into 
the solid material occurred when the latter was 
stressed in tension. Fully annealed materials were 
attacked at very low stresses with ultimate break- 
down. We hope to reprint this third paper, in 
abridged form, in a future issue. 

The discussion was opened by Sir Gerard A. 
Muntz, who stated that some years ago he had 
experimented on the lines adopted by Mr. Miller. 
This worker had placed before the meeting photo- 
graphs depicting the penetration of solder into 
brass. His own opinion was that the solder had 
got into the brass through pre-existing cracks. 
After a great deal of research he (Sir Gerard) and 
his co-workers had found the secret of the breaking 
of brass after being dipped in solder. They had 
finally come to the conclusion that this was entirely 
due to the black breaking point of brass, which 
lay between 170 deg. C. and 350 deg. C. If a strip 
of, say, 60:40 brass were plunged into molten 
solder and bent immediately, it would break. 
If, however, the brass strip were allowed to stand 
ten minutes, until it was cold, it would be found 
to be as strong as ever it had been. The discussion 
was then taken up by Mr. H. J. Hartley, who said 
that he had conducted a series of experiments 
similar to those described in Section II of Mr. Miller's 
paper. Mr. Miller had given a series of figures 
for the limits of the solubility of copper in tin at 
various temperatures. He would like to know 
how much time had been given to the metal to 
reach the solubility limit. Mr. Miller had also 
suggested that the product formed by the attack 
of brass by tin was CuSn. His own experiments 
seemed to suggest that the compound was an alloy 
of Cu,Zn, and Cu,Sn. He would, therefore, like 
to know if Mr. Miller had proved that this inter- 
metallic compound was CuSn. : 

Mr. U. R. Evans stated that inter-crystalline 
penetration was of three main types, namely : 
(1) penetration by gases (oxygen, _hydrogen, 
nitrogen, sulphur compounds, &c.), which usually 
passed into the metal along intergranular paths, 
and sometimes produced intergranular brittleness. 
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(2) Corrosion by reagents at low temperatures, 
which reagents often followed an intercrystalline 
path. The season-cracking of brass in the presence 
of ammonia was the best-known example. 
Analogous ‘“‘ corrosion-cracking’’ occurred, how- 
ever, in lead, steel, aluminium alloys and other 
materials, especially when the metals were in 
tension. (3) Penetration by mercury, molten 
solder, tin, and brazing brass, which often followed 
an intergranular path, causing rapid failure owing 
to the weakness of the alloy produced ; here again 
tension in the metal seemed to be needed for 
rapid intercrystalline penetration. The question 
before the meeting was as to whether these three 
types of penetration were due to a common cause, 
and, if this was the case, what was the common 
cause ? Recent work by Tammann and Bredemeier 
had definitely indicated that ordinary metals 
were porous, being threaded by capillary channels, 
through which dye solutions could be forced by 
high pressures. The cavities would not, of course, 
extend over the whole of the intergranular surfaces, 
which were, as was well known, surfaces of strength, 
not of weakness, but would be merely narrow 
pores, probably in many cases following the lines 
along which three grains met. 

Now if these pores really existed, it was not in 
the least surprising to find that gases diffused into 
the metal along an intergranular path. Likewise, 
an explanation of intergranular corrosion naturally 
followed. It had been definitely established, 
through independent experiment by several workers, 
that if once pores became filled with liquid, they 
became the seats of intense corrosion because the 
differential eration principle was brought into play. 
If, then, the first two types of penetration could 
be referred provisionally to pre-existing pores, 
could the third type of penetration, by mercury, 
solder, tin, &c., be explained in the same way ? 
On this point, the opinion of the authors of the three 
papers would be valuable. The notion seemed to 
explain at least some of the phenomena observed. 
Since the alloy formed would usually occupy a 
larger volume than the original metal, it could 
easily be seen why tensile stresses were needed to 
pull apart the grains if the action were to continue. 
Likewise, it could be seen why, as Mr. Hartley had 
observed, the attack occurred at haphazard points 
and did not occur along the whole of the inter- 
granular boundaries. A reason also suggested 
itself for the fact that mercury produced the action 
more quickly than tin or lead. Liquid metals did 
not readily flow into capillary pores for reasons 
connected with surface tension and _ viscosity, 
although they would probably do so slowly if they 
were capable of alloying with the wall material. 
There was no reason, however, why they should 
not distil inwards, if volatile, and, since the vapour 
tension of a convex surface was greater than that 
of a concave surface, a continual transfer of metal 
from the exterior into the interior of a pore would 
be expected. In mercury this could happen at 
ordinary temperatures ; the other metals mentioned 
were far less volatile, under the range of tempera- 
tures in question, and their action would be slow ; 
it was, for instance, highly doubtful whether distil- 
lation played any part in penetration by solder. 

He would like to ask the authors to consider 
whether porosity might not contribute, at least in 
part, to penetration by metals. Whatever answer 
they might give, he would put in a plea that the 
explanation should not be rejected merely because 
the idea that metals were appreciably porous 
offended the esthetic sense of metallurgists; the 
method of Tammann and Bredemeier might not be 
quite accurate quantitatively, but their main 
conclusion must, he thought, be accepted without 
reserve, 

Mr. S. V. Williams said that when brazing a 
nickel-iron ring on to a copper cylinder, evidence 
was forthcoming that brass had penetrated into the 
ring. As a result of this, experiments had been 
carried out, which he hoped to communicate in 
writing. The next speaker, Mr. R. Genders, drew 
attention to the wording of a conclusion arrived at 
by Mr. Hartley, which was to the effect that even 
mercury or any other reagent could never produce 
an intercrystalline weakness which did not already 
exist. What Mr. Hartley really intended to convey 





was, he thought, “ if a weakness was already present, 
mercury would intensify it.” Professor F. C. 
Thompson who spoke next, pointed out that the 
work incorporated in Mr. Hartley’s paper had 
been started some five years previously and had 
been carried on continuously ever since. Origin- 
ally, it was a practical research ; Mr. Dearden had 
worked on the subject for well over a year, but for 
several reasons the results available were not suit- 
able for publication. He himself had been interested 
in the question under discussion for five years and, 
speaking quite frankly, he felt as far away from an 
explanation of the problem as ever. Whether 
gases entered into the question or not he did not 
know, but, whatever the explanation, the problem 
was very complex. Mr. Hartiey’s paper neverthe- 
less contained a concrete suggestion. He had 
shown very conclusively that 80 : 20 brass was highly 
resistant to the kind of attack they were discussing. 
After prolonged attack by molten tin at 240 deg. C., 
it still possessed a maximum stress of 9 tons per 
square inch, whereas under the same conditions 
copper or brass only possessed a strength of from 
2 to 4 tons per square inch. 

He disagreed from Sir Gerard Muntz. Failure was 
not due to the metal itself, but was due to the 
attack of the solder. Tests carried out at 240 deg. C., 
with and without attack by molten tin, proved 
this. When brass was attacked by a molten metal, 
there was present an additional weakness, which 
was not there when the molten metal was absent. 
Mr. W. L. Kent had shown, in a recent paper to 
the Institute,* that the impact value of bronze 
remained high up to between 300 and 320 deg..C., 
and then fell off. This seemed to indicate that it 
was only when the temperature of the metal was 
very much higher than those used by Mr. Hartley, 
that a weakness in the alloy itself appeared. The 
only alternative was that the molten metal was the 
main cause of the brittleness. With regard to the 
penetration of the molten metal, he was satisfied 
that a crack was formed in advance of the molten 
metal. The crack was formed first, and the molten 
metal penetrated into it. A practical fact which 
emerged from the work was that even in the presence 
of a flux, and still more in the absence of a flux, 
the wetting of the specimens by the molten tin 
was very erratic. Mr. Dearden had carried out 
a series of experiments in this connection, and 
had obtained erratic results. In some cases the 
lowering of the strength of the specimens was great ; 
in others it was only moderate, and, in others again, 
the strength of the metal test piece was little 
affected. It was only when the whole specimen had 
been immersed in a bath of tin that maximum 
weakening had been obtained. Viewing all the 
facts, there was some factor which had not yet 
been appreciated. It was impossible to explain 
satisfactorily the whole of the difficulties by speaking 
of stressed metal and the relations between molten 
metal and some kind of inter-crystalline penetra- 
tion. There was still some other factor at work. 

The next speaker, Mr. D. Lewis, described a form 
of brittleness which had occurred in a platinum 
thermo-couple wire contained in a sealed tube 
furnace. The explanation put forward was that 
the wire had been exposed to the action of carbon 
monoxide, water vapour and, perhaps, hydrogen, 
and that these gases had had a predominating in- 
fluence in bringing about brittleness. Mr. A. 
Pinkerton, who followed, was inclined to think 
that molten tin penetrated first into the metal, 
and that cracking took place afterwards. He 
desired to know if the authors had any experience 
as to whether the size of the crystals had any effect 
on the attack by molten metals. When 1,000 
stampings were made of the same brass, and some 
of them cracked on the application of solder, and 
others did not, it would be interesting to ascertain 
if large grain size had anything to do with the 
cracking. The problem was serious in so far as 
brass users were concerned, and it was not only 
necessary to find the cause of the cracking, but also 
the remedy for it. Colonel N. T. Belaiew, the next 
speaker, said that steel gun tubes were penetrated 
by copper from the driving bands of the shells. 
High temperatures and sudden contractions had 
doubtless a bearing on the subject. 





* See ENGINEERING, 1926, vol. cxxi., page 349. 





Dr. H. W. Brownsdon thought that Mr. Miller 
ought to have conducted some blank experiments 
in order to ascertain whether the same thermal 
effect could be produced in his specimens without 
any other metal present. He should have plunged 
some of his samples in hot oil at a temperature of, 
say, 230 deg. C., or have protected his specimens 
with a coating of nickel, and then dipped them in 
molten metals. This procedure would have proved 
whether cracking preceded penetration or whether 
the reverse took place. Dr. W. H. J. Vernon, who 
spoke next, was of opinion that there was a need 
for the consideration of the possibility of structural 
weakness, as distinct from weakness brought about 
by the attacking agent. 

Professor T. Turner then rose to reply to the dis- 
cussion on Mr. Miller’s paper. He asked Sir Gerard 
Muntz if the brass samples he had referred to were 
in the cold-rolled or annealed condition. (Sir Gerard 
Muntz stated that they had been annealed at 
700 deg. C., for about 6 hours). Professor Turner 
continued that this information did not alter his 
opinion regarding the general character of the 
trouble. With reference to the temperature at 
which brass became brittle, he had usually taken it 
to be over 400 deg. C. It might commence at a 
temperature as low as 160 or 170 deg. C., but, if 
this were the case, it was certainly a lower tempera- 
ture than he had ever contemplated. He would 
like to know the temperature of the solder which 
had caused Sir Gerard’s brass specimens to become 
brittle. He was not in favour of the gaseous expla- 
nation ; in many instances the suggestion that gas 
was at the bottom of a trouble seemed to be the last 
resort of a puzzled metallurgist. It was necessary 
to agree with Mr. U. R. Evans that there were 
pores in metals. If these pores were concentrated 
round the boundaries and not in the middle of the 
crystals, this would explain why mercury and 
other metals penetrated more easily in that direc- 
tion, and would thus account for intercrystalline 
fracture. 

Mr. R. Genders, in his reply to the discussion on 
his paper, stated that several of the speakers had 
agreed that the question was a complex one and 
demanded the presence of another factor besides 
the attacking medium. Mr. Evans had suggested 
that the vapour of mercury was the cause of the 
cracking extending beyond the limit of attack. 
Similar conditions might perhaps apply to the 
attack by tin and solder. He agreed with Mr. Evans 
in regard to pores in metals, indeed, he went further 
and thought that, these capillaries might extend 
through the crystal itself. He had to admit, however, 
that the whole matter was highly speculative. In 
his reply to the discussion on his contribution, 
Mr. H.J. Hartley said that Professor Thompson had 
furnished an answer to the points raised by Sir 
Gerard Muntz. Mr. Genders had referred to a state- 
ment contained in his conclusions regarding pene- 
tration by mercury and intercrystalline weakness. 
He had to agree that the statement as it stood in 
the paper was perhaps a little ambiguous. The weak- 
ness he had in mind was possibly due to impurities 
at the grain boundaries ; it was not a general weak- 
ness but a feature of some of the boundaries. The 
80:20 brass, mentioned by Professor Thompson, 
was definitely very finely grained ; in his opinion, 
the larger the grain size, the more easily could pene- 
tration take place. In regard to cracking and 
molten metal penetration ; he was not at all sure 
that cracking preceded penetration. Sir John 
Dewrance, when closing the discussion, stated that 
he quite agreed that pores might be present in 
metallic crystals. Some time ago he had had 
occasion to test a quantity of material at a pressure 
of 10 lb. per square inch, and he had found that 
the oil, used for the test, passed through the pores 
of the metal from one side to the other. 


(To be continued.) 








SEEWER GOVERNOR GEAR FOR 
LARGE PELTON WHEELS. 


In most cases it is impracticable to control the speed 
of water turbines by simply throttling the supply, since 
the momentum of the fluid in the pipe line is very 
large, and any sudden or rapid change in the velocity 
of the flow is apt to be accompanied by a dangerous rise 
of pressure. For this reason, it has been usual to 
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fit the turbines with double-acting governor gear one 


NEEDLE HEAD wIiTH DiFrusiNG BLADES WITHDRAWN. 


JET UNDER NORMAL WoRKING CONDITIONS. 


Fie. 2. 


Fia. 4. 


| from the end of the spear or needle, as shown in Fig. 2. 


member of which, arranged to act slowly and with | These guide blades are set at such an angle that the 


considerable time lag, quietly throttles the flow in the | flow is given a pronounced spin, with the result that | 
|the centrifugal forces consequently developed, break 


pipe line, whilst the other acts instantaneously, and 


diverts or disperses the jets in their path between the | 
An “ overtaking | 
device” is provided, which, as the throttling gear | 


nozzles and the buckets of the wheel. 


comes gradually into action, slowly returns to the 
neutral position the mechanism used to divert or 
disperse the jets. 

The Seewer governor used to this end by the English 
Electric Company, Willans Works, Rugby, is illustrated 
in Figs. 1 to 4, above, whilst its main constructional 
details are shown in Figs. 5 to 8, on page 319. 


erected at Kinlochleven, another of 15,000 h.p. con- 
structed for the Khopoli Power Station of the Tata 
Hydro-Electric Power Company, and five others, each 
of 30,000 h.p. for the same Company’s Bhira station. 
Two of these have recently been put into commercial 
service and the remaining three are now in course of 
erection. 


As indicated in Fig. 1, the wheels are of the Pelton | 
| crosshead 6 carrying a sleeve, on which the dispersing 


type, whilst the nozzle is of the Doble needle-regulated 
pattern. 
this needle, the diameter of the jet is diminished or 
increased, and the discharge correspondingly regulated. 
The advantage of the Doble method of throttling is 
that at all “gate openings” a solid jet is obtained, 


such as is represented in Fig. 3. To secure good | 
regulation, a governor must, however, act instan- | 


taneously, and as already noted, it is essential that any 


throttling of the flow shall be very gradual. The | 
required instantaneous action is secured, in the present | 


instance, by causing a set of guide blades to protrude 


| nozzle. 
This | 
governor has been fitted by the above-mentioned firm to | 
a number of large turbines, including one of 3,300 h.p., | 
| diminished to correspond with the reduction of the 
|load on the wheel. 


By advancing or withdrawing the head of | 


graph of the sleeve is reproduced in Fig. 10. 


up the jet into a spray, such as is represented in Fig. 4, 
which has been reproduced from a photograph. 
The jet dispersed in this way has very little driving 


power, and the response of the wheel to the governor | 


is therefore immediate. The jet having been thus 
instantaneously broken up, the throttling needle comes 


withdraws back into the head the dispersing guide 


blades, thus restoring the solidity of the jet, whilst, | 


NEEDLE HEAD wITH DIFFUSING 





BLADES PROTRUDING. 





JET WITH DirFUSING BLADES IN ACTION. 


dispersing guide blades, there is a second set of fixed 
guide blades, arranged parallel to the axis of the 
nozzle. It has been found that when, as is generally 


'the case, the nozzles are fed from a bent pipe, the 


flow is very apt to acquire a spin, and unless this is 
taken out of it before the nozzle is reached, the jet will 
be partially sprayed instead of solid. The function of 
the fixed guide blades is to take out any accidental spin 


| arising from the cause referred to. 


|slowly into action, and advances so as to narrow | 
|the space between its head and the walls of the | 
At the same time, an overtaking gear slowly | 


by the advance of the needle, the discharge is| 


A section through the nozzle and 
needle is reproduced in Fig. 5, page 319. 


As there | 


indicated, the needle is advanced or withdrawn by) 


| pressure admitted to one side or the other of the servo- 


motor piston, shown on the left of the figure ata. The 
stem of the needle is hollow, and through it passes a 
rod, at the right-hand end of which is mounted a 


guide blades are cut. 
Enlarged views of this sleeve are reproduced in 
Figs. 6 and 7, whilst Fig. 8 shows the slots in the 


cap of the needle head, through which these blades | 


A photo- 
To 
minimise friction, the pressure of the crosshead on the 


protrude during the act of governing. 


sides of the slots which guide it, is taken up by rollers. 
The character of the stream lines, as the fluid passes 
between the guide blades, is indicated in Fig. 9. 


It will be seen from Fig. 5 that, in addition to the 


With the governing gear above described, very close 
regulation is achieved, in spite of the low inertia of the 
sets to which it has been fitted. Thus at Kinloch- 
leven, where the speed is 300 r.p.m. and the value of 
WR? is 225,000 Ib. ft.2, the changes in speed, on sud- 
denly throwing load off, have been as follows :— 


Load thrown off percent. 25 50 75 100 
Actual load thrown off, kw. 504 1,075 1,495 2,028 
Temporary rise in speed ; 

per cent. x wu. 1:15 1:65 2°30 3:45 


Corresponding figures for the 10,000-kw. unit at 
Khopoli are plotted in Fig. 13. Here the wheel speed 
is 300 r.p.m., and the value of WR? is 1,850,000 Ib. ft. 
In Figs. 11 and 12, comparative curves are given 
showing, in the upper diagram, the variations in the 
load on the station and in the lower its distribution 
between the six sets installed. Of these, set No. 6 was 
supplied by the English Electric Company, and 4s 
the curve shows very clearly, it takes charge of most 
of the variations in the output. With regard to the 
important question of pressure rise in the pipeline, 
tests have shown that the maximum pressure rise 0M 
throwing off full load does not exceed 2-46 per cent. 
at Kinlochleven and 3-59 per cent. at Khopoli. — 

* It might at first be thought that the diffuser blades 
would soon show wear due to the action of the jet, but 
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an 13. PERCENTAGE OF SPEED RISE ABOVE NO LOAD SPEED. nickel steel, and the wear of the blades is found to be 
ie practically negligible. An opportunity was taken to 
n ; examine the blades of one of the Kinlochleven turbines 
@ z during a recent overhaul, and it was found that after 
a Ss five years service there was no sign of wear, the original 
+t 5 file markings being still visible. 
e x 
>, THE BrssEMER Mepat.—The Council of the Iron 
n oO and Steel Institute announces that two Bessemer gold 
(9959.0) Load in K.W. : s medals will be awarded this year, at the annual meeting 
rare of the Institute on May 5 next. The first will be 
d ‘ ‘ yarded to Mr. A Wahlberg, chief enginee f 
s actual practice has proved that this is not the case. | forward when the load varies, and at each action they pei rar postive. ene ym pee: Pi, ela 
t Normally, under steady load, the blades are withdrawn | remain protruded for a few seconds only. For reasons | Carl Benedicks, principal of the Stockholm Metallo- 
within the head of the spear; they are only pushed | of strength, the whole diffuser is made of special chrome- | graphic Institute. 
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THE LEIPZIG FAIR. 
(Concluded from page 302.) 

Our description of the exhibits at Leipzig must 
necessarily be somewhat desultory, since space 
does not allow us to treat each section of the 
technical fair independently, and in any general 
review of such a _ miscellaneous collection of 
machinery there must be some intermingling of 
the various classes of exhibit. As, however, a 
large part of our previous notice was concerned 
with the important machine tool display, we may 
begin our article this week with descriptions of 
two further interesting machines from the same 
section of the fair. The first of these, which is 
illustrated in Fig. 5 on this page, and was shown 
by Mars-Werke A.-G., of Nuremburg-Doos. It is a 
friction-dise cutting machine, designed for use in 
foundries. Such machines have, of course, long 
been used with advantage for cutting rolled 
materials, but it is claimed that the new pattern 
overcomes the difficulties and loss of time experi- 
enced with the usual arrangements, especially when 
brittle material or pieces of awkward shape have to 
be dealt with. Ordinary cutting tools are, of 
course, easily injured by sand-cores and hard spots, 
which often occur, especially in grey cast-iron. 
Chisels and saws with inserted teeth are often 
damaged, or broken, by such inclusions. On the 
other hand, a friction disc, owing to its high speed, 
is unaffected by sand cores, while differences in 
hardness are no drawback, since the cutting 
effect is similar to that of an emery wheel. The 
discs have the advantage, moreover, of being un- 
affected by lateral bending stresses. 

The machine consists of four principal parts : 
the bed-plate, the motor pedestal, the pillar 
(round which revolves an arm carrying a circular 
table), and the motor and disc and their acces- 
sories. The arrangement allows free and full 
adjustment. in every direction. The castings are 
usually fixed to the table by means of simple 
clamps. The table is then adjusted so that it 
makes the correct angle with the steel disc, and 
the latter, together with the motor, is fed up to 
the work by a rack and pinion. In case of need, 
the circular table can be rotated while the cut is 
being made. The disc can also be roughly adjusted 
in the horizontal direction by shifting the whole 


moments. If the short cutting “time, and the fact 
that the machine is sufficiently robust to be installed 
in the foundry itself without being damaged by 
damp or dust, are considered, its advantages 
over other methods as regards savings in transport 
costs, wages and tool consumption are claimed to 
be self-evident. The base plate measures about 
6 ft. 6in. square, and is erected on a concrete 
foundation. The motor pedestal is 2 ft. 6 in. high, 
the pillar 4 ft. 9 in. high, and the total weight about 
4} tons. 

The electric motor, owing to the conditions under 
which it has to operate, is of substantial design. Its 
shaft is unusually heavy to withstand the sudden 
stresses and overloads, which occasionally occur. It 
is carried in ball bearings, and there is no end play. 
The type of disc used on the machine is the result 
of a long series of trials. The composition and heat 
treatment of the material used in its construction 
are of prime importance. This is obvious, when it 
is realised that most of the work done is by means 
of friction, a process which is primarily based 


tioned a small automatic machine of unusual design. 
which was being manufactured by Georg Wuttig, 
Dresden-Liébtau, for the production of small brass 
screws and pins, such as are used in electrical fittings, 
This machine is again on exhibition this year, and 
it is possible to give some further details of it, 
As shown in the general view of the machine, Fic. 6 
on the opposite page, the various tools are mounted 
radially on a circular table. Each of these is inde- 
pendently driven by a small motor. In the centre 
is a horizontal rotating chuck table, which carries 
a number of chucks, 7.e., nine or more. These hold 
a corresponding number of pieces of work and 
present them successively to each tool. 

The operation of the machine is as follows :— 
The brass wire of special section which is used, is 
carried on a stationary reel, visible at the extreme 
right-hand side of the machine. Thence, it passes 
through a series of five straightening rolls x into 
the first pair of rollers a. Here the material is 
held, while a piece of the right length is cut off by the 





saw c. The rotating table now makes one step to 








motor pedestal along the bed-plate, for which 
purpose T-slots are provided in the latter. 

The arm can be swung round the pillar, and the | 
circular table which it carries can also be adjusted 
through 180 deg. round its longitudinal axis. This | 
adjustment, as well as the raising and lowering of | 
the arm on the pillar, is effected by a worm and | 
worm wheel, while the circular table is rotated and | 
the arm moved round the pillar by hand. The | 
moving parts can be locked by clamping ieee 
in any position. 

The machine is built so that it is possible to 
interchange the positions of the motor and the 
casting; in this way large complicated castings 
or awkwardly placed fins or risers can be 
dealt with. The casting can also be fixed to the 
sliding table of the motor pedestal or on the base 
plate, the motor then being placed on the circular 
table. The disc is then fed up by moving the arm 
round the pillar, or the casting itself can be moved if 
it is fixed to the sliding table. When there are 
several specially awkward risers on one casting, 
one or more can be removed by tipping the table 
on which the casting is fixed, so that the material 
which is to be cut away is pressed against the disc. 

A small 0-5-h.p. mctor with pinion drive can 
be fixed in the base of the circular table, thus 
enabling the latter to be revolved and a constant 
feed obtained, such as is specially desirable where 
large sections are being dealt with. The table can 
also be turned by hand. To cut through long tubes 
or hollow castings, a special rotating device can be | 
fixed on the circular table. An adjustable support | 
is provided at the free end of the arm. This is fixed | 
in slots in the base plate. 
the arm during cutting is prevented. | 

The movement of the individual parts of the 





machine is effected by levers or handwheels, which | saw. 


are conveniently placed so that castings of one | 
shape can be replaced by those of another in a few | 
i | 


on physical, and only to a secondary extent on 
has to be such that the disc neither deflects nor 


edge, and no teeth, as normally understood, are cut 


In this way vibration of | smoothly and cleanly as ordinary Siemens-Martin 


}and is simpler and cheaper to maintain than a 
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mechanical, laws. The composition of the material 


melts in service. The disc is merely roughed on the 
in it; depressions of a certain depth and definite 
distances apart are, however, formed on the edge. 

The disc is water cooled by a supply which enters 
from above and is directed downwards by the 
casing. The water pressure must be about 40 Ib. 
to 60 lb. per square inch. The intense air current 
set up by the rotation of the disc also has a cooling 
effect. The life of the disc varies considerably with 
the material that is being worked, but an average 
figure, under ordinary conditions, is about 500 to 
600 hours. The machine is made in three sizes, 
the disc diameters of which are 700 mm., 900 mm. 
and 1,300 mm., respectively. 

It is stated that the advantages of the Mars 
machine becomes more evident the harder the 
material that is being dealt with, and that man- 
ganese steel and hard cast steel are cut just as 
steel. The machine requires little attendance 
The cut is quite straight and smooth and 
the area that is heated up is very limited. 

In our description of last year’s fair, we men- 





the right and presents the material to the appropriate 
tool. For instance, at E& the piece is centred 
preparatory to the drilling operation, which takes 
place three stages farther on at H. At the third oper- 
ation position F, a small hollow milling tool mills the 
larger diameter portion of the shank, while the 
milling of the small diameter portion is effected at @ 
by a similar tool. At the fifth position H, a longi- 
tudinal hole is drilled, while at the sixth, 1, the cross 
hole is drilled and is countersunk on both sides 
at the seventh stage x. At the eighth operation L, 
the front of the spindle is finished, a small groove 
is cut, and threading takes place simultaneously. 
Each operation is performed by a }-h.p. motor, 
while a 1}-h.p. motor drives the cams that feed 
the different tools up, and also operates the pump 
which supplies the lubricant. Two motors are 
used on the tapping operation, one of which 
advances, and the other withdraws the tap. A 
friction disc shifts the tapping attachment auto- 
matically as soon as the tapping is finished. The 
piece which is being worked on is held by two 
jaws which open and close automatically. As soon 
as the various operations are completed, these jaws 
open, and the finished product is ejected by the next 
piece of raw material. The output is stated to be 
from 25 to 30 pieces per minute. 


The Maschinenfabrik Deutschland, G.m.b.H., 
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of Dortmund, were showing two heavy lathes for 
dealing with wheels and axles, and differing 
considerably in design from those hitherto em- 
ployed. The bed, headstock and tailstock are cast 
in one piece. The machines have no faceplates, and 
the clamping arrangements are also different from 
those usually employed. The firm were also show- 
ing a new type of spring press and testing machine, 
with a maximum pressure of 30 tons, for the static 
and dynamic testing of buffer and leaf springs. 
The stroke is adjustable between 30 and 150 mm., 
arrangements being made so that the actual tests 
are carried out with a minimum of adjustment. 
There are some interesting features about the 
automatic box-nailing machines, which were exhibited 
by Messrs. Wilhelm Fredenhagen, of Offenbach. 
A number of different sizes of this equipment were 
shown, the smallest being intended for use in the 
toy industry and for other similar purposes. A 
somewhat different type is the machine used for 
dealing with cigar boxes. It drives in three or four 
nails simultaneously, and is operated by a foot 


is absolutely regular, so that the size of the pieces is 
exactly the same. Another speciality shown 
was a device for retaining the pressure constant 
throughout the entire drawing process. 

Pittler turret lathes have been manufactured for 
33 years, but this year’s Fair shows that their 
design has moved with the times. Fully automatic 
and semi-automatic machines are exhibited and 
though, on the whole, the designs employed do not 
indicate much novelty, it is interesting to find that 
a number of parts are made of nickel steel. 

A necessity of modern machine-tool opera- 
tion, if the best and most economic results are to 
be obtained, is the adoption of a complete system 
of measurement. The well-known firm of Zeiss and 
Company, of Jena, have devoted themselves to this 
work, and a representative display of their devices 
was shown on the stand of Messrs. Schuchardt and 
Schutte. These included a new universal measuring 
microscope for measuring threads, an interference 
compensator for absolute measurements, a testing 





device for gear wheels, and another for checking 











Fia, 6. 


lever. In some of the larger machines, as many as 
eight nails can be driven in at once and at the same 
time the points of nails, which come through on the 
opposite side, can be turned over or riveted. These 
machines appear to be very simple to operate. 
They are driven direct from an electric motor 
without the interposition of gearing, and only about 
3 to 4 h.p. is required even in the largest sizes. 

The firm of Alfred de Fries, of Cassel, were showing, 
for the first time, a nut-tapping machine the simple 
construction of which attracted a good deal of 
attention. As shown in Fig. 7, on this page, the 
nuts fall by gravity into a revolving collector whence 
they pass to the tapping tool. All the attention 
the machine requires is filling with nuts, and the 
adjustment of the tapping tool to the first nut in 
the receptable. As soon as one nut has been tapped 
another takes its place. The possible output of the 
machines is stated to be about 10,000 to 11,000 
s-in. nuts in eight hours. A number of other types 
of automatic screwing machines were also exhibited 
on this stand, together with a nut press, a particular 
feature of which is an high-speed ejector, which 
enables the output of the machine to be greatly 
Increased. 

The firm of Erdmann Kirchels, of Ave, were 
showing two new types of draw press, the special 
features of which were the arrangements for bring- 
ing up and removing the material and for adjusting 
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henson in tooth profiles. Hardness testers of 
| various kinds were also on view. 

Messrs. Aligand Baumgiartel, of Aschaffenburg, were 
showing a new device for determining the distance 
between hole centres, one pattern of which is shown 
in Figs. 8 and 9, on page 322. As is well known, 
there has up till now been considerable difficulty 
in performing this operation. A necessary con- 
dition of measurement is that the ends of the 
gauge rods shall be vertical to the central plane 
of the hole. This can easily be effected by 
means of the straddle supports of the apparatus, 
so long as the upper surface of the work on which 
these supports rest is flat. If this is not the 
case, the difference in level is adjusted by means 
of the micrometers. An accuracy of 0-05 mm. in a 
length of 1,000 mm. is claimed, while in greater lengths 
the error is proportional. Our illustration shows the 
pattern for measuring lengths under 600 mm., the 


the error in which is required, is set beforehand 
on the measuring device by means of one or other of 





parallelism to be obtained. The measuring rods, 
which are adjustable axially and have conical ends, 
are next placed in the holes, and the necessary 
measurement is read off on the tolerance indicator 
or micrometer. If greater accuracy is required, or 


the working table. Care is also taken that the feed | if the upper surface of the hole is not absolutely 








error being 0-001 mm. The distance between centres, | 


circular, the guide bushes supplied with the machine 
are used. These are accurately ground internally 
to the same conical shape as the rods. Their 
outer section is so designed that the average diameter 
is equal to the rated diameter of the hole. The 
same firm was showing a number of other precision 
measuring instruments, as well as a device for 
measuring the mean diameter of railway rolling 
stock and tramway wheel flanges, some details of 
which we hope to give in a later issue. 

One general comment may be made on the 
exhibits in the machine tool building, to the effect 
that the exhibits seemed, almost without exception, 
to be arranged for individual electric-motor drive. 
This system of operation was, indeed, so generally 
recognised as being the best, that several examples 
were noticeable of a tendency to go a step farther and 
to make the motor integral with the machine itself. 
Sometimes it was placed in an external recess ; in 
other cases it was enclosed in the base of the machine. 
The same tendency was to be noted with the 
starting and controlling gear; in the majority 
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of cases, this auxiliary equipment is placed on the 
machine. Push-button control was usual, an arrange- 
ment which, besides offering the advantages from 
the point of view of simplicity, enables the machine, 
when it is a large one, to be stopped, started and 
controlled from more than one position. The 
facilities obtainable in this way were carried a step 
farther in the device shown by Messrs. Siemens- 
Schuckertwerke. This was actually exhibited on their 
stand in the Haus der Elektrotechnik, but may be 
mentioned here. In this device, the push buttons 
were incorporated in a box along with a motor-driven 
shunt regulator, which was used for regulating the 
motor speed through a second series of push buttons. 
Once the desired speed had been selected on the 
regulator, the motor would run on this selected speed. 
If it was desired to alter the speed during the 
operation, either the “faster” or “ slower” knob 
was pressed. When the “stop” button was pressed 
the motor was immediately brought to rest by 
means of a brake, thus rendering speedy reversal 


the gauges provided. The device is then placed | possible. Inching could be effected by another 
on the work, the supports allowing accurate | button, which reduced the motor speed to some 


25 per cent. of the normal. A further development 
in this direction, of which examples were to be seen, 
was that the various operations controlled by the 
push buttons were effected by a minimum number of 
conductors, so that the wiring, especially on the 
machine itself, was greatly simplified. 
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The foregoing remarks are intended only to 
give some indication of the trend of German machine- 
tool design, and of the manner in which the ideas 
of the designers have been put into practice. 
Lest it be thought that too much attention has 
been paid to this branch of the exhibition, it should, 
perhaps, be explained that it overshadows all the 
other sections in size and organisation. The hall 
in which the machine tools were exhibited is 
larger than Olympia, and is admirably planned 
for the purpose for which it is intended. The 
display is organised by a permanent staff, and 
considerable energy is expended on matters of detail, 
so as to ensure complete success. In the other 
branches of engineering, to which we must now 
devote some space, there is not the same co-ordina- 
tion of effort, and, although there are some novel- 
ties, there is not the same indication of a powerful 
driving force towards further improvements that is 
to be found in the organisation of the machine tool 
display. 

Only a few words regarding tendencies are neces- 
sary when dealing with the electrical portion of 
the exhibition. We have already mentioned that 
this is mainly intended to instruct and attract 
the consumer, and we have also drawn attention 
to the increasing practical interest which is being 
displayed in the production of iron-clad switchgear. 
In a country where alternating-current distribution 
is so general as in Germany, it is interesting to see 
the improvements that are being made in the design 
and construction of mercury-vapour rectifiers. As 
is well known, the iron-clad type is being increasingly 
used, especially for the larger outputs, and, of course, 
the design offers great advantages on the score of 
simplicity and easy automatic operation. On the 
other hand, glass-container rectifiers are now 
being made in sizes up to 300 amperes per bulb 
at 400 volts. In both types, great care is evidently 
being directed to the production of equipment 
for the remote control of sets by means of push 
buttons. A large amount of space in the electrical 
section is devoted to measuring instruments, though 
no particular novelty was on view. The realisation 
however, that there are economic advantages 
in charging for current used during off-peak hours, 
and particularly at night, at sub-normal rates, is 
to be observed in several types of meters, which 
allow the change over from one tariff to another to 
be made in the simplest possible way. 

In the field of illumination Germany seems to be 
drawing level with us, and a great improvement in 
the methods now employed is observable over those 
used two years ago. Fittings are more modern, and 
improvements in the distribution are also noticeable. 
Though not exactly cognate to a description of the 
Fair, it may be remarked that this improvement 
does not extend to the illumination of the streets 
of Leipzig itself. The belated wayfarer and 
stranger to the town has, therefore, considerable 
difficulty in discovering his whereabouts. Perhaps 
some of the brilliantly-lighted advertisement. dis- 
plays, which have been a feature of this year’s 
Fair, may lead to a beneficial change in this respect. 
Electric heating and cooking apparatus is also 
well to the fore, bat here again there is no great 
novelty. British equipment is as good or better 
than German in this field, and as regards the larger 
cooker there is no doubt some pre-eminence. A 
few electric welders were to be seen. They were of 
robust design, and it was evident that, for economic 
reasons, energetic attempts are being made to 
press their use. This is indeed a field in which we 
shall have to face considerable competition. 

The very large exhibit of the Allgemeine Elek- 
trizitiits Gesellschaft covers, as might be expected, 
almost the entire range of their products. The 
equipment made by this firm is so well known 
that further details need not be given here, ex- 
cept to emphasise the point we have already made 
that great attention is being paid to the manu- 
facture of iron-clad switchgear. We may also describe 
a new regulating device, which has been developed 
for controlling the combined supply of power and 
process steam in such places as paper mills. 

As is well known, it has been found advantageous, 
under such conditions, to treat the consumption 
of steam for power and process purposes as a whole, 
and thus considerably to improve the fuel consump- 


tion. The regulation of plant where this is done 
has, however, given rise to difficulties, owing to the 
necessity of maintaining the steam pressure constant 
at several places, or alternatively of maintaining 
the amount of steam used or its temperature 
constant. As hand regulation is obviously impossible 
in such cases, some type of automatic device is 
necessary. Moreover, it is usual nowadays to cover 
the steam requirements for heating and drying from 
a back pressure, bleeder or bleeder-back-pressure 
turbine, and to meet any peak loads in the steam 
consumption, which may possibly occur, by supply- 
ing live steam through automatic reducing valves. 
For practical reasons it is generally necessary to 
instal these two regulating devices in separate 
rooms; which is naturally disadvantageous. If, 
for instance, the pressure of the steam supply to 
the heating apparatus and paper vats has to be 
adjusted, this must be effected both at the turbine 
governor and at the live-steam reducing valve. 
These two must be operated together so that 
throttled live steam is only supplied through the 
reducing valve when the bleeder or back-pressure 
turbine is insufficient for the purpose. A further 
disadvantage of this arrangement is that shutting 
down has to be effected at two places. All these 
drawbacks, it is claimed, are overcome by the 
employment of the A.E.G. remote-controlled re- 


Fig.8. 
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so that its operation can be controlled by a small 
switch from the switchboard or any other con- 
venient place. Fig. 10 is an illustration of this device 
mounted on a bleeder turbine. The pressure regu- 
lator controlling the reducing valve is visible on 
the left, while the pressure regulator shown on the 
right is quite independent of it and acts as a governor. 
An alternative arrangement of the pressure regulator 
and reducing valve is shown in Fig. 11. 

It is evident that the Germans are paying great 
attention to the production of transporting, convey- 
ing and traction plant of all kinds. The displays 
of the first two classes of equipment are naturally 
mainly in the form of models, or even photographs, 
though the fact that exhibits of this type of plant 
can be staged out of doors provided one or two 
exceptions to this rule. The well-known firm of 
Adolf Bleichert, of Leipzig, took the opportunity of 
showing a cinematograph film in one of the theatres 
in the exhibition to illustrate work they have done, 
or are capable of doing in this direction. As is well 
known, the principal products of this firm are aerial 
ropeways of both the single and double-rope types. 
While the former are more economical than the 
latter, especially for small loads, a new type of 
construction has recently been introduced in the 
double-rope type, which permits the number of 
supporting points to be reduced, and also the reduc- 
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ducing valve. This valve is essentially a balanced 
mushroom valve provided with a piston control, 
as shown in Fig. 12 on the opposite page. Its 
method of operation will be clear from the diagram 
in Fig. 13. In it, a pressure regulator /, which 
is independent of the speed regulator s, which 


controls the speed of the turbine, operates both | 


the turbine governor and the reducing valve a, 
in accordance with the actual steam demand. [, 
for instance, the demand rises, the pressure regulator 
opens the live steam regulator p of the turbine, and 
at the same time closes the bleeder regulator 0, more 
and more, until the turbine is supplying the neces- 
sary amount of bled steam. In the limiting case, 
the low-pressure regulating valve is closed and the 
turbine runs as a back-pressure machine. If the 
steam demand rises still further, the pressure 
regulator operates in the device h, so that oil under 


pressure is forced underneath the piston of the | 


reducing valve, and the valve begins to open. In 
this way, first the turbine and then the reducing 
valve supplies the requirements of the steam range. 
The value at which the steam pressure is maintained 
constant is determined by the adjusting device 
on the pressure regulator. To cut off the entire 
steam range from the turbine is equally simple, 
and is effected by throwing the reversing lever over 
into the position /. It is also possible to close the 
reducing valve instantaneously by opening the 
small valve c, which allows the oil to flow out from 
underneath the piston. A hand wheel d is also 
provided for closing the valve. The oil supply can 
be obtained either from the forced-lubrication 
equipment of the turbine or a separate pump ¢ can 
be employed. Both arrangements can be used if 
it is necessary to obtain a supply of low-pressure 
steam when the turbine is shut down. The pressure 








regulator can be equipped with an electric motor, 
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MEASURING MACHINE FOR Hote CENTRES; MEssRs. ALIG AND BAUMGARTEL. 


|tion of the size of the ropes used, both factors 
| which make for cheapness. The same firm were 
also exhibiting models of various types of cranes 
| which they manufacture, while grabs and conveyors 
| for dealing with all classes of materials were other 
| specialities of which an effective display was made. 
Messrs. T. Kemna, of Breslau, were showing, in 
the open, various patterns of steam rollers which 
| they manufacture. Included among these was one 
| operated by a Diesel engine of the Deutz pattern, and 
| weighing from 13 to 16 tons. The engine is mounted 
directly over the gear-box, to which it is secured by 
means of bolts. Two flywheels are provided, one 
on each side of the engine. The left-hand flywheel 
| can be fitted with a pulley for driving stone breakers 
or other road-making equipment. The gear-box is 
| arranged so that the controlling mechanism is easily 
| accessible. The main fuel tank, which is behind the 
gear-box, is of sufficient capacity to contain fuel for 
| five days’ operation. The connection between the 
| front and rear rollers is effected by the main frame 
| casting, which incorporates the gear-box and steering 
head. The roller wheels have interchangeable treads 
| of hard cast steel, which are easily replaceable. The 
engine is of the single-cylinder, slow-speed, solid- 
injection type. No magneto or other auxiliary 
| ignition device is fitted. Two spiral-spring friction 
| clutches are mounted on the first intermediate gear 
shaft, a special selective engaging sleeve being 
| fitted between them, so that only one of the clutches 
/can be engaged at a time. It is claimed that, in 
| this way, reliability in transmission and absence of 
‘shocks at starting are secured. The front roller 
consists of two drums, which are mounted on a 
common axle, so that they rotate independently, 
| thus relieving the steering gear from undue stress. 
|The track of the front rollers is amply covered b) 
| the rear rollers. The treads, as already mentioned. 
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are of high-grade cast-steel. Lubrication is effected 
by means of syphon lubricators. 

Messrs. Klein, Schanzlin and Becker, of Frank- 
enthal, were showing a new type of high-pressure 
centrifugal boiler-feed pump, which has been 
specially designed to comply with the conditions 


now becoming usual in boiler-houses. This 
enables the water to be dealt with at higher 
temperatures than has hitherto been possible. We 


hope to give further details of this equipment. in 
a later issue. 


We must conclude this necessarily inadequate 
account of a great engineering exhibition on a 
note which we have struck more than once in 
the course of our remarks. A great deal has 
been said from time to time of our backward- 
ness in the design and manufacture of engineer- 
ing equipment. There is, however, no indication 
of this at Leipzig. British manufacturers could put 
up an equally good show, if they thought it worth 
while. Up till now, even allowing for Wembley 
| and the British Industries Fair, they do not appear 





exhibition of British engineering products at 
Leipzig next year, and to show the thousands of 
visitors that while we have nothing to fear on the 
score of price, we are also determined to be foremost 
in the matter of selling our goods. Incidentally, 
no unusual arrangements are made for the con- 
venience of foreigners at Leipzig. ‘The number 
of representatives on the stands who can speak 
anything but German is small, and pamphlets or 
catalogues printed in other languages are the 

















Figs. 10 to 13. 
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exception rather than the rule. 

















Fia. 11. 


From conversation with a number of those 
interested, and as a result of personal observation, 
there seems no doubt that the 1927 Fair has been 
the most successful that has been held since the 
end of the inflation period, and great optimism is 
expressed about its stimulating effect on the future 
of German trade. 





THe Lare Proressor DANntEL BerruELtor,—The 
death occurred recently in Paris of Professor Paul Alfred 
Daniel Berthelot, who was sixty-two years of age. He was 
one of the four sons, two well known as politicians, of 

| Marcellin Berthelot, who made his name by researches 
|on fats (glycerin), explosives, thermo-chemistry and 
photo chemistry, and who is sometimes confounded with 
| Comte de Berthollet, one of the great chemists of the 
| French Revolution, who died in 1822, five years before 
| Marcellin Berthelot was born; the two worked in 
| similar fields. Daniel Berthelot followed his father in 
the line of his studies, and he claimed that the law of 
| photo-chemical equivalence and the quantum theory, 
| usually connected with the name of Einstein, had been 
recognised by his father in 1875, in his general con- 
siderations of the atomic theory. The son, who was 
| professor at the Ecole Supérieure de Pharmacie, expanded 
| these views. 
| 


| ‘THERMOMETERS.—The particularly wide range of 


mercury thermometers for all industrial applications, 
manufactured by the C. J. Tagliabue Manufacturing 


A very large number of the exhibitors were | to have adopted this policy, which is regrettable. | Company, 18-88, Thirty-Third-street, Brooklyn, N.Y., 


showing solid-injection Diesel engines, but these, 
in the main, did not exhibit any great novelty in 
design or construction. 


Finally, mention may be made of the one English | 


engineering exhibit. This is due to the enterprise 
of Messrs. Callender’s Cable and Construction 
Company, Limited, and was to be found not 
among the technical exhibits, but in the small 
British section in the centre of the town. It was a 
well-arranged stand, the exhibits on which enabled 
the Visitor to obtain an accurate idea of what is 
being done by British cable makers. It is unfor- 
tunate that this firm’s example was not more 
Widely followed. 


| Old markets are constantly expanding, and new 
ones are opening. If advantage is to be taken of 
| these chances of greater trade, every opportunity 
must be seized to bring our goods before as large 
There is no doubt 


|a buying public as possible. 


but this is only one method of securing the object 
of which we have just spoken. 
persists that we are contemptuous of the customer, 
and though a tribute is paid by the foreigner to the 
high quality of our products, there is a tendency 
for him to go to sellers with whom it is easier to 
do business. An excellent way of counteracting 





that the British Industries Fair has been a success, | mercury, 
The idea still | 


these notions would be to organise a representative | 
S I 


| U.S.A., possess ‘the interesting feature that, in all 
| ranges up to 800 deg. F., they can be supplied, with 
| the Tag-Hespe glass tubing, which greatly facilitates 
|reading. This form of tubing has the usual lens front, 
but the back of the actual bore containing the mer- 
cury thread is formed of bright-red coloured glass, 
which is thus only visible above the top of the 
and not at the sides. Incorporated in the 
clear glass behind the mercury bore is a comparatively 
wide streak of white glass, which is also magnified by the 
lens front. A white line thus appears on each side of the 
mercury bore for the whole of its length, and serves to 
emphasise the contrast between the mercury thread and 
the red glass above it. These thermometers, fitted with 
Tag-Hespe and ordinary lens-front tubes, are illustrated 
in great variety in a catalogue recently received from the 
firm, all information necessary for selecting and ordering 
them being included. 
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LETTER TO THE EDITOR. 


TAXES ON TRANSPORT. 
To THE Epiror OF ENGINEERING. 

Sir,—May I ask space in ENGINEERING to suggest 
that the present is no time for further additions to 
charges on transport. No less a sum than £10,000,000 
has been added to those charges this year, as to 
£3,000,000 by new taxes upon motor transport, and as 
to £7,000,000 by the increased railway rates which 
came into force in February last. These amounts, to 
which certain additions are inevitable in the course of 
passing on between buyers and sellers, are already 
proving of adverse effect upon trade, industry and 
employment. Taxation strangles trade. 

Members of Parliament should have impressed upon 
them the consternation of all business men who hear 
rumours of still further disturbances of the kind. The 
trade of the country wants a rest in these matters, 
particularly at a time when it is so necessary for our 
export trade to be regained. 

Tam, 
Yours faithfully, 
E. 8. SHRAPNELL-SMITH, 
President, 
Commercial Motor Users’ Association 
(Incorporated). 
50, Pall Mall, S.W.1, March 9, 1927. 








FOUR-CYLINDER MARINE MOTOR 
WITH OVERHEAD VALVES. 


THERE is a fairly close parallel between motor-vehicle 
engines and small marine engines, and the trend of 
design in both is identical in many respects. In each, 
there is a tendency to increase the power-weight ratio 
by improving the thermal efficiency and raising the 
speed, but the useful limit in these directions is reached 
much earlier in the case of the marine engine. The 
latter is, in general, subject to very hard usage, and is 
often called upon to run on full throttle for relatively 
long periods. In addition, the larger-sized engines are 
frequently required to run on paraffin. These factors 
involve an engine of robust construction, if maintenance 
costs are not to be excessive and if a high degree of 
reliability is to be assured. 

The engine illustrated in Figs. 1 to 6, page 326, affords 
an interesting example of the manner in which the 
power-weight ratio may be raised without sacrificing 
any of the essential features referred to. The figures 
show the latest 16 h.p. model of the “ Kid” engine, made 
by the Ailsa Craig Motor Company, Limited, Strand- 
on-the-Green, W.4, and a reference to the description of 
earlier engines of this make, given on page 669 of our 
issue for November 27, 1925, will show that the latest 
engine marks a distinct advance in design. As will be 
clear from the illustrations, the engine is a four-cylinder 
model with overhead valves. As shown in Fig. 1, it is 
fitted with a reversing gear and clutch in an extension 
of the crank-case, while Fig. 3 shows a further addition 
in the form of a reducing gear. Both the reversing 
and reducing gear are optional, and are so constructed 
that one or both can be fitted to a standard engine 
with a minimum of trouble. 

The bore of the cylinders is 2} in., and the piston 
stroke 4in. The cylinders are cast in one piece with the 
crank-case, as shown in Fig. 2, and are fitted with a 
detachable head. A skew-gear wheel is mounted on 
the crankshaft at the after end, and this engages with 
a horizontal wheel on either side. These wheels are 
keyed to two separate vertical shafts, one of which 
drives the magneto, while the other drives the overhead 
camshaft through a pair of skew gears at the top. 
The arrangement of the shaft drives will be clear from 
Fig. 6, which shows the magneto drive on the left, and 
the drive to the overhead camshaft on the right. The 
eight valves are all on the centre line of the engine, 
as shown in Figs. 1 and 2, and are directly operated 
by the cams, the valve tappets being adjustable. The 
absence of valve rockers tends to silent running, and 
reduces the load on the valve springs. The practice of 
placing all the valves in .ine results in a commendably 
simple design, but in some engines has led to rather 
small valves being fitted. It will be seen from Fig. 1, 
however, that in the engine illustrated the cylinders 
have been separated sufficiently to allow the combus- 
tion space to be extended in the direction of the main 
engine axis, thus increasing the space available for the 
valves. The camshaft is carried on two self-aligning 
ball bearings, and is extended at the forward end to carry 
an eccentric for driving the water-circulating pump. 
This pump is of improved design and the eccentric is 
now carried on a ball bearing. 

The design of the head gives good accessibility. After 
removing the nuts on the holding-down bolts, it comes 
away as one unit with the water-pump plunger, leaving 
the skew gear at the top of the vertical camshaft driving 
spindle in position. The water spaces surrounding the 


valve seats have been increased in size and are now 
of ample dimensions. There is a large door on each 
side of the head, as shown in Figs. 2 and 3. Part of the 
induction and exhaust passages are cast in these covers, 
resulting in a bridge casting for the latter of considerable 
rigidity, which can be held in place by a few substantial 
bolts. The removal of the covers exposes both the gas 
passages and the interior of the water jackets, enabling 
both to be cleaned out whenever necessary. The 
camshaft is encased in a cover held down by four stud 
bolts, and is fitted with bearings for a separate overhead 
shaft, to either end of which the starting handle can be 
fitted. This shaft is coupled to the crankshaft by 
means of a roller chain. The carburettor is shown in 
Fig. 3, from which it will be seen that it is mounted 
centrally. The particular carburettor shown in this 
view is for paraffin, and is fitted with an exhaust- 
heated vaporiser. The petrol carburettor is shown in 
Fig. 2, and it will be noticed that, in this case, the 
supporting elbow is mounted on a central bolt, so that 
the carburettor can be swung over to suit the inclination 
of the engine in the boat. 

In addition to the modifications to which we have 
already referred, the engine is now fitted with a three- 
bearing crankshaft in place of the earlier two-bearing 
design. The shaft has also been stiffened up, the crank- 
pins now being over half the diameter of the pistons. 
Each of the three crankshaft bearings is of the ball type. 
At first sight, it might appear necessary to employ a 
built-up shaft to get the central ball race into place, 
but this difficulty is overcome by employing a bearing 
of sufficient size to slip over the shaft, and mounting it 
on a split collar on the shaft. A separate view of the 
crankshaft is given in Fig. 4. The reversing gear has 
not been altered, and was fully described in our account 
of the earlier engines already referred to. Fig. 5 is a 
section through the clutch, and shows the reversing 
band surrounding the outer member, This band is 
tightened by a sliding motion-imparted to the bar at the 
top. The end of this bar is visible in Fig. 3, and it will 
be noticed that it is provided with a rectangular slot, 
through which a wedge piece connected to the clutch- 
operating lever passes. We recently had an opportunity 
of observing the engine running on test, and the freedom 
from vibration at all throttle openings was very 
marked. The engine was running on paraffin at the 
time, and the clear exhaust and slow running on this 
fuel were also very noticeable, indicating that the 
carburation was satisfactory through the whole speed 
range. 
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THE Iron anp SteEEL InstiruTe.—In our issue of 
March 4 last, on page 277, we announced that the 
proposed Canadian meeting of the Iron and Steel 
Institute had been postponed. The Council of the 
Institute now informs us that the West of Scotland 
Iron and Steel Institute has come forward with an 
invitation to hold the autumn meeting in Glasgow. 
Consequently, it has been practically decided for the 
meeting to take place in that city in the week com- 








mencing Monday, September 19 next. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business in Cleveland 
pig-iron continues very quiet. The half-crown reduction 
in quotations has not brought buyers into the market, 
Customers are clamouring for further price concessions, 
and declare that real expansion of trade cannot he 
expected until quotations approach nearer to the level of 
buyers’ ideas of values. The opinion prevails that 
another half-crown cut might induce a little more buying, 
but many customers express the view that prices are 
still several shillings too high. Both for home purposes 
and for export, No. 1 Cleveland pig is 85s. ; No. 3 g.m.b., 
80s.; No. 4 foundry, 79s.; and No. 4 forge, 78s. 6d. 


Hematite.—The hematite branch of the staple industry 
is characterised by rather marked weakness. Current 
rates are declared to be unprofitable to producers, but 
with West Coast firms undercutting this district in home 
markets, and Continental makers competing keenly for 
foreign trade, further falls in prices seem likely. Nos. 1, 
2 and 3 East Coast brands are on sale at 86s. 


Foreign Ore.—Sellers of imported ore are taking a 
firm stand, but consumers are not coming forward to 
renew contracts. Best rubio remains at 22s. 6d. c.i.f, 
Tees. 


Blast-Furnace Coke.—The position as regards Durham 
blast-furnace coke is peculiar. Sellers are very reluctant 
to acknowledge actual fall in prices, but values are 
undoubtedly much easier. With quotations irregular, 
definite prices are difficult to fix. Good medium quali- 
ties are reported to have been purchased at 26s., delivered 
here, but 27s. is asked. 


Manufactured Iron and Steel.—More extensive buying 
of manufactured iron and steel would be welcome, but 
producers are well sold over the next few months, and 
are able to adhere to recent quotations. Common iron 
bars are 111. 15s.; best bars, 121. 5s.; best best bars, 
121. 15s.; iron rivets, 12/. 15s. ; packing (parallel), 8/. ; 
packing (tapered), 11/.; steel billets (soft), 71. 12s. 6d. ; 
steel billets (medium), 8/. 2s. 6d.; steel billets (hard), 
81. 12s. 6d.; steel rivets, 137. 10s.; steel ship plates, 
81. 7s. 6d. ; steel angles, 71. 17s. 6d. ; steel joists, 7/. 17s. 
6d. ; heavy sections of steel rails, 82, 10s. ; and galvanised 
corrugated sheets (No. 24 gauge, in bundles), 15/. to 
151. 5s. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Hull Coal Traffic—Though the gross tonnage of coal 
sent to Hull last month was below that sent in January 
and in the corresponding month of last year, the returns 
show a welcome expansion in export business. Com- 
pared with February, 1926, shipments rose, by over 7,000 
tons, to 74,000 tons. An improved trade was done on 
the Continent. Italy took more than tkree times the 
quantity sent to that country in February of last year, 
Norway and Sweden more than double the quantity, and 
larger supplies were sent to Germany and Belgium. On 
the other hand, there was a noticeable shrinkage in trade 
with South America. 


Iron and Steel.—The improvement in steel] output 
reported in these notes is confirmed by the latest official 
returns. The total production in the Sheffield district 
during January, namely, 110,000 tons, was 22,000 tons 
greater than in January, 1926, and was in excess of the 
monthly average for several years past. The greater 
proportion of the output was of basic steel, though a 
considerable quantity of acid steel was made, and 
8,000 tons of crucible steel and steel castings were also 
produced. Equal advance was not shown in the 
Lincolnshire steel trade, though the output in that 
district was virtually equal to that of January last 
year. The present position in bulk steel manufacture 
is that while contracts in hand are sufficient to ensure 
activity for five or six weeks ahead, the continued dearth 
of new business makes the future uncertain. The number 
of transactions in steel materials is very considerable, 
but purchases are mostly confined to small quantities for 
immediate use. The high price of blast-furnace coke is 
the main obstacle. Output has not increased in anything 
like the ratio of expansion in steel production, with the 
result that prices tend to rise rather than to fall. 
Current quotations are to-day, six or seven shillings per 
ton higher than in the corresponding period last year. 
Pig-iron production is accordingly restricted. Derby- 
shire makers are asking 85s. per ton at furnaces for foundry 
qualities. There is evidence of a substantial importation 
of Continental steel at prices below British production 
cost. The quantity coming into this district for re-rolling 
purposes is comparatively small, but in other respect 
this trade is impeding improvement in British stee 
production. In the engineering sections, the works best 
employed are those supplying machinery and parts 
to the electrical, automobile, and chemical industries. 
Some of the tool-making branches report a falling-off 
in business since the beginning of the year. There . 
still, however, an active demand for picks, spades anc 
shovels, the best qualities of drill steel, general mining 
requisites, and builders” iron-ware and fittings. 


South Yorkshire Coal Trade.—The market is largely 
marking time. Unlike the position in the coke — 
supplies of all classes of industrial coal are in ae < 
requirements. The big buyers appear to be waiting o 
the advent of lower prices, before contracting torwaro- 
Employment at collieries is consequently ae 
short-time working having become more general. 8 
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restriction of operations has reacted against supplies 
of coking slack. Business in house coal is of a scrappy 
description. Themajority of buyers are ordering in small 
quantities, leaving unsold a large surplus which is clogging 
railway sidings and holding up forward business. The 
best qualities of house coal maimtain their previous rates, 
but inferior grades have been reduced by an average 
of one or two shillings per ton at the pit, without, 
however, greatly improving the position. Colliery 
prices are still normal. 





NOTES FROM THE NORTH. 


Guasaow, Wednesday. 

Scottish Steel Trade.—Active conditions are still general 
at the various Scottish steel works, and rolling mills are 
all being kept fully employed. The demand from the 
shipyards is of a very pressing nature, and in most instances 
deliveries are eagerly awaited. There is also a good 
demand for material from other consumers, and the 
outlook for the next month or two is quite bright. A 
fair amount of fresh business is reported, although, on 
the whole, new contracts are not very plentiful. The 
general inquiry is slow. In the black-sheet trade, a 
healthy state prevails and plant is being worked at 
its fullest capacity. The demand for light gauges of 
both black and galvanised qualities is urgent, and every- 
thing possible is being done to cope with the present 
rush. Prices keep steady and are as follow :—Boiler 
plates, 117. per ton; ship plates, 8/2. 7s. 6d. per ton; 
sections, 7/. 17s. 6d. per ton; and sheets, under ¥ in. 
to } in., 101. to 122. per ton, all delivered at Glasgow 
stations. 


Malleable-Iron Trade.—Rather a quiet tone is general 
in the West of Scotland malleable-iron trade. Makers 
have not been booking much fresh business, and specifi- 
cations on hand are not sufficient to keep the works run- 
ning fully. Conditions in the steel re-rolling departments 
are also poor. and inquiries are anything but satisfactory. 
The price of Crown bars is unchanged at 111i. 15s. 
per ton, delivered at Glasgow stations. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade, the position has not changed much this week. 
Hematite iron is somewhat scarce, there being only 10 
furnaces turning out this quality, and consumers are 
constantly pressing for deliveries. The activity at the 
steel works alone is responsible for most of the consump- 
tion at the present time and the demand is steady. On 
the other hand, the output of foundry iron would seem 
to be sufficient for requirements at the moment, although 
there is still a scarcity of certain specific brands. With 
the general trade outlook getting better, the demand 
for foundry grades of iron is likely to improve, and it is 
highly probable that a further increase in the number 
of furnaces in operation, both on foundry and hematite 
iron, will be made in the near future. The following are 
the market quotations :—Hematite, 85s. to 87s. 6d. 
per ton, delivered at the steel works ; foundry iron, No. 1, 
92s, 6d. to 95s. per ton ; and No. 3, 87s. 6d, to 90s. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
last Saturday, March 12, was again poor and only 
amounted to 369 tons. Of the total, 297 tons went over- 
seas and 72 tons coastwise. For the corresponding week 
of last year the figures were, 677 tons to foreign desti- 
nations, and 62 tons coastwise, making a total shipment 
of 739 tons. 


Clyde Shipbuilding.—The shipyards in the lower reaches 
of the Clyde have gradually been improving, and amongst 
the most recent contracts secured are two for oil-tankers. 
Messrs. Lithgows, Limited, Port Glasgow, have received 
an order from the Vacuum Oil Company, Limited, for an 
oil-tank steamer similar to two built last year for the 
same owners. The vessel is to. be of 8,621 tons gross and 
460 ft. in length, and she will be fitted with triple-expan- 
sion engines of 3,600 i.h.p. The latter will be supplied 
by Messrs. David Rowan and Company, Limited, Glasgow. 
The other order is a somewhat important one and has 
been secured by Scott’s Shipbuilding and Engineering 
Company, Limited, Greenock. It is for a hull of an 
oil-tanker of 12,500 tons deadweight, for the Atlantic 
Refining Company of Philadelphia, U.S.A. This vessel 
will be propelled by Diesel engines operating through 
electric transmission gear. She will be the largest vessel 
in the world fitted with this type of propelling machinery, 
and will be nearly twice as large as the American com- 
pany’s present largest vessel propelled by this type of 
machinery, The Diesel engines will be of the Carels- 
Ingersoll Rand type, built by the Carels Company at 
Ghent, Belgium. The electrical installation, through 
which the power will be transmitted to the propellers, 
will be provided by the British Thomson-Houston 
Company, Limited, of Rugby, and all the machinery 
will be fitted on board at Greenock by the builders 
of the hull. Another order for a motor tanker 
has been placed with Messrs. D. and W. Henderson 
and Company, Limited, Partick, Glasgow. This vessel 
will be of about 10,000 tons, and is for Messrs. 
Hunting and Son, Newcastle-on-Tyne. The _ propel- 
ling inachinery will consist of Harland B. and W. Diesel 
engines, 





_CANapIan Coat.—During 1926, the output from 
Canadian coal mines totalled 16,105,000 tons, which figuse 
represents an increase of 18 per cent. on the previous 
year’s production. Out of the 1926 total, Nova Scotia 
Was responsible for 6,810,000 tons, Alberta for 6,117,000 
‘ons, and British Columbia for 2,634,000 tons. 





NOTICES OF MEETINGS. 


THE INsTITUTION OF MECHANICAL ENGINEERS.— 
To-night, at 7 p.m., at Storey’s-gate, S.W.1. Informal 
Meeting. ‘‘Some Aspects of Workshop Organisation,” 
introduced by Mr. F. E. Robinson. Friday, March 25, 
at 5.15 p.m. Joint Meeting with the Society of Chemical 
Industry (Chemical Engineering Group). ‘‘ Lubrica- 
tion,” by Dr. W. R. Ormandy, F.I.C. 


THE Junior INstTITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘* An Investi- 
gation of Torsional Vibration, with Particular Reference 
to Aircraft Engines,” by Mr. J. Calderwood. Friday, 
March 25, at 7.30p.m. Lecture: “ Notes on the Construc- 
tion and Plant of the New Filtered Water Installation 
for the Seville Waterworks Company,” by Mr. S. R. 
Broderick. 


Tue Roya Instirution.—To-night, at 9 p.m., at 
Albemarle-street, W.1. ‘‘ Colloidal Solutions,”’ by Dr. E. 
Hatschek. Saturday, March 19, at 3 p.m. “The 
Alpha Rays and Atomic Structure” (Lecture I), by 
Sir Ernest Rutherford. Tuesday, March 22, at 5.15 p.m., 
** X-Rays and the Chemical Molecule” (Lecture II), 
by Dr. G. Shearer. Thursday, March 24, at 5.15 p.m., 
“Colour Measurement” (Lecture II), by Dr. Guild. 
Friday, March 25, at 9 p.m. ‘‘ Thunderclouds,” by 
Professor C. T. R. Wilson. Saturday, March 26, at 
3 p.m., “The Alpha Rays and Atomic Structure ” 
(Lecture IT), by Sir Ernest Rutherford. 


Tue Instirute or British FoUNDRYMEN: LAN- 
CASHIRE BRANCH, JUNIOR SECTION.—Saturday, March 19, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester. ‘The Application of Modern Metallurgical 
Knowledge to the Casting of Non-Ferrous Metals,” by 
Dr. S. F. Barclay. ; 


THE InstirvTion oF STRUCTURAL ENGINEERS.— 
Monday, March 21, at 6 p.m., at 10, Upper Belgrave- 
street, S.W.1. Students’ Meeting. Discussion on “ Pit- 
falls Encountered by Young Engineers,’ opened by 
Major J. Petrie. 


Tue InstiTuTeE oF TRANSPORT: MIDLAND LOCAL 
SEctTion.—Monday, March 21, at 6 p.m., at the Queen’s 
Hotel, Birmingham. ‘Some Aspects of Modern Trans- 
port,” by Mr. L. W. Gupwell. 


Tue Rattway Cius.—Monday, March 21, at 7.30 p.m., 
at 25, Tothill-street, 8.W.1. ‘‘ The Late History of the 
Great Northern Railway,” by Mr. N. R. J. Back. 


THE Braprorp ENGINEERING Socrety.—Monday, 
March 21, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. Lecture: ‘‘ Modern Boiler- 
House Practice,” by Mr. J. T. Ruddock. 


THE Roya Socrety or Arts.—Monday, March 21, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘‘Some Industrial Applications of Electro- 
thermics ” (Lecture II), by Mr. G. 1. Finch. Wednesday, 
March 23, at 8 p.m. Ordinary Meeting. ‘The Transi- 
tion of Agriculture,’ by Mr. C. 8. Orwin. 

Tue InstiruTion or Civit ENGINEERS. Tuesday, 
March 22, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. ‘‘ Heat-Transmission and the Motor- 
Car Radiator,” by Prof. W. E. Dalby, F.R.S. 


THe INSTITUTION OF AERONAUTICAL ENGINEERS.— 
Tuesday, March 22, at 6.30 p.m., at the Junior Institu- 
tion of Engineers, 39, Victoria-street, S.W.1. ‘‘ Aircraft 
Law,” by Mr. Lawrence A. Wingfield. 


THE Institute or Merats: BIRMINGHAM LOCAL 
Section.—Tuesday, March 22, at 7 p.m., at the Engineer’s 
Club, Waterloo-street, Birmingham. Joint Meeting 
with the Birmingham Metallurgical Society and the 
Staffordshire Iron and Steel Institute. ‘‘ Nickel-Iron 
and Related Alloys,” by Mr. W. T. Griffiths. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: NORTH 
MipLaAND CENTRE.—Tuesday, March 22, at 7 p.m., at 
the Hotel Metropole, Leeds. Discussion on “‘ Domestic 
Electric Cooking and Heating,” opened by Mr. H. G. 
Fraser. 


THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
iN Scortanp.—Tuesday, March 22, at 7.30 p.m., at 39, 
Elmbank-crescent, Glasgow. ‘‘ Pulverised Fuel,’ by 
Mr. R. Jackson. 


Tue Betrast ASSOCIATION OF ENGINEERS.—Wednes- 
day, March 23, at 7.30 p.m., at the Municipal College of 
Technology, Belfast. ‘‘The Latest Two-Cycle Double- 
Acting Oil Engine,”’ by Mr. J. Burdon. 


THe Royat AERONAUTICAL SocreTy.—Thursday, 
March 24, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ German Commercial Air 
Development,” by Major Wronsky. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : LONDON 
StupENts Section.—Friday, March 25, at 6.15 p.m., at 
Savoy-place, Victoria-embankment, W.C.2. ‘“ Electri- 
city in the Works Laboratory,”’ by Mr. R. E. Snoxell. 





THe IwystirutTion or LocomotivE ENGINEERS: 
MANCHESTER CENTRE.—Friday, March 25, at 7 p.m., 
at the College of Technology, Sackville-street, Manchester. 
‘The Exhaust Injector,”’ by Mr. J. C. Metcalfe. 


THE INSTITUTION OF ENGINEERING INSPECTION.— 
Friday, March 25, at 7.30 p.m., at the Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘‘The Educative 
Influence of Aircraft Inspection,” by Major H. Myers. 

THE INSTITUTION OF STRUCTURAL ENGINEERS: YORK- 
SHIRE Brancu.—Friday, March 25, at the Great Northern 
Hotel, Leeds. ‘‘ The Design of Industrial Buildings,” by 
Mr. C. A. Harding. 





THE Nortu-East Coast INstTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, March 25, at 6 p.m., at 
the Literary and Philosophical Society, Newcastle-upon- 
Tyne. ‘Pure Science: The Service it has already 
rendered to Engineering, and a Review of Modern De- 
velopments and their possible Future Application,”’ by 
Sir Richard Glazebrook, F.R.S. 

THE INSTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: SoutH Mipianp District.—Saturday, March 
26, at 11 a.m., at the Council Offices, North-street, 
Leighton Buzzard. Papers on ‘“‘ Waterworks,” by Mr. 
H. J. Barnes and ‘‘ Housing Schemes,” by Mr. B. H. 
Robjant. 

Tuer INstiTUTION OF MUNICIPAL AND County EneI- 
NEERS: NortTH Eastern District.—Saturday, March 
26, at 2.15 p.m.,'at the Town Hall, South Shields. 
* Estimation of Storm Water Discharge,”’ by Mr. J. Reid. 

THE INSTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: YORKSHIRE AND NoRTH WESTERN DIstTRICTS.— 
Saturday, March 26, at 2.30 p.m., at the Town Hall, 
Manchester. Joint Meeting with the Town Planning 
Institute: North of England Division. Discussion on 
“The Manchester and District Joint Town Planning 
Report,” by Mr. R. Bruce. 

THE Hutt Association or ENGINEERS.—Saturday, 
March 26, at 7.15 p.m., at the Municipal Technical College, 
Park-street, Hull. ‘‘ Water Tube Boilers and Pulverised 
Fuel,” by Mr. A. R. Clemitson. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The feature of the coal market in 
the past week has been a sudden and appreciable advance 
in the cost of pitwood, owing to the floods in France 
checking loading at the timber ports and curtailing the 
supply arriving in South Wales. On Saturday last, it 
was possible to buy half-and-half French pitwood at 
30s. 6d. per ton, ex ship, but on Monday the price had 
advanced to 32s. 6d., and by Tuesday to 35s. To-day 
35s. was firmly adhered to for delivery this week, with 
parcels sold at 36s. and 36s, 3d. for delivery next week, 
it being understood that boats had left Bordeaux in 
ballast owing to the scarcity of available timber. That 
South Wales depends largely on France for mining 
timber will be gathered from the fact that, of the 108,075 
loads imported in February, no less than 103,830 loads 
came from France. Shipments of coal from South 
Wales in February amounted to 1,785,884 tons, which 
was 121,649 tons in excess of the January exports, 
despite the fact that there were two less working days in 
the past month. The revenue, however, fell by 68,0491. 
to 1,854,282/., the average price per ton being lowered 
by 2s.'4d. to 20s. 9d. per ton, the price of large dropping 
by 3s. 9d. to 22s. 5d., through by 3s. 6d. to 17s. 4d., sized 
coal by ls. 4d. to 29s. 6d., and small by Is. 4d. to 13s. 2d. 
In the past week, shipments amounted to 499,690 tons, 
compared with 502,510 tons in the preceding week 
and 510,840 tons a year ago. Compared with the 
previous week, exports from Newport were raised from 
86,080 tons to 104,130 tons, at Swansea from 49,620 tons 
to 60,000 tons, and at Llanelly from 2,500 tons to 3,910 
tons, but at Cardiff they were reduced from 311,660 tons 
to 306,670 tons, and at Port Talbot from 52,650 tons to 
24,980 tons. At present, the coal market is in a fairly 
strong position. Best and second-class Admiralty large 
coals are booked up over the month, and are firm on the 
basis of 23s. to 23s. 6d. for the former and 22s. 6d. to 23s. 
for the latter. Black Vein large is also scarce, on account 
of the loss of output caused by the Cwm explosion, but 
Western and Eastern Valley large coals are in adequate 
supply at 20s. to 21s. 6d. Dry large is also neglected 
and available at 20s. to 22s. Smalls are steady on the 
basis of 15s. for the best bunker sorts, with cargo descrip- 
tions from 13s., while sized coals are also steady with 
bituminous washed nuts from 19s. to 20s. and dry nuts 
from 19s. to 23s., according to size. Mr. T. J. Halford, 
of Messrs. T. Beynon and Company, Limited, has been 
elected Chairman of the Commercial Committee of the 
Monmouthshire and South Wales Coalowners’ Association 
for the ensuing year. 

Iron and Steel.—Exports of iron and steel goods in 
the past week amounted to 11,253 tons, compared with 
13,651 tons in the preceding week. Shipments of tin- 
plates and terneplates were reduced from 9,669 tons to 
8,204 tons, galvanised sheets from 1,251 tons to 204 tons, 
and other iron and steel goods from 2,430 tons to 748 tons, 
but black plates and sheets were increased from 301 tons 
to 2,097 tons. 





Launcu or THE §.S. “‘Castmua.”—On Thursday, 
March 3, Messrs. Workman, Clark and Company, Limited, 
successfully launched from their South Yard the 
S.8. Castilla, the first of three passenger and fruit- 
carrying steamers which they have in hand for the 
United Fruit Company of Boston. The main dimensions 
of the new vessel, which is fitted with a bridge erection 
and large deckhouses amidships for the accommodation 
of first-class passengers, are: length, 355 ft.; breadth, 
48 ft.; and depth, 31 ft. 6 in.; with a gross tonnage 
of about 4,200 tons. There are three *tween decks 
forward and aft as well as hold spaces specially arranged 
for the carriage of fruit. Ventilation of the fruit spaces, 
which is an important feature, is obtained by large 
cowl ventilators delivering fresh air to all the compart- 
ments. The propelling machinery, which has also been 
built by the company, consists of one set of direct- 
acting inverted four-cylinder triple-expansion engines 
of the surface-condensing type, steam being supplied 
by four oil-fired multitubular boilers working under 
forced draught. 
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16-H.P., FOUR-CYLINDER MARINE MOTOR WITH OVERHEAD VALVES. 
CONSTRUCTED BY THE AILSA CRAIG MOTOR COMPANY, LIMITED, ENGINEERS, LONDON. 
(For Description, see Page 324.) 
j SECTION THROUGH EXHAUST VALVE OF N23. CYL. 
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Fig.5. SECTION A.A. 
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| ‘THE Economy anp Use oF HigH STEAM PRESSURES : 








| ErratuM.—In connection with the report, which 
appeared on page 236 et seq of our issue of February 25, 
of the discussion which took place at the adjourned 
meeting of the Institution of Mechanical Engineers on 
Professors Mellanby and Kerr’s paper, Mr. Collingham 
points out that in his Case 3, the pressure was given, on 
page 238, as 8501b. persq. in., instead of 350 Ib. persq. in. 
At the same time it should be remarked that the second 
case taken was that of the installation described in the 
previous paragraph, in which superheated steam at 
1,000 deg. F. was cooled in a heat interchanger to 
750 deg. F. before entering the turbine and rehested to 
720 deg. F. before passing to the low-pressure turbine. 
The figures given indicated that this cycle gave as good 
a thermal efficiency as the direct expansion of steam from 
1,000 deg. F., as given in Case 3. Furthermore, the 
thermal efficiency of the cycle of Case 2 is equivalent to 
that of the case where steam is at more than double 

















the initial pressure, Case 4, and with a steam temperature 
; equal to the entrance temperature to the steam-admission 
Fie, 4, CRANKSHAFT wiTH BALL Bearings. l cheet-in Case 2. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDR&SS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC ) “ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


7 SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 














For the United Kingdom _ ............... £3 5 0 
For Canada— 
Thin paper copies £218 6 
Thick paper copies £3 3 0 
For all other places abroad— 
Thin paper copies .................000 £3 3 0 
Thick paper copies....................... £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.’ Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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THE DEVELOPMENT OF ARMY 
TRANSPORT. 


No small part of the colossal burden under which 
the taxpayer now staggers with somewhat irritating 
equanimity is due to our unpreparedness for war 
in 1914. The conversion of ploughshares into 
swords proved to be a costly business, and if we 
learn by experience—a contention which may well 
be doubted by students of Hansard—we will never 
again be caught napping quite so completely. The 
greater part of our then troubles was undoubtedly 
due to the complete absence of mechanism for 
converting practically the whole of our manufac- 
turing resources into a national workshop for the 
production of munitions. Since the days of Roger 
Bacon, economists have deplored that the weapons 
of war have no peace-time application, and if this 
were still true the retention in normal times of the 
means by which we were enabled adequately to 
arm our forces on the various fronts would spell 
national bankruptcy. With the development of 
aviation, however, the relationship between the arts 
of war and peace took on a new aspect, and while 
it is true that the commercial aeroplane or airship 
differs from its military prototype, the difference 
is little greater than that between advanced and 
conventional design. The majority of the-material 
advances in aviation have been made for the fighting 
forces, but have been adapted to commercial ‘flying 
without difficulty. It would thus appear that the 
retention, or, as it would now unfortunately be 
more correct to state, the re-creation of a reasonable 
percentage of our war-time resources for building 
aircraft would be justified on merely material 
grounds. 

Concurrently with the increasing debt which the 
peaceful arts owe to His Majesty’s Air Forces, there 
has grown up a similar debt to the Army authorities. 
The mechanicalisation of the Army has made con- 
siderable strides since the war, and has included the 
development of certain types of vehicle which are 
not only suitable for commercial transport, but 
which, owing to the admirable work of our Army 
designers, actually serve as a model for private 
manufacturers. We have referred on_ several 
occasions to the War Office subsidy scheme for 
commercial vehicles, and need now merely recall 











that the scheme was inaugurated with a view to 
obtaining a nucleus of vehicles in ordinary use by 
private owners, which could be drawn on in case of 
emergency. The scheme provides for a subsidy 
of 40/. for three successive years to these owners, 
on condition that the vehicles are maintained to the 
satisfaction of the Army authorities, and that they 
are handed over to them with due compensation 
when required. Several firms are now manufac- 
turing cars to the required specification, and it is 
extremely satisfactory to note that the full quota 
of subsidies, amounting to one thousand per annum, 
has been taken up, and that there is actually a 
waiting list of owners of approved vehicles outside 
the quota. This is the more striking since a 
corresponding non-subsidy vehicle can in most 
cases be obtained from the same firm at a price 
reduction approximately equal to the total subsidy. 
The only conclusion to be drawn is that owners 
are satisfied that the superior qualities of the 
subsidy vehicle more than balance the disadvantage 
of possible sudden withdrawal from their fleets. 
This in itself constitutes a high tribute to the Army 
designers. The criticism is often made that a mere 
thousand vehicles of a particular type would be 
but a drop in the ocean of war-time requirements. 
The value of the scheme, however, does not so 
much lie in the availability of a thousand or so 
vehicles in good condition when required, as in the 
fact that a design is available which has passed 
the test of both Army and commercial use, and 
of which the output could readily be expanded to 
any required extent with a minimum of delay. 

Up to the present, the subsidy scheme has been 
confined to four-wheel vehicles of conventional 
design, but an interesting development of the 
scheme was foreshadowed in a paper on the develop- 
ment of Army vehicles read by Captain C. H. Kuhne 
before the Institution of Mechanical Engineers on 
Friday last. It is somewhat unusual for the Army 
authorities to invite members of a civilian institu- 
tion to discuss military requirements, but the 
increasing liaison between the technical officers of 
His Majesty’s Forces and members of our leading 
engineering institutions is a step of the highest 
value to both parties, which will be warmly welcomed 
by informed opinion throughout the country. 
Captain Kuhne’s paper, together with the dis- 
cussion, is reproduced in abridged form elsewhere 
in this issue, and it will be seen that the author 
dealt mainly with the W.D. type rigid-frame six- 
wheeled lorry. The idea of distributing the load 
over more than four wheels was first mooted many 
years ago, and the suggestions put forward have 
varied from a complete road train to vehicles having 
six, eight, or even twelve wheels on a common 
chassis. The six-wheeler, in particular, has met 
with a considerable measure of success both in this 
country and abroad, and vehicles of this type have 
been in regular production by several of our leading 
makers for some time past. The eight-wheeler is 
being experimented with in the United States, and 
is not unlikely to be adopted for the high-speed 
passenger services over long distances which have 
been developed in that country. In the earlier 
designs of six-wheeler, the method of mounting the 
two rear axles did not differ appreciably from that 
previously in use for the single axle of a four- 
wheeler, and the torque reaction was taken from one 
axle to the other. The disadvantages of this 
arrangement are fully discussed in the paper referred 
to, together with the alternative design put for- 
ward by the War Department. Under these 
circumstances, it is unnecessary to discuss the 
merits of the two designs in detail, and we 
may confine ourselves to broader considerations. 

A number of vehicles embodying the War Depart- 
ment suspension have already been manufactured 
by several makers, and have undergone the most 
severe trials at the hands of the War Office. 
It now seems to be established beyond doubt 
that the new design possesses very marked 
advantages for rough country, and that it must 
in future form an essential and important link 
in Army transport. In view of these facts, it 
seems clear that means must be taken to ensure its 
production on an adequate scale in peace time, and 
in view of the success of the subsidy scheme for four- 
wheelers, to which we have already referred, it is 
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natural that the Army authorities should turn to 

the same means to popularise the new vehicle. 

Did the merits of the new design lie merely in its 

superior ability to negotiate bad ground, it would 
probably make little appeal in this country, but 
might on this account find favour in the Colonies. 
While this to some extent would meet War Office 
requirements, in that it would ensure that the design 
was put into regular manufacture, it would not 
render a number of vehicles ready for immediate 
use. The latter point is of greater importance in 
the case of the new vehicle than in that of the 
subsidy four-wheeler, since practicable, if inferior, 
substitutes are available in emergency in the latter 
case, but not in the former. 

If the new design is to be adopted by commercial- 
vehicle users in this country, it is essential’ that it 
should possess marked advantages over the alter- 
native types available for the class of work in which 
such lorries are normally employed. Fortunately 
this appears to be the case. The particular form of 
suspension adopted reduces wheel spin to a minimum, 
with resulting economy in tyres and fuel, and the 
suspension also results in a greatly-reduced movement 
of the body with respect to the load. The value 
of this factor cannot be estimated with precision, 
but it is undoubtedly considerable. particularly in 
the case of passenger-carrying vehicles. A further 
advantage for the latter class of work is that the 
tendency to skid is less than that of a conventional 
six-wheeler. Even in this country, commercial 
vehicles have occasionally to negotiate rough 
ground, and for this service the superiority of the 
new vehicle is most marked. With the system of 
rear-axle suspension previously adopted for six 
wheelers, as already stated, the torque reaction is 
taken from one axle to the other, with the result 
that on soft ground the rear axle in the direction 
of travel tends to dig itself in. This tendency is 
entirely absent in the War Department design, and 
this fact, taken in conjunction with the provision 
of eight forward and two reverse speeds, should 
enable the vehicle to extricate itself under any con- 
ditions likely to be met with at home. It may be 
explained that the eight forward and two reverse 
speeds are obtained by fitting a simple two-speed 
box behind the standard four-speed box, the 
arrangement being generally similar to that which 
was put on the market for Ford cars several years 
ago. 

The conditions sometimes met with in the 
Colonies are such as can only be successfully dealt 
with by a trackless or half-track vehicle, and not 
the least ingenious feature of the new design is 
a simple temporary track which can be fitted to 
the two rear axles in a few minutes. At the present 
time this track can only be mounted when both 
axles are fitted with twin tyres, and it is satisfactory 
to note that experiments are being conducted 
with a view to evolving a similar track for use 
with single tyres. There is a prejudice—we believe 
not without foundation—amongst commercial users 
against twin tyres in this country, and it is almost 
certain that if the authorities insist on their embody- 
ment in the final specification, the provision will 
seriously react to the prejudice of the new vehicle. 
The difficulty might be overcome by making the 
single- and twin-tyred wheels interchangeable, the 
former being employed while the vehicle was in 
commercial use, and the latter being fitted as soon 
as it is taken over by the Army authorities. 

A very important feature of the rigid-frame 
six-wheeler under discussion is that standard 
units suitable for other cars are utilised to the 
maximum possible extent. These include such 
units as the engine, gear-box and rear axle, and 
ensures that the manufacture of these parts is 
already on a very appreciable scale. It is obvious 
that the larger the scale of existing manufacture, 
the less difficulty will there be in implementing 
the rapid expansion necessary at the outbreak of 
war. The very serious delays which occurred 
before large-scale production became effective in 
the years following 1914 will be readily recalled. 
Many of them were, of course, inevitable, as the 


length of the war, and the scale on which it was | aerodromes, air routes, technical equipment, works, 
conducted, could not possibly have been foretold. 
Not only had many new factories to be built, 


had to be incorporated into a coherent scheme for 
the continuous production of a wide variety of 
munitions. The utilisation of ex-charwomen as 
shell turners, and so on, constitutes one of the 
romances of the war, and was only rendered possible 
by an extensive and intricate system of gauging. 
We believe that it was the late Captain Riall Sankey 
who raised the question of whether the gauges 
employed were being preserved for a future occasion. 
We have no information on the point, but the 
query brings out the essential importance of 
pre-existing gauges in rapid production, and 
suggests that in the case of approved designs, 
such as the subsidy vehicles we have been discussing, 
it might be advisable to manufacture the gauges 
considerably in excess of immediate requirements. 








THE AIR ESTIMATES. 

In view of the advances made in the design 
and construction of aircraft and aero engines 
since the termination of the war, it is satisfactory 
to learn from the statement made by Sir Samuel 
Hoare, in presenting the Air Estimates to the 
House of Commons last week that, in future, 
no more machines or engines of war-time design 
will be ordered. In the past, for reasons of 
economy, use has been made of existing stocks, 
but in view of the importance of maintaining 
the highest possible efficiency in the matériel 
employed by the Air Force, the provision made 
in the current estimates for re-arming the squadrons 
with new machines and engines will be welcomed 
by all who have the welfare of the service at 
heart. 

The total net expenditure provided for in the 
new estimates amounts to 15,550,000/., which is 
450,000/. less than the corresponding figure for 
the previous year, and of this the most interesting 
item is the vote for ‘‘ technical and warlike stores.” 
The gross estimate for expenditure under this 
heading, which covers the experimental and 
research services, as well as airships, amounts to 
8.789,000/., which is reduced to a net estimate 
of 6,424,000/. by appropriations in aid to the extent 
of 2,065,000/., and by 300,000/., the estimated 
under-spending. The vote includes 5,904,0001. for 
machines, engines. and spares, which is higher 
than the figure for the previous year by 553,000/. 
For the coming year, provision is made for two 
new regular squadrons and one non-regular squadron 
for home defence, as well as for five new flights 
for the Fleet Air Arm, and one for Army co-operation 
purposes. Expenditure on research is estimated to 
amount to 355,0001. in all, which represents an 
increase of 19,000/., in comparison with the 
expenditure for 1926. 

In the course of Sir Samuel Hoare’s statement 
a reference was made to the effect of airship 
development on the mobility of the Air Force. 
It will be remembered that two airships, each of 
5,000,000 cub. ft. capacity, are at present under 
construction in this country, one by a private 
firm and the other at the Government establishment 
at Cardington. These two airships, it is considered, 
will be capable of carrying more than 200 men 
and a complete squadron of aeroplanes, and, if 
this anticipation is realised, it will be possible 
to transport a fully-equipped squadron to any 
threatened point in the Empire in a fraction of 
the time required with ordinary transport methods. 
In the current estimates, a total expenditure of 
452,0001. are allowed for airship development. of 
which 90,0001. are for progress payments on account 
of the airship being constructed by a private firm, 
and the remainder is for advancing the construction 
of the airship at Cardington, for airship sheds at 
Cardington and in India, and for airship develop- 
ment work generally. 

The vote for civil aviation amounts to 464,0001. 
and includes an item of 247,0001. for subsidies. Of 
this, 230,600. will be paid to Imperial Airways, 
Ltd., and the remaining 16,4007. to the light- 
aeroplane clubs. In addition to the subsidies, the 
civil-aviation vote provides for the expenditure on 


buildings, lands, &c. For the air route between 
Egypt and Basra, on which a regular service for 





but hastily-trained labour throughout the country 


operation, a sum of 93,600/. will be required. 
It is hoped shortly to extend the route from Evypt 
to Karachi and eventually to operate a service 
between England and the most important cities 
of India. 

In many ways, the estimates show that the 
importance of developing an Imperial air policy 
is now fully realised, doubtless as a result of the 
discussions at the Imperial Conference, It igs 
proposed, for instance, to carry out a number of 
flights over the whole route from Cairo to Cape 
Town in co-operation with the South African 
Air Force, and generally to make long-distance 
flights within the Empire a regular feature of the 
training of squadrons of the Royal Air Force, 
It is also intended to commence the preparation 
of landing grounds for the flying route to Singapore, 
and to send a flight of flying-boats to the Far East 
to co-operate with the Royal Australian Air Force, 
It may well be that from these small beginnings 
a number of regular long-distance air routes will 
be developed on which the special advantages of 
aircraft will be more readily apparent than they 
now are on the comparatively short routes connecting 
various European capitals. 





AGREEMENT BETWEEN ENGINEER 
AND CLIENT. 

Cases which involve disputes between engineers 
and their clients are seldom, or never, reported in 
the law reports. Whilst this does not of itself 
prove that difficulties seldom arise—for differences 
may be settled otherwise than in open court—it is 
some evidence of the good relations which usually 
obtain between the engineer and his public. Indeed, 
the fact—if it is the fact—that an engineer but 
seldom has to sue for his fees, may incline one to 
the belief that like a Fellow of the Royal College of 
Physicians or a member of the Bar, the engineer 
prefers to look upon his fee as an honorarium 
which cannot be recovered by action at law. Never- 
theless unlike the F.R.C.P. or the barrister, the 
engineer can sue if he is so minded, and, in the 
absence of agreement, he can recover whatever is 
fair and reasonable. But there is something else 
to be cqnsidered in the relationship of engineer 
and client besides the amount of the fees. What 
is the precise extent of the engineer’s duty’? This, 
of course, is a very general question, the answer 
to which must depend upon the nature of the 
work which he is employed to do; but it may be 
very difficult to answer, unless the terms of the 
employment of the engineer have been reduced 
into writing. Again, on the mere question of fees, 
the client is often ignorant of the scale upon which 
these are charged, and when the bill comes in he is 
sometimes rather alarmed to find that the fee 
appears to be out of all proportion to the work 
done. Like all other professional men, the engineer 
very often charges fees which appear to be exorbitant 
to anyone who. does not understand that he is 
being paid for his experience—experience which it 
has taken years to acquire. 

In order to avoid difficulties of this kind, it is 
eminently desirable that the engineer should enter 
into a special contract with his client. There are 
many special forms of contract in existence. One 
recently added to the number is entitled “ Form 
of Contract for the Engagement of the Services of a 
Consulting Structural Engineer where a Bill in 
Parliament for the works in Question is not Con- 
templated,” and it is published by the Institution 
of Structural Engineers; an alternative form 
provides for the case in which a Bill in Parliament 
is contemplated. The form, after reciting that 
the engineer is to advise and report upon the works 
and to prepare plans, &c., goes on to provide 
that the engineer shall forthwith investigate the 
proposed scheme and make all necessary measure- 
ments and surveys. He is also to prepare a preli- 
minary general drawing and take out approximate 
quantities and make an approximate estimate 
of the-cost and confer with legal authorities about 
the scheme and report thereon to his employers. 
The employers having decided to go on with the 
works, the engineer is to make further measurements 
and estimates, prepare the necessary specifications 
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tenders and report upon them, superintend the 
works, issue certificates, and advise the employers 
upon all accounts between them and the contractors. 
Another clause provides for the engineer’s remu- 
neration. This is divided into two parts ; the first 
part relates to the engineer’s remuneration for 
services rendered before the employers have signi- 
fied their intention to proceed with the works, 
while the second and third provide for his remunera- 
tion in respect of other services rendered. Another 
clause provides that in addition to remuneration so 
prescribed the reasonable out-of-pocket expenses 
of the engineer shall be repaid, and included under 
this head are the expenses which he and his assis- 
tants and inspectors shall incur while travelling 
and living away from their homes: A further 
clause provides that the engineer shall be entitled 
to additional remuneration for special services not 
provided for in the agreement, in accordance with 
the rules of the Institution of Structural Engineers. 
The last clause in the agreement provides for 
arbitration. Should a dispute arise, it is to be 
referred to a single arbitrator agreed between the 
parties, or failing agreement, to a single arbitrator 
to be nominated by the President for the time being 
of the Institution of Structural Engineers. 

It will be noticed that this form of agreement 
merely defines the duties of the engineer and indi- 
cates the way in which his fees are to be calculated. 
In our view its adoption would prevent the possi- 
bility of any question arising as to whether any 
particular service did or did not come within the 
scope of the engineer’s employment, and if it 
serves to render the relationship of engineer and 
client more precise and definite its adoption should 
prove extremely useful. 








THE LATE SIR WHATELY ELIOT. 

Ir is with deep regret that we have to record the 
death of Sir Whately Eliot, sometime Admiralty 
superintendent engineer, which took place at West 
Hampstead on Saturday last. Born in 1841, 
Sir Whately was eighty-six years old at the time of 
his death, and for the past twenty-one years he 
had been retired from the active pursuit of his 
profession. For practically the whole of his working 
life Eliot was engaged in dock and harbour work, 
a branch of engineering which has_ benefitted 
relatively little by the advance of technical theory 
during the last century, and in which prolonged 
experience and personal intuition are still of pre- 
dominating importance. On leaving college in 
1861, Mr. Eliot became a pupil of Sir John Coode, 
by whom he was employed on the Portland break- 
water works. Three years later he proceeded to 
Sunderland, and under the late Mr. T. Meek was 
engaged on the important dock extension works 
then in progress. In 1865, he became assistant to 
Mr. P. J. Messent on the Tyne pier extension, and 
had, in this connection, experience of how easy it 
is to underestimate the devastating powers of the 
sea. The practice of that day leant towards 
founding breakwaters and piers on rubble mounds, 
and this system had been extensively employed in 
France and Italy, as well as at several parts of the 
United Kingdom, and had been adopted on the 
Tyne. Here, however, the seas undermined the 
wall. This was noticed by the engineers in charge, 
and much of the work on which Mr. Eliot was engaged 
lay in underpinning parts where the rubble had been 
Temoved. Before this work was completed, 
however, an extraordinarily severe storm came, 
which breached the wall at one point, and under- 
mined so much more of it that 300 ft. fell down. 
lhe concrete hearting, however, remained good, 
and held up till the repairs were completed two 
years later. It has, it may be added, since been 
found necessary to carry the wall down to a sound 
foundation of shale, which underlies the sand on 
Which the rubble mound was tipped. 

Mr. Eliot’s next work was as assistant engineer 
on the harbour works being carried out at Port 
Erin, in the Isle of Man, by Sir John Coode, and he 
Was ultimately put in complete charge. In 1871 
he was appointed by Sir John Coode, resident engi- 
heer for sewage and other works at Weymouth, 
and later on he made, for Sir John, surveys at 
Timaru, New Zealand, for proposed harbour works, 


|On returning home he was appointed engineer to 
the Peterhead Harbour Trustees, for which he 
‘carried through extensive improvements. After 
|this he acted as resident engineer for the Cape 
|Government, and returning home was appointed 
resident engineer on the eastern section of the 
Manchester Ship Canal. Along this section it was 
impossible to take the route far enough inland to 
escape the indentations of the coast, and the line 
followed crossed three bays in which the conditions 
varied much, and required corresponding alterations 
and adjustments in the type of embankment 
used, and in the methods of construction. This 
work was described by Mr. Eliot in a paper read 
before the Institution of Civil Engineers in 1897, 
and for which the author was awarded a Telford 
Premium and George Stephenson medal. 

In 1894, Mr. Eliot was appointed Admiralty 
superintending engineer for the Keyham dockyard 
extension, which he described in a paper read before 
the Institution of Civil Engineers in 1907. The 
construction of a dockyard at Keyham was com- 
menced in 1846. In consequence of the impossibility 
of developing further the establishments at Devon- 
port, the works were completed in 1853, the total 
area of the yard being 54 acres. With the steady 
increase in the dimensions of naval vessels the 
accommodation provided became inadequate, and 
plans were prepared for a large extension in 1894 
and 1895, whilst the actual work of construction was 
commenced in 1896. Though not exposed to heavy 
seas, the works presented other difficulties of 
execution. The site was for the most part below 
high water mark, and the foundations of the 
works had to be carried down to rock through a 
layer of mud which, in parts, was over 100 ft. 
in depth. The difficulties were met by an extensive 
use of wells, corresponding to those which have 
been extensively used for securing a sound founda- 
tion for the piers of bridges. At Keyham, the wells 
used were of a special shape, being shaped, in plan, 
like a truncated triangle and have three pockets 
through which the excavation was effected. The 
total area covered by the new works was 118 acres. 
There is a tidal basin, 10 acres in extent, at one end 
of the extension, and a closed basin having an area 
of 354 acres at the northern end. There are three 
graving docks and a large dock. As a preliminary 
to the execution of the works, the whole sea front 
of the site was enclosed by a cofferdam over a 
mile in length. The piles and timber used in this 
suffered severely from marine borers, but, fortu- 
nately, held out until they were no longer needed. 
Some 2,342,000 cubic feet of granite were required, 
and nearly a quarter of a million tons of Portland 
cement. The works were finished in 1900, two 
months ahead of the contract time, and Mr. Eliot 
then retired, being knighted in recognition of the 
value of his services. 

He was elected an associate member of the 
Institution of Civil Engineers in 1872, and was 
transferred to the class of member six years later. 
In 1909 he was selected by the Council to deliver 
the Vernon Harcourt lecture, and the subject he 
took was : ‘“‘ The design and construction of Docks.” 
This lecture was repeated at the local associations 
of students of the Institution at Newcastle, Glasgow 
and Bristol. 





THE LATE MR. ALFRED JOHN HILL. 


A LINK with the old Great Eastern Railway has 
been severed by the sudden death of Mr. Alfred 
John Hill, which occurred at Bexhill on Monday, 
March 14. It will be remembered that, until the 
railway amalgamation of 1923, Mr. Hill was chief 
mechanical engineer of the Great Eastern Railway, 
with which company he had been associated all his 
professional life. He retired in 1923, settling in 
Bexhill, and it was in the golf-club house there that 
the unexpected end came, at the not very advanced 
age of 64. 

Mr. Hill was born in 1862, his father, Mr. Thomas 
Hill, being a native of Peterborough. He received 
his general education at Waternewton Rectory, 
Northamptonshire, and, in 1877, entered the loco- 
motive, carriage and wagon works of the Great 
Eastern Railway Company at Stratford as an 
apprentice. His technical education was steadily 
persevered in during apprenticeship, and in 1882 








he obtained a Whitworth Scholarship. In that 
year also he entered the drawing office at Stratford. 
It may here be mentioned that his interest in 
engineering education was consistently maintained. 
A student of the Railway Company’s Mechanics’ 
Institute’ at Stratford, he later became a teacher 
there, and then, for twelve years, was chairman of 
its committee, while he gave ungrudging support 
to other technical institutions in the district. 

At the beginning of 1890, Mr. Hill became an 
assistant to the works manager at Stratford. In 1899, 
he was made works manager, and, in 1912, was 
appointed locomotive, carriage and wagon super- 
intendent. In 1915, when the official reorganisation 
of railways took place, he was created chief mechani- 
cal engineer, retaining this position until the amal- 
gamation of the Great Eastern Railway with the 
Great Northern, North Eastern, and other railway 
companies. 

During the war period he was actively employed 
in various national services. By 1917, the question 
of the supply of materials for railways had become 
acute, and Mr. Hill went to the United States, on 
behalf of the Government, in connection with this. 
When the railway workshops were involved in the 
manufacture of munitions, Mr. Hill became chair- 
man of the Southern Group, and, when on the 
Priority Branch of the Ministry of Munitions. 
represented the whole of the railways of the country, 
For these and other services it was generally agreed 
that he justly merited the distinction of C.B.E. 
which was conferred on him. 

It will be noticed that a large part of Mr. Hill’s 
occupancy of the offices of locomotive superinten- 
dent and chief mechanical engineer covered the 
war period and the disturbed years which imme- 
diately followed it, times not, on the whole, suit- 
able for much development or experimental work. 
Added to this, from the nature of the area served, 
the Great Eastern Railway did not need to employ 
locomotives of exceptional size and power. At 
the same time, the traffic conditions of the line, and 
particularly those of Liverpool-street station, 
called for special study, and Mr. Hill was responsible 
for several interesting designs which have since 
been proved fully justified from the aspects of per- 
formance, fuel economy, and low maintenance costs. 

Of these designs may be mentioned an 0-6-2 
tank engine for heavy suburban traffic, which was 
noticeable for the employment of a somewhat 
higher boiler pressure than that in use on similar 
locomotives at the time. He also introduced 
after the war, an 0-6-0 locomotive for heavy coal 
traffic, and the re-modelled 4-4-0 express locomotive. 
Both these classes have Belpaire boilers and super- 
heaters, and are proving Mr. Hill’s practical know- 
ledge of the requirements of the line. Under his 
supervision, too, the Stratford works were con- 
siderably extended, progress methods, as well as 
plant, receiving particular attention. Bogie rolling- 
stock, both for main line and suburban traffic, was 
standardised. 

On the theoretical and commercial side of his 
profession, Mr. Hill was equally active. He was 
president of the Institution of Locomotive Engineers 
for the years 1914-1915, and, from 1920 to his retire- 
ment, acted as chairman of the Carriage and Wagon 
Superintendents’ meetings at the Railway Clearing 
House. He became a member of the Institution of 
Mechanical Engineers in 1901, and an associate 
member of the Institution of Civil Engineers in 
1888, advancing to full membership in 1910. At 
the latter institution a paper read by him in 1895, 
and entitled ‘“‘ Repairs and Renewals of Railway 
Rolling-stock,” was awarded a Watt medal, a 
Crampton prize, and a Telford premium. Another 
paper on “ The Use of Cast Steel in Locomotives,” 
read in 1887, had been awarded the Miller Prize. 
In 1924 he gave the Institution Lecture to Students 
on “ The Work of a Mechanical Engineer’s Office.” 

Like many busy engineers, however, Mr. Hill 
found time to concern himself in useful matters 
outside his profession. He was keenly interested 
in railway ambulance work, and for many years was 
honorary secretary for the organisation comprising 
the many ambulance corps on the whole of the 
Great Eastern Railway system. The subject of 
regular ambulance training for the staff received 
his special attention. 
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INSTITUTION OF MECHANICAL 
ENGINEERS. 


Priok to the general meeting of the Institution of 


Mechanical Engineers at Storey’s Gate, West- 


minster, on Friday, March 11, a meeting of the 


members of the Benevolent Fund was held to 
consider the report of the committee of manage- 
ment for 1926, and to elect oftice-bearers. The 
report showed that the membership was 1,163 at 
the end of the year, and that the funds amounted to 
13,3181. 17s. 2d. The income for the year 1926 was 
1,4271. 4s. 6d., but the payments made were 91. 4s. 2d. 
below that figure. In reply to a question from 
Mr. H. J. W. Oxlade, the chairman, Sir Henry 
Fowler, stated that it was not possible for the 
Institution as a body to contribute to the benevolent 
fund. The report was then adopted. Mr. Robert 
Dumas, Dr. H. 8. Hele-Shaw, and Mr. D. E. Roberts 
retired by rotation from the committee of manage- 
ment, and Mr. F. Clements, Sir Dugald Clerk, and 
Mr. William Reavell were elected to fill their places. 
The hon. treasurer, Mr. F. H. Norwood, and the 
_ hon. secretary, Brigadier-General Magnus Mowat, 
C.B.E., were re-elected. 


MECHANICAL VEHICLES IN THE BrITISH ARMY. 


At the general meeting of the Institution, the 
president, Sir Henry Fowler, occupied the chair. 
The paper read and discussed was by Captain C. H. 
Kuhne, D.S.O., R.A.S.C., and was entitled ‘‘ The 
Development of Mechanical Vehicles for general 
Load-carrying Duty in the Army, with special 
reference to the W.D. type, Rigid-frame, Six- 
Wheeled Lorry.” It was illustrated by lantern slides 
and by cinematograph, and is reprinted in an 
abridged form on page 336 of this issue. 

Major-General G. F. Davies opened the discussion 
by a reference to the Motor Transport Technical 
Advisory Board at the War Office. This had kept 
abreast of commercial developments, as well as 
military ones. On the board there were four 
members of the Institution—Sir Henry Fowler, 
Professor Dalby, Colonel Davidson, and Mr. Legros. 
Sir Henry Fowler had done much to develop Army 
mechanical transport, and, no doubt, felt railway 
and road transport were complementary and 
indispensable. Captain Kuhne had referred to a 
liaison between the Army, the manufacturer, the 
technical press, and the user. Certainly, the 
manufacturers had taken to trusting the Army more 
than they did, a condition of affairs which was not 
created by one personality, but by many. 

Professor W. E. Dalby spoke next. He alluded 
to the work done by the prototype of this six- 
wheeled vehicle in the Sahara several years ago, 
and afterwards referred to the long and continuous 
attention to detail at Aldershot which had led up 
to the present position, paying a particular tribute 
to the work of Colonel Niblett. Referring to the 
design of the new six-wheeler, Professor Dalby 
directed special attention to the method of dividing 
the torque rod, so that the torque did not move the 
bogie as a whole. When the vehicle was in forward 
gear there was a forward torque, and a corresponding 
backward torque reaction on the bogie. The 
opposite happened when the vehicle was in back 
gear. That was very important. The torque rods 
must be put in, or some equivalent means devised 
to prevent any variation of load as the torque came 
on the wheel; the variation of the spring was, of 
course, always there, although it might not be 
seen. The manner in which those difficulties had 
been surmounted by articulation had been shown 
onthe screen. Some of the wheels tilted over at all 
angles, and yet the spring itself was free from any 
torsional strain whatever. The axle had 4 degrees 
of freedom in relation to the end of the spring. 
Riding on the actual lorry was much safer than it 
appeared on the screen; it was, indeed, perfectly 


centrated on the whole track type because, in the 
case of that machine, the ground could not be 
| chosen in any sense. Machines in other categories, 
| such as civil types were very much more under 
| control, and though it was desirable that they should 
| vo over all kinds of ground, it was not essential. 
Between the “ capital” fighting machine and the 
civil machine there were auxiliary fighting machines 
| —armoured cars, machines for bridging, machines 
|for carrying signalling apparatus, machines for 
| carrying pontoons, &c. Careful consideration was 
needed before putting those machines on a full 
| track system, seeing how very efficient the six- 
| wheeled system was to-day. 

Mr. E. Shrapnell Smith said it was agreed that 
the key to Empire development was transport, 
| whether by road, rail or sea. As President of the 
Commercial Motor Users’ Association in this 
country, he was concerned in the War Office 
design for ordinary commercial use, either for goods 
or passenger carrying purposes. He had witnessed 
actual demonstrations of machines of this type, 
and was convinced that a new era in road locomo- 
tion had been entered upon. Hitherto machines 
suitable for military purposes had been found 
unsuitable for commercial use in respect to cost, 
weight, speed and other points, but the rigid-frame 
six-wheeler had a widespread commercial applica- 
tion. He had had experience of the working of 
these machines in ordinary commercial practice, 
and performances promised had been fully borne 
out. Commercial operations demanded a com- 
mensurate return, and this tended to retard changes. 
He was pleased therefore to hear that it was the 
intention of the War Office to enter upon some 
subsidy basis. That would accelerate the readi- 
ness of commercial owners of the four-wheeled type 
to scrap them and adopt the six-wheeled type 
instead. He thought these machines would have a 
wide application in agriculture as they could go 
over ground of the type common in our meadows 
and fields, and, at a high rate of working, could 
carry on economically under different conditions. 
Again, the average snowfall in this country—save 
above a certain northerly point—was about eight 
days per annum. Nothing was more upsetting to 
the traffic departments of any undertakings on the 
road than a snowfall, which often resulted in vehicles 
being withdrawn from service. The pictures from 
Norway showed that, apart from the economy in 
tyre wear, and in fuel, owing to the absence of 
wheel spinning, ability to run in snow should induce 
commercial owners to regard the type with favour. 

Mr. L. A. Legros observed that, apart from the 
military aspect of the case, it was of equal import- 
ance to manufacturers that they should increase 
their business by supplying vehicles of a type 
which would enable them to cross the very rough 
country that often separated the place of production 
from the railhead. They had seen on the screen 
what could be done in hilly country, and in 
vegetation-covered country, and on boggy and 
swampy ground, but rock-strewn ground had not 
been shown. It was not possible to go very fast 
over such ground, but the six-wheeled type of 
machine could go over very bad country indeed. 
Captain Kuhne had shown by his cinematograph 
how these vehicles actually negotiated the country. 
Drawings or photographs alone did not show what 
was happening to the machine and the movement 
of its different parts. It would be very useful 
to have films taken of a close-up of a tyre on a 
road on which it was just slipping, because it 
was the shearing of the cake of mud that was 
important, and which would decide whether the 
car was going to slip as a whole—always supposing 
that the engine power was adequate. The arrange- 
ment shown in the paper for carrying the spare 
wheels was a new idea, introduced to save the 
under portions of the car, as far as possible, from 








safe when the vehicle was achieving climbs of 1 : 2. 

Colonel J. F. C. Fuller referred to the enormous 
amount of experimental work carried out at the 
War Office. A start had been made with the full 
track machine used purely as a fighting machine. 
The half-track machine had then been tried, but 
it was not until the six-wheeled, or multi-wheel 
machine, was developed that.a commercial basis 


coming into contact with obstacles, provided that 
the big obstacles could be got under the wheels 
at the side. It seemed necessary that those wheels 
should be carried with some sort of spring 
suspension. In districts surrounding such towns 


as Sydney, Montreal or Johannesburg, products 
had to be sent to railhead by motor vehicle ; there 
were no made roads, however, and some vehicles 


Tests of the vehicles should, therefore, be made 
on very bad country, and it was of great importance 
that engineers should be sent to such countries 
and not only commercial men. 

Dealing next with brakes, Mr. Legros regarded 
the present position of the law covering this item 
as unsatisfactory. It would be a great advantage 
to have brakes on the front wheels of the War 
Department six-wheelers. The front-wheel brake 
was exceedingly useful for down-hill work, and 
in avoiding obstacles. He desired to pay homage 
to the work done by Colonel Niblett, and would 
particularly mention the sprag that he had devised, 
since this had made it possible for vehicles to 
carry an anchor, which was effective in getting 
a car out of a difficult position, or assisting another 
stalled car. 

Colonel-Commandant Gibb, alluding to the 
observation made by the author about the possibility 
of mechanisation leading to a decline of the military 
spirit, said that the operation of the six-wheeled 
transport at Aldershot had done more than any- 
thing else to contradict that opinion. The advent 
of the six-wheeler in the Aldershot Command 
coincided with the opening of the Cavalry Brigade 
training, and the available six-wheelers were 
allotted to the cavalry. The reports from the 
cavalry about the performance of the six-wheelers 
were both optimistic and eulogistic. 

Mr. C. Owen Silvers stated that he had been 
using rigid six-wheeler vehicles for some nine 
months. He had found that if one of a pair of 
twin tyres had a puncture, the other would not be 
of much use, being overloaded. He did not see 
how forward control could be made accessible, and 
would much rather have the driver behind the 
engine. One of his vehicles had run over 20,000 
miles, and with the five vehicles over which he had 
control, something over 50,000 miles had been 
accomplished. There had been no trouble with the 
double back-axle mechanism and the coupling gear. 
As to tyre wear, the original tyres were still on all 
the vehicles, and those that had done over 20,000 
miles indicated a life probably as long again. 
During a recent snow storm, the six-wheeled vehicle 
worked to a schedule time, whereas the four- 
wheeled vehicles, particularly those with solid tyres, 
got behind in their schedule. In comparing four- 
wheeled and six-wheeled vehicles, many factors 
arose, and should be borne in mind in relation to the 
figures he was about to give. These were, variation 
of conditions on each separate road; pneumatic 
tyres against solid—of course for passenger service ; 
six-cylinder sleeve valve engines against the four- 
cylinder poppit valve engine ; petrol-electric trans- 
mission against mechanical gears; variations of 
weight for a given seating capacity ; wind resistance 
in different areas: on the electric trolley vehicle, 
the single compound-wound motor against the 
double motor with series parallel control. A figure 
of 100 seat miles was the most satisfactory figure 
for comparison. The four-wheel solid tyre vehicle 
gave a petrol consumption of 0-635 gallons per 100 
seat-miles, the figure for a rigid six-wheeler being 
0-369 gallons, representing a saving of 42 per cent. 
The unladen weight per seat had to be taken in 
conjunction with the foregoing figures; this, for 
the four-wheel solid tyre vehicle was 369 Ib. per seat, 
and for the rigid six-wheel pneumatic tyre vehicle 
was 230 lb., showing a saving of 38 per cent. The 
six-wheeled vehicle, fitted with a bigger engine, 
gave better acceleration and speeds, and it had a 
sleeve valve, as against a four-cylinder poppit valve 
engine. Taking an electric trolley vehicle, the four- 
wheeled solid tyre vehicle gave 3-157 units per 
100 seat-miles, against 2-264 units for the six- 
wheeled vehicle, a saving of 28 per cent. The un- 
laden weight per seat for the four-wheeled vehicle 
was 305 lb. per seat, while for the six-wheeler it was 
211 Ib., a saving of 31 per cent. The same remarks 
were applicable with regard to acceleration and 
speeds. In the case of the six-wheeled vehicle, the 
motor was single-compound wound, as against a 
double motor with series parallel control. These 
results were so satisfactory, that his company were 
enlarging their six-wheeled fleet, and scrapping some 
of their tramcars, replacing them with six-wheeled 
vehicles seating 65 passengers. 








was reached. Attention would have to be con- 


had to cross spaces where outcrop was met with. 


Major-General 8. 8. Long, referring to early 
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experiences with mechanical traction about 1895, 
and in the South African war, said that progress 
had been rapid and, speaking from the point of 
view of commerce, it was a serious consideration, 
with a rapidly-changing machine, undoubtedly 
essential for war purposes, whether any country 
would be able to maintain the numbers that would 
be required. The author had explained that a 
thousand machines had been registered, but how 
far would a thousand go in the case of a modern 
army? As to subsidising, money put out in 
proper advertising would popularise the vehicles 
much more quickly than the payment of a matter 
of 401. for three years. He thought it would be 
better to make a certain number of the vehicles 
and induce the Crown Colonies to use them, offering 
them not only free advice and assistance, but the 
actual services of mechanical transport officers. The 
War Office might advantageously work hand in 
hand with the Colonial Office, tendering the loan 
of Army officers, who would pick up a large amount 
of valuable experience. 

Mr. Sidney Guy suggested that it would be much 
better to have a large number of the new vehicles 
in this country than to have to go to the Colonies 
for them. In any event, he thought the Colonies 
would be forced to buy such vehicles. A motor 
owner who had to run his vehicles continuously on 
hard roads should realise that the very principles 
of the vehicle which made the wonderful perform- 
ances possible were a very direct advantage in 
operating on hard roads. Incidentally there was 
a reduction of 75 per cent. in the shock on the 
vehicle, which was bound materially to affect the 
maintenance costs over a long period. It was also 
of considerable advantage where fragile goods had 
to be carried; while from the point of view of 
passenger traffic, it was only necessary to travel in 
one of the vehicles to believe in its capabilities. 
Probably 60 per cent. of the real advantages were 
obtained in the almost complete elimination of wheel- 
spin. It was well known that on a four-wheel vehicle, 
while a wheel was spinning, power and petrol were 
lost, and from wheel-spin most rear-wheel skids 
started, so that if only wheel-spin could be eliminated 
tremendous advantages would be obtained. In the 
case of the rigid frame six-wheeler, it was necessary 
to have two wheels on different axles in the air at 
the same time before the wheels spun. The figures 
contained in the appendix attached to the paper were 
of a most convincing nature. Lorry B and Lorry G 
possessed exactly the same sized engine, giving exactly 
the same power, while Lorry B was carrying 1} tons 
and Lorry G 3 tons. The draw-bar pull was 
100 per cent. higher in the case of the six-wheel 
lorry and that there was practically no difference in 
the average speed over a course of 116 miles, 
namely, 21-12 miles per hour in the case of 
Lorry B against 22 miles per hour in the case of 
Lorry G. In spite of the obvious difference in the 
weight of the vehicles, the petrol consumption 
improved from 19-97 in the case of Lorry B to 
24-9 in the case of Lorry G. Also it had been 
possible to increase the gradient that the vehicle 
would go up by 100 per cent. in the case of the 
six-wheel lorry compared with the four-wheel 
lorry. Further, the petrol consumption of a rigid 
frame six-wheeler vvhicle, with a load of 4 tons 
and an average daily mileage of 85-76 and a total 
mileage of 8,061, was 9-76 miles per gallon. 

Lieut.-Colonel T. M. Hutchinson thought it 
creditable that though the six-wheeler vehicle was 
orignally developed abroad, it was left to an English- 
man to make it a complete success. A question often 
asked was why the War Department had taken 
out a patent in connection with the six-wheel 
vehicle. He could only assume that that was 
done to give the War Department the oppor- 
tunity of having the free use of it. He wished to 
point out that when a front wheel dropped into a 
small ditch something like two or three feet wide 
with rather vertical sides, the front wheel was 
practically locked in the existing design. The author 
referred to a possible development in which the front 
axle would have to be driven too. He concurred, 
and considered the complication need not be great 
as it only meant a little alteration in the gear-box 
to provide a flange and a coupling. For military, 
or such other extraordinary purposes as might be 


demanded of it, it would be possible to instal a 
front-driven axle, but for ordinary purposes it 
could be used on the roads with an ordinary Acker- 
man steering axle. There was great difficulty in 
getting efficient brakes on all wheels, and he thought 
some attention would have to be given to that 
point in the future. 

With regard to the suggestion of utilising the spare 
wheel as a safety device, the position in which the 
wheel was carried must be considerably in advance of 
the centre of gravity of the vehicle. He was not 
sure that spring mounting was necessary there, 
because the probability was that the machine would 
take those extreme obstacles at a slow speed and 
not at a high speed. On account of the room 
necessary for the articulation of the wheels, a well 
type body was essential, and it was necessary to 
keep the loading platform down as low as possible ; 
he hoped, therefore, the forward control would 
be developed. Very favourable reports had been 
received from India, including work over rocky 
ground which was covered with outcrops and 
boulders. He thought possibly some form of 
auxiliary radiator device, or steam condenser, 
would have to be adopted for the tropics. He 
wondered whether it was possible to encourage 
the development of the use of six-wheeled vehicles 
in civil life by the taxation authorities giving them 
favourable consideration, as they did less damage 
to the road, and there was less chance of accident 
from skidding, &c. 

Major E. G. E. Beaumont referred to Colonel 
Hutchinson’s suggestion that there would be a neces- 
sity for the employment of the front wheel drive. 
That, added to the six-wheel machine, with two 
driving axles already, would evidently complete a 
complicated and costly machine. It was highly im- 
probable that any such machine would be purchased 
to any considerable extent for hard road working. 
He thought there were possibilities of the careful 
design of types suitable for common use, in such a 
way that the third axle, and the front drive axle, 
might be added when the emergency arose. 

It was clear that the six-wheeled vehicle would 
enable roads otherwise impassable to be worked 
tolerably successfully; but it involved expense 
in a direction which would tend to hinder 
its employment by civilian users. He drew atten- 
tion to the four-wheel truck described in the paper, 
in which there was a reference to the employment 
of torque rods, so as to take some of the torque 
reaction, and the statement was made that that 
would prevent a redistribution of load on the two 
axles. He had studied that action very carefully, 
and suggested that there was definitely a fallacy 
in that statement. In his opinion, that truck was 
in no better position to prevent a redistribution of 
load under the torque reaction than the type in 
which the torque rods were not employed. The 
torque rods would take care of, and prevent, a 
deformation of the springs, but they would not 
prevent the tractive reaction which would tend to 
make the bogie run over or under the bogie swivel 
point. 

Wing-Commander S. G. Dalton said he thought 
the Air Force would have more use than the Army 
for six-wheeled vehicles in peace time, although 
in war time they would have equal requirements. 
In peace time, the aerodromes of the Air Force 
were a long way from the roads, and the transport 
to and from those aerodromes had to be done by 
cross-country vehicles. When a pilot had to make 
a forced landing, he landed in the nearest suitable 
field ; and if he broke his machine in doing so, it 
was necessary to send a transport vehicle to the spot 
to deal with the emergency. 

General H. O. Mance said he was concerned in a 
transport proposition which was worse than any- 
thing illustrated in the paper, namely, mud in Iraq. 
That mud introduced an element on which much 
stress had not been laid in the paper, namely, the 
question of the vehicle sinking into the ground as 
well as slipping on it. After wet weather a 
condition existed in which there was possibly a 
20-mile stretch of very bad road to get over, and 
he would like further information on certain specific 
points. Thus, as to the weight of the non-skid chain. 
In the case he was interested in, the run was for a 





distance of 600 miles without replenishing petrol, 





and it was undesirable to carry much weight. 
What was the effect of the chain on the tyres ? 
Could the chain be run on the tyres for 20 miles 
without ruining the tyres and imperilling the 20,000- 
mile record of length of life of the tyre, about which 
he had been very pleased to hear? With regard to 
the question of sinking, the rigid frame referred to 
seemed to give a better bearing surface, but on the 
other hand, it did not give the same grip surface. 
Was the rigid frame heavier than the non-rigid 
frame, and had sufficient experience been obtained to 
show that the strain that was set up in the rigid 
arch that was formed was not rather excessive if 
the vehicle had to pass over a hummock of grass 
and then go down into a swamp. He would be 
interested to know whether that point had been 
tested or not. 

Captain C. H. Kuhne, in reply, said he had only 
time to deal with a few of the points raised. He 
was glad to hear that the vehicles were proving 
economical, In reply to General Long it had to be 
borne in mind that not only did the War Office 
under the subsidy get 1,000 vehicles on the road, 
but that a type of vehicle which suited the Army 
was produced in the country and some control 
was obtained over a design offered for general 
sale. 

Major Beaumont had suggested that there was a 
fallacy in regard to the effect of the suspension, 
There was no fallacy about this matter, but 
unfortunately there was no time to go into 
details. He was quite prepared to ask Major 
Beaumont to come and see the vehicle on a weigh- 
bridge as an optical demonstration of the fact 
that when the vehicle was anchored with a rope 
from the rear and with one axle on the weigh- 
bridge, and was then called upon to exert its 
maximum tractive effort, the weight on that axle 
would be the same as when they weighed the other 
axle in front of it separately afterwards. The effect 
was perfectly observable when the vehicles tackled 
a gradient on friable ground. It was quite im- 
possible to tell which wheel, if any, would dig in or 
slip first, and that was definitely not the case 
with the bulk of the foreign vehicles. 

In reply to General Mance’s question, the weight of 
the chain was 3 to 4 cwt. When the use of the chains 
commenced a year ago, they found that the walls 
of the tyres were getting injured. The design of 
the chain had been altered. It now had a flat 
surface to guide it on instead of a rounded web, 
and the tyre manufacturers agreed with him that 
the abrasion of the tyres was so inconsiderable as 
to be negligible. As the new chains had a perfect 
grip with the tyre tread and therefore there was no 
slip between the tyre.and the chain, he thought 
General Mance might be quite satisfied that the 
tyres were not going to suffer injury. It was 
possible to run quite easily up to about 15 miles 
an hour with the chains. The work on the girder 
track was not yet sufficiently far advanced to give 
results. It was bound to be heavier than an overall 
chain, and he had suggested in the paper it should 
only be fitted when it was desired to travel more or 
less continuously on the track. The rigidity of 
the arch in the case of the overall chain was being 
achieved in one design by a very special gear, but 
he was not prepared to talk about overall chains 
for single tyres yet. With regard to the cost of twin 
tyres versus single tyres, little was known. They 
had the six-wheelers and wanted to use the overall 
chains, but the War Department preferred single 
tyres. 

Colonel Hutchinson had referred to the patent 
which had been taken out by the War Department. 
This had not been done in order to make it difficult 
for anybody, and if any royalty was charged it 
would be a nominal fee of something like 10s. or 11. 
a vehicle to cover the cost of taking out the patents 
throughout the Empire, the effect of which ought 
to be to help British manufacturers against the 
importation of foreign machines. 

The president then announced that a joint meet- 
ing of the Society of Chemical Industry, Chemical 
Engineering Group, and the Institution of Mech- 
anical Engineers, would be held on Friday 
next, March 25, at 5.15 p.m., when a paper on 
“ Lubrication” would be read by Dr. W. R. 
Ormandy. 
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LABOUR NOTES. 


Tue London Engineering Trades Joint Committee 
met on Monday evening for the purpose of further 
considering the wages question. A month earlier, 
it had been decided to recommend to the district 
committees of the various unions that the application 
for an advance should be renewed, but on a modified 
scale, viz., 3d. per hour, or about 12s. per week. One 
of the district committees—that of the Amalgamated 
Engineering Union, which controls the majority of the 
skilled workers—had signified their intention to adhere 
to the original demand for 20s. per week, but most of 
the other organisations had shown a disposition, it 
was stated, to await the result of the national confer- 
ence of executives, which has been called for Thursday 
next, in London. The Manchester men, who propose 
to make a local application on a modified scale, are 
doing nothing until the national conference has dis- 
cussed the matter. At the close of Monday’s meeting 
in London no statement was made for publication ; 
but it was understood that the wages question is to 
remain in abeyance pending the decision of the national 
conference. 


According to the Monthly Trade Report of the 
United Patternmakers’ Association, the membership 
of the organisation was, at the end of February, 11,299, 
and the number of men “on the books” 935. The 
General Secretary’s Remarks” contain a letter from 
a district committee asking for the abolition of overtime 
and payment by results. At a recent meeting of the 
district, the communication states, the national agree- 
ment governing overtime and payment by results was 
under discussion, together with a reply of the Executive 
Council to an earlier request that a vote of the Associa- 
tion should be taken on the question of terminating it. 
The reply of the Executive had been that, in their 
opinion, the time was not opportune. From that view 
the district dissented, and, accordingly, they asked for 
a reconsideration of the matter. The district stated 
that they considered that the agreement acted to the 
disadvantage of members, and was largely responsible 
for the large number of unemployed who had been 
carried for so long a time. The experience of members 
of the district committee was, it was pointed out, that 
where payment by results was introduced the firm was 
able to get the work done with about 50 per cent. of the 
men they formerly employed. There was, moreover. a 
growing tendency on the part of employers, when they 
had arush of work to put men on overtime rather than 
start men. In view of these things, the district asked 
the Executive Council to reconsider the matter. In 
the event of the Executive Council standing by their 
previous decision, the district committee requested 
them to put the matter on the agenda for the Court of 
Appeal. The Executive Council decided to adhere to 
their previous decision, and expressed the opinion that 
the result desired would not be achieved by scrapping 
the agreement. 


At the annual meeting in Manchester of the Federa- 
tion of Master Cotton Spinners Associations, a resolution 
was passed on the subject of the Washington Hours 
Convention. It was moved by Mr. Fred Mills, president 
of the Oldham Master Cotton Spinners’ Association, 
and was as follows :—‘* That the ordinary general 
meeting of members of the Federation of Master 
Cotton Spinners’ Associations, having considered the 
question of the ratification of the Washington Labour 
Convention on the 48-hour week, urges upon the 
Prime Minister and his Majesty’s Government to take 
every step to prevent the ratification of the above- 
mentioned Convenvion before the conditions and 
requirements of the Convention are amended and more 
clearly and satisfactorily defined. It feels strongly 
that the indefiniteness of some of the clauses of the 
Convention has been taken advantage of in such a 
manner as to strain the general intention of the Con- 
vention by the few countries which have ratified it, 


and by countries which have not ratified it, but which | 


have passed legislation regarding the 48-hour week.” 
gs £ 


In a letter to the repres»ntatives of the men employed | in which employers are represented, and suggests that 
in Devonport Dockyard, Vice-Admiral Brian Barttelot, | the business of the trade unions is to organise the 
Director of Dockyards, explains why the discharges | workers for the struggle against capitalism. The 
They | Iron and Steel Trades Confederation propose the 


which are about to take place, are necessary. 
are not due, he says, to less work of the kind that the | 
Royal yards share with contractors, but to the falling- | 
off of repair work, of which the Royal yards have a | 
monopoly. Two causes explain the decline—the | 
scrapping programme, which is reducing the number of | 
ships in commission and in reserve, and the making of | 
the reduced fleet more mobile by teaching the new | 
ships to maintain themselves without being tied toa 
dockyard for running repairs. As regards new con- 
struction, the three large yards are, he points out, | 
fairly fully employed, bearing in mind the necessity of | 
the Admiralty placing certain orders for new ships | 
with contractors in order to keep their specialised 


plant and experienced personnel in readiness to increase 
the Fleet in an emergency. 


Telegraphing, on March 9, the Riga correspondent 
of The Times states that the latest statistics give the 
numbers of unemployed registered in urban areas in 
Russia as nearly 1,500,000, of whom 250,000 are skilled 
industrial workers. According to the Moscow news- 
papers, it is added, there are 141,000 unemployed in 
Moscow, of whom 67,000 are in receipt of relief. 

In February, the home branch membership of the 
Amalgamated Engineering Union increased from 
196,842 to 197,431, and the colonial branch member- 
ship from 26,719 to 26,829. The number of members 
on sick benefit increased from 6,435 to 7,737. The 
number on superannuation benefit decreased from 
9,649 to 9,549, and the number on donation from 
7,775 to 6,474. The total number of unemployed fell 
from 21,527 to 18,583, the percentage, reckoned in 
the usual way, being 8-84. 

An editorial note in’ the March issue of the Amal- 
gamated Engineering Union’s Monthly Journal states 
that during the final quarter of 1926, the organisation 
paid, in respect of its principal statutory benefits, 
131,693/. 18s. 1ld., and, in addition, by way of extra 
benefit to superannuated members, 23,605/. 2s. 8d., 
making a total of 155,299]. 1s. 7d. These figures, it is 
pointed out, do not include any payment in respect of 
legal assistance to members or management costs of 
the union. The combined funds of the union-—the 
General Fund and the Superannuation Reserve Fund— 
now amount to 1,706,615/. 19s. 8d. ‘* It will, we think, 
generally be admitted,” the writer goes on to say, 
“that the foregoing figures reflect credit upon, and 
emphasise the stability of, our organisation, especially 
having regard to the number of members who have been 
unemployed during the quarter, together with the fact 
that members on benefit are not called upon to pay 
contributions. We also desire to stress the fact that 
these figures deal with payments directly made from 
our funds, and do not include benefit paid either in 
respect of State Unemployment Insurance or moneys 
recovered from employers as compensation for 
accidents.” 

During the fourth quarter of 1926 there was a net 
decrease of 15,145/. 1s. 74d. in the combined funds of 
the Amalgamated Engineering Union. The General 
Fund declined to the extent of 19,7701. 5s. 114d., 
and the Superannuation Reserve Fund increased to 
the extent of 4,625/. 4s. 4d. The levy of 1s. per quarter 
to provide extra superannuation benefit realised 
5,6461. 13s. 9d4., while the additional amount paid out 
during the quarter at the rate of 4s. per week was 
23,6051. 2s. 8d. The total cost for the three months 
of the five principal benefits was equal to 18s. 1d. per 
paying member. Arrears still further increased. 


The Ministry of Labour states that on March 7, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,144,100, of whom 927,000 were men, 29,900 
boys, 154,900 women, and 32,300 girls. Of the total 
number, 72,200 men, 100 boys, and 900 women, were 
persons normally in casual employment. On February 
28, 1927, the number of unemployed persons was 
1,169,483, of whom 940,070 were men, 31,278 boys, 
164,008 women, and 34,127 girls; and on March 6, 
1926, it was 1,094,082, of whom 863,470 were men, 
28,230 boys, 170,869 women, and 31,513 girls. 

At the Scottish Trades Union Congress at Galashiels 
on April 20 and following days, the Amalgamated 
Society of Woodworkers intends to submit a resolution 
condemning the propaganda for industrial peace under 
capitalism conducted by trade union officials in co- 
| operation with employers, and expressing opposition 
| to all industrial peace arrangements which have their 





| basis in the continuance of capitalism and wage slavery. 
The resolution concludes with a demand for the with- 
| drawal of unions from all industrial peace organisations 


establishment of an international minimum wage as 
a corollary to the 48 hours’ convention, and pending 
that reform, calls upon the Government to prohibit 
the importation of goods produced under conditions 
unsatisfactory to the organised workers in the exporting 
countries, 

According to The Ministry of Labour Gazette, there 
was a continuous and substantial improvement in 
employment throughout February, affecting most of 
the principal industries. The improvement was most 
marked in iron mining and quarrying; shipbuilding 


——_. 


general, marine and constructional engineering; the 
cotton, wool and linen textile industries ; the clothing 
trades; and building and public works contracting. 
In the industries named, which include 33 million 
insured workpeople, the numbers recorded as unem. 
ployed showed at February 21, a decrease of 96,000 as 
compared with January 24. Among the workpeople 
(numbering approximately 12,000,000) insured against 
unemployment under the Unemployment Insurance 
Acts in Great Britain and Northern Ireland, the per. 
centage unemployed in all industries taken together at 
February 21, 1927, was 10-9 as compared with 12-1] at 
January 24, 1927, and 10-4 at February 22, 1996. 

The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as begin- 
ning in February, was 15. In addition, 13 disputes, 
which began before February, were still in progress 
at the beginning of the month. The number of work. 
people involved in all disputes in February (including 
workpeople thrown out of work at the establishments 
where the disputes occurred, but not themselves 
parties to the disputes) was about 5,700, and the 
estimated aggregate duration of all disputes during 
February was about 65,000 working days. These 
figures compare with totals of approximately 15,300 
workpeople involved, and 130,000 days lost, in the pre- 
vious month. The number of workpeople involved in 
disputes in February was smaller than in any month 
since December, 1914. 


An interesting point has arisen out of the decision 
of Stepney Borough Council to place a contract for six 
1,500-kw. rotary converter sets and switchgear with a 
Belgian firm. The Belgian tender was lower than the 
lowest British tender; but in the discussion in the 
Borough Council on the subject of the contract it was 
stated, according to the newspaper reports, that the 
Belgian firm had ‘agreed without qualification to 
observe trade union requirements, whereas the tenders 
of the British firms, besides being higher, were qualified 
in this respect.” As a matter of fact there was no 
qualification in the British tenders that entitled a 
British local authority to pass them over. In the 
whole of them the usual undertaking was given to 
observe the House of Commons Fair Wages Clause. 
The wages clause in the Borough of Stepney’s speci- 
fication asked, however, for much more. Under the 
House of Commons Fair Wages Clause contractors are 
to pay rates of wages and observe hours of labour not 
less favourable than those commonly recognised by 
employers and trade societies. The Stepney clause 
contains, in addition, these words :—** And shall employ 
when carrying out the work on the site only men who 
hold recognised trade union cards.’’ Such a stipulation 
is, obviously, unfair to British engineering employers 
who, as is well-known, do not ask, and, in many cases, 
do not know, whether their men are trade unionists or 
not. The men are free to join unions or not, as they 
think fit, and the employers do not seek to interfere 
with their freedom. The stipulation may also, it should 
not be overlooked, seriously affect the relations of unions 
with members employed in the same industry, if 
claims like that made recently at Bermondsey become 
common. At Bermondsey a particular “ recognised 
trade union card ”’ was insisted upon by a section of the 
Electricity Department’s employees. 

In the House of Commons on Tuesday, Mr. W. T. 
Kelly called attention to the discrepancy between 
wages in sheltered and unsheltered industries, and their 
inadequacy in both cases, and moved :—* That, in the 
opinion of this House, the rates of wages now prevailing 
in industries in this country, even in those not subject 
to outside competition, are insufficient to ensure to 
the men and women concerned and their dependants 
a reasonable standard of life; that the provision of 
adequate wages should be made a first charge upon 
industry, and that in this, as in all other respects, his 
Majesty’s Government ought to be model employers. 
Sir E. [liffe submitted an amendment declaring that :— 
“The rates of wages and regularity of work now pre- 
vailing even in sheltered industries have been adversely 
affected by the general strike and the coal strike of last 
year, and that the only way permanently to improve 
the standard of living and of wages is through inereased 
efficiency of production, and calling upon all political 
parties to co-operate to this end.” The motion was 
rejected by 200 votes to 117, and, it being after 11 
o’clock, the debate on the amendment was adjourned. 





Moror VEHICLES IN FRENCH West AFrica.—A short 
report on the increasing demand for motor vehicles 1m 
French West Africa has been prepared by the Depart- 
ment of Overseas Trade, 35, Old Queen-street, S.W.1, 
from information furnished by the Commercial Counsellor 
at Paris, and issued to firms whose names are entered 
on its special register. United Kingdom firms desires 
of receiving a copy of this report, with full particulars © 
the Register service, should communicate with the de- 





and ship-repairing; iron and steel manufacture ; 





partment at the above address. (Ref. No. AX 4285.) 
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EXPERIENCE WITH A STAR CONTRA- 
PROPELLER. 


Tue information given below, embodying the results 
of experience with a Star contra-propeller fitted to 
the Blue Star liner Vikingstar, has been furnished to 
us by Messrs. James Pollock, Sons, and Company, 
Limited, of 3, Lloyds-avenue, E.C.3. Considerable 
publicity has been given, during the past few years, 
to the use of guide blades fitted either before or behind 
the screw propeller with the intention of increasing 
the overall propulsive efficiency of a vessel. Originally, 
the idea was mooted in this country some fifty years 
ago, but the theory of screw propulsion and the design 
of efficient screw propellers being in a state of flux, 
it was regarded as an ingenious, rather than as a really 
useful, contrivance. Consequently it was ignored by 
those who were considered to represent the more 
serious technical opinion of that time. The contra- 
propeller, as it is now called, was next heard of about 
1910 on the Continent, and notably in Germany, where 
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-Comparative Data S.S. “ Vikingstar ’’ Light 


Taste I. | 
Draught Voyages. | 
| 
| 





Light Voyages. Without With 
S8.C.P. 


8.C.P. 





No. of voyages a 
Steaming time (days) 

Mean draught. . oP 

Mean displacement (tons) 
Distance run (miles) 

Mean speed (knots) 
Meanr.p.m. .. ate 

Mean slip (per cent.).. 
Meanil.p. .. = 

Total consumption ‘tons) .. 
Consumption per day (tons) 
Adm. constant ne ee 
Consumption constant 


4 4 
93-73 91-00 


19 ft. 9 in. 18 ft. 2 in. 
8,270 E 
24,402 














Dr. Wagner and Professor Hass carried out extensive 
research into the flow of the water in the propeller 
slip stream. These authorities developed the use of 
guide-blades on different lines, the former associating 
himself with their effect on the slip stream leaving the 
propeller and the latter investigating the effect of 
“ contra-directing ’” the water entering the screw | 
propeller. | 

These experiments were not confined to tank tests, | 
but were developed along practical lines with the aid 
of enterprising ship-owners; actual vessels were fitted 
with contra-propellers and observation made of the 
service results over considerable periods, in some cases 
two years and more. To sceptical and, it is to be 
feared casual, observers, the results appeared neither | 
striking nor convincing, and as the shipowners 
concerned kept their counsel on the subject, technical 
opinion, especially in this country, remained uncon- 
vinced. In these circumstances, the development of 
the contra-propeller was necessarily slow, but it was 
hone the less continuous, and the fitting of this device | 
to second, third and further vessels by individual | 
Owners attracted notice, if not detailed attention. 
, Cons: quent on this development abroad, one or two | 
British vessels were fitted with a type of contra- | 
propeller now obsolete. The conditiors of fitting 
4ppear to have been such as to preclude either accurate 
or prolonged observation, and the data collected 
produced neither enthusiasm nor constructive comment. 
Further orders remained unplaced, and the use of | 
guide-blades in connection with the screw propeller | 














Loaded Voyages. Without With 
8.C.P. 8.C.P. 
| No. of voyages Me 4 4 
Steaming time (days) a 99-38 93-6 
Mean draught ic a .-| 23 ft. 6 in. 23 ft. 8 in. 
Mean displacement (tons) 10,110 10,230 
Distance run (miles) a 24,598 24.635 
Mean speed (knots) .. ke ‘<i 10°3 1 -98 
Mean r.p.m. .. a a as 66°5 69-2 
Mean slip (per cent.). . ee 4 15-3 13-14 
Meani.h.p. .. o* ¢ie * 2,320 2,410 
Total consumption (tons) .. ae 4,463 4,296 
Consumption per day (tons) ee 44-9 46, -00 
Adm. constant yf a ae 220 258 
Consumption constant 11,400 13,580 


| mately 4} tons, and the arrangement was such as to 


became regarded as a matter of speculation and hardly 
worth while. At this stage the Blue Star Line decided 
to try the Star contra-propeller, and arrangements 
were made by Mr. E. A. Thomson, senior superin- 
tendent, for the experiment to be put in hand. 

After preliminary investigations, an order was 
placed with Messrs. James Pollock, Sons and Company, 
who are the British representatives for the Star 
contra-propeller. The contract was arranged under 
conditions which enabled the designers of the contra- 
propeller to express their confidence in their proposals, 
and it was agreed that the castings should be supplied 
by a well-known Continental firm who have for some 
years made a special study of the constructional require- 
ments of contra-propellers. The Star was of the 
now generally adopted type 18, having four blades 
only, fitted abaft the propeller. The vertical blades, 
of cast steel, were securely welded to the fore side of 
the rudder-post, and the side blades, of cast-iron, 
were bolted to the vertical blades, to each other and 
through the rudder-post with fitted bolts, the heads 
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TABLE II.—Comparative Data S,S. ‘‘ Vikingstar’’ Loaded 


Voyages. 

















and nuts of which were recessed into the castings to 
maintain the smoothness of the surfaces without 
interruption. The device thus formed a very strong 
and rigid construction, fitting the space between the 
propeller and the rudder-post, with a clearance of 
only 6 in. between the guide blades and the propeller 
blades. The total weight of the castings was approxi- 


increase very greatly the stiffness of the rudder-post. 
The designs were approved by, and the work of 
installation carried out under the supervision of, the 
surveyors of Lloyd’s Register of Shipping. 

The vessel selected was the S.S. Vikingstar, which 
has the following dimensions :— 


Length B.P. 

Breadth mld. 

Depth mild.... as 
Max. draught er 
Loaded displacement 
Light ship displacement 
Dead-weight capacity 
Boiler pressure 


400 ft. 0 in. 

52 ft. 0 in. 

28 ft. 6 in. 

26 ft. 10 in. 

12,290 tons. 

4,690 tons. 

7,600 tons. 

..- 180 Ibs. sq. in. 

Eneines 27 in. x 44 in. X 73 in 

engines... eve oe epee © 
48 in. 

5.F. 2,500 





In order that the variations in weather and sea 
should have the least possible effect on the observa- 
tions, the vessel selected was one making regular 
voyages between the same ports, and it was arranged 
that comparative observations should be averaged 





over a period of four consecutive voyages prior to the 


fitting of the contra-propeller and four successive 
voyages immediately following the installation. Again, 
the difference in the vessel’s displacement between the 
outward and the homeward periods of each voyage 
were taken into account, so that. the observations 
should show the effect of guide-blades on the perfor- 
mance of the vessel when in ballast and when loaded. 
To give the complete mass of detailed figures is, of 
course, out of the question, but the observations 
summarised in the following tables are sufficient to 
show that not only has the use of guide-blades resulted 
in a definite improvement from a technical point of 
view, but that the improved performance of the vessel 
is of substantial commercial interest to the owners of 
similar, and indeed of any, screw-propelled vessels. 

It will be seen that the total period of observation 
extended over 377 days’ steaming time, during which 
the vessel covered more than 98,000 nautical miles. It 
may reasonably be assumed that in regular service over 
such an extended period, the question of weather, tides, 
ocean currents, winds, condition of hull, &c., will have, 
more or less, averaged out or, at least, will not unduly 
favour the collection of data subsequent to the fitting 
of the guide-blades. 

In comparing the data collected before and after the 
fitting of the contra-propeller, the most evident feature 
is the very appreciable reduction in the percentage slip 
of the propeller. This is particularly so in the case of 
the light-draught voyages, and may be accounted for in 
part by the reduced turbulence of the water passing the 
rudder, resulting in vastly improved steering which 
would be more noticeable when the ship is in this 
condition. It will further be observed that both the 
Admiralty constant and the consumption constants 
have improved considerably. In this case, however, the 
greater improvement is no doubt due to the fact that 
the vessel is running more nearly to the conditions for 
which it was designed when at the greater draught, and 
consequently the improvement due to the guide-blades 
is more apparent, there being less leeway to make 
up. It is interesting, but by no means unique, that 
the Admiralty constant and the consumption constant 
did not vary in strict proportion. The latter has, of 
course, the same formula as the former, with the 
exception that the consumption of fuel in tons per day 
is substituted for the indicated horse-power, and one 
would expect that for practically a constant horse- 
power the consumption would also remain constant. 

It is, however, safe to assume that the consumption 
constant is the more accurate figure of the two, since, 
while it is possible to estimate the daily fuel consump- 
tion very accurately from the total bunkers and the 
actual steaming time, it is not so simple to obtain an 
accurate figure for the average horse-power throughout 
the voyage, unless indicator cards are taken at very 
frequent intervals; in fact, whenever there is any 
change in the number of revolutions per minute. A 
curve of indicated horse-power and revolutions per 
minute is very useful when the engine settings remain 
absolutely constant. but as this is almost impossible 
on a long voyage, it is undoubtedly safer to ignore the 
Admiralty constant in favour of the consumption 
constant. 

It is the economic improvement which will appeal 
to the shipowner as distinct from the marine engineer. 
The mean displacement on the outward light-draught 
voyages subsequent to the fitting of the contra-propeller, 
averaged 700 tons less than before, owing to the use of 
oil fuel on two of the voyages. This was due to the 
coal strike, but otherwise the conditions were the same 
as before, and consequently the improvement is less 
striking than might have been the case. Nevertheless, 
for the same power, the vessel covered a distance, 
greater by 337 miles, in nearly three days less time, and 
with a total consumption equivalent to 469 tons less 
than before. In other words, the average speed of the 
vessel on these voyages was increased by nearly § knot 
with at the same time a saving of nearly 4 tons of fuel 
per day. Although the reduced displacement. will 
naturally account for part of this saving, the margin is 
such that the advantageous effect of the guide-blades 
cannot be denied. 

Turning now to the homeward voyages with the 
vessel in a loaded condition, the improvement is more 
clearly defined. In brief, a distance 50 miles in excess 
of the previous distance was covered in nearly six 
days less time than was previously required. At the 
same time, the total consumption of fuel was less by 
the equivalent of 167 tons. The latter saving of fuel 
is even more remarkable since, in an endeavour to get 
the best: out of the vessel, the engines were opened 
out and actually developed 3-8 per cent. more power 
than before. Any shipowner will appreciate the extent 
of this improvement, and while he, and perhaps his 
technical advisers, may be reluctant to admit. that 
guide-blades can possibly make such a difference to 
the running of a vessel, the fact remains that a very 
definite improvement was observed in this particular 
case. 

It may be argued from the data that the vessel did 
not show a very high standard of efficiency prior to 
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the fitting of the guide-blades, and that the effect of a 
contra-propeller would be by no means so great on a 
more efficient ship. This is undoubtedly the case, 
but the principle of the guiding device must be con- 
sidered. The whole design and construction of the 
ordinary screw propeller is such that it must, no 
matter what its efficiency, produce rotation in the slip- 
stream. Even with the most efficient screw-propeller, 
some 10 per cent. of the power of the propelling ma- 
chinery is lost in producing this rotation of the water. 
This in no way assists the forward movement of the 
vessel, and must consequently be regarded as power lost 
to the extent of 10 per cent.; but this, nevertheless, 
absorbs a proportionate amount of the working costs 
in fuel, maintenance, depreciation and, in the case of 
new vessels, increased capital cost. The sole object of 
the contra-propeller is to recover, and in the case of 
twin-screw vessels to prevent, this loss of power by 
applying an increased thrust to the vessel. Conse- 
quently, whether, as in this case, this increase of 
thrust is considerable, or whether, as in the case 
of very efficient vessels with a very efficient pro- 
peller or propellers, the increased thrust is only 
some! 5 per cent. to 10 per cent., it is a definite step 
taken in the direction of reducing the running expenses 
of a ship. 

Very considerable interest has been shown in the 
use of contra-propellers abroad, particularly in Germany, 
Italy, and the United States of America. More than 
200 vessels of all types have been fitted, and, while 
in some few cases the improvement has not been 
very apparent, in others as much as a knot increased 
speed has been obtained. These, however, must be 
treated as extreme cases, but there can be little doubt 
that the use of guide-blades has been found valuable. 
Apart from the number of existing vessels which 
have been fitted, it has become almost a standard 
practice in the countries mentioned above, to under- 
take special model tank trials to investigate the 
particular advantages of guide blades in connection 
with projected new vessels of any size. Some of 
the vessels now fitted have a displacement of 20,000 
tons and a speed of 20 knots. Clearly, a 5 per cent. 
saving in the fuel costs of a vessel of this size would 
represent a very much larger sum than would a 10 per 
cent. or a 15 per cent. saving on a vessel of only moderate 
size, and there is every indication that to the owner 
of large vessels the application of the contra-propeller 
would prove advantageous. 





Ou Prre Lines In America.,—A survey of petroleum 
pipe lines, which was recently completed by the United 
States Bureau of Mines, shows that there are 90,000 
miles of pipe lines in the United States. Oklahoma 
possesses 19,180 miles of pipes, and is the leading State 
from the point of view of total mileage. Texas ranks 
second, and Pennsylvania third. 


Prersonat.—Mr. F. J. Cleveland, patent agent and 
consulting engineer, has voluntarily given up _ his 
position as chief technical assistant to Messrs. J. 8. 
Withers and Spooner, and has opened an office at 
Bank Chambers, 29, Southampton Buildings, Chancery- 
lane, London, W.C.2.- new company has_ been 
formed, under the style of the Transporting Machinery 
and Engineering Company, Limited, Stanley House, 
Dean Stanley-street, London, 8.W.1, for the purpose 
of taking over the mechanical handling department of 
Messrs. W. Dederich, Limited. All communications 
should, in future, be addressed to the new company. 


ContrActs.—Messrs. Ailsa Shipbuilding Company, 
Limited, Troon, Ayrshire, have contracted to build 
an single-screw steamer for The General Steam Navi- 
gation Company, Limited, London, The vessel will 
be of the shelter-deck type.  Propelling machinery of 
the triple-expansion type, designed to give the vessel 
a sea-going speed of 12 knots, will be supplied by the 
builders.—Messrs. Simon-Carves, Limited, 20, Mount- 
street, Manchester, have secured an order for pulverised- 
fuel equipment from The Whitehaven Colliery Company. 
Other recent orders include pulverised-fuel equipment 
for four Simon-Carves boilers for the final extensions 
at Princes Station, Nechells, of the Birmingham 
Corporation Electricity Department ; similar equipment 
for the Peterborough Corporation; and Simon-Carves 
water-cooled combustion chambers, together with the 
necessary pulverising plent, for two Stirling boilers 
for the Tilmanstone (Kent) Collieries, Limited.—Messrs. 
J. Blakeborough and Sons, Limited, Woodhouse Works, 
Brighouse, Yorks., have received the order for the 
Larner valve installation, which is required in connection 
with the Waikaremoana hydro-electric power station 
of the New Zealand Government. The valves, of the 
Larner-Johnson type, with cast-steel bodies, will have 
an inlet diameter of 66 in.; the head is 645 ft. Each 
valve will be fitted with three forms of control, namely, 
manual, electric automatic, and remote. Should 
emergency conditions arise, the automatic gear will 
come into operation, the closing of the valve being 
effected in 60 seconds.——Messrs. Hick, Hargreaves and 
Company, Limited, Soho Iron Works, Bolton, have 
received the order for the whole of the condensing 


plant and auxiliaries for the new Hams Hall generating 


ENGINEERING TRAINING AND 
EDUCATION. 

Prize Cadetships in the Royal Air Force.—The 
Air Ministry announces that the Air Council have 
decided to increase the number of Prize Cadetships 
offered for competition annually from three to twelve. 
These Prize Cadetships enable boys to complete 
the two years’ course at the R.A.F. Cadet College, 
Cranwell, at a very small cost, and when they are 
commissioned, at about the age of 20, they have before 
them a permanent and pensionable career. Flight 
cadets receive pay at the rate of 7s. a day, and this 
should suffice to meet all necessary expenditure. 
Prize cadetships and ordinary cadetships are com- 
peted for at the joint examination held by the Civil 
Service Commission in June and November each year, for 
entry into the R.A.F. (Cranwell), the Army (Woolwich 
and Sandhurst) and the Royal Navy (Special Entry). 
For Cranwell, candidates must be between 17} and 
194 years of age, and must be in possession of School 
Certificate A or B. Applications for the June examina- 
tion must reach the Civil Service Commission on or 
before May 4. Further information can be obtained 
on application to the Secretary, Air Ministry, London, 
W.C.2. 

The Institution of Structural Engineers: Brenforce 
Travelling Scholarship.—Particulars are now avail- 
able, and can be obtained from the Secretary of 
the above-mentioned Institution, at 10, Upper Bel- 
grave-street, S.W.1, of the Brenforce Travelling 
Scholarship, valued at 300]., to be awarded tri- 
ennially, commencing this year. The object of the 
scholarship is to encourage the esthetic design 
and artistic development of concrete and reinforced- 
concrete in this country, and also to provide the oppor- 
tunity for foreign travel to structural engineers more 
especially interested in the design and construction 
of works in reinforced concrete. The scholarship is 
open to members, associates, associate members, 
graduates and students of the Institution between the 
ages of 21 and 40 years, and will be awarded on the 
results of an examination in the design of a reinforced- 
concrete structure. The candidate whose design is 
placed first in order of merit, will receive a gold medal 
and a sum of 250/., and will be required to undertake 
to travel on the Continent of Europe for 42 clear days. 
The candidates placed second and third may be awarded 
a silver and a bronze medal, respectively. 


Summer Courses at Oxford and London.—The Board 
of Education announces that short courses of instruc- 
tion in engineering science and in electrical engineer- 
ing will be held at Merton and Oriel Colleges, Oxford, 
from Saturday, July 23, to Wednesday, August 3. 
A course in gas engineering and gas supply will be held 
in London from Saturday, July 16, to Friday, July 22. 
These courses are confined to teachers in technical and 
other schools, and the numbers are limited to 45 for 
the course in engineering science, and to 20 for the 
course in electrical engineering. The numbers are 
also limited for the course in gas engineering and gas 
supply, and the selected teachers will be chosen from 
those engaged in teaching gas engineering or supply, 
but not gas fitting. The lectures in engineering science 
will be delivered by Professor F. C. Lea, D.Sc., and Mr. 
A. R. Horne, O.B.E., B.Se., and in electrical engineer- 
ing by Professor J. MacGregor Morris, M.I.E.E., and 
Mr. J. Paley Yorke, M.Se., M.I.E.E. The main 
lectures will be supplemented by a series of experi- 
mental lectures and demonstrations dealing with the 
latest developments in various branches of engineering. 
Forms of application and further particulars of any 
of the three courses may be obtained from the Secre- 
tary, Board of Education, Whitehall, S.W.1. All 
applications must be submitted before April 13. 








TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in 
each case. It is reported from Wellington that the 
Public Works Department, New Zealand, are calling 
for tenders, to be presented by April 5, for 500 kv-a. 
transformers for Lake Coleridge power scheme. Section 
199 (Ref. No. BX.3343).—The Electricity Department 
of the Municipal Council of Sydney is calling for tenders, 
to be presented by May 9, for station auxiliary switchgear 
for Bunnerong power station. Contract No. 1092 
(Ref. No. BX.3338).—The State Electricity Commission 
of Victoria, Australia, are calling for tenders, to be 
presented by May 9, for 6,600-volt transformers and 
spares. Contract No. 27/30 (Ref. No. BX.3331).— 
The Postmaster-General’s Department, Melbourne, are 
calling for tenders, to be presented by May 10, for 
telephone relays. Schedule No. C.179 (Ref. No. 
BX.3333).—The Municipal Council of Johannesburg 
are calling for tenders, to presented by April 9, 
for iron-clad cut-outs. Contract No. 762 (Ref. No. 


ELECTRIC FURNACES IN NON- 
FERROUS METALLURGY .* 
By Donaup F. CampBELL, M.A., A.R.S.M. 

THE progressive decrease in the price of electric 
power and the rapid improvement in the design of 
electric equipment are increasing the scope of electro. 
metallurgy. It is proposed to give a short survey of 
the metallurgical field in which electrical heating can 
be economically applied at the present time, and to 
indicate the lines of possible expansion. Single furnaces 
of 4,000 to 10,000 kw., are now engaged in smelting 
pig-iron and in the manufacture of carbide, while 
probably about half a million kilowatts of furnace 
capacity are engaged in melting metals, to which must 
be added a million or more kilowatts of generating 
machinery used for making aluminium and smelting 
ferro-alloys. This indicates the importance of the 
industry as a consumer of power, but the paper is 
intended to deal with the smaller units which have 
been applied to the melting and treatment of alloys of 
copper, nickel, zinc, and the precious metals. 

There are a few general principles which seem 
necessary in the design of efficient electro-metallurgica] 
plant. It is essential that equipment should firstly 
satisfy the requirements of the metallurgist, and that 
the electrical engineer should meet his demands. The 
electrical engineer should then be given a free hand, and 
allowed to purchase only the very best equipment. 
No modification should be made in the design without 
his consent, as the construction of efficient furnaces 
requires a very highly specialised theoretical knowledge 
and long experience of this special branch of electrical 
engineering. Numerous failures in electric furnaces are 
due to metallurgists interfering in electrical equipment, 
or electrical engineers designing impracticable metal- 
lurgical appliances, while purchasing departments have 
not infrequently caused trouble by buying inferior equip- 
ment for the arduous service inseparable from metal- 
lurgical work. For almost every group of alloys, an 
electric furnace of special design is required, and for 
any particular metal the type of furnace to be selected 
may depend on the hours of work. 

Electricity was first applied in the non-ferrous trade 
by using are furnaces, a development resulting from the 
wide use of are furnaces of the Héroult or Stassano 
type in the steel trade. The furnace of each of these 
pioneers was modified by numerous designers of equip- 
ment, but they incorporate the same fundamental 
principles. For non-ferrous metals, a number of are 
furnaces were built, such as the Detroit rotating arc 
furnace, the Brown-Boveri and the Rennerfelt are 
furnace. The intense heat of the arc, which is so 
favourable for steel melting, seemed unnecessary for 
the comparatively low temperatures required for brass 
melting, and, consequently, indirect heating by reflect- 
ing the heat of the roof was developed by Baily. 
This method of heating is necessarily inefticient, as 
compared with the generation of heat units within the 
metal itself, and consequently the principle of induction 
heating gives lower power consumption for continuous 
work than this or any other system of melting brass. 
Wyatt and the Ajax Metal Company were responsible 
for the development of the first successful induction 
furnace for brass melting. This furnace, however, has 
certain limitations as regards the metals that can be 
melted, and consequently the Baily furnace, with its 
simple form of hearth, and the high-frequency furnace. 
have found application in certain cases in the non- 
ferrous trades. The Ajax-Wyatt furnace is now the 
standard melting equipment for supplying brass mills. 
It consists of a cylindrical steel vessel lined with brick- 
work, or rammed refractory material, below which a 
transformer is suspended, the secondary of which is 
a vertical V-shaped channel arranged so that it passes 
round the primary winding and iron of the transformer. 
Heat is generated in this secondary, and the metal is 
well circulated by electrical forces, so that hot metal 
is constantly forced out of the secondary and cooler 
metal takes its place. This mixing effect is due to 
three forces—namely, convection currents, electric 
motor effect, and “pinch” effect. The electrical 
design of these furnaces requires care, but metal- 
lurgically they work with extraordinarily little trouble 
if the bottoms are properly made and dried. The cost 
of refractories may be as low as 1s. per ton melted, or 
considerably higher if accidents happen, such as 
failure of power supply, slovenly preparation of the 
bottom, or exceptional carelessness on the part of 
workmen. 

The life of the linings varies from two or three 
to two or three years, and since the labour and 
materials for ramming the bottom only cost from 30. 
to 40/. it is clear that this is not a very serious item 
on an output of 600 to 1,200 tons per lining. These 
furnaces are usually run continuously at 60 kw., pro- 
ducing 600 Ib. of brass every 60 to 70 minutes, and, 
during periods of idleness, the furnace is kept warm 
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obtained in the United States when i _ ing silver may 
also be of interest : 


Total number of heats in one crucible 129 


Total pounds (avoirdupois) melted ..._ 118,950. 
Pounds melted per kilowatt-hour 10-9. 
Average weight per charge 922-5 Ib. 
Power input ™— 100 kw. 


Improvements in detail are being made which are | 
expected to increase the output to well over 11 Ib. per | 


kw.-hour. 


High-frequency melting is technically applicable to | 


almost any metal-melting work, though its use is 


limited at present to cases where economic conditions | 
Two such cases may be mentioned. | 


are favourable. 
In one works, twelve furnaces, each of 600-lb. capacity, 
have been in regular use for a considerable time, 
melting copper scrap and nickel alloys. Two batteries, 
each of six furnaces, are, in this case, supplied with 
100 kw. each from two 600-kw. machines generating 
480 cycle current at 900 volts. The product of these 
furnaces is remarkable for its homogeneity, and the 
wear of crucibles is only a fraction of that in coke 
furnaces, because they are cooled and supported by 
powdered insulating material on the outside. The 
first heat can be poured within 75 minutes of com- 
mencing work, and the absence of coke, ashes, furnace 
gases, and other incidental troubles, makes this system 
of melting most advantageous for all nickel alloys. 

Another interesting installation of small units was 
erected in Staffordshire to manufacture nickel-iron 
alloys of exceptional purity to be used for “ loading ” 
submarine cables. In this case, high-frequency current 
was produced by mercury spark gaps operated in 
hydrogen with batteries of condensers for power-factor 
improvement. Forty-two such units were used and 
have been operated for many months, both day and 
night shifts, with satisfactory results, For submarine 
cable work, the maximum carbon allowed is 0:02 per 
cent., and metal] to this specification was regularly 
produced under factory conditions. These small units 
are also used by all the leading platinum refiners, and 
can melt 5 to 6 lb. of this metal in about 15 min. The 
production of other alloys and metals of equal purity 
opens a wide field for useful research, which may lead 
to the disappearance of many difficulties of subsequent 
manipulation, such as wire-drawing, deep-pressing, &c., 
while the examination of such pure metals as carbon- 
free nickel-chrome alloys is likely to reveal properties 
of great value to the electrical industry. In many 
cases, metals of greater purity than those hitherto 
available are proving to have properties of the utmost 
value, 

All alloys of nickel can be economically melted by 
the process, and the metallurgical features of the 
process are interesting, because intense mixing gives | 
homogeneous metal. The metal is accessible for | 
alloying, sampling, and inspection, and any desired 
temperature can be obtained, maintained, and con- 
trolled. As compared with pit fires, this furnace 
has the advantage of avoiding all contamination from 
sulphurous fumes and other impurities. Labour costs 
are reduced, and skilled casters of exceptional strength 
are unnecessary, while absolute control of heat and 
complete mixing are obtained. The space occupied 
by coke and ashes is no longer required, while chimney 
and furnace repairs are eliminated. Crucible costs are 


| standardise production have influenced American 
| works executives to utilise electricity. Accuracy of 
|control, cleanliness, and thermal efficiency are the 
| characteristics which are offset by a high price per 

unit of heat, and for many intricate operations the 
|use of electricity is fully justified. For enamelling 
| metal and glazing pottery, the rapidity and convenience 


| 
| 
| 
| 


—- 


in all of which electric furnaces are being used. In the 
near future, several years of research and development 
work on the use of valves to produce extra hich. 
frequency currents will result in new methods of heat- 
treatment becoming available for heating wire, tubes, 
and various metallic products. Only the fringe of the 
field of heating by electric resistance or induction has 





Fig. 4. THe Asax-Nortarupe Hicu-Frequency Inpuction FuRNACE; 
3 Cwr. To 6 Cwr. Capacity. 


of closely-applied electric heat justify its use, while, 
in the annealing of glass and heat-treatment of metal, 
the accuracy of control has led to its adoption. Each 
application requires careful consideration, both of 
the technical and economic factors, but, generally 
speaking, electric heating is finding progressively wide 
application. Furnaces for these purposes are generally 
heated by nickel-chrome resistors, and numerous 
furnaces, of several hundred kilowatts, are in use for 
annealing wire, stoving motor-car bodies, and similar 
uses. 

In this country the Wild-Barfield furnaces have found 
wide application in tool rooms. The furnaces, when 
heated with a special winding, indicate the decalescent 





reduced to a fraction of those of pit fires. On the other 
hand, capital expenditure is considerable, and a skilled 
electrician is required for rotary machinery. 

For works operating by day only, this furnace has | 
great advantages, though the interest charges are | 
naturally increased by the shorter hours of work. It 
is interesting to compare the effect of stand-by losses 
on an Ajax-Wyatt furnace with the conditions when 
operating an Ajax-Northrup furnace, which has no | 
stand-by loss during idle hours, but has a lower over- | 
all efficiency. In the latter case, high-frequency | 
energy is generated by a motor-generator which has | 
an efficiency ranging from about 72 per cent. to 
82 per cent. according to the size and_periodi- 
city, the additional loss in the furnace itself re- 
ducing the over-all efficiency to about 60 per cent. 
against 83 per cent. for the Ajax-Wyatt furnace. If 
the two furnaces be worxed 8 to 10 hours a day for 
five and a-half days a week, it will be found that 
the high-frequency Northrup furnace is about equal 
in efficiency, and possesses several marked advantages 
for numerous difficult metallurgical operations. The 
capital expenditure per kilowatt installed is approxi- 
mately the same for the two furnaces, and the 
operating cost of the Wyatt furnace is lower for 
continuous operation. 

The extent to which electric heating can be applied 
to heat treatment of metals depends largely on the 
relative price of electricity, coal, and gas, but although 
low rates are charged in some of our towns for electric 
heating, little is being used for heat-treatment as com- 
pared with the United States, where the price of energy 
in many cases is not exceptionally low. Ample capital 
end the general desire to reduce labour charges and 








point of the steel being treated, and this enables the 
metallurgist to control his operation closely. Small 
internally-heated furnaces for various purposes and 
large units of the “‘ Efco ” type have special grooved 
and perforated bricks, through which spirais of nickei- 
chrome wire are fitted. The resistors are connected 
directly on the three phases of the supply system, with 
automatic control, whereby the temperature can_ be 
maintained within 1 per cent. of the required value. 
A patented feature of this furnace is the use of a star- 
mesh switch, whereby the voltage can be varied in 
the ratio of 172 to 100, and the furnace can, conse- 
quently, be heated up more rapidly without the use 
of auto-transformers than when one voltage only is 
available. 

The use of various resistance furnaces for heating 
s expanding rapidly, and the field of usefulness 
is very wide. The glazing of pottery is a typical 
example. In the old process, this operation frequently 
takes eight days, and many tons of brickwork are 
heated to 1,200 deg. C. for each ton of pottery. The 
percentage of wasters is always high owing to ashes, 
flue gas, dust, &c. In electric furnaces, th2 pottery 
may be continuously passed through a tunnel, the 
entire operation taking only two hours, and the per- 
centage of wasters being negligible. This is a good 
example of applying expensive forms of heat econo- 
mically and obtaining favourable conditions, such as 
high yield, automatic temperature control, cleanliness, 
and rapidity of working. : 

In this paper it has been impossible to deal with many 
other applications of electro-metallurgy, such as the 
manufacture of zinc, tin, silver, carbon bisulphide, 
&c., and the recovery of valuable metals from slags, 


| been prospected, and every branch of metallurgy 
has a number of interesting problems in which eiectric 


heating will surely find its place. 

‘THE DEVELOPMENT OF MECHANICAL 
| VEHICLES FOR GENERAL LOAD- 
| CARRYING DUTY IN THE ARMY.* 

| Wrrn SpectaL REFERENCE TO THE W.D. Tyre Ricv- 
| FRAME Srx-WHEELED Lorry. 

By Captain C. H. Kuunne, D.S.0., O.B.E., R.A.S.C. 

Historical.—For the full appreciation of the present 
lines of development by the Army of general-service 
load-carrying vehicles, it seems desirable to give first 
a very brief outline of their past evolution, and an 
indication of the circumstances which are guiding 
present efforts. 

During the Great War, mechanical transport came 
into its own. At the end of the war there were some 
80,000 motor-transport vehicles in use by the British 
Expeditionary Force in the main theatre of war in 
France and Belgium alone. The principal load-carrying 
vehicle was the 3-ton to 4-ton lorry on solid rubber 
tyres. This type of lorry had been encouraged under 
the pre-war subsidy scheme of the War Department. 
It was an economical and reliable performer when road 
conditions were good, but, mainly on account of its 
great axle weight (some 5} tons on the back axle) and 
its low torque-weight ratio, was a very poor machine 
for negotiating rough and soft ground, and its ability 
to move off the road was negligible. On the other hand, 
it was found that, where conditions of war necessitated 
some degree of cross-country ability, vehicles of lighter 
axle weight, higher torque-weight ratio, and shod 
with pneumatic tyres, such as the light Fiat lorry and 
the Ford van, could be used with a fair measure of 
success. 

After the war it was desired to mechanise the supply, 
baggage and ammunition transport of the division, 
which had hitherto been horse transport, viz :—the old 
divisional train and divisional ammunition colump. 
Before doing this it was necessary to ensure the exist- 
ence of a vehicle with a greater power of movement on 














* Paper read before the Institution of Mechanical 
| Engineers on Friday, March 11, 1927. Abridged. 
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bad surfaces than the old type of 3-ton lorry. A 
specification was therefore drawn up by the War 
Department for what became known as the War Depart- 
ment subsidy-type 30-cwt. lorry. The leading features 
of the specification were :—(1) Weight as low as pos- 
sible; (2) high torque-weight ratio; (3) high speed ; 
(4) special cooling; (5) large size pneumatic tyres ; 
(6) standardisation of various features in design, 
control, and equipment, and the use of B.E.S.A. 
standards as far as possible ; (7) suitability for com- 
mercial use. 

Only by reduction of the useful load to 30 cwt., by the 
use of high-grade materials, by most careful design 
eliminating all unessential material, and by the employ- 
ment of pneumatic tyres, could a design of vehicle 
be achieved which would give a fair cross-country 
performance. After some measure of hesitation, certain 
manufacturers produced vehicles to the specification 
and the subsidy scheme was launched. The scheme, 
initiated in 1923, may be said to have been a success 
in that the subsidy roll now contains its full quota 
of 1,000 approved vehicles in commercial use, and 
ready for immediate use by the Expeditionary Force 
in emergency. In addition, a large number of these 
vehicles has been taken into use in the peace transport 
service of the Army. They are in steady manufacturing 
production, and have created quite a considerable 
market for themselves for export within the Empire. 





























ratio; (5) greater powers of adhesion to make use of 
the tractive effort available ; (6) increased flexibility in 
| construction, giving ability to traverse rough ground 
without setting up undue stresses in chassis ; (7) reason- 
able first cost ; (8) economy in running and mainten- 
}ance; (9) attractiveness to the commercial user at 
| home, as well as in the Dominions and Colonies; 
| (10) ease of handling. 

The track or semi-track machine appeared at first 
| sight to be the only type which would meet many of 
these requirements, and it is certain that such vehicles 
have a greater ability to negotiate certain extreme 
conditions of terrain than any other. But if items 
(3), (7), (8) and (9) be examined, it is apparent that 
there is no immediate prospect of the track machine 
complying with these essential requirements. Hence 
it would appear that the track vehicle should be 
called for as sparingly as possible in war establishments, 
and its use be confined to essential cross-country 
work in the very forefront of the army transport 
organisation, where unrestricted movement, irrespec- 
tive of obstacles of terrain, is most essential. It seems 
certain that the full quota of the army’s essential 
track or semi-track machines must, in present circum- 
stances, be held in stock in peace. Such track machines 
were fully described in the admirable and compre- 
hensive paper presented by Mr. L. A. Legros, O.B.E., 
| before the Institution,* as well as in various other 
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It is an unfortunate fact that the conditions under 
which commercial motor transport operates in this 
country tend towards the evolution of a somewhat 
degenerate type of vehicle from the military point of 
view, and for export to the Dominions and Colonies. 
But it is generally recognised that this W.D. specifica- 
tion of 1922, backed up by the subsidy and the co- 
operation of the manufacturers and users, has had a most 
beneficial effect on subsequent commercial-vehicle 
design in general in this country. Subsequent develop- 
ments in aircraft, high-speed tanks, gun tractors, &c., 
have made it increasingly necessary that the general 
mechanical transport service of the army shall have 
still greater mobility as regards the time-load factor 
and the power to move anywhere off the made road. 
It is considered by many leading military authorities 
that superiority in respect of power of movement 
will be the deciding factor in the early stages of any 
considerable war in the future. Yet it is impossible 
for the Army to hold in peace time the very great 
numbers of general transport vehicles required imme- 
diately on mobilisation. Dependence must therefore 
be placed on the ability to take a large number of 
suitable vehicles straight from commercial employment 
into military use at short notice. 

The 30-ewt. subsidy lorry was, in one important 
aspect, retrograde; in order to secure a reasonable 
power of movement, it has been found necessary 
to reduce the useful load to the low figure of 30 ewt. 
per vehicle. This meant more vehicles, more men, 
and more road space, for the movement of a given 
tonnage. All these are undesirable features in war. 

Salient Desiderata of Military Lorry.—It was natural, 
at this stage, that the attention of those responsible 
should be focussed on the development of vehicles 
having the following main features : (1) Lower intensity 
of pressure on the ground; (2) increased useful load 
“apacity; (3) high speed; (4) higher torque-weight 
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authoritative articles and papers, notably by Lieut. 
Colonel Philip Johnson, C.B.E., D.S.0.,¢ Sir J. 
Eaglesome, K.C.M.G.,{ and Mr. R. H. Brackenbury.§ 

By a natural and logical process, those responsible 
for the general mechanical transport service of the 
army have been impelled to examine methods of 
improving the wheeled vehicle, with a view to incor- 
porating in this type the desiderata which have 
been enumerated. 


THE W.D. Ricip-FRAME SIX-WHEELED VEHICLE. 


It will be obvious that the solution of the problem 
lay in the provision of a greater area of contact with 
the ground per unit of load carried. This increased 
area of contact was required, first, to prevent sinkage 
on soft ground, and, second, in order to be able to 
apply the tractive effort over a greater ground area, 
and thus secure improved adhesion. 

Vehicles of normal layout towing trailers, met the 
first conditions but not the second. An example of 
this is the well-known type of flexible six-wheeled 
lorry, so familiar on the road.|| Here, by using three 
axles, reduction of axle weight is achieved, but only 
the middle axle drives, and the adhesion available 
for tractive effort is poor. Thus attention was directed 
towards a means of providing more driving wheels, 
and it was decided that what is now known as the 
rigid-frame six-wheeler, designed to drive on at least 
two axles, presented the most suitable line of investi- 
gation. Examination was made of various foreign 
designs of multi-axle vehicles, and at about this time 
news was received of the performance of the French 








* Proc. I. Mech. E., 1918, page 55. 

+ ENGINEERING, Sept. 11, 1925, page 337. 

t Journal, Inst. of Transport, March, 1926, page 230. 

§ Journal, Royal Soc. of Arts, Feb. 24, 1925. 

|| ** Multi-Axle Vehicles,””’ by G. W. Watson, Proc. J. 
Auto, E., vol. xviii, part 2, page 269. 





Renault six-wheeler, which made such wonderful 
journeys in tropical Africa. A sample machine was 
acquired for test by the R.A.S.C. Training Establish- 
ment, and trials carried out with this machine demon- 
strated beyond question that investigations were 
proceedings on the right lines. Reference to the 
intentions of the W.D. was made in a paper by 
Captain R. K. Hubbard, O0.B.E., in November, 1925.* 

After further most careful experiment and investi- 
gation, the conclusion was reached that, apart from the 
general desiderata such as light weight, strength, high 
ratio of useful load to chassis weight, incorporation of 
standard units, &c., the salient points on which the 
successful performance of the six-wheeler depends are : 

(a) That the suspension of the driving axles must be 
such that the exertion of tractive effort shall not disturb 
the distribution of weight of the four driving wheels on 
the ground in any way. 

(b) That the suspension must also permit of free 
articulation of the driving axles, within as wide limits 
as is practicable, in such a manner that the springs are 
not distorted, or the weight distribution over the four 
driving wheels disturbed. This enables the wheels to 
conform to rough ground without affecting the drive, 
whilst causing a minimum of chassis displacement and 
distortion. 

(c) That a high tractive effort is required, and should 
be obtained rather by gearing down a moderate-sized 
engine than by the provision of a very large engine. 

(d) That a low intensity of pressure between driving 
wheels and the ground is required to reduce sinkage, and 
some form of non-skid to enable sufficient adhesion to 
be obtained to make full use of the high tractive effort 
provided when travelling over soft or friable ground. 

It was found that none of the existing designs (all 
foreign) complied entirely with (a), (6) and (d). It is 
proposed to indicate how these special features have 
been provided for in the W.D. design. 

Suspension.—The vehicle has three axles. The front 
axle is quite normal, having Ackermann-type steering 
and wheels which do not drive. This axle is connected 
to the chassis by normal semi-elliptic springs. Under 
the load are two driving axles close together. There 
is no doubt that the vehicle would be more suitable for 
military purposes if the front wheels were driving also. 
This would enable it to negotiate steep-sided ditches 
and vertical banks, but the complications and extra 
cost necessary to attain this object would have ruined 
completely any chance of commercial adoption in this 
country. 

There are several reasons for the disposition of the 
axles as described. If the three axles be equally spaced 
over the length of the vehicle, the effective “ belly 
clearance ’’ of the machine is improved, but it becomes 
necessary to steer with both the front and third axles, 
and complications of drive, &c., arise. Furthermore, it 
becomes impossible to keep all six wheels in contact 
with the ground when traversing rough country unless 
the frame of the machine is itself articulated. Thus, 
only by placing the two driving axles close together 
under the load could a simple form of transmission be 
employed, and the correct load distribution over these 
axles be maintained when crossing rough ground. 

W.D. Principle of Rear Suspension.—Fig. 1 shows, in 
diagrammatic form, the suspension principle of the two 
driving axles which is now considered the best, and 
which has been designed, and is being patented by the 
W.D. The special features secured will now be 
described. 

(a) To ensure that the wheels can conform freely to 
rough ground, irrespective of spring action, the bogie 
system shown was adopted. The axles are free to rise 
and fall relatively to one another within certain limits. 

(6) To ensure that the weight distribution over the 
four driving wheels should not be disturbed by virtue 
of the application of the driving torque, it was necessary 
that the torque reaction should be taken from each 
axle to the main frame of the vehicle, and not from 
axle to axle. This may be done by means of the two 
horizontal links shown, and no vertical load components 
are produced by the torque. This assembly permits 
an action in which, for all relative positions of the two 
axles, the worm shafts remain parallel, and thus such 
displacement as occurs leaves the instantaneous 
angular velocity of the worm shafts and wheels un- 
affected. This has a very marked effect on keeping the 
stresses to which the transmission members are sub- 
jected within reasonable limits, and helps to secure 
the maximum possible adhesion between the driving 
tyres and the ground. When the torque reactions are 
not so balanced, the wheels of the driving axle that is 
leading tend to lift, whilst the wheels of the driving axle 
that is following tend to dig into the ground. 

(c) It was necessary also to ensure that the two 
driving axles could move out of the horizontal with 
complete freedom. Such movement must therefore not 
entail any twisting of the road-spring leaves, and to 
ensure this the members carrying the ends of the springs 
are mounted, by a form of spherical joint or other similar 





* Proc, I. Auto, E., vol. xx, page 87. 
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device, on the axles. Fig. 3 shows the free movement 
attained. 

(d) The road springs, which are in duplex inverted 
semi-elliptic form, are called upon, in addition to 
their normal functions, to transmit the tractive effort 
from axles to frame, and also to locate the axles. 
They require to be designed with considerable lateral 
strength to resist bending, and the main leaves must 
be held firmly by strong palms, or other means, at 
the centre of the springs, to avoid spreading or lateral 
displacement. In addition to other advantages, the 
duplex springs provide four master leaves to locate 
the axles relatively to the frame. 

Transmission.—A very high tractive effort at low 
vehicle speeds and a high speed on the hard road were 





both called for. There is a tendency in some foreign 
countries to incorporate what, to our eyes, appear to | 
be very large, heavy and powerful engines. This | 
necessitates a general increase in weight throughout | 
the chassis which is most undesirable. Furthermore, | 
it is certain that a vehicle which is over-engined for 

our home road conditions would appeal very little to 

the civilian user on whose adoption of the W.D. | 
specification the success of the whole scheme of develop- 

ment depends. It was decided, therefore, to secure | 
these antipathetic features of high road speed and very | 
high tractive effort by the use of quite normal, or 

even somewhat small engines, relatively to the gross 

moving weight, in conjunction with a particularly 

wide range of gears. 

The scheme adopted was to use a standard engine 
clutch and four-speed and reverse gear-box unit of! 
normal size and range, and to introduce, behind it, a | 
subsidiary reducing gear (usually of the simple sliding | 
gear type) operated by an extra control lever from 
the driver’s seat. By this means there are provided, 
controlled in the usual manner by one gear lever, 
four forward and one reverse speeds of a normal | 
order and range for work or ordinary roads and good 
‘“‘ going ’’ (direct drive through the subsidiary box), 
and four forward and one reverse speeds of a lower | 
order for use on extreme gradients and cross-country 
work (indirect drive through the subsidiary box). 

It has been found practicable, in the case of several 
makes of standard units, to bolt the small subsidiary | 
box on to a face machined on the back of the ordinary 
standard gear-box. It will be clear that this scheme 
confines all the extra torsional stresses, due to the 
extra gear reduction, to that portion of the trans- 
mission behind the main gear box—a very great | 
advantage in regard to keeping weight low and using | 
standard power units. The subsidiary box is quite | 
small, light and inexpensive. It is found, in practice, | 
that reductions of between 2 and 3 to 1 are required | 
in this box. Since the subsidiary gear is only in occa- | 
sional use, and wear is likely to be small, the gears may | 
be kept comparatively narrow. Fig. 4 shows the | 
general lay-out of the transmission. 

Worm-driven axles of standard design are used. | 
Owing to the action of the special suspension system, | 
the engine and gear-box shafts, and the two worm | 
shafts, remain parallel throughout the wide range of | 
relative movement provided. Thus, variations in | 
angular velocity are confined to the driving shafts | 
between the gear-box and the first driving axle, and | 
between the first and second driving axles. Both| 
these shafts are comparatively short and carry only | 
pure torque load. They can therefore be made 
sufficiently strong without being very heavy. But | 
because they are short, and the relative movement | 
of the axles is great, the angles through which the | 
universal joints have to act are perhaps abnormal. | 
Special attention is being given to the design of | 
suitable joints to work at these large angles, up to | 
26 deg., and under heavy loads. Effective lubri- 
cation is essential. Fig. 5, on page 339, shows the 
angles which may be reached, and indicates the 
type of assembly and joints which are found to be 
satisfactory. 

Tyre Equipment.—Pneumatic tyres, of the straight- 
side type, are employed for the following reasons :— 
(1) Their light weight ; (2) reduction of shock to the 
whole vehicle, thereby reducing wear and tear to a 
minimum; (3) increased: area of ground contact, 
thus reducing sinkage; (4) their essential resilience 
has a great effect in assisting adhesion and reducing 
rolling resistance on rough, soft and slippery ground ; 
(5) their ease of replacement; no tyre presses are 
required ; (6) their lateral flexibility assists the steer- 
ing of the vehicle; (7) the long life and puncture- 
resisting qualities of the modern pneumatic; (8) 


of moderate section can be used. 
Item (6) calls for brief consideration. 


It will be 


clear that, since in this class of vehicle only the front 
wheels steer, the tracking of the driving axles must be 
to some extent imperfect, and some lateral skidding, 
or other adjustment between wheel and ground 
must take place when the vehicle turns out of the 
straight line. 





Careful 


Fig. 6 shows what is meant. 


immaterial as long as the ratio 


investigation indicates that the distance from the 
front axle to a point about midway between the two 
driving axles is the effective wheel-base on which the 
vehicle turns. 

If the driving wheels be shod with pneumatic tyres, 
pumped to a reasonable pressure, the tyres on the 
first driving axle flex laterally in.one direction, and 
those on the second driving axle flex laterally in the 
opposite direction, with the result that, provided the 
adhesion between the treads and the ground is reason- 
ably good, no slip takes place. The amount of lateral 
flexure, even on full lock, need not be more than that 
to which such tyres are normally subjected, owing 
to centrifugal force, when an ordinary vehicle swings 
round a corner. 








—. 


to stop for tyre trouble, in that each of the four criving 
wheels virtually carries a spare wheel. Furthermore, 
the W.D. type of overall non-skid chain, in the present 
state of its evolution, can only be fitted to twin tyred 
wheels. 

The objections to the tyre equipment now favoured 
by the W.D. are:—the unsprung weight of so many 
wheels (ten); increased risk of unequal tyre pressures : 
damage to tyres through stones getting wedged 
between them ; and unequal wear on highly-cambered 
roads. Some of these points can be guarded against 
with care, and it is worthy of mention that there is q 
general tendency, in ordinary four-wheeled vehicles, to 
use twin pneumatic tyres of large size (up to 3 ft. or 
more of total tyre width in some cases). At the same 











Fie. 3. Free ARTICULATION ATTAINED WITH KARRIER “ MEDIUM” VEBICLE. 


Fig.4. GENERAL LAY-OUT OF TRANSMISSION 
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The imperfection in tracking appears to be quite 


distance between centres of driving axles 





distance front axle to point midway between driving axles 


does not exceed 


of the vehicle is not unduly small relatively to the effec- 
tive wheel base. It will be clear, from the description of 
the suspension already given, that the free articulation 
of the wheels ensures almost perfect adhesion between 
the driving wheels and the ground. Driving wheel 
slip, when passing over road inequalities at speed, is 
largely eliminated, and there is no doubt that this 
more than counterbalances, in regard to tyre wear, | 
the slight imperfection in track when turning. <An| 
owing to the small axle loads of the six-wheeler, tyres | increased tyre-mileage figure results. 


less be offered with single tyres on all six wheels. For 
normal W.D. purposes, single tyres on the front wheels, 
and twin tyres on the four driving wheels are pre- 
ferred. By this means a larger ground area contact 
is secured with sizes of wheels and tyres which one 
man can lift and handle for removal and repairs. 
there is a considerable margin of safety against having 


= 0-32, and the extreme “‘ lock ”’ 
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For the commercial market, some vehicles will doubt- 
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time it is fortunately the case that modern road 
construction tends towards less and less camber. 

The resistance to acceleration of so many wheels 
may be reduced, in the future, by the use of aluminium 
alloys instead of steel for wheel construction, and, it 
may be hoped, by lighter tyres. It has been noticed 
that the very few punctures that are experienced 
occur mainly in the tyres of the third axle. This may 
be pure coincidence, but may, on the other hand, be 
due to the manner in which stones, nails, &c., are 
thrown back by the tyres of the second axle close in 
front. Tests are being carried out, in this connection, 
with a guard between the second and third wheels in 
the form of a hanging flap which just clears the ground. 

New Tyre Developments.—There have come under the 
notice of the W.D. several new types of inner tube 
designed to avoid, without loss of resilience, that 
bugbear of the pneumatic tyre—rapid deflation when 
cut or punctured. One such design is now under test 
with promising results, and the development of others 
is being carefully watched. The importance ot this 
point on active service is self-evident, and it is hoped 
that successful development on a manufacturing }asis 
may follow eventually. 

As an example, there may be mentioned the f rench 
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“V.P.” tube, Fig. 7, page 340, having TE, 
sealed air compartments. Another development relates | 
to the tread design of outer covers. The greatest 
obstacle in the way of obtaining a good cross-country 
performance from the wheeled vehicle lies in the | 
difficulty of securing driving adhesion between tyre | 
and ground when the surface is soft and slippery. | 
It is natural that the treads of tyres destined for | 
commercial use on good roads should be designed with | 
the primary object of securing long mileage life. | 
The Dunlop Company have, at the request of, and 
in collaboration with the W.D., produced a tyre with 
a tread designed with the primary object of securing 
maximum adhesion on slippery ground. The tread, 
Fig. 8, has cross bars of helical form, and preliminary 
tests how a distinct improvement in tractive adhe- 
sion, compared with the standard tread. Tests are 
now being made to ascertain the mileage life of this 
tread under road and cross-country conditions. It 
is hoped that a demand for such a tyre for export 
may assist provision to meet the needs of the W.D. 
Tyre Pressures.—It may be stated generally that 
the result of extensive trials across country has 
established the fact that the lower the air pressure, 
the better is the cross-country performance. At the 
same time, it is felt that the risk of puncture is too 
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great to enable the low-pressure tyre to be used, owing | 
to the fragility of the flexible covers used with this | 
system. The best all-round results are achieved in | 
practice by using the stout covers designed for | 
moderately high pressure, loading them lightly and | 
inflating them to comparatively low pressures. | 

Overall Non-Skid Chain.—Attention has been directed | 
towards finding the best form of non-skid device to | 
enable progression to be continued when adhesion | 
between tyres and ground ultimately fails. 

The principal desiderata are :—(1) quick fitting, (2) 
low cost, (3) ease of production, (4) light weight, | 
(5) ready adaptability to a vehicle of commercial | 
type, 7.e., no special permanent fittings necessary on | 
the vehicle. } 

In the case of four-wheeled machines in use by the | 
W.D., whether two- or four-wheel drive, what is known | 
as the “ bracelet’ chain, Fig. 9, has been found the 
most satisfactory. On the other hand, the efficacy | 
of this type of chain is frequently in doubt. While it | 
undoubtedly assists progress on some types of ground, | 
on other kinds it only assists the wheels to ‘“ dig in” | 
more rapidly. It does nothing to increase the area of 
ground contact. 

The six-wheeler suggested a new form of non-skid, 
and this was first made and tried at Aldershot some 
twelve months ago. It is known as the “ overall non- 
skid chain.” The general idea of this chain will be 
quite clear from the illustrations, Fig. 104 and Fig. 10s, 
which show, respectively, the original pattern having 
cast shoes, and the latest pattern having steel-plate 
shoes made of lengths cut up out of a cheap rolled 
section. The connecting links are very cheap stamp- 
ings. It will be seen that twin tyre equipment is 
hecessary, but experiments are in hand at the R.A.S.C: 
Experimental Establishment with a view to perfecting 
‘chain to run on single tyres. Although the W.D. has 
‘considerable number of vehicles equipped with these 
chains for emergency use, the design must still be 
considered to be in the experimental stage. 

_ The following points are not always apparent at 
frst sight :— 

_ (a) Since both wheels drive, the chain is not normally 
M tension to the extent of the tractive effort of the 
Vehicle, as is the case with a proper track. 

(b) No initial tension is necessary. The drive, is 
obtained by virtue of the weight of the driving wheels 
tunning over the shoes in contact with the ground. 

(c) The pitch of the shoes is immaterial, since no 


| 
| 
| 
| 





sprocket drive is involved. It is advisable, however, 
to pitch the shoes so that when one wheel is riding over 
a shoe the other wheel on the same side of the vehicle 
is between two shoes. This assists smooth riding of 
the vehicle if run on ground that is inclined to be hard 
with the chains fitted, because the bogie rocks as the 
wheels pass over the shoes, thus imparting very little 
movement to the frame. 

(d) One or more points of wide adjustment can be 
provided, and there is no close limit to the wear of the 
pins. Thus the life of the chain is longer than is at 
first apparent, and it is very cheap to produce and 
replace. 

(e) Inaddition to giving increased adhesion, the 
chain gives greater area of ground contact and reduces 
sinkage. 

(f) Fitting of a pair of chains takes no more than two 
to four minutes. They are either laid on the ground 
behind and the vehicle backed on to them, or they are 
dropped on to the top of the wheels, the vehicle being 
then run forward on to the chains. The ends are 
joined up with a simple hook, which can only be undone 
when the chain is straight. The chains behave, in 
general, very well, but they have been designed for 
occasional and not continuous use, and are intended 
only to help the vehicles, which have an exceptional 


Fig. 3. TRANSMISSION ASSEMBLY. 


(NOTE. IN THIS EXAMPLE THE FIRST PROPELLER 
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into the army field organisation for trial on quite a 
workable and considerable scale during the brigade 
and divisional exercises in August-September. Space 
does not permit of a description of all that took place 
during that period, but the results were highly satis- 
factory. Every opportunity was taken to bring the 
new vehicle to the notice of those whose influence 
might assist its development. Whoever had the oppor- 
tunity of seeing the cross-country performance of the 
vehicles, and their remarkable behaviour on the road 
became enthusiastic. The result, at the moment of 
writing (December, 1926), can be stated briefly :— 

(a) The W.D. and other Government Departments 
have.received delivery of about 120 machines of the new 
type, and have about 150 on order. (b) Four firms have 
this type of vehicle in standard production ready for 
sale for home and export. (c) About eight or nine 
other leading firms are interested in the W.D. proposals. 
Several of them have experimental vehicles actually in 
production to the W.D. order and specification ; others 
are designing and constructing vehicles to test them- 
selves, or are actively interested in the problem in 
varying degree. (d) Vehicles are already in successful 
operation in Government and civilian ownership in 
India, South Africa, Egypt, the Sudan, and Persia. 
(e) A number of leading firms have bought and are 
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performance without any non-skid device, to negotiate 
the more extreme obstacles. When fitted with the 
chains, the vehicles have a performance comparable 
with that of the half-track machine. 

Development and Production.—As far as is known, 
there was not, in the early part of 1925, a single vehicle 
of this type in production in this country, but the experi- 
ments and investigations carried out by the W.D. had 
been so promising that it was determined to try to get 
manufacturers interested. Some enterprising firms, 
who already held the W.D. certificate for the subsidy 
type 30-cwt. lorry, were persuaded to take an interest 
in the matter, and two of them each built a vehicle. 
These pioneer efforts were moderately successful, but 
it was felt that improvements could be made. 

Later in 1925, the W.D. published provisional speci- 
fications which incorporated, for the first time, a de- 
scription of the W.D. principle of suspension. More 
firms became interested, and orders were placed with 
four firms (including the original three) during the 
financial year 1925-26 for one sample machine each to 
these specifications. The first trials were held in April, 
1926, and most successful results were attained. 

There followed a period of intensive testing and trial. 
Faults were discovered and rectified, more machines 
were acquired, and it was possible, by means of the most 
strenuous endeavours on the part of all concerned, to 
secure sufficient machines to fit the new type of vehicle 





operating vehicles in this country. (f) Manufacturers 
have sent samples to their agents in most parts of the 
Empire. (g) A considerable number of omnibuses and 
passenger vehicles of the rigid-frame six-wheel type, 
but, of unfortunate necessity, not entirely conformable 
to the needs of the W.D., has been produced and these 
vehicles are in successful operation in public service in 
many parts of the country. 

It may be thought that the development has been 
over rapid, but the intensive and continuous nature of 
the trials carried out, and the enthusiastic co-operation 
of the manufacturers has enabled much to be done in a 
comparatively short time. There seems every reason 
for confidence that this phenomenal progress, even 
though the start was late compared with that of our 
foreign competitors, has created a solid basis for a new 
phase of development of the British motor vehicle. 

W.D. Specification and Civil Co-Operation.—The W.D. 
visualises three sizes of rigid-frame load-carrying six- 
wheelers to meet its various needs, and two of these 
sizes are now in production, viz. :— 


‘‘ Light” to carry useful { 30 cwt. on the road. 
load of __.... ee .... | 20 ewt. across country. 

‘“* Medium,” to carry useful ; 60 cwt. on the road. 
load of .... | 40 ewt. across country. 


The ‘“ Heavy” is the third size and is as yet un- 
specified. A specification has been prepared for the 
“Medium” size, approved by the M.T. Advisory 
Board of the War Office. A specification will be 
prepared for the “ Light” type also. It is of import- 
ance to emphasise that the loads mentioned above are 
the official W.D. useful loads, and do not necessarily 
represent the full useful loads which vehicles of different 
makes now in production are quite capable of dealing 
with commercially on the roads in this country. 

Every effort has been made to draw up the specifica- 
tions on a broad basis, Certain items of construction 
and performance which are considered essential for 
W.D. needs are insisted upon, but, apart from this, 
considerable latitude is permitted to the manufacturer 
so that he may make his own interpretation of the 
requirements of the user. For example, the W.D. 
considers that, in the case of the ‘‘ medium” type six- 
wheeler, the ratio of the useful load carried (commercial, 
on home roads) to the chassis weight should be from 
1-2 to 1-4. But, for the purpose of acceptance under 
the specification for this size of vehicle, the W.D. will 
consider vehicles in which the ratio of the official W.D. 
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CastT-SHOES. 


useful load of 3 tons to the chassis weight is not less 
than 0-92. Standards (B.E.S.A., &c.) are specified as 
far as possible. The W.D. is anxious to see in use in 
commercial hands, large numbers of vehicles of the 
same types which the Army uses in peace, and which 
can be taken into the service of the Army in the 
unfortunate event of future mobilisation. This is but 
one item in the general scheme of military defence 
under which the Regular Army, training intensively 
and working as an Empire police force in peace, becomes 
the essential highly-trained and equipped nucleus of the 
nation under arms in time of emergency. It is by close 
co-operation with civilian engineers, the manufacturers 


and the users that it is hoped to obtain that reserve of | 


suitable vehicles which is so important a feature of any 
mobilisation plan. It is hoped, at the same time, that 
the research and experimental work carried out by 


the Army may open up new and lucrative develop- | 


ments to the benefit of the industry and the Empire. 
The W.D. specifications have the following uses :— 
(1) They indicate the nature of the peace time and 
war time requirements of the Department. (2) They 
form a guide to the industry in regard to the charac- 
teristics of vehicles designed for high performance for 
use at home and for export. (3) They form the measure 
of the suitability for acceptance of vehicles for enrolment 
under any subsidy scheme which may be in force. 
The probable roles of the various sizes of six-wheelers 
named may be summarised roughly as follows :— 
Light.—{a) For first-line transport in lieu of existing 
animal transport. Requirement :—small load, highest 
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Fie. 108. ‘ OvERALL” NON-SKID CHAIN WITH ROLLED 
SEcTION SHOES. 


| performance. Mechanisation of first-line transport is| | MAcHINE AND SMatt Toors.—When it is mentioned 
| on trial on a small scale. Thus, there may be a big | that the 32nd edition of Messrs, Alfred Herbert's cata- 
| future for the machine; (6) for various second-line | !0g¥e of machine tools, recently issued, contains over 
| duties when a vehicle smaller than the “ medium” | 232 Guatto pages devoted entirely to illustrated descrip- 
| « . ; a | tions and specifications of machine tools and accessories, 
| is required ; (c) for ambulances. 


| it will be realised that this is one of the most comprehensive 
| Medium.—For second-line transport for divisional | compilations of its kind. The book, which is bound in 
|supply, baggage, ammunition services, &c. This | strong, cloth-covered boards, and is well known and 
| vehicle may thus take the place of the 30-cwt. subsidy | invaluable to workshop men, covers all the po 
|lorry. The present W.D. subsidy exists to provide | tools of Messrs. Herbert’s own manufacture as well as & 


| vehicles f h >rvices d wh h scificati | complete range of those by other makers, both British 
| vehicles for these services, and when the specification | and American, for which they act as factors. It is only 


| now in print is ready for issue an announcement that | possible to mention a few of the main classes of machines 
the medium six-wheeler is eligible for the subsidy may | dealt with, but these, with the very numerous examples 
| be expected. of tools for special operations, would cover practically 
all the requirements of a modern machine shop, either 
large orsmall. The principal tools are milling machines, 
hack saws, grinding machines, drills, lathes, automatics, 
boring and turning mills, screwing machines, gear-cutting 
Car.—A light six-wheeled chassis carrying a five-six | machines, shapers, slotters, planers, ete., but, in addition 
seat passenger body is in process of tests. There is to these, machine-shop and tool-room accessories, such as 
great need of a motor-car with cross-country ability | S°T¢w-measuring instruments, gear-testing a pee er 
in the field organisation of the Army. hardness testing machines are dealt with, as well as e eotr 
- weldersand forging machines. An equally comprehensive, 
(To be continued.) but necessarily smaller, book of small tools and machine- 
shop accessories has also been issued by the firm, this 
| being the 9th edition of their small-tool catalogue. It 
| Exports or LUMBER FROM BritisH CoLUMBIA.—| includes such items as milling cutters, lathe and drill 
It is stated in a recent issue of the Monthly Journal of the | chucks, taps and dies, grinding wheels, abrasives, grinding 
| British Empire Chamber of Commerce in the United | attachments, twist drills, reamers, vices, tools for smiths 
| States of America that exports of lumber from British | and sheet-metal workers, hand tools, power-transmission 
| Columbia, for the first half of 1926, totalled 368,505,343 ft. | accessories, dial gauges, limit gauges, micrometer 
| This figure constitutes a record, and represents an increase calipers, rules, measuring tapes, &c. This little volume 
| of 45 per cent, over the total for the corresponding | is to our knowledge so prized that unless kept under lock 
| period of 1925. The increase was principally due to| and key it proves extremely difficult to retain possession 
| larger shipments to Japan and to the Atlantic seaboard. ! of it in a works, 


Heavy.—For rearward services and technical loads. 
Heaviest (bulk) loads and least cross-country per- 
| formance necessary. 
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THE PENETRATION OF MILD STEEL 
BY BRAZING SOLDER AND OTHER 
METALS.* 

By R. Genpers, M.B.E., M.Met., F.I.C. 


Tue brazing of mild steel is a common operation 
in the construction of frameworks from bars and tubes. 
The pieces of steel to be joined are first cleaned, 
coated with a suitable flux, such as boric acid, and 
fixed firmly together in position. After heating the 
neighbourhood of the joint to a temperature of about 
850 deg. to 900 deg. C., the solder, usually a copper-zinc 
alloy, is applied, and quickly wets the whole of the 
fluxed surfaces. Internal tubular joints of consider- 
able length can be made by the process, the flow of the 
liquid solder along the capillary-like spaces being 
very rapid. It is commonly known by brazing opera- 
tors that any attempt to bend or set the joint during 
the brazing operation leads inevitably to fracture of the 
steel, and any necessary adjustment is accordingly made 
after the joint has cooled to below a red heat. The 
failure under small stresses of metals exposed to corro- 
sive media, such as gases, liquids, or other metals in the 
fluid state, now appears to be a phenomenon of wide 
occurrence, and the ease with which mild steel fractures 
when wetted with liquid brazing solder is a matter of 
considerable interest as a further instance of this kind. 
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Fie. 1. Wipr PENETRATION FISSURE. 
BrRAZING SOLDER IN MILD STEEL. 
x 100. 


The action of molten 70:30 brass on nickel-steels 
and on mild steel has previously been described by 
H. M. Duncan,+ who found that cracking occurred in 
turbine blades of 3-5 to 5 per cent. nickel-steel, brazed 
to distance pieces by lowering the riveted joint through 
a layer of molten borax into molten brass at a tem- 
perature of from 1000 deg. to 1050 deg. C. The cracks 
were intercrystalline, and the brass had penetrated the 
steel. Cracking did not occur in steels containing less 
than 3-5 per cent. nickel, or in austenitic nickel-steels. 
Concurrent experiments by W. H. Hatfield showed that 
stress was a contributory factor, and it was found that 
the cracking could be avoided by increasing the period of 
preheating the joint before immersion in the brass. 
Further samples of 5 per cent. nickel-steel from different 
makers appeared to be immune from cracking during 
brazing, the results on these materials suggesting that 
an additional factor of some influence may be present 
in the steel. 

Other work on steel having a bearing on the present 
subject has been carried out by Sir Henry Fowler, 
D. Hanson, J. A. Jones, G. W. Malcolm, and others, 
and described in their contributions to a general dis- 
cussion.t From these and earlier investigations, it 
would appear that stressed steel is liable to intercrystal- 
line fracture when exposed to alkali and alkali nitrate 
solutions. H. C. Hall,§ in a communication on a paper 
by J. H. S. Dickenson, described a brittleness develop- 


—_— s. 








* Communication from the Research Department, 
Woolwich, read before the Institute of Metals, London, 
on March 10, 1927. Abridged. 

_} Met. Ind. (Lond), 1924, vol. 24, page 53. 
of meeting of North-East Coast Local Section of Institute 
of Metals. ) | 

t “The Failure of Metals under Internal and Pro- 
longed Stresses. A General Discussion.” See ENGI- 
NEERING, 1921, vol. exi, page 429. 

§ J. Inst. Metals, 1920, vol. 24, page 326, 





ing in soldered mild steel under alternating stresses at 
temperatures below 60 deg. C. Microsections showed 
a pale-coloured streak as a continuation of the fissures, 
extending to an appreciable distance beneath the 
surface. The possibility of the penetration occurring 
during the soldering operation was considered, but was 
not believed to be the explanation of that particular 
case. Chappell* has shown that the attack of steel by 
sea-water is initially intercrystalline. A recent paper 
by Dobbs,+ dealing with the electro-deposition of 
cadmium, includes the observation that cadmium 
deposits diffuse rapidly into the surface of the steel 
at a temperature of 350 deg. C. The nature of the 
initial attack was, however, not determined. L. H. 
Marshallt studied the embrittlement of malleable cast 
iron on hot-dip galvanizing. It was shown that the 
effect was due chiefly to the heat-treatment involved 
in the process. 

As regards non-ferrous metals, the features of pene- 
tration have been described by a number of investiga- 
tors. In general, it has been found that, where fracture 
of a metal is assisted by penetration of some corrosive 
medium, the rupture is intercrystalline. The most 
commonly known examples of this type of penetration, 
produced by liquid metals in conjunction with stress, 
are mercury in brass and arsenical copper, solder in 
copper alloys, and sodium in copper. The present 
paper gives the results of preliminary observations 





Fic. 2 Fine InrerRcRYSTALLINE PENE- 
TRATION NEAR EXTREMITY OF Fis- 


SURE. x 250. 


which confirm that the penetration of mild steel by 
brazing solder is of a similar character, and suggests 
some views on the general subject of intercrystalline 
attack. 

Experimental Work.—All the tests made were on 
short lengths of mild steel bar (about 0-15 per cent. 
carbon) of 0-5 in. in diameter. This material was 
sufficiently ductile to bend double when cold. On 
heating to 900 deg. C., the bar could be easily bent 
by hand. Several lengths treated in this way, both 
with and without the application of boric acid flux 
to the surface, showed no indication of brittleness 
or the formation of surface cracks. On thinly coating 
the heated fluxed surface with commercial brazing 
solder (a brass containing 60 per cent. copper) slight 
bending produced on the surface in tension the 
immediate formation of numerous cracks. There 
appeared to be practically no plastic flow of the 
steel. When bent rapidly, the bar could be completely 
broken, and it was observed im such cases that the 
fracture was wetted by the brass. A bar broken as 
described is shown in Fig. 8, on page 342. The thick- 
ness of the coating of brass was found to be a factor of 
little importance, quite a thin film sufficing to produce 
deep cracks. Microscopic examination of sections 
cut longitudinally from the cracked bars showed 
that, in addition to the visible cracks, there were 
numerous points at which penetration had occurred 
to a small extent. The penetration fissures were 
intercrystalline in character, identical in type with 
those produced in brass by the action of mercury 
or solder. Figs. 1 and 5 show representative examples. 


(Report | In the neighbourhood of the extremity of an open 


crack there was invariably an area in which very 
thin films of brass apparently enclosed the former 
y-iron crystals. A typical field is shown in Fig. 2. 
It was found possible to increase considerably the 
microscopic contrast between the brass and steel 
by heat-tinting the specimens to beyond the purple 
stage. Sections so treated showed the presence of 
considerably more brass than was detected by etching 
the steel. 

No penetration could be detected in bars which 
had been coated with brass, and cooled slowly or 
rapidly without being externally ‘stressed. Coated 
bars bent after cooling to about 800 deg. C., (i.e., below 
the solidus of the brass) also showed no signs of 
failure. 

Tests similar to those with brass were made by coat- 
ing the surface of the bar with copper, zinc, tin and 
66 : 34 lead-tin alloy, and bending at a temperature 
of 800 deg, C. or above. Of these materials only 
copper produced failure, the penetration being inter- 
crystalline and similar in all respects to that of brass. 
No attack by the tin, zine or lead-tin alloy could be 
detected microscopically. In similar tests, using 
wrought iron, it was found possible to produce pene- 
tration by zinc, but only by repeated bending. In 
order to determine the nature of any initial penetration 
previous to the application of stress, a machined 
cylinder of ** Armco” iron, 0-5 in. in diameter, was 
immersed in molten 60:40 brass at 1,000 deg. C. 
for one hour and microscopically examined. The 
average reduction in diameter of the cylinder by 
solution in the brass was 0-04 in. The surface was 
nearly uniformly attacked. There were, however, 
indications that attack at many points, coinciding 
frequently with crystal boundaries, was slightly in 
advance of the general surface solution, suggesting 
that the boundaries of the y-crystals had been 
attacked, to some extent, preferentially. The same 
features were found in a specimen subjected to the 
attack of molten aluminium-bronze. Cylinders of 
carbon-steel and of nickel-steel, containing 3-7 per 
cent. nickel, after similar attack by aluminium-bronze, 
showed a very irregular surface resembling dendritic 
formation. It appears possible that the nature of 
the attacked surface bears some relation to the variation 
of composition produced during the original solidifica- 
tion process. ° 

Discussion of Results in Relation to the General 
Subject of Intercrystalline Attack—The study of 
intercrystalline penetration, using as the test-specimen 
iron or other high melting-point metal, and as the 
corroding medium a second high melting-point material, 
has distinct advantages over methods using fluids 
or mercury as regards ease of examination. Only 
thin coatings appear to be necessary in such work, 
and the penetrating material is identifiable in the 
treated specimen. The preliminary experiments 
described offer evidence which may be of some general 
interest in connection with the properties of metallic- 
crystal aggregates, and it is proposed here to consider 
them briefly in that respect, assuming as very probable 
that the process of intercrystalline penetration is of 
uniform character in different metals. 

Metals which are susceptible to intercrystalline 
attack are usually ductile in the absence of the corro- 
ding medium, and there is no,general evidence that 
attack is a consequence of existing weakness of the 
crystal boundaries. The case of 8 brass containing 
aluminium, which has been shown by Desch* to be 
penetrable by mercury when apparently in the un- 
stressed condition, is exceptional ; an investigation of 
the causes of this peculiar behaviour would be of 
considerable value. It is clear, however, that in 
copper, ductile brasses, and iron no perceptible crystal 
boundary weakness exists. Rupture must thus be 
preceded by penetration, and it may be concluded 
from this that, at the surface of an unstressed specimen 
wetted with an attacking medium, a slight degree of 
initial penetration occurs. This view is supported by 
the evidence that during the solution of iron in brass 
the boundaries of the crystals are attacked slightly in 
advance of the crystals themselves. If it can be 
confirmed that such action is a uniform feature of all 
metallic solution, it may possibly be of some practical 
utility in connection with the joining of metals by 
soldering and in coating processes such as galvanising, 
since adhesion may depend, to some extent, on inter- 
crystalline penetration, and consequently, on the 
fineness of structure in the joined specimens or basis 
metal. In some instances, such as lead attacked by 
nitric acid-lead acetate solution in the cold, and iron, 
nickel steel, and aluminium by oxygen at raised 
temperatures, intercrystalline attack of the unstressed 
material does not cease at the initial stage, but proceeds 
progressively, with exposure, at a much greater speed 





* See ENGINEERING, 1912, vol. xciii, page 854. 

+ Electroplaters’ and Depositors’ Technical Society, 
1926, October 13. 

t U.S. Bur. Stand. Tech, Paper, No. 245, 1923, 





* J. Inst. Metals, 1919, vol. 22, page 247, and ‘‘ Chemical 
Influences in the Failure of Metals under Stress,” Trans. 
Faraday Soc., 1921, vol. 17, pages 17-21. See also 
ENGINEERING, 1921, vol. cxi, page 418. 
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than the attack on the crystals, which, in the case of 
lead, are eventually separated from each other. 

Referring again to the attack of iron by liquid brass, | 
it is seen that the application of slight tensile stress to 
the wetted iron produces immediate further penetra- | 
tion, which may be rapid enough to extend completely 
through a } in. diameter bar in as small a period as one 
second. It is this extremely high speed, common to 
many cases of intercrystalline attack, which constitutes 
one of the chief difficulties in forming a tentative 
hypothesis to explain the process. The simple assump- 
tion that initial penetration is stopped by saturation 
of the solvent in a fissure of such small dimensions that 
the diffusion necessary for further attack is infinitely 
slow, and that the opening of the fissure by applied 
or internal stress produces recurrence of attack by 
the inward flow of fresh solvent, is in accordance with 
the facts up to a point; but it has been previously 
accepted that where there is no inherent intercrystalline 
weakness the fissure cannot extend beyond the limit of 
attack, and hence it is difficult to account for rapid 
penetration by the simple solvent action of brass or 
copper on iron. This view is borne out further by 
consideration of the relative attack by different metals. 
The speed of penetration by copper and brass has 
been found to be enormously greater than that of zinc 
and tin and lead-tin alloy, yet all of these materials 
will dissolve iron. While it is possible that, at the 
temperature used in the experiments, iron may be 
more soluble in copper and brass than in the other 
materials, the difference would not account for the 
relative speeds of action observed. 

In the attack of lead by lead-acetate solution acidified | 
with nitric acid, assuming that the material removed 
by the solvent is metallic lead, the product of solution 
is likely to be a basic salt, probably including oxide or 
carbonate. For this, a new external factor, either 
oxygen or CQg, is required. It has been meee 
that the attack under consideration is accentuated by 
‘* water-line ” conditions, so that there is direct evidence | 
of the additional factor. In the case of the season | 
cracking of brass by ammonia, the corrosion product is | 
solid; it is known that the presence of oxygen and | 
moisture is necessary for the formation of this type | 
of product by the action of ammonia. The brittleness | 
produced in iron by hot alkali solutions is a further | 
case of penetration due to complex action. Hydrogen | 
is evolved by the action of the alkali on the steel and | 
is absorbed by the steel, especially along the crystal | 
boundaries. The wide variations in susceptibility to | 
cracking during brazing, found by Duncan in tests on 
steels from different makers, suggest the possibility 
of the presence of an * sccelerating agent” in the 
steel, 

These considerations lead to the question of 
whether an additional factor can contribute to some 
cases of rapid penetration, such as that of copper in 
iron. Copper and brass, which penetrate iron readily, 
are able to dissolve gases, while zinc and tin, as far 
as is known, are not capable of dissolving large quan- | 
tities of gases. At the present stage, however, it is | 
not possible to make any further speculation with | 
advantage. The whole of the facts concerning the | 
intercrystalline penetration of metals present a problem | 
of some complexity, and it is probable that, although | 
a general explanation may be applicable to some extent, | 
the conditions vary so widely in different materials | 
that each type must be considered largely separately. | 


| 
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Fig. 8. Portion oF }-In. Diameter MILp- 
Steet, Bar BENT AFTER APPLICATION OF 
BrazinG SOLDER. 


It is a matter of some importance that it should be 
possible to predict conditions of intercrystalline attack, 
and the author’s suggestion that a solution might be 
sought by connecting the observed phenomena with 


| factors additional to the corroding material, is advanced 


here with the object of securing the views of other 
investigators, and directing attention to the desirability 
of extending the scope of observation in future research 
on the subject. 

It is not proposed, at present, to enter into a wide 
discussion of the nature of crystal boundaries. There 
is little doubt that the material comprising the zone 
in which there is a transition from the lattice of one 
crystal to that of its neighbour is more active chemi- 
cally than the crystals themselves. In worked and 
recrystallised metals, with few exceptions, it is unlikely 
that there exists between the crystals either a layer of 
impurity or a chain of cavities. No information is 
available regarding the variation in concentration of 
dissolved gases in crystals, but this may have to be 
taken into account in forming an explanation of 
intercrystalline penetration. In the foregoing con- 
siderations, intercrystalline penetration has been 
regarded as the attack along a narrow zone of active 
metal, the activity of which may be further increased 
at the point of attack by the application of mechanical 
stress. 

Two factors influencing all cases of intercrystalline 
penetration are the degree to which the specimen has 
been cold-worked and the shape of the crystal boun- 
daries. The first factor is not operative in steel 


| penetrated at high temperatures, but is of some 
| influence on the behaviour of metals which are pene- 
trated in the cold. Recent evidence that the crystal 


debris formed by severe cold-work consists of very 
small crystalline particles (possibly separated by non- 
crystalline material) suggests that the effect of cold- 
work is similar to that of irregular-shaped boundaries, 


|in providing a long path, changing frequently in 
| direction, along which penetration is slow in comparison 


with straight boundaries, such as those of iron and 
B brass. 





AvutToMaTIC TELEPHONES IN TIENTSIN.—According to 
the Chinese Economic Bulletin, arrangements for the 
installation of modern automatic telephones in the 
foreign concessions at Tientsin are now well in hand. 
The construction of new offices is nearing completion 
and the instellation of instruments is about to commence, 
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CATALOGUES. 


Electric Motors.—Messrs. E. Brook, Limited, Hudders- 
field, have sent us a wall sheet illustrating their 1-h.p., 


5-h.p. and 10-h.p. motors, and stating prices. 


Pipe Fittings.—A new list, giving prices of all the 
usual pipe connections is to hand from Messrs. Walworth- 
ee Limited, 90, Union-street, Southwark, London, 


Lifts.—Messrs. Medways Safety Lift Company, Limited, 
1 Silex-street, Blackfriars-road, London, S.E.1, have sent 
us some illustrations of their lifts for passengers, goods, 
motor cars and general service. 


_Dust-Extractor Fans.—Two types of fan for dealing 
with dust and smoke are shown in a catalogue received 
from Messrs. James Keith and Blackman, Limited, 
27, Farringdon-avenue, London, E.C.4. 


Oil Engines.—Messrs. Crossley Brothers, Limited, 
Openshaw, Manchester, have issued a pamphlet 
containing reports from users of their small oil engines 
which start on petrol and run on paraffin. 


_Diffuser.—Messrs. Herbert Smethurst (Knutsford), 
Limited, have sent us some further leaf catalogues des- 
cribing their spraying or diffusing appliances and liquid 
preparations for purifying the atmosphere. 

Electric Lamps.—Messrs. Philips Lamps, Limited, 
145, Charing Cross-road, London, W.C.2, have sent 
us a catalogue of their electric lamps, which are made 
in all the usual forms in clear and opal glass. 


Heat Treatment of Steel.—Theory and Practice in the 
Hardening Shop is the subject of another of the useful 
leaflets issued by Messrs. Automatic and Electric Fur- 
naces, Limited, 173, Farringdon-road, London, E.C.1. 


Electric-Lamp Lock.—A circular explaining a lock 
for securing electric lamps in their sockets, so that they 
cannot be removed by unauthorised persons, is to hand 
from Messrs. Francis Lamp Locks, Limited, 83, Pall 
Mall, London, 8.W.1. 


Valves and Cocks.—We have received new catalogues 
of high-pressure valves with bronze bodies and Platnam 
seats, for }-in. to 3-in. connections, from Messrs. 
Hopkinsons, Limited, Huddersfield, and also a list of try 
cocks for boiler water gauges. 


Small Tools——A new parallel and V-block, with 
bridge clamp, made by The Brown and Sharpe Manufac 
turing Company, is illustrated in a leaf catalogue re- 
ceived from Messrs. Charles Churchill and Company, 
Limited, 9, Leonard-street, Finsbury, London, E.C.2. 

Marking Road Surfaces. Steel studs which may be 
driven into the road to form guiding lines for traftic 
are made by Messrs. Hadfields, Limited, Sheffield, 
from non-corroding steel which keeps bright in all 
conditions of weather. The studs are forged with a 
pronged spike and with round or square flat heads, 4 in. 
in diameter or in width. 





SHiprinc CasvuaLtTies,—Returns issued recently by 
Lloyd’s Register of Shipping showed that the vessels 
of 100 tons gross and above totally lost or condemned 
in consequence of casualty or stress of weather, during the 
quarter ending September 30, 1926, numbered, in all, 
53 steamers and motorships of a total tonndge of 108,465. 
Of these, seven vessels, aggregating 31,176 tons, belonged 
to Great Britain and Ireland. During the same period, 
13 sailing ships, totalling 6,341 tons, all of which belonged 
to foreign countries, were lost. Vessels otherwise broken 
up, condemned, &c., numbered, in all, 45 steamships and 
motorships, making 127,372 tons gross collectively, of 
which 16 ships, totalling 39,721 tons, belonged to Great 
Britain and Ireland. Sailing ships, to the number of 
eight, totalling 9,473 tons, were broken up or condemned. 
None of these ships was a British vessel. 
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ELASTIC DEFLECTION OF THICK 
PLATES UNIFORMLY LOADED.* 
By G. M. Russet, B.Sc., Wh.Sch. A.R.C.Sc. 

Tue investigations on the elastic deflections of 

circular plates, dealt with below, were the outcome 
of some preliminary considerations regarding the use 
of such plates as measuring springs for the study of 
rapidly-changing high pressures, such as occur in 
ballistic work. Deflected plates have already been 
used for the measurement of the moderately high 
pressures set up by the explosion of gaseous mix- 
tures, but not, so far as is known, for pressures of the 
order obtaining in gun work, which would require 
a much greater thickness—diameter ratio. If it 
could be shown that such plates, when strong enough 
to resist the pressures, gave also deflections which 
were reasonably large enough to be dealt with by 
optical means, they would be highly suitable for the 
purpose mentioned, partly on account of their high 
natural frequency, and partly because the gases, 


circular plates are based on the theory developed by 
Poisson about 1830, and put into convenient practical 
form by Grashof in ‘‘ Die Festigkeitslehre,” 1878. 
Associated with Grashof’s name the formule have 
been quoted in all works on elasticity and strength of 





Fig.1. 
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| ing what the deflection in such cases is, and to 
checking Grashof’s results when applied to them. 

It may be at once stated that the work had not 
proceeded far before it became evident that with 
the thicker plates the measured values were widely 
divergent from those given by the formule. At 
this stage, therefore, the theoretical problem of 
deflection for fixed edge plates was taken up afresh 
by Mr. C. A. Clemmow, of the Research Department, 
Woolwich, whose paper appears in “ Proceedings 
of the Royal Society,” vol. cxii, 1926, pp. 559-598, 
and who has shown that the Grashof expression 
for the deflection is applicable to “‘thin”’ plates 
only, while for thicker plates a large and important 
correction is necessary. This will be referred to 
later, together with a comparison of the measured 
results with both Grashof’s and Clemmow’s 
values. 

Plates Fixed at the Edge.—In arranging apparatus 
for the test of plates fixed at the edge, it was 
considered that plates of the required thickness 
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the pressures of which are required, act directly 
upon them. It was therefore necessary to obtain 
a fairly accurate estimate of the deflections pro- 
duced by given pressures, and to know what 
reliance was to be placed on values for the deflec- 
fons given by the commonly accepted formule 
when applied to plates whose thickness may be 
as high as 30 per cent. of the diameter. 

The formule connecting pressure and deflection in 
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materials. A number of papers*, 
describing work having for its 
object the experimental verification 
of the Grashof formule, have been 
published from time to time, but appear to have 
dealt only with “ thin” plates, i.e., those in which 
the thickness was not more than one or two per 
cent. of the diameter, and for these thin plates the 
fromule appear to give results correct to within a 
few per cent. As regards thicker plates, there seems 
to be no published data, and the experiments here 
described were carried out with a view to discover- 


‘005° 


“ENGINEERING” 





* Crawford, Proc. Roy. Soc., Edin., vol. xxxii, 1911-12, 
page 348; Steinthal, ENGINEERING, vol. xci, page 677 ; 
Ensslin, 
1903. 


Dinglers Polytechnischer Journal, vol. 318, 
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clamped at the edge would not satisfy the assumed 
boundary conditions so satisfactorily as plates 
which were turned all in one piece with a heavy 
supporting ring. In the case of a plate clamped 
between two rings the heavy fluid pressures applied 
would tend to relieve the pressure between the 
lower ring and the plate, and would, at the same 
time, have a tendency to expand the ring, thus 
causing the plate to “draw” slightly. Less 
discontinuity is, therefore, to be expected when 
the plate is in one piece with a thick and deep 
supporting ring. Reference to Fig. 1 will show 
how this combined plate and ring were fitted 
into the pressure cylinder. Care was taken that 
a good fit was obtained at the surfaces A and B, 
the ring entering the cylinder at a ‘ push fit.” 





344 


ENGINEERING. 





[MARCH 25, 1927, 








The ring was secured, as shown, by a screwed 
cover. 

Pressure was applied by a hand force pump, 
and measured by a dead-weight apparatus shown 
on the general arrangement of the gear, Fig. 2. 
The measuring weights were supported by one or 
other of two pistons of 1 sq. in. and ,5 sq. in., 
respectively, the larger being used for the lighter 
pressures and the smaller for the heavier. These 
pistons were simple rams working perfectly freely 
in their cylinders, so that, when the weights were 
raised by the pressure, they could be kept rotating 
while readings of the deflections were taken. The 
liquid used was a mixture of glycerine and water 
in about equal proportions, this liquid possessing 
sufficient viscosity to prevent undue leakage at 
the pistons and avoid trouble at joints. Pressures 
up to about 1 ton per square inch could be set up 
and measured by this apparatus. 

For the measurement of the deflections, the 
instrument shown in Fig. 3 was employed. A dial 
gauge, in which the smallest division represented 
— in., was mounted so that it was actuated by 
the longer arm of a 1:10 lever with knife-edge 
fulcrum. The deflections of the plate were 
transferred to the shorter arm of the lever by a 
vertical freely-moving rod. The smallest division 
on the dial gauge, therefore, represented 5; in. 
of deflection. 

In the first experiments this lever and dial gauge 
apparatus was carried on a ring supported by the 
screwed cover which secured the plates. At the 
pressures used, however, it was found that the 
cover and cylinder were subject to small strains, 
which, by this method of support, were confusing 
the records of actual plate deflections, and would 
have to be eliminated if correct measures were to 
be obtained. It was, therefore, decided to support 
the deflection measuring gear on three feet bearing 
on the plate itself, and as close to the boundary as 
possible. When this modification was made the 
apparatus took the form shown in the figure. 


TaBLe I.—‘‘ Fixed Edge’’ Plates 3 In. in Diameter. 

















Deflections Grashof Deflection 
Thickness! Reduced to 3 rt G—M |, 100 
(in.) 1,000 Lb. FE (l—o*) on P| “—* 
: 16 Eh? 2 
per Sq. In. | 
(M) (G.) 
| 
0-1 0-03100 0-0298 — 3-9 
0-2 0-00443 | 0 -003728 — 15:8 
0:3 0-001575 | 0-001105 — 29-8 
0-4 0-00074 | 0 -000466 — 37-0 
0-5 0-000427 | 0 -000239 — 44-0 
0-5* 0-000438 | 0 -000239 — 45-5 
0-6 0-000287 | 0-000138 — 52-0 
0-7 0-000203 | 0-0000870 — 57-2 
0-8 0-000150 | 0-0000582 — 61-2 
' 





* Plate with heavy boundary ring. 
TABLE II.—Supported Plates 3 In. in Diameter. 




















Grashof 
Deflection Deflection Deflection 
(Mean of | Corrected for 3 
3 Plates), | Diameter [x (5+0) |lg—m 
TOA) | Reduced to | at Feet of | L160 F100 
(in. 1,000 Lb. Gauge. ean 
: | (i-e)—— 9 
Sq. In. (M). Eh* 
(@). 
0-1 0-1157 0-1192 0-1244 4-4 
0-2 0-01451 0-01495 0-01552 3-81 
0-3 0-00427 0-00440 0 -00460 4-55 
0-4 0-001833 0-001888 0-00194 2°75 
0:5 0-00098 0-00101 0-000994 — 1-58 
0-6 0-000592 0 -000610 0-000575 — 5-74 
0°7 | 0-000394 | 0-000406 0-000362 |— 10-8 
0-8 | 0-000286 | 0 -000295 0-000242 — 18-0 
| 





Plates turned in one piece with the boundary 
ring as above described were made 3 in. diameter, 
and of thickness 0-05 in., 0-1 in., 0-2 in., 0-3 in., 
0-4 in., 0-5 in., 0-6 in., 0-7 in., 0-8 in. They 
were turned out of shot steel, which was selected 
as being the most available material, but was of 
very low elastic limit—about 7 tons/sq. in.— 
and was probably not the best material for the 
purpose intended. As, however, the stresses to 
which the plates were subjected were much below 
the elastic limit, especially with the thicker plates, 
the steel was regarded as suitable. 

The plotted observations for the fixed edge plates 


Readings for the deflection were taken at each in- 
crease of load shown on the diagrams ; check obser- 
vations taken at a few points during unloading 
gave readings practically coincident with the 
ascending figures. 

Table I. on this page gives the measured deflec- 


seating 0-05 in. wide and 3 in. internal diameter, 
and since, during deflection, the plate would bear 
on the inside edge of the ring, the effective diameter 
of the supported plates has been taken as 3 jn, 
The plates were turned 3} in. diameter, and of 
thicknesses up to 0-8 in., and three plates of each 
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(9902.1) for separate plates. 

tion for each thickness of plate, reduced in each 
case to that for a standard pressure of 1,000 Ib. 
8q. in. 

In column 3 of the table are also given the 
deflections as calculated by the Grashof formula, 
and the corresponding elastic lines are shown in 
dotted lines on Figs. 44 and 48. 

Plates Supported at the Edge.—The apparatus 
used for the supported plates is shown on Figs. 5 





are shown in full line in diagrams, Figs. 4a and 43. 
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NB.The three results for each thickness are 
(9902) for three separate plates. 
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and 6. The plates were borne on a plane annular 
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thickness were made and tested. The same deflec- 
tion measuring apparatus as for the fixed edge 
plates was used, sufficient initial pressure being 
applied to more than support the weight of the 
gear and plate. The observed points, therefore, 
as shown on the diagrams, Figs. 7a and 7B, com- 
mence at the initial pressure applied in each case, 
the elastic line being afterwards drawn through 
the origin parallel to the experimental line. 

Since the feet of the measuring apparatus wer? 
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on a circle of slightly less diameter (2 43-in.) than the 
internal diameter of the supporting ring, a correc- 
tion (negligible in the case of the fixed edge plates 
where the plate is normal at the boundary) was 
necessary in the case of the supported plates. It 
was estimated that this correction would be in the 
neighbourhood of 3 per cent. The tabulated deflec- 
tions for the supported plates shown on Table II 
have been corrected in this way, and are reduced, 
as for the fixed-edge plates, to a standard pressure 
of 1,000 Ib. sq. in. 

Column 4 of the table shows the calculated deflec- 
tions by Grashof, and Column 5 the percentage 
difference of Grashof from the measured deflections. 


(To be continued.) 








THE INSTITUTE OF METALS. 
(Concluded from page 317.) 

ConTINUING our report of the recent annual general 
meeting of the Institute of Metals, we now have to 
deal with the last three papers taken on Thursday 
morning, the 10th inst., and with the concluding 
session of the meeting, which begun at 2 p.m. on 
Thursday afternoon. The Chair was occupied by 
the president of the Institute, Sir John Dewrance. 


PROPERTIES OF HAIRSPRINGS. 


The fourth paper taken on Thursday morning 
was by Dr. H. Moore and Mr. S. Beckinsale, and was 
entitled ‘‘ Notes on the Manufacture and Properties 
of Hairsprings.” It was read in abstract by Mr. Beck- 
insale. The respective merits and disadvantages 
of steels, ferrous alloys, and non-ferrous metals and 
alloys, for use in hairspring materials, were discussed 
in the paper. Some details of the manufacture of 
phosphor bronze and other hairsprings were also 
given. We hope to reproduce this contribution to 
the proceedings in a forthcoming issue. The only 
speaker in the discussion was Dr. G. Sachs, who 
thought that the authors had thrown a good deal 
of light on the means available for improving the 
elasticity of cold-worked materials. 


Tae StructurRE oF Eutectic ALLoys. 


The last two contributions considered were both 
by Mr. F. Hargreaves, who read each of them in 
abstract. The first was entitled “The Application 
of Strain Methods to the Investigation of the Struc- 
ture of Eutectic Alloys.” The author stated that 
investigation of the lead-tin, tin-zinc, and copper- 
silver eutectics showed that straining by suitable 
methods resulted in markings due to slip, similar 
to those which occurred in the case of pure metals. 
The structural unit of the tin-lead eutectic might be 
a distinct eutectic ‘“‘ colony,” or might be a unit 
in which only general lamination was present. 
Deformation occurred in a manner similar to that 
of pure tin, and this suggested that the tin deter- 
mined the orientation. An alloy with excess of lead 
deformed in a manner similar to that of an isotropic 
solid. The orientation of the tin-zinc eutectic 
was apparently determined by that of the tin. 
Mr. Hargreaves’ second contribution was entitled 
“Note on the Crystallisation of the Lead-Tin 
Eutectic.” This paper described experiments in 
which straining and etching methods were applied 
to a 30-lb. ingot of lead-tin eutectic. These showed 
that the exterior possessed the largest crystal size 
with absence of distinct colonies. The middle con- 
sisted of much smaller crystal units in the form of 
distinct colonies of coarser eutectic structure. 
Colonel N. T. Belaiew, was the only speaker in the 
subsequent discussion. He thought that the appli- 
cation of the strain method would help to solve the 
problem as to what was the actual relationship 
existing between the so-called eutectic colony and 
the crystal grain. 

At this stage of the proceedings, the chairman 
adjourned the meeting until 2 p.m., that afternoon. 


CALCIUM AND SILICON IN ALUMINIUM. 


_ The first paper taken was by Mr. J. D. Grogan ; 
it was on the subject of “‘ The Influence of Calcium 
on Aluminium Containing Silicon.” Mr. Grogan, 
who read his paper in abstract, stated that calcium 
combined with the silicon present in commercial 
aluminium, and probably formed the compound 


calcium silicide, Ca Si,. This compound was almost 
insoluble in solid aluminium at all temperatures and 
exerted no age-hardening influence. By removing 
silicon from solid solution in aluminium, however, 
calcium improved the electrical conductivity of the 
latter. We intend to reproduce this paper in a 
forthcoming issue. 

The first speaker in the discussion was Mr. 
H. Sutton, who said that the object of the present 
research had been set forth in one of the opening 
paragraphs of the paper. Mr. Grogan had told the 
meeting that in view of the improvement in physical 
properties imparted to aluminium by the addition 
of small quantities of magnesium in association with 
silicon, it had been desired to determine the effect of 
substituting, for magnesium, the chemically-related 
element calcium. Viewing the experimental results, 
continued Mr. Sutton, it might be gathered that 
Mr. Grogan had been rewarded by a negative result. 
He had, however, maintained a watchful eye on the 
practical possibilities of his work, and had come to 
interesting conclusions regarding the electrical 
conductivity of the aluminium-silicon-calcium alloys 
under observation. An interesting paper on a some- 
what similar subject had been read in the United 
States during 1926, by Messrs. Junius D. Edwards 
and Cyril 8S. Taylor. These workers had found that 
additions of calcium to very pure aluminium caused 
the resistivity of the aluminium to increase pro- 
gressively. It was interesting to compare Mr. 
Grogan’s results with those of Messrs. Edwards and 
Taylor. Another interesting point observed by 
the two American researchers, was that, contrary 
to the usual experience that cold rolling increased the 
resistivity of an alloy slightly, they found that cold 
rolling decreased the resistivity of their cadmium- 
aluminium alloys. They ascribed this to the 
destruction of the eutectic surrounding the alu- 
minium grains and its dissemination throughout 
the alloy, thus enabling the high conductivity 
grains to come into metallic contact. Other recent 
work on the ternary system, aluminium-silicon- 
calcium, endorsed Mr. Grogan’s work entirely. 

The next speaker, Dr. Max Haas, stated that 
before the introduction of the aluminium-silicon 
alloy, Silumin, the properties of various aluminium 
alloys containing calcium had been studied. Alloys 
containing large percentages of calcium were, 
however, found to be too brittle for general use, 
and it was, therefore, a good idea to go down to low 
percentages of this metal, with the object of 
obtaining an alloy possessing good electrical 
properties. Industry would ask how these alloys 
withstood corrosion. Mylius tests had been carried 
out, and these had shown that the alloys resisted 
deterioration well, in that particular medium. 
Corrosion tests, involving sea water, were being 
conducted at the present time, but these were not 
yet complete. Professor F. C. Thompson, who 
spoke next, said that Mr. Grogan had referred to the 
very slight solubility, in aluminium, of the com- 
pound CaSi,, in the solid state, and of its high 
solubility in the liquid state. He desired to know if 
Mr. Grogan had any evidence that the calcium 
silicide remained as such, without dissociating, 
while in the liquid state. 

In his reply to the discussion, Mr. Grogan said 
that he had no evidence at all that the compound 
CaSi, persisted in the liquid state, and he regretted 
that any statement made in his paper should have 
conveyed that impression. He had seen the paper 
by Messrs. Edwards and Taylor, and agreed with 
them that calcium lowered the conductivity of pure 
aluminium. If an element were added to a pure 
metal, the conductivity of the latter was generally 
lowered ; if, however, the added element entered 
into solid solution with the pure metal, the effect 
was not so great as when it remained as an insoluble 
compound. He was glad to hear from Dr. Haas that 
the addition of calcium to aluminium was made use 
of in Germany ; but was not surprised to learn that 
calcium did not improve the mechanical properties 
of the high-silicon aluminium alloys. 


MaGnesiuM-Correr ALLOYS. 


The second paper taken was by Dr. Max Hansen ; 
it was entitled “Note on the Magnesium-Rich 
Magnesium-Copper Alloys,” and contained the 
results of investigation of the solubility of copper in 





solid magnesium, together with an account of the 
mechanical properties of some magnesium-rich 
magnesium-copper alloys containing, respectively, 
5°83, 8-26, 9-97, and 15-44 per cent. of copper. The 
paper was read in abstract by Dr. Hansen. As a 
result of the experiments carried out, it was shown 
that magnesium was capable of holding copper in 
solid solution to a very small extent. The solu- 
bility increased from about 0-1 per cent. of copper 
at room temperatures to between 0-4 per cent. and 
0-5 per cent. copper at 485 deg. C. In spite of this 
fact, it had not been possible to detect any perceptible 
change of hardness on ageing at room temperature 
in alloys quenched from 450 deg. C. This might be 
due to the fact that the atomic mobility was 
sufficiently great to allow the compound Mg,Cu to 
precipitate in the form of microscopical particles 
during quenching. Slow cooling caused these 
particles to coagulate into larger ones. The coagu- 
lation was accompanied by a small decrease in 
hardness, whereas elongation and reduction of 
area underwent a considerable decrease as a result 
of this process. It might have been expected 
that ageing at elevated temperatures would have 
also caused hardness to decrease; investigation 
showed, however, that the decrease was very 
small, and no perceptible change in hardness had 
been observed. 

The discussion was opened by Dr. J. W. Jenkin, 
who stated that in the course of a research on the 
physical properties of magnesium alloys, now in 
progress at the National Physical Laboratory, 
materials similar to those examined by Dr. Hansen 
had been cast, rolled, and tested mechanically, 
giving results with which the author’s figures 
compared very favourably indeed. All who had 
attempted to roll magnesium alloys containing from 
10 per cent. to 15 per cent. of copper would be 
interested to hear that such material had been 
extruded in Germany. The conclusions of Dr. 
Hansen in regard to the solubility of copper in 
magnesium were, however, based on somewhat 
meagre data and unconvincing photomicrographs. 
Dr. Jenkin showed some slides of commercial mag- 
nesium indicating a eutectic, which was apparently 
that of Mg-Cu Mg,, although the copper content 
was in some cases one-tenth of that of the alloys 
examined by Dr. Hansen. The difficulties of pre- 
paring magnesium-rail alloys for microscopic exami- 
nation, continued Dr. Jenkin, were admittedly 
great, but a much more exhaustive investiga- 
tion on constitutional lines would be necessary, 
before satisfactory conclusions could be drawn 
regarding the solid solubility of copper in mag- 
nesium. 

Mr. S. L. Archbutt said that any reduction in the 
weight of moving parts in aircraft and motor-car 
engineering was valuable and every little advance 
was worth having. Data on the mechanical and 
physical properties of magnesium alloys were com- 
paratively scarce, and the results which Dr. Hansen 
had placed before the meeting would, therefore, 
be useful. Among other interesting properties, 
the copper-magnesium alloys possessed good 
thermal conductivity. The aluminium-magnesium 
alloys, on the other hand, had a poor, thermal 
conductivity, probably because aluminium was 
soluble in magnesium, whereas copper was not. 
Dr. Hansen had shown that copper-magnesium 
alloys could be extruded, even when they contained 
a high percentage of copper, although he had not 
said whether he had encountered difficulties in the 
process. The tensile strength of the extruded rod, 
as given, was quite good; an ultimate strength of 
20 tons per square inch, gave a good strength-weight 
ratio. A 13 per cent. copper alloy had been rolled 
in this country, but it had proved a very difficult 
operation, and the material as far as he knew, had 
not been satisfactory. At present, the disadvantage 
with all the high-strength magnesium alloys was 
their low ductility. It might be that this difficulty 
would be overcome when other alloys were developed. 
The low ductility might not, however, be a great 
disadvantage in the case of forged pistons, and 
connecting rods; in any case the alloys were now 
being steadily developed in modern engineering. 
Dr. Hansen’s work on the solubility of copper in 
magnesium only gave an indication of how very 





slightly copper was soluble in magnesium, and 
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further work was desirable in order that the exact 
solubility figure might be determined. 

The author intimated that he would reply to the 
discussion in writing. 


INVERSE SEGREGATION. 


The last paper taken on Thursday afternoon was 
entitled “‘The Mechanism of Inverse Segregation 
in Alloys.” The author was Mr. R. Genders, who 
read his contribution in abstract. We commence 
the reproduction of this contribution on page 370 
of the present issue. 

The discussion was opened by Professor T. Turner, 
who stated that the subject of inverse segregation 
had been given much attention during the past few 
years, and it was important to connect all the known 
facts by means of a theory. Many years ago he 
had received from Woolwich Arsenal some cast-iron 
castings, which contained globules of nearly pure 
iron sulphide, the globules being as big as marbles. 
Since that time, he had conducted many experiments 
on the subject of segregation. From the point of 
view of segregation, alloys should, he thought, be 
divided into two classes. The first was typified by 
cast iron or by the bronze in which Mr. Genders 
was interested, and the second by the class of 
alloys studied by Mr. K. Iokibe; the latter were 
copper-zine alloys containing 15 per cent. of copper. 
In the first case, a constituent which was relatively, 
or practically, insoluble in the mass, was dealt with. 
This constituent, namely, iron sulphide, or the 
tin-rich constituent, was squeezed out as an 
insoluble body. In the second case, it was impos- 
sible to perceive any definite change of structure 
from the outside to the inside of the metallic mass. 

Taking first the case of the cooling of a mass of 
bronze containing the insoluble constituent. As 
the mass cooled, the more insoluble constituents 
tended to collect towards the top of the ingot. An 
outside crust solidified quickly, and pressure from 
the outside of the ingot was brought into play. An 
internal pressure, which had not been mentioned, 
was, however, also present. The outside of a 
cast-iron ingot, for instance, was solid at about 
1,000 deg. C.; the interior then gave up its graphite 
and expanded from 3 to 5 per cent., and the resulting 
internal pressure squeezed out particles of sulphide. 
This internal expansion was a very important, if 
not the determining, factor, in the segregation of 
these insoluble materials. Taking now the case of 
the other type of alloy as illustrated by the copper 
15 per cent., zinc 85 per cent. material, the action 
was somewhat similar, except that no separation of 
an insoluble material occurred. The outside of the 
ingot chilled, and became solid quickly. The 
inside cooled more slowly, and expanded to the 
extent of more than 5 per cent. If the cooling 
were slow, diffusion took place, and the resultant 
metal was of the same composition throughout. 
Quick cooling produced inverse segregation, and 
the more drastic the cooling, the greater the inverse 
segregation. The sclidification started on the out- 
side and proceeded inside and the internal expansion, 
which took place, forced out some of the material 
which was still liquid. 

Towards the end of his paper, Mr. Genders had 
stated that the mechanism of inverse segregation 
might be regarded as involving three essential 
factors, namely (a) a range of temperature between 
the liquidus and solidus of the alloy; (6) the 
presence of dissolved gases; (c) an initially rapid 
rate of cooling, decreasing before complete solidifi- 
cation to below the critical rate necessary to retain 
the alloy as a supersaturated metal-gas solution. 
He himself was inclined to think that the three 
essential factors were: (a) a range of temperature 
between the liquidus and the solidus of the alloy ; 
(b) an initially rapid rate of cooling ; if the material 
were cast in such a manner as to be allowed to 
cool slowly, there would be no inverse segregation ; 
and (c) the action of internal pressure. Mr. Genders 
had spoken of the presence of dissolved gases ; 
whether this pressure was caused by gases or by 
other factors had not been definitely established ; 
the fact remained, however, that the effect of this 
internal pressure must be taken into account. 

Dr. S. W. Smith thought that the paper 
presented an admirable summary of the various 
suggestions, put forward from time to time, to 





account for the mechanism of inverse segregation. | carried out depended on the accurate determination 
His own (Dr. Smith’s) reasons for adhering to the | of the various elements present. 


term liquation had been given in his discussion of | 
author had commenced quite rightly by saying that, 


Dr. Reader’s paper. He wished some agreement 


Professor F. C. Thompson thought that the 


could be arrived at with regard to nomenclature ; | as a result of internal pressure, which he ascribed 


neither term was satisfactory. He fully agreed 
with the statement made by Mr. Genders, which was 
to the effect that the problem was of importance, 
not only in regard to steel and alloys of the noble 
metals—cases in which heterogeneity involved 
commercial considerations—-but as one of wide 
general interest, the solution of which was likely 
to advance our knowledge a stage further towards 
an understanding of the complicated process of 
solidification. The geologists were waiting for 
guidance on the subject of solidification and 
segregation, and they looked to metallurgists 
for this guidance. One aspect of the problem 
was that it was necessary to have a clear 
understanding of the laws governing the distri- 
bution of elements during solidification. The point 
at issue was as to whether segregation occurred 
while the metal was still molten or whether it 
occurred after the first stages of solidification had 
taken place. The Ludwig-Soret effect and the 
undercooling theory supposed that redistribution 
took place as a result of the establishment of a 
temperature gradient, before the first stage of 
solidification had taken place. Explanations based 
on contraction and on interdendritic flow supposed 
that segregation occurred after solidification had 
commenced, and there was a great deal to be said 
for this view. Furthermore, it was thought that 
the particular form of segregation under discussion 
was invariably connected with an interval between 
the solidus and the liquidus of the alloy. 

The author dismissed all these explanations. 
retaining perhaps a slight leaning towards the 
theory of interdendritic flow. He spoke of this, 
however, as a possible partial explanation. His 
view was founded on the supposition that inverse 
segregation was in some way connected with the 
liberation of gas during solidification. Dr. Reader, 
in 1923, had plainly shown that,’in a copper- 
tin alloy, containing 10 per cent. of tin, there was 
marked inverse segregation and a degree of porosity 
in the centre of the ingot. He had wisely divided 
his paper into two parts, and kept them quite 
distinct. Mr. Genders had examined a 5 per cent. 
tin bronze and he had also demonstrated what 
Dr. Reader had shown them, namely, that the tin 
was richer in the outer layers, and that there was 
central unsoundness. The present author maintained 
that these were due to one and the same cause, 
but he, himself, found it difficult to accept this 
explanation. Professor Turner had pointed out 
that there were two distinct types of segregation, 
in the one case an immiscible constituent was 
present, and in the other case no immiscible con- 
stituent was involved. He would like to ask the 
author what he understood by normal segregation, 
and what he considered to be the exact difference 
between normal and inverse segregation. 

Mr. Genders had stated, in conclusion, that there 
was a wide scope for further research on inverse 
segregation in general, and its avoidance in parti- 
cular. He quite agreed with this remark. and he 
had found the section of the paper on the avoidance 
of inverse segregation most disappointing. He 
would like to know if he had been able to inhibit 
segregation in any way by the elimination of gases. 
The paper referred to some of his work in con- 
nection with the addition of manganese to silver- 
copper alloys and had stated that the action of 
manganese in inhibiting inverse segregation when 
added to these alloys would be anticipated in view 
of the deoxidising properties of that element. As 
a matter of fact, it was possible to add manganese 
in such a way that it upset the uniformity of the 
alloys altogether, resulting in marked inverse 
segregation. With regard to Table III, he would 
like to ask whether it was implied that the 13 per 
cent. volume of cavities found in sand-cast material, 
really represented gases librated during solidifica- 
tion. That this represented unsoundness he agreed, 
nevertheless he desired to know if the meaning was 
intended that this large percentage was due to gas. 
The Appendix by Mr. Hammond was a valuable 





contribution to the paper, as much of the work 





to gas, it was possible to have extrusions of highly 
impure liquid to the surface of an alloy. No one 


would quarrel with that at all. Further than that, 
his belief that interdendritic flow did take place, 
to some extent, was perfectly justified. As an 
example, if one examined a very large ingot with 
large chill crystals at the outside, growing inwards, 
a sulphur print would, quite frequently, reveal 
excess of material between one crystal and the 
next, which was exactly the type of structure 
demanded by Mr. Genders. Like the author, he 
preferred the term inverse segregation to liqua- 
tion; the term inverse segregation, largely as a 
result of Professor Turner’s work, had attained a 
very definite significance. The author showed that 
he was unable to explain inverse segregation as a 
result of undercooling. The argument suffered 
from the inherent weakness that it did not neces- 
sarily follow that at some future date an explanation 
on those lines might not be obtained. The paper 
then went on to say that, since indisputable evidence 
was forthcoming that gases might blow out, at the 
surface of the metal mass, highly impure liquid, 
therefore all cases of inverse segregation were due 
to gases. That seemed to him to be absolutely 
illogical and, in his opinion, it was at this point that 
the paper broke down. 

Up to a point, metallurgists would accept the 
author’s attitude entirely, but there nevertheless 
seemed to be an essential gap in his argument 
which, so far as he could see, could not be filled up. 
He did not like the hypothesis that gases were 
responsible for inverse segregation. Furthermore, 
inverse segregation was ascribed in the paper to 
those gases which were evolved, gases remaining 
in solution had apparently no bearing on the ques- 
tion at all. He agreed that the Soret effect seemed 
to offer no adequate explanation. When an ingot 
solidified there was a solid crust all round; con- 
vection currents were set up inside the still liquid 
material, but these were of an order which would 
put the Soret effect out of court entirely. He 
could not help feeling that, in the end, this question 
was one of undercooling, and repeated that he 
could not see at the moment any adequate reason 
for believing that.the general question was in the 
slightest degree associated with gases. The fact, 
however, that he disagreed from the author did not 
mean that Mr. Genders was not right. 

Mr. 8. L. Archbutt said that he did not think he 
could agree that gases were the one important factor 
in producing inverse segregation. Dr. Rosenhain 
and he had carried out a few experiments in order 
to try to procure evidence. They had taken a 
12 per cent. copper alloy of aluminium, which 
alloy showed marked inverse segregation, and had 
poured some of it into a 3-in. diameter metal mould. 
When a sufficient thickness of wall had been 
obtained, the liquid metal remaining was poured 
out. The wall thickness of the hollow shell produced 
varied from } in. to ¥ in.; the outer skin was 
machined off and an analysis of it made. At the 
same time, a small ingot, and a 1-in. diameter chill- 
cast bar, were cast from the same melt after stirring 
the liquid metal well. Turnings from each of 
these were taken and analysed. The results 
obtained from the ingot gave an average of 11-57 
per cent. of copper ; on the other hand, the turnings 
taken from the outside of the hollow casting gave 
12-27 per cent. of copper. A further set of turnings, 
taken slightly further in, gave 12 per cent. of 
copper. 

These results showed that the content of the 
copper on the outside of the hollow shell was higher 
than the average copper content of the ingot, 
namely 12-27 against 11-57, a difference of 0-7 per 
cent. In the case of the small chill-cast bar the 
outside turnings contained 12-25 per cent. of copper, 
and the inside, 10-8 per cent. of copper, showing very 
marked inverse segregation. These results, taken 
as a whole, constituted serious evidence against the 
fact that gases evolved in an enclosed volume of 
liquid could assist inverse segregation. They 
had found that a high casting temperature inhibited 
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or reduced inverse segregation, and that a slow 
rate of cooling also prevented or reduced it. Again, 
sand castings did not show inverse segregation to 
the same extent as did chill castings. These facts 
seemed rather to contradict the author’s findings. 

Mr. G. L. Bailey stated that he agreed with the 
early portions of the paper under consideration. 
He shared the author’s opinion that gases were the 
cause of “tin sweat” in phosphor bronzes. Tin 
sweat was, however, most marked in sand castings, 
and sand castings, according to Mr. Genders, showed 
no tin sweat. If the tin-sweat analogy held, he 
would certainly expect to find it in sand castings. 
The next speaker, Mr. J. D. Grogan, stated that 
the paper referred to protuberances found on 
the surface of castings, and had remarked that 
such protuberances occurred only with alloys con- 
taining metals of widely different freezing points. 
He disagreed from this view ; he had observed this 
in a calcium-aluminium alloy containing 84 per 
cent. of aluminium. With regard to the general 
question of inverse segregating, what really hap- 
pened to a casting as it solidified was somewhat as 
follows: As the liquid solidified it did not do so 
in the form of an advancing wall. Dendrites 
started from the wall of the casting and, as a rule, 
they grew at right angles to the surface of the 
casting. They were rather like a forest of trees 
growing ; the trunks represented the primary axes 
and the branches, the secondary axes. These trees 
entrapped quite a considerable amount of enriched 
liquid. Where the trees met there were areas which 
were much richer in the constituent which solidified 
last. At the same time the surface of the casting 
was trying to contract and the friction of the wall 
was brought into play. What probably happened 
then was that the crystals opened up and drew 
from the inside an enriched liquid. The result 
was that some point towards the centre would be 
robbed of the constituent which crystallised last, 
and this constituent would crystallise at a point 
nearer the outside of the metallic mass. 

Mr. H. C. Dews asked Mr. Genders to supplement 
the information contained in the paper on the 
5 per cent. tin bronzes by giving the casting tempera- 
tures of the ingots. Would he also give the casting 
temperatures of the two phosphor-bronze castings, 
one of which showed tin sweat and the other normal 
shrinkage. Mr. D. Lewis, the last speaker in the 
discussion, thought that the question of inverse 
segregation was intimately linked up with that of 
unequal diffusion during cooling. 

Mr. Genders then replied to the discussion. He 
stated that it would have been utterly impossible to 
draw any conclusion from analyses which differed so 
slightly as did those in the paper, unless the results 
of these analyses had been absolutely reliable. 
The work of Mr. R. A. F. Hammond showed, 
he thought, what was possible in the way of 
refining methods of chemical analysis by simple 
precautionary measures. As a result of this work 
people who were interested in questions of analysis 
might possibly institute similar precautionary 
measures and, by so doing, very much increase 
the value of their analyses. Professor Turner 
agreed with two of his essential conclusions, but 
put the presence of internal pressure in the third 
place. He was prepared to accept that, but he 
was not aware that, in the non-ferrous alloys 
dealt with, there was any increase in volume 
during solidification. So far as he could judge. 
all the evidence could be explained by the evolution 
of dissolved gases. He did not know whether 
Professor Turner had any data which definitely 
proved that his expansions, as shown by the 
extensometer, were due to expansion of the metal 
and not to an expansion attributable to dissolved 
gases. (Professor Turner here stated that they 
had taken the evidence of the density chiefly. 
The bar became longer and lighter; it became 
longer as the density decreased. There might be 
voids or there might be gas holes). Mr. Genders 
continued that it was not definitely settled that 
these expansions were real expansions of the solid 
metal ; they might be due to gas. There might also 

cavities of some kind present which were not 
due to gas. It would, therefore. be interesting 


to endeavour to establish whether any increase 


The results of End6é and of workers on volume 
changes during solidification, had shown that 
contraction occurred in every case investigated. 
In the absence of expansion he could not see any 
possible factor which would produce pressure other 
than evolved gas. Several speakers had suggested 
that alloys might be classified in groups. One 
group typified by the copper-lead alloys, which 
showed exudation on the surface on casting, and 
another group in which this exudation did not 
manifest itself, and in which inverse segregation 
was only detected by analysis. He could not see 
any grounds for doing this. At the top of the 
series stood the copper-lead alloys, then came the 
10 per cent. copper-tin alloys, then followed the 
5 per cent. copper-tin, then came alloys of the 
platinum-gold type, then the copper-nickel type, 
and so,on to the other end of the series. It was, 
therefore, difficult to draw the line between the 
two classes of alloys, on the lines suggested, and 
he could not see any reason for any such division. 
With reference to the term liquation, he would 
like to read a statement made by a reviewer in 
the columns of The Chemical Age of last year. 
This was to the effect that it had been found that 
liquation often occurred in a manner opposite to 
that which might have been expected, a process 
which, in the conflict of ideas, came to be known 
as ‘inverse segregation,” but which might be 
truly defined simply as “ liquation,” or, if it were 
preferred, ‘anomalous liquation.” This compli- 
cation of nomenclature was unsatisfactory, con- 
tinued Mr. Genders, but he had to admit that 
he did not very much care for the term liquation. 
He believed Sir W. Roberts-Austen first used it ; 
he had the greatest admiration for that eminent 
scientist, but thought that, when a word such as 
this was used in connection with a manufacturing 
process, it should not be brought into metallo- 
graphy, unless it very fully justified itself in that 
connection. Inverse segregation was, in his opinion 
a satisfactory term. 

The Ludwig-Soret theory assumed that the 
composition gradient was established before solidi- 
fication actually commenced. Mr. Archbutt had 
put before the meeting an aluminium-alloy ingot, 
which had been bled before it was fully solid, and 
had shown that inverse segregation had taken place. 
The results obtained seemed to imply that the 
composition gradient had been established before 
solidification had begun. He could not accept that 
idea for a moment. It was only necessary to 
picture the state of affairs in the mould to realise 
that it was impossible for such a concentration 
gradient to have been established unless it had been 
established with very great rapidity. It was neces- 
sary, therefore, to adopt the standpoint, to begin 
with, that the composition gradient was not esta- 
blished at the commencement, and this suggested 
that, in the case of Mr. Archbutt’s sample, by some 
means, by some pressure, inverse segregation had 
occurred in that alloy at an earlier stage than one 
would have normally expected. Alloys of widely 
varying characteristics, cast under varying condi- 
tions, were being discussed, and a very complicated 
set of data had been arrived at; it was difficult to 
make them all fit in until more knowledge was 
available. Taking everything into consideration, he 
was afraid that, for the present, it would be neces- 
sary to leave the inverse segregation theory in its 
present vague and introductory form. 

Turning now to Dr. Smith’s inquiry in regard to 
normal segregation, this was the segregation which 
was produced according to the thermal-equilibrium 
diagram, and was the segregation shown in some 
of the samples of 5 per cent. tin-bronze. It was 
always shown in steel when that material was free 
from gas, or, at any rate, when the steel retained 
all its gas in solid solution. Central segregation of 
carbon, sulphur, and phosphorus was only obtained 
when the steel contained silicon, 7.e., when the 
material had not been rendered unsound by the 
liberation of gases. When gas was present, central 
segregation was absent and inverse segregation took 
place. These facts were borne out by experiments 
conducted by Talbot. 

The other papers on the list were taken as read. 
The Chairman thanked the authors of all the papers 
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to the Institution of Mechanical Engineers for the 
accommodation which they had kindly afforded for 
the meeting terminated the proceedings. 





THE FLOOD PROTECTION WORKS OF 

THE MIAMI VALLEY, OHIO, U.S.A. 

By E. W. Lanz, M.Am.Soc.C.E. 
(Continued from page 252.) 

Investigation of Great Storms in Eastern United 
States.—Many questions arose in connection with the 
design of the flood-prevention system, for which 
answers were necessary if the best possible system 
was to be obtained. One of the more important of 
these was the question of the size of the largest flood 
against which protection should be provided. This 
would be very important in a system using only 
channels, but when retarding basins with earth 
dams are used it becomes vital, because the dams 
must be made so high that they will never be over- 
topped by any flood that may occur. In addition to 
the results of flood measurements for the 1913 flood, 
considerable data were available on peak rates of 
run-off from floods in America and elsewhere, but 
comparatively little could be obtained on the dis- 
tribution of run-off during the flood. While this is 
of secondary importance for channel design, for 
retarding basins it is necessary to know the distri- 
bution of flow as well as the maximum rate. For 
the conditions existing in the Miami Valley it was 
found from a study of the rainfall and run-off of the 
1913 flood, that for big floods there was a close 
relation between total rainfall and total run-off and, 
therefore, a study of great rainstorms would give the 
desired information on the maximum size of floods to 
be considered in the design of flood-prevention works. 
An intensive examination was therefore made of all 
the available records of rainfall in the eastern part 
of the United States and the data on large storms 
condensed into usable form, not only covering the 
region of the Miami Valley, but also the whole of 
the United States east of latitude 103°. The 
climate west of the 103rd meridian is so different 
from that in the Miami Valley that results obtained 
there would have little or no bearing on the Miami 
project. This is the most comprehensive study of 
storm rainfall ever undertaken in the United States, 
and probably anywhere in the world. 

The records from which the data on great storms 
was compiled were largely those of the United 
States Weather Bureau, although any other reliable 
source was also used. The earliest systematic daily 
weather observations in the United States were 
made in 1644. The first comprehensive system 
using uniform methods to cover the country as a 
whole was organised under the well-known Smith- 
sonian Institute, a U.S. Government institution 
founded by a gift of Mr. Smithson, a British subject, 
in 1848. In 1870, the collection of weather records 
was placed under the direction of the Chief Signal 
Officer of the U.S. Army, and, in 189), the present 
Weather Bureau under the Department of Agricul- 
ture was established. With the establishment of 
this Bureau, the number of observing stations was 
greatly increased, and at present there are about 200 
complete weather stations with paid observers, and 
4,500 co-operative stations in charge of voluntary 
observers, using instruments furnished by the 
Part of the Smithsonian Institute 
records were destroyed by fire, but they are complete 
after 1865. These records, with those of the Signal 
Service and the Weather Bureau, comprise over 
2,200 volumes, and the compilation of data on large 
storms from all these volumes was a task of consider- 
able magnitude. 

Specially prepared blanks were used in abstracting 
the data, one sheet for each station. In all there 
were over 4,300 stations, of which about 3,000 were 
east of the 103rd meridian and were used in the 
storm studies. On each blank were entered all the 
excessive rainfalls at that station, the rainfall for 
each day of the storm being recorded and, in special 
columns, the maximum one day, maximum two 
consecutive days, maximum three consecutive days, 
and the total rainfall for the storm. For the station 
having a normal annual rainfall of 20 in. or more, 
the precipitation of any period was considered to 
be excessive if, for a one-day period, it exceeded 
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for a longer period, the total rainfall in inches|a capital letter and a number. For example, E-9|storm. There were over 2,600 of these cards and 


was greater than the length of the period in days,| was the designation of the quadrangle containing | these were divided into three classes. 


Class J 


and also greater than 15 per cent. of the normal|the Miami Valley. The rainfall stations were| contained the storms showing excessive precipita. 
annual rainfall. For stations having an annual | located on large scale maps and, beginning at the} tion at one station only, indicating storms covering 
rainfall of less than 20 in., precipitation for any | northeast corner and progressing toward the south-| only a small area. Nearly 50 per cent. of all the 
period was considered to be excessive when the total | west, each station was given a small letter, or, if | storms were in this class. |Class II was made-up 


Fig. 29. PROBABLE AMOUNT (INCHES) OF ONE DAY RAINFALL 
AT AVERAGE INTERVALS OF FIFTY YEARS. 
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Fig.31. PROBABLE AMOUNT (INCHES) OF SIX DAY RAINFALL 
AT GE OF FIFTY YEARS. 
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was greater than four inches, and also greater than | necessary, a double letter was used. The sheets 
the length of the period in days. of excessive precipitation were then assembled by 

In order to index these sheets, the area of the quadrangles and then by small letter in alphabetical 
United States was divided into 2-degree quadrangles | order. 
bounded by the odd degree meridians and parallels.} From the excessive precipitation sheets, a card 
The north and south rows were numbered and the | index of excessive precipitation periods was made 

| 





east and west ones given capital letters. Each quad-| up for all storms from 1870-1914 inclusive. Each 
rangle could thus be designated by its co-ordinates, | card showed the rainfall at all the stations for that 


Fig. 32. SUM OF THE LENGTHS OF RAINFALL RECORDS 
IN EACH A 





Fig. 30. PROBABLE AMOUNT (INCHES) OF THREE DAY RAINFALL 
AT AVERAGE INTERVALS OF FIFTY YEARS. 
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of those storms in which excessive precipitation 
occurred at from two to five stations, representing 
comparatively local storms. These comprised about 
35 per cent. of the total number. Class III, contain- 
ing about 400, iacluded the large storms with rainfall 
at six or more stations. Due to the fact that during 
the first part of the period covered in this investi- 
gation the rainfall stations were rather scattered, 
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bree storms covering a considerable area could occur represents duration. For a certain storm it may|to say that one sto yas gi 
= without being recorded at as many as six stations. | be said that it had a fall of 9-5 in., for an area of odlian i wander it ret pa asda 
ey More ey ore are, therefore, probably | 2,000 sq. miles and a duration of three days. This} When storms as a whole are considered, two 
ring wee - the latter — -_- — which | means that for the three days of most intense| other variables are introduced, namely, geogra- 
rn gives t e fo. —— a a torms of small area | rainfall during this storm, on the 2,000 sq. miles|phical location and frequency. By geographical 
in 37 per cent. ; storms of medium area, 40 per cent. ; | of area on which the rainfall was greatest, the average | location is meant the position of the point or area 
i under consideration, for which the frequency of a 
) Fig.33. MAXIMUM AMOUNT (INCHES) OF ONE DAY RAINFALL storm having given time, fall and area co-ordinates 
. RECORDED. is desired. This is best represented by a map. 
Pp y P 
= _ The frequency of a storm of given area, dura- 
5 tion and location as used in these studies, is ex- 
1B pressed as the average interval between storms of 
lagi as great or greater depth of rainfall at that location 
c for the same area and duration. A frequency of 
; once in fifteen years, for example, means that the 
43 past records show that for the given location, area 
D 6-4 1 and duration, the average interval between storms 
* 91 of as great or greater average fall was fifteen years. 
68 The labour necessary to evaluate the variables 
E c|4#1 62 19 a of frequency, inches of rainfall, area and duration 
* 19 for all locations east of the 103rd meridian, through- 
me 1-0 |12-0 4-6\78 6:5 out their entire range, was so great that it was pro- 
F 0 \e5 41 hibitive, even if the data had been sufficient to 
# rey oF 10:2 q 68 establish them. Therefore parts of the range of 
E 6 | 7: al & some of the variables were not determined where 
G 5:3\\. . the possibility of accurate determination was 
38 93 |64| 96 2\1-9 56 10°5 doubtful or the value of the results did not justify 
the labour involved. The missing data are of rela- 


H ae qa \% 67. tively little importance, and the results of these 
3g Gla4 9-0.|10-0 — 41-6\ 9-0 storm rainfall studies enable the design of flood 
: prevention works to be carried out with a far 
greater precision than has heretofore been possible. 
To indicate the magnitude of the task actually per- 
formed, it may be said that the work performed 
in making the study of storms was equivalent to 
the time of one man for more than ten years. 
, j Storm Rainfall Probabilities for Small Areas.— 
22.0| 13:0) 10-0 As previously stated, 37 per . of the storms 
covered so limited an area that they were recorded 
at only one rain gauge. Many of these were no 
doubt thunder storms of great intensity but cover- 
ing only a small area. Since there is only one gauge 
ees record, no estimate can be made of the areas 
covered by these storms. As the rain gauges are 
DEPTH AREA RELATIONS FOR GREAT DEPTH AREA RELATIONS FOR GREAT pent - P Rathed gh wm _— -_ _ 
STORMS OF FIVE DAYS DURATION IN STORMS OF FIVE DAYS DURATION IN Paani agp-eallertdlaai soir peeling 
EASTERN UNITED STATES. EASTERN UNITED STATES. given amount and duration covering small areas. 
4 It was possible, however, to determine the frequency 
} Fig.34. , at any location for various inches of fall and dura- 
5 Pig F ig.35. LiST OF STORMS. tions for the smallest possible area, the area of the 


StormN°| Max. 5-Days |\Center| Remarks top of one rain gauge, or practically speaking, a 
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10 \1834, May 18-22 | Pa. \TotalStorm : 
86 |7903. Sept. 5-19 Mo. |Total Storm single point. 4 
R5 |1912, July 20-24 | Wis. | Total Storm For the purpose of determining the frequency of 
- _ far aT thee 5 as rainfalls of various amounts and durations for any 


point in the eastern United States, the whole area 
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part of a single record. The one-day rainfalls were 
—- a2 considered first, the great one-day precipitations 

—s-— i at any one of the stations in a quadrangle being 
re | — arranged in descending order of magnitude and given 

a igi fd serial numbers beginning with one. The frequency 

. 4 4 4 ; iz a 4 ~ oo me = — a — storm resulting in a we me 7. — 
; oid . ° ° s of any of these storms, was considered to be the 
fae Ene Ae EE ere PAS Se TE OF A, sum of the lengths of the records of all the stations 
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| of the quadrangle divided by the serial number of 


RAINFALL AND RUNOFF FOR MIAMI RIVER | the storm. For example, when the one-day rain- 
BASIN ABOVE DAYTON. fall of quadrangle E-9 are arranged in descending 
order of magnitude, the seventh (serial number 7) 
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and storms of large area, 23 per cent. It is thus | 
evident that a large part of the storms of the 














Before proceeding with a discussion of the method 
( if treating the storm rainfall data, in order to reduce 
it to a form readily applicable to the design of 
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eastern United States cover only a limited area. hi 36 17 
For the design of flood-prevention works on large = i was found to be 5:40 in. The sum of the lengths 
streams, this type of storm is of little consequence, Se of record of all the stations was 713 years, and, 
but for streams of smaller drainage areas they t therefore, the frequency of a rain of 5-40 in. or 
become important. An investigation was therefore| -§& more in one day in this quadrangle is once in 
made to determine the probable amount, for the 713 + 7=— 102 years. In this way, with inter- 
different parts of the eastern United States, se polation, the probable inches of one-day precipita- 
of storm rainfall of various durations on small | 3s . tion for 100-year, 50-year, 25-year, and 15-year 
areas, | 5 ; periods were worked out for each quadrangle. It 
| (9899.F) et- 257 27-4 29 **-30 4 | was similarly worked out for two to six-day storms 
| 


; inclusive. To make the data readily useful, these 
, ¢ amount of rainfall was 9-5 in. This expresses only | values were plotted on maps and isohyetal lines 
engineering works, it will be well to deal with the| one point on the surface representing the magnitude | were drawn as shown in Figs. 29, 30 and 31, which 
; meanings applied to several of the terms used. The/|of the storm and there are an infinite number of | give the rainfall for a 50-year period for 1, 3 and 6 
magnitude of a single storm can best be thought of| others. In comparing this storm with another, it| days’ duration respectively. 

4s being a mathematical equation of three variables | might happen that for three days on a 2,000 sq.| Since in recent years the number of rainfall 
iles area, the amount of rain which fell in the| stations has greatly increased, in order not to give 


and Tepresented by a curved surface, any point | mi 
: °n which has three co-ordinates. One of these | second storm was less than the first, but in five days, | too great weight to the recent records in computing 
the inches of precipitation for the 100-year and 


co-ordinates represents amount of rainfall, another | over the same area the second had showed a greater 
represents area, and the third is the time factor and | amount than the first. It is, therefore, inadvisable! 50-year periods, only the records of the gauges 
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maintained for ten or more years’ duration were | or two days only with those extending over five or | flood and smaller subsequent ones, but also studies 
used, and for the 25-year and 15-year periods only | six. It also represented the condition of maximum | of the rainfall-run-off relations of Miami Valley 
records five or more years in length were used. | concentration on the Miami retarding basins. It| streams throughout the year and of small experi- 

The accuracy of this method of determining | will be seen that this basis of comparison takes into | mental plots of ground under natural and artificial 
rainfall probabilities depends upon the length of | consideration all the three elements of rainstorm— | precipitation. 
records available. These vary greatly for the| namely, duration, amount, and area. Because it was practically the only data avail- 
various quadrangles, the maximum being 1,508| For 33 of the largest of these storms the intensity- | able on the run-off of a large storm, such as would 
years and the minimum 40. Fig. 32 shows the|duration-area relations were worked out in detail.| approach the capacity of the proposed retarding 
sum of the lengths of the records in each quadrangle. | The first step, after assembling all the rainfall data | basins, the run-off of the great flood was carefully 
In general, those on the western border and south- | for a given storm, was to select the day of greatest | examined. The following Table II, gives the rain- 
western quarter of the area are least reliable. |average rainfall, the two-day period of greatest | : : 

Maps were also made to show the maximum | average rainfall and so on for the whole duration! 748™" Il.—Rainfall and Runoff from Drainage Area 

. * - = 4 & | above Dayton by Calendar Days. 
rainfall recorded in the various quadrangles for) of the storm. For each of these periods, on a large | ee 
durations of one to six days. The maximum for | scale map, the rainfall at each station for the period | 














| | , 

one day is shown in Fig. 33. | was plotted and isohyetal or rainfall contours drawn. | aad | a poo | py =. 
Study of Great Rainstorms.—The rainfall proba-|The areas enclosed by the isohyetal lines were | ! 

bilities as shown in Figs. 29 to 31, are the limits of | planimetered and the average amount of rainfall) yarno3  .. .20 | 0-04 
what would be expected on larger areas. To obtain | over the area computed. From this data, intensity-| ., 24 2-20 | 0-33 
more complete data of the probable amount of | duration-area curves were constructed to show the; ” 35 | eH | 3-97 
rainfall on larger areas, detailed studies were made | average rainfall on area of different sizes for rainfall, ,, 27 .. ..| 0-47 1-58 
of all the large rainstorms which have occurred in| durations of one to six days. These curves, geo-; ” - th “a ae | hi 
the eastern United States during the 25-year period, | metrically considered, are traces of the mathe-| ;, 30 ret | 0-32 
1892-1916. It was necessary to set some kimit to | matical surface representing the magnitude of the, » *! a | — 
what would be considered a great rainstorm, and, | storm on planes at right angles to the duration axis | Total a 9-60 | 9°31 


for lack of a better rule, a rather arbitrary one was | at the points representing durations of one to six | —— — 
used, limiting great storms to those which gave a/| days. Figs. 34 and 35, which should be taken fall and run-off for the area above Dayton by 
rainfall of 6 in. in three days at five or more stations. | together, though of different scales (the table in calender dave. ‘The disteibation is shown graphic- 
Prior to 1892 the rainfall stations were so scattered | Fig. 35 refers to Fig. 34 as well) give the curves for| jnv on Fj vas It will be noticed that the shape 
that only the very large storms could come within | five-day duration of all the storms in the northern y ee et 
Rit . 7 : j of the run-off curve is similar to that of the rainfall. 

the limits set, and comparison between the storms | part of the eastern United States during the 25-year eek thes enti Inen thie the weletel. Thx’ 
before 1892 and after that time is therefore mis-| period. From this it will be seen that the storm of | Hing tn thee pinspelins: Rinses the thee that the rain 
leading. Only three very large storms prior to| March, 1913, was one of the largest on record. Two | 5.1) and that when its run-off passed through Dayton. 
1892 were studied. other storms were of about the same size, but both 'm,. peak rate of run-off itch about 17 hours 

It was soon evident that much greater storm) fell in the late summer or fall when the ground was | ere ee Sn Matai ae re a rainfall. indicating 
rainfall occurred in the southern than in the northern | dry, and centred over large streams, thus giving | «tenn ef caliestion 4f-cleen 10 nom ; 
part of the region under consideration. A division,| much smaller floods. The curves for the other) “i 
therefore was made, roughly along the line of! periods and for the southern part are given in the! ‘T,stx ITI.—Mazimum Rates of Rainfall and Run-off 
latitude 36° 30’, those falling north of this line | detailed report covering the storm rainfall study.* | Watershed above Dayton. 
being considered as northern storms. Inthe 25-year! Studies of Rainfall - Run-off Relations.—As a result | me 
period studied there were found to be 47 great! of the extensive study of rainfall, accurate esti- Hours. | Rainfall Run-off 























northern storms and 113 great southern storms. | mates of the magnitude of the rainfall of storms | _ wiecaaa 
On account of the many variables, it was difficult | which the Miami flood prevention works would l l = 

to compare the magnitude of the 160 great storms, have to withstand could be made. To estimate _ | i a ae 

and the following basis of comparison was worked what run-off would be likely to result from these 72 8-0 7°27 

out as being most practical. The magnitude of the | storms an extensive series of run-off studies was = ab Hires 

storm was considered proportional to the fifth | undertaken.t These covered not only the immediate wi | joel 

highest three-day rainfall record. The fifth highest | storm rainfall-run-off relation as shown by the 1913 : 

record was chosen because an area including five | Where the curves cross indicates the point when 

rainfall stations, roughly, corresponded to the largest | _* Storm Rainfall of Eastern U.S, “‘ Technical Report V.| the run-off rate was equal to the rainfall rate. After 

area tributary to one of the retarding basins. The | “/éami Conservancy District.” |this the run-off was greater than the rainfall. 


three-day period was chosen because it gave the! ,,+ Rainfall and Run-off in the Miami Valley, Ivan E.| 4+ the time when the run-off became as great as 


: | Houk, “ Technical Report, Part VIII, Miami Conservancy | , 
best comparison between the storms covering one | District,” : ‘a * ud the rainfall, the amount of water stored on the land 
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surrounding the main bearings. It leaves these ribs 
by the funnel-shaped opening, shown in Fig. 3, by which 
it is directed to the three carburettors. By this arrange- 
ment, the air not only serves to cool the oil, but also the 
main bearings, while at the same time it is heated up 
to secure more effective vaporisation of the fuel. There 
are two induction pipes mounted inside the vee formed 
by the cylinder groups, each pipe having six branches 
to the cylinders. The two pipes are, in effect, bridged 
by three Y-pieces connected to the three carburettors, 
but whereas the central Y has all three branches in one 
plane, as shown in Fig. 4, the upper branches of the 
other two Y-pieces are made parallel with the engine 
axis for a short distance before entering the induction 
pipes. The result of this arrangement is that, while 
the three carburettors are grouped together, the 
junctions between the Y-pieces and the induction pipe 
are spaced out along the latter. The two outer Y- 
pieces are fitted with subsidiary throttles for regulating 
the distribution, as shown in Fig. 3, and all three Y- 
pieces actually form a single water-jacketed casting. 

Both inlet and exhaust valves are inclined to the 
cylinder axis, and are operated by separate rockers, 
as shown in Fig. 4. The two camshafts are driven 
by totally-enclosed inclined shafts at the end of the 
engine remote from the propeller, as shown in Fig. 3, 
and on the right in Fig. 4. The shaft for operating the 
valve gear for the right-hand group of cylinders, as 
viewed in Fig. 4, is driven directly from the crankshaft 
by bevel gearing. A section through this shaft casing 
is given in Fig. 3, and it will be observed that this shaft, 
in addition to carrying the bevel for the two-to-one 
reduction gearing at the top, also carries two other 
bevels. The upper of these serves to drive the two 
magnetos, the position of which is clearly indicated in 
Fig. 2. The lower bevel, which is directly above the 
crankshaft pair, drives the inclined shaft for the left- 
hand group of cylinders, this arrangement being ne- 
cessitated by the limited space available for the bevels. 
The wheel on the crankshaft also serves to drive the 
circulating-water and lubricating pumps, as shown in 
Fig. 3. The shafts carrying the valve rockers are 
totally enclosed, as shown in Fig. 1, and are under 
pressure lubrication. There is a half-compression device 
for starting up, operated by sliding a set of special 
cams under the inlet-valve rockers. For this purpose, 
the camshafts slide through their bearings. A sleeve, 
on which a coarse-pitched external thread is cut, is 
mounted on the end of each shaft, and engages with a 
corresponding internal thread in the bevel housings. 
The handle shown in Figs. 2 and 4 forms part of the 
sleeve for the right-hand cylinder group, and a corre- 
sponding lever on the other sleeve is connected to this 
handle by the rod shown in Fig. 2. The lubricating 
system hardly calls for special comment, as it follows 
the usual arrangement in which the oil is continuously 
circulated by the pump, the level in the sump being 
kept constant by the supply of fresh oil as required. 

In conclusion, a few leading particulars of the engine 
may be added to those already given. The cylinder 
. bore is 160 mm. (6 in.), and the stroke of the pistons 
190 mm. (7} in.). The compression rates is 6 to 1. 
The net weight of the engine is 505 kg. (1,103 Ib.), the 
water content is 19 kg. (42 lb.), and the oil content 
6kg.(131b.). The fuel consumption is 225 g. (0-495 Ib.) 
per brake-horse-power hour, and the lubricating oil 
consumption 15 g. (0-033 Ib.) per brake-horse-power 
hour. Apart from the records already mentioned, the 
engine was Officially tested at the German Government 
Testing Bureau in December last, and proved entirely 
satisfactory. The tests included a continuous run of 
200 hours at full normal rating. 





VERTICAL JIG DRILLING AND BORING 
MACHINE. 


Tuat the use of the jig is extending will be admitted 
readily enough; indeed, some industries, such as 
that of motor-car manufacture, could not possibly 
maintain their rate of production without it. There is, 
however, still a tendency to be content to produce the 
jigs themselves with whatever machine tools happen to 
be handy, whereas the high degree of precision required 
in the appliance, as well as the increasing demand, 
often make special tools desirable, if not imperative. 
The machine we illustrate in Figs. 1 to 14, page 358, 
and Plate XXI, is such a tool. It is a vertical boring 
machine which can be used either with a drill or with 
a boring bar, and, by means of its built-in measuring 
devices on the table, the tool can be centred on the 
work to a ten-thousandth of an inch. It is con- 
structed by Messrs. The Pratt and Whitney Company, 
Hartford, Connecticut, U.S.A., and is put on the 
market in this country by Messrs. Buck and Hickman, 
Limited, 2 and 4, Whitechapel-road, E.1. 

Fig. 1 shows the general appearance of the machine, 
while Figs. 2 and 3 show, in more detail, the mechanism 
by which the accuracy mentioned above is obtained. 
One feature, revealed by Fig. 1, is that of substantial 





construction which ensures the rigidity essential to 
accuracy. In this respect, the vertical design 

distinct advantages over the horizontal. The table, 
firmly bedded on to a rigid slide, is carried upon a heavy 
base spread well out underneath it. The thrust of the 
tool is therefore met on a surface which is without 
spring. The work is easily held in place, its full extent 
is under the eye of the operator, and the measuring 
gauges are readily accessible. The vertical column is 
as substantial as the base, and the head carrying 
the spindle drive is equally rigid. The table has a 
working surface of 16 in. by 30 in., with a cross-traverse 
of 18 in. on its slide, the longitudinal travel of the 
latter being 24 in. It has a scraped surface, as also 
has the slide. The sections given in Figs. 13 and 14 
show that the slides are gibbed and that the table has 
four T-slots for holding-down bolts. Both table and 
slide have traversing screws with hand wheels for coarse 
adjustment, a fine adjustment with a knurled wheel 
being also provided in the position shown in Fig. 3. 

As will be clear from Fig. 1, the machine is belt- 
driven, either a countershaft above, or a motor situated 
on a bracket on the base, supplying the motive power. 
If electrically driven, a constant-s 2-h.p. motor 
running at 1,200 r.p.m. should be fitted. The driving 
pulley speed on the machine is 400 r.p.m. The spindle 
speed gear is fitted in a box mounted on the base. The 
same casting also carries the oil pump and the stopping 
and starting mechanism of the driving pulley. This 
box is seen to the right in Fig. 1. On the top are three 
levers for the gear changes. At the side is the control 
lever, and near it the oil pump. These parts can be 
identified more readily in the detail drawings repro- 
duced in Figs. 4 and 5. The oil pump needs little 
comment. It is of the rotary type, and is driven from 
the main shaft through plain gearing. 

The driving pulley is cased in and runs on roller 
bearings on a sleeve attached to the bracket carrying 
the shaft. It is engaged with the shaft through a 
double-faced friction-disc clutch keyed to the shaft. 
The construction of the clutch so formed will be clear 
from Fig. 5. On the other hand, the action of the 
control lever is, perhaps, more easily understood from 
Fig. 4. Movement of the lever to the left disengages 
the clutch and permits the driving shaft to run free, 
a braking action being obtained by a further movement 
of the lever in the same direction. This actuates a 
cone clutch engaging with the first pair of gear wheels. 
Two pairs of double gear wheels may be seen in the sec- 
tion shown in Fig. 5. The third pair and the connection 
to the lower shaft of the belt drive of the spindle, 
being at a different level, are not shown. There are 
eight spindle speeds—namely, from 37 to 492 r.p.m. 
The position of the change levers has already been 
indicated. They are supplied with suitable index plates. 

Belt driving has been adopted on account of its 
smoothness, this being an essential for the degree of 
accuracy attained in the work. The head, like the other 
structural members of the machine, is of very sub- 
stantial design. It is surmounted by an oil reservoir, 
the pipes in connection with this being clearly seen in 
Fig. 1. The lower part of the spindle gear-box forms 
an oil reservoir, the gears running in oil. The pump 
on it is used for filling the top reservoir, as well as 
one formed in the spindle slide, in which the feed 
gears run. There is a system of pipes for gravity 
oil feed to the working parts from the top reservoir, 
though the spindle and quill are separately oiled from 
the top bearing. The rod seen projecting from the 
reservoir in Fig. 1 is an indicator to denote the level of 
the oil in it. The driving pulley is coupled to the 
spindle through a friction clutch, the starting and 
stopping lever being brought down to a convenient 
position relative to the controls on the spindle slide. 

The slide itself is designed with a specially long seat, 
which beds on scraped ways on the column. Its 
general appearanceis shown in Fig. 1, while in Figs. 6 
and 7 ar egiven a plan and sectional plan, respectively, 
with a front elevation in Fig. 9. It is self balanced 
by weights and chains passing over rollers, and is moved 
for coarse adjustment by a rack and pinion, the latter 
being actuated by a crank handle. It is, of course, 
clamped in position while the machine is working. 
Fig. 8 is a section of the quill and spindle, from which 
the construction of these two parts may be made out 
without difficulty. Vertical movement is provided 
for by the rapid traverse controlled by the large 
handwheel. The spindle end can be brought down to 
within 4 in. of the table top and raised to 25 in. above it. 
Of this range of movement, 9 in. is due to the travel 
of the spindle quill, and 12 in. to that of the slide on 
the column. The fine hand feed is obtained by the 
smaller handwheel. This operates a worm engaging 
with a worm wheel on the rapid hand-traverse spindle. 
An ordinary cone clutch is used for locking when the 
automatic feed is employed. 

There are four rates of spindle feed, from 0-0025 in. 
to 0-010 in: per spindle revolution. The shaft for the 
automatic feed derives its motion from a pinion on the 





head driven by a chain from one on the spindle. Its 


position can be seen from Figs. 6, 7 and 9, as well as 
those of the feed-changing gears, the levers for which 
appear very clearly in Fig. 1, together with their index 
plates. In Fig. 9 there will be noticed certain scales 
engraved on the front of the quill. These are read off 
against the edge of the quill guides, and are used when 
a definite depth of hole is required. 

The remaining figures on Plate X XI, Figs. 10 to 14 
taken in conjunction with Figs. 2 and 3, show the 
measuring devices on the table. The utility of these 
is evident when the time occupied in setting the table 
for boring a number of holes in a jig by the usual 
method is considered. Arrangements provide for 
measurements made in two directions at right angles 
to one another; this necessitates dimensions from 
centre or base lines being given on a drawing, 
A zero or starting point is selected on the machine 
in each direction and measurement is then made 
by moving this point through the exact distance re. 
quired. The relation of the two devices to the table 
and to one another is shown in Fig. 2, but the larger 
scale view of one of them, given in Fig. 3, will be easier 
to follow. 

There are two essential elements in the device :—first, 
a hardened steel rod which forms the zero, and is 
firmly clamped to the table, and, secondly, the actual 
measuring appliances. Botli lie in a hardened steel 
trough with inclined sides which are to be seen in 
cross section in Figs. 11, 12, and 13. In the latter 
figure, a longitudinal section also appears, which shows 
the numerous holes drilled through the bottom of the 
trough to permit the escape of any borings, dirt, &c. 
The zero rod is seen immediately above this perforated 
strip, together with its clamping screw, and will be 
recognised to the left of Fig. 3. At the right hand 
of this figure it will be seen that the trough ends.at 
the measuring appliance which registers movements 
of its anvil of one ten-thousandth of an inch. The 
measurement of thousandths is made by an inside 
micrometer, while even inches are obtained by standard 
measures. 

As an illustration of a measurement, suppose, as in 
Fig. 3, a distance of 10-0000 inches was required 
between one hole and another in a jig. The first hole 
is located by a testing bar or other method. The 
inside micrometer is then set at zero and placed in the 
trough with one end against the indicator anvil. 
The sliding zero is then pushed up to’the other end of 
the micrometer, and the dial of the indicator is set so 
that its zero is coincident with the needle. This setting 
is not altered throughout the operation. The table is 
then moved back by the large handwheel until, the 
distance in the trough between the zero rod end and 
the micrometer is rather larger than the length to be 
measured accurately. This movement is simply to 
permit the necessary end measures to be inserted. In 
Fig. 3, end measures of 6 in., 3 in., and 1 in., are placed 
in the trough. The table is next traversed by the fine 
adjustment knob until the end measures touch the 
micrometer. As an exact amount was required in the 
example given, the micrometer is zero and the needle is 
also at zero, but for an odd measurement the micrometer 
is set to read to thousandths, and the fine traverse of 
the table is continued until the needle of the dial reaches 
the particular ten-thousandth part to be measured. 

The process of setting the table is repeated in the 
right-angle direction if the holes required are not in 
exact line, and both table and slide are then clamped in 
place. These clamp screws are seen in Figs. 10, ll 
and 12, which also show very well how the threads of 
the traversing screws and the slides themselves are 
lubricated. The normal equipment of the machine 
includes end measures of 1 in., 2 in., 3 in., 6 in. and 
12 in., or 25 mm., 50 mm., 75 mm., 150 mm, and 
300 mm., and it may be pointed out that the operation 
itself is much more quickly performed than a written 
description would suggest. For shops in which a 
number of circular jigs are used, a still quicker method 
is to use a rotary table for circular indexing instead of 
locating the new hole by two co-ordinates. For this 
purpose, a table with a scraped surface 20 in. in 
diameter can be attached to the rectangular table. 
This is fitted with a coarse adjustment, such that one 
rotation of the hand wheel rotates it 3 deg. The fine 
adjustment used with a vernier permits the table to 
be set to five seconds. The accuracy of setting 18 
0-00025 in. on a 10-in. radius. 

The methods by which machines are tested before 
despatch are interesting. Briefly, they consist of 
drilling holes in some symmetrical arrangement through 
two plates at once. They are tested by a plug gauge, 
and the plates are then reversed, so that the original 
holes no longer coincide. The plug gauge must go into 
the new combined holes with the same ease as through 
the original ones. A further test is to drill 12 holes on 
a large pitch circle by the co-ordinate method in two 
plates separately. When brought together and tried 
with different holes and different faces, a perfect fit 18 
demanded. With this high degree of accuracy 4 








greatly improved speed is obtained. 
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LABOUR NOTES. 


Tux confederation of building trades’ unions, which 
is intended to supersede the existing national 
organisation, promises to be an interesting experiment 
in industrial unionism. Both skilled and unskilled 
workers are to be included, and will be divided into 
eight groups, viz., bricklayers, masons (including 
quarrymen and paviors), woodworkers, painters, 
plumbers, slaters and tilers, plasterers, and labourers. 
Organising work is to be done by the confederation, 
the country being cut up for the purpose into twelve 
divisions, with an adequate staff and divisional 
secretary in each. The confederation is to be autono- 
mous on all questions affecting industrial policy. 
Instead of the present contribution to the National 
Federation of 2s. per member per annum, for which 
the Federation acts as a general advisory body in 
industrial affairs and pays 5s. per week dispute benefit, 
4d. per member per week, and 2d. per week for 
apprentices, is to be paid to the confederation. By 
way of return for that, the confederation undertakes 
to pay dispute benefit at the rate of 20s. per week. 





Under the scheme the affiliated organisations are 
to be left practically as they: are, the only notable 
difference apparently being that the: control in 
industrial matters will be taken from them and vested 
in the central body. No union will be at liberty to 
take strike action on its own initiative or responsibility, 
and no movement affecting wages or conditions will 
be in order that has not the approval of the 
confederation executive. The affiliated societies are, 
however, to retain control of their own: ‘domestic 
affairs, including the fixing and collection of -contri- 
butions and the administration of their own funds. 


Any organisation desiring to withdraw is to give. 


six months’ notice, declaring at the same time the 
grounds upon which it seeks to secede. The matter ‘is 
then to be referred to arbitration, the affected union 
continuing in membership until the arbiter’s decision 
is known, even although the six months’ notice may 
have elapsed. The scheme has been approved by 
the executive council of the National Federation of 
Building Trade Operatives, but it is unlikely that 
the various memberships will be invited to vote upon 
it for at least six months. 





A strike of building trade workers which took place 
recently in Glasgow raised an old question in a .new 
form. Local firms belonging to the Scottish Building 
Contractors Association—which is not affiliated to the 
employers’ National Federation—sought to reduce the 
wage rate of labourers to ls. 14d. per hour. Under 
the national agreement between the federated employers 
and the federated trade unions, the labourers’ rate is 
ls. 34d. per hour. On the day appointed by the 
Scottish Association for the coming into force of the 
reduction, the labourers ceased work, and eventually 
their fellows, the craftsmen, followed suit.’ For the 
men it was argued that the only applicable rate of pay 
was that set forth in the national agreement, while 
the employers claimed that, not. being affiliated to the 
Federation they were entitled, as members of the 
Scottish Association, to establish a local rate. Pro- 
tracted negotiations, in which the Ministry of Labour 
took part, ended during last week-end in an agreement 
to ask the Industrial Court to express an opinion on 
the particular issue raised. The notices of reduction 
were withdrawn, and work was resumed on Tuesday 
morning. The circumstances in which the dispute arose 
are, admittedly, unusual. But in other industries, 
engineering, for example, the wages paid in unfeder- 
ated firms generally rise and fall with the rises and falls 
agreed to between the employers’ federation and the 
trade unions. 





Speaking at the annual meeting of Division 5 of the 
Iron and Steel Trades Confederation at Newport 
(Mon.) on Saturday, Mr. John Hodge said that for 
forty-two years they had never had a general strike 
in the iron and steel trades, except the stoppage which 
took place last year, nor had they ever had a lock-out. 
Yet to-day, the members of the Confederation were the 
best paid body of men in any industry in the country. 
He urged the coal industry to adopt the same kind of 
machinery to settle its affairs as operated in the iron 
and steel industry. 





The Ministry of Labbur states that on March 14, 
1927, the number of persons on the registers of Employ- 
ment exchanges in Great Britain was 1,118,700, of 
Whom 905,200 were men, 28,900 boys, 152,900 women, 
and 31,700 girls. Of the total number, 70,600 men, 
100 boys, 700 women, and 100 girls, were persons 
normally in casual employment. On March 7, 1927, 
the number of unemployed persons was 1,144,060, 
of whom 926,975 were men, 29,931 boys, 154,852 
women, and 32,302 girls; and on March 165, 1926, it 





was 1,070,843, of whom 847,075 were men, 27,098] 
boys, 166,622 women, and 30,048 girls. f 





At a meeting in London on Tuesday, the General 
Council of the Trades Union Congress decided to call ' 
a joint conference with representatives of the All- 
Russian Council of Trade Unions in Berlin, on March 29, | 
to discuss :—1. Proposed alterations in the constitu- 
tion of the Anglo-Russian Committee, with a view to: 
precluding the possibility of any intervention in the: 
domestic affairs of either country, and to broaden the: 
constitution to enable one country to assist the other. 
2. The position in regard to the proposed calling of an’ 
unconditional conference between the International | 
Federation of Trade Unions and the All Russian 
Council of Trade Unions. 3. The present position of 
the international working classes in connection with the 
economic offensive of capitalism. The British repre- 
sentatives at the Berlin meeting will be Mr. George’ 
Hicks (chairman of the T.U.C.), Mr. A. A. Purcell, M.P., 
Mr. A. B. Swales, Mr. A. A. H. Findlay, and Mr. W. M. 
Citrine (secretary). * 





The General Council also passed a resolution to the 
effect that Trades Councils which are affiliated to the 
National Minority Movement, or receive affiliations: 
from branches of that organisation, or are otherwise ' 
associated with that body, are not to be accorded | 
recognition nor allowed to participate in any work 
carried on under the auspices of the General Council. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in’ 
tates of wages reported to have come into operation in 
February, resulted in an aggregate reduction of 9,000/. 
in the weekly full-time wages of about 136,000 work- 
people, and in an increase of 4,3001. in those of 44,000 
workpeople. According to The Ministry of Labour | 
Gazetie, the principal groups of workpeople whose wages 
were reduced included workers in steel smelting shops 
and rolling mills in various districts in England and 
Scotland, and coal miners in the Cannock Chase and 
Forest of Dean areas. In the former case, the reduction 
amounted to about 2 per cent. on the previous wages of 
most classes, except the lower-paid men; and in the’ 
case of coal miners, the percentage additions to basis 
rates were reduced by over 6 per cent. in the Forest of | 
Dean. There were reductions in the minimum rates of 
wages fixed under the Trade Boards Acts for various | 
elasses of workpeople in the flax and hemp, brush, and. 
broom and coffin furniture trades. Other workpeople | 
whose wages were reduced include steel makers in 
South-West’ Wales and electrical cable makers, Work- 
people who received increases included steel sheet 
millmen and galvanisers, men employed by electrical 
contractors in England and Wales, and those employed 
in the non-trading services of various local authorities 
in the West Riding of Yorkshire. 





. During the first two months of 1927, the changes 
reported to the Ministry of Labour in the industries 
for which statistics have been compiled, have resulted 
in net increases of over 24,0001. in the weekly full-time | 
wages, of nearly 440,000 workpeople, and in net reduc- 
tions of 47,5001. in those of over 410,000 workpeople. 
In the corresponding period of 1926 there were net 
increases of 8,250]. in the weekly full-time wages of 
80,000 workpeople, and net reductions of nearly 15,0001. 
in those of 250,000 workpeople. 





The Industrial Bulletin, which is issued monthly, by 
the Industrial Commissioner of New York State, has 
an interesting note in its latest issue on the subject of 
compensation insurance. Discussing the four methods 
of compensation insurance in a report to the Legislature, 
the New York State Industrial Survey Commission 
referred to the State Fund as follows :—“ There is no 
doubt that the State Insurance Fund, as at present 
administered, is performing exceptional service. In 
general, its initial premium is on the average 15 per 
cent. below the rate of the Casualty Companies. In 
addition, it has returned to its policy holders, on the 
average, dividends amounting to approximately 15 per 
cent. annually. This dividend, combined with the 
reduction in the initial rate, has reduced the actual 
cost of compensation to the employer approximately 
274 percent. All those concerned in the administration 
of the Fund are entitled to commendation.” 





According to the same official source, the New York 
Industrial Survey Commission has, after studying the 
question, recommended the Legislature to change the 
law relating to the maximum amount allowable as 
compensation for injuries, from 20 dols. per week to 
25 dols. per week. New York State, it is added, has 
treated injured employees better than any other State 
in the Union. In 1925, the period during which no 
compensation could be paid for an accident was reduced 





from two weeks to one week. 


A resolution on the subject of the Washington Hours’ 
Convention passed by the National Union of Manu- 
facturers, draws the Government’s attention to “ the 
serious damage which may result to our trade from the 
ratification of the Washington Convention limiting the 
hours of work in industrial undertakings to eight in the 
day and forty-eight in the week, unless adequate steps 
are simultaneously taken to secure a substantially 
equivalent application of the Convention in all the 
signatory countries.” Copies of the resolution have 
been sent to the Prime Minister, the Minister of Labour, 
and the President of the Board of Trade. 


In the latest issue of the official organ of the Inter- 
national Labour Office, there is an explanatory note 
regarding the new phrase “rationalisation of industry.” 
Sometimes, the writer says, the term “ rationalisation ” 
is used to describe “‘ those improvements in the tech- 
nique of industry which fall more correctly within the 
scope of ‘ scientific management.’ As a rule, however, 
the word denotes something more than the organisation 
of a single industrial enterprise on the lines of maximum 
efficiency, whether from the point of view of equipment 
and lay-out or from the point of view of the fullest 
possible utilisation of its human and business resources. 
* Rationalisation,’ in the sense in which it is most 
frequently used nowadays, covers the organisation of a 
given industry as a whole. Its primary purpose is the 
elimination of waste and the reduction of costs of 
production to the absolute minimum. Its motive is 
the desire to minimise the casualties of the intensified 
warfare between rival industries in different countries, 
which has resulted from the economic upheaval of the 
war and post-war period. Its form is that of the trust, 
combine or cartel. Its scope is national or inter- 
national.” 





“Its activity,” the writer goes on to say, “ may 
take the form of price-fixing, control of supplies of raw 
material, regulation of output, marketing arrangements, 
or merely the obviating of intermediate profit-making 
in the stages between the getting of the raw material 
and the selling of the finished product, by the organi- 
sation of a principal industry and all its ancillary 
industries ‘from top to bottom.’ But whatever form 
it may take, ‘rationalisation’ of industry is un- 
doubtedly one of the most striking developments of the 
day, and one which is being watched with interest and 
perhaps also a certain anxiety by organised labour. 
What its ultimate effects on the conditions of work and 
life of the worker will be, remains to be seen ; but in the 
meantime there appear to be signs of an effort on the 
part of workers’ organisations to arrive at a policy 
which should determine their attitude towards this 
process.” 





Two important Continental Labour organisations 
have recently expressed decided opinions on the 
question. At its meeting last month in Berlin, the 
Central Committee of the International Metal Workers’ 
Federation discussed it on a report by Mr. Reichel, a 
German member. A resolution was unanimously 
adopted pointing out that the consequences of “ ration- 
alisation,” and the growing influence of trusts in the 
iron and steel industry, had been an increase in the 
amount of work done by the workers and an enlargement 
of production. In order to protect the workers against 
any undesirable effects of “ rationalisation,” the meeting 
demanded immediate ratification of the Washington 
Hours Convention, and urged that, by means of an 
increase in wages, the workers should be allowed to 
share in the profits of “‘ rationalisation.” In countries 
where there is a tendency to organise industry in 
trusts and monopolies, joint committees should, it was 
claimed, be set up, which would, if necessary, become 
international in character. 





A memorandum on the same’ subject has been ad- 
dressed by the whole German trdde union movement 
to the German Government. In view of the tendency 
of cartels and trusts in large 'scale industry to monopo- 
lise the markét;, the unions demand that the workers 
shall be given a share in the management of the 
national economy. Representatives of the workers 
should, they say, take part in the direction of these 
economic organisations, on the same footing as the 
other members of the management, their special duty 
being to safeguard the public interest. Secondly, the 
unions demand Government control of this tendency 
to monopoly, by the institution of a supervisory office 
attached to the Federal Ministry of Economy. Repre- 
sentatives of the workers should take part on a joint 
basis in the conduct of this supervisory office and in the 
work of its committees. Reports should regularly be 
submitted by the office to the Reichstag. For the 
international control of trusts and cartels, the trade 
unions recommend international legislation in collabora- 
tion with the League of Nations. 
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THE GRIMSBY AND SKEGNESS 


WIRELESS-BEAM STATIONS. 


In the account, which appeared on page 528 of our 
last volume, of the Bodmin and Bridgwater wireless- 
beam stations, used by the British Post Office for 
Canadian traffic, and later to be used for communication 
between this country and South Africa, we mentioned 
that similar stations, at Tetney near Grimsby and at 
Winthorpe near Skegness, were under construction for 
transmitting and receiving, respectively, between 
India and Australia. The two last mentioned stations, 
which like those at Bodmin and Bridgwater have been 
designed and erected by Messrs. Marconi’s Wireless 
Telegraph Company, Limited, have now been completed 
and have passed the tests imposed by the Post Office 
authorities for working with Australia, so that, presu- 
mably, a public beam-telegraphy service between 
England and Australia will shortly be inaugurated. 

The principles of wireless-beam telegraphy have 
been already explained in our columns in an article by 
Mr. N. Wells, M.Sc., which appeared on page 514 of 
our last volume, and as the apparatus at the Grimsby 
and Skegness stations is generally similar to that at 
Bodmin and Bridgwater, which was described in 
considerable detail in the article previously referred to, 
we propose on this occasion to refer only to the main 
features of the new stations. The Grimsby transmit- 
ting station is built on land bordering on the Grimsby- 
Tetney-road, about 6 miles S.S.E. of Grimsby, and 
the aerial system for the Australian beam extends in a 
direction towards Grimsby, running approximately 
parallel with the road. The Indian aerial extends in a 
southerly direction from the station buildings. There 
are three main buildings, one of which includes the 
machinery room, battery room, offices and stores, 
while another houses the transmitting apparatus. 
The third building is divided into three sections, forming 
the oil pump and absorber rooms, the power-trans- 
former sub-station, and the extra-high-tension power 
switchroom. Power from the mains of the Grimsby 
Corporation is supplied in the form of three-phase, 
50-cycle current at 6,300 volts, and is stepped down 
by a bank of transformers of 250 kv.-a. capacity, to 
three-phase current at 400 volts and single-phase 
current at 230 volts, the latter supply being used for 
lighting and heating. The 400 volt three-phase 
current is delivered by underground cables to the low- 
tension switchboard in the machinery room, where 
it is used for driving the motors of various motor- 
generator sets. These are generally similar to those 
at Bodmin, except that the capacities differ slightly in 
some cases. 

Two sets of valve rectifiers are used to provide the 
high-tension direct-current for the anodes of the valve 
transmitters, there being a main rectifier and a drive 
rectifier for each set. One of the rectifiers is shown in 
Fig. 1, the panel on the left being the main-rectifier 
panel, and that on the right the drive rectifier. In the 
background of this illustration, the smoothing conden- 
sers and chokes, and one of the main step-up trans- 
formers can be seen. Fig. 2 is a general view of the 
transmitting room in which the two transmitters are 
housed. That on the left is the Australian transmitter, 
which consists of three panels. The first of these is the 
No. 1 magnifier, that in the centre accommodates the 
No. 2 and No. 3 magnifiers and the drive, while the third 
is the absorber panel. The Indian transmitter is 
shown on the right of the illustration and this com- 
prises four panels, the additional panel being provided 
as this transmitter is designed to work on either of 
two wave lengths, while the Australian transmitter 
works on one wave length only, viz., 26 metres. In 
the case of the Indian transmitter, there are two panels 
corresponding to the central panel of the Australian 
transmitter, one for a wave length of 35 metres and the 
other for 16 metres; one of these wave lengths will 
be used for night work and the other for communication 
during the hours of daylight, the change being effected 
in about 7 minutes. As shown in Fig. 2, a control table 
is located between the two transmitters. On it can 
be seen the Morse key and sounder used for hand 
communication, and behind them is a standard wave 
meter used for checking the wave-length,on which the 
station is operating. The method of keying is 
the same as that employed at Bodmin, and the arrange- 
ments for absorbing the power during the spacing 
periods are also similar. 

For the Indian service, the aerial system is carried 
on five masts, 287 ft. high and spaced 650 ft. apart so 
as to form two bays for each wavelength, while oz'y 
three masts, 260 ft. high with the same spacing, are 
needed for the Australian service. These three masts, 
which are, of course, erected at right angles to the 
great circle bearing to Australia, carry two parallel 
rows of vertical aerial wires with vertical reflector 
wires fixed between them, It is thus possible to project 
a beam along the great circle to Australia in either 
direction, depending upon the time of day. Each of 
the parallel aerials has 16 vertical wires per bay and 
the reflector, which is common to both aerials, has 


32 wires per bay. The same number of wires is used 
in the Indian aerial for the two bays used for the 35- 
metre wave length, but for each of the two 16-metre 
bays there are 24 aerial wires and 54 reflector wires. 
The high-frequency current is led to the aerial system 
by feeders formed of two concentric copper tubes, 
of which the inner is separated from the outer by 
porcelain insulators spaced at intervals of 3 or 4 ft. ; 
the outer tube, which is earthed, is carried on iron 
standards driven into the ground. Two separate 





Fig. 1. 





Fia. 2. 





| 
| feeders are provided for the Indian aerial, one for each 
| wave length, and the two parallel Australian aerials 
| are also each supplied by a separate feeder. 
| The receiving station for the Indian and Australian 
services, which is situated in the village of Winthorpe 
|about 2 miles N.N.W. of Skegness, comprises brick 
| buildings divided into two main sections forming the 
engine room and the receiver room and offices, respec- 
| tively. It calls for no particular comment since the 


| power supply and receiving apparatus are similar to 
| those at Bridgwater, which were fully described on 
| page 531 of our last volume. The masts, receiving 
| aerials, reflectors and feeder system are duplicates of 
| those at the Grimsby transmitting station, except that 
| the feeder tubes are rather smaller than those at the 


cation and rectification, are made to operate a direct- 
current bridge, which provides both marking and 
spacing current for operating a high-speed A.T.M. relay 
which, in turn, keys the Post Office land line to the 
Central Radio Office in London. When required, the 
received signals can be checked for formation by means 
of Marconi U.G.2 type high-speed, automatic syphon re. 
corders, installed in the receiving station for this purpose. 

The whole of the transmitting and receiving apparatus 














latter. 


The received signals, after suitable amplifi- 





was designed and constructed at the Chelmsford Works 
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of Messrs. Marconi’s Wireless Telegraph Company, 
Limited, while the valves employed were made by the 
M.O. Valve Company, Limited, at Hammersmith, W.6, 








PowERr PossIBILities OF SASKATCHEWAN.—The officer 
in charge of H.M. Trade Commissioner’s branch office 
at Winnipeg has informed the Department of Overseas 
Trade that the Government of Saskatchewan has 
appointed a commission to investigate the power possi- 
bilities of the Province. The chairman is Mr. L. A. 
Thornton, City Commissioner of Regina, and the secre- 
tary is Mr. R. Y. Blackburn, chief mechanical superin- 
tendent of the Department of Public Works. The 
other members of the commission are Professor A. R. 
Greig, professor of mechanical engineering at the Uni- 
versity of Saskatchewan, and Mr. A. R. Hitchcock, a 
Moose Jaw business man, 








ma 


inc 
ab 


eng 


tra 





rks 


MARCH 25, 1927.] 


ENGINEERING. 


355 








THE PABEN GAUGE-GLASS WATER- 
LEVEL INDICATOR. 


TuoucH the ordinary glass water gauge behaves 
rather unaccountably at times, it is still the most 
reliable water-level indicator if correctly placed. While 
its height on a boiler is, naturally, definitely fixed, its 
position along the water line is often determined in a 
somewhat casual way; for example, the water-gauge 
on the vertical boiler frequently installed in small 
plants is, commonly enough, so fitted as to be in some 
dark, obscure corner. It is true that, it still indicates 
the water level, though, owing to faulty lighting and 
other conditions, not always in an unmistakable 
manner, the real need being for a subsidiary device to 
emphasise the level of the water in the glass tube. 

There have been several of these devices on the 
market for a long while, but the design we here illus- 
trate embodies some novel features which largely 
increase its usefulness. Not the least attractive point 
about it is its simplicity. It consists of a steel rod on 




















which are threaded aluminium beads at intervals of 
lin. The beads are polished but the rod is painted, 
the colour being a dull green with the exception of 2 in. 
at the top, which are a bright red. A couple of spring 
clips, one of which is shown in our illustration, attach 
it directly to the gauge glass, while a light chain is 
provided by which it is connected to a gauge-cock, pipe, 
or other part, to prevent loss in case of a broken glass. 

As will be seen from the figure, the position of the 
water in the glass when one of these indicators is fitted 
18 unmistakable. The aluminium beads and rod are 
relatively inconspicuous above the water, but seen 
through it are refracted into bright bands | in. apart, 
with dark green spaces between them. When the 
water level is getting too high and the glass is in danger 
of becoming full, the interspaces show a bright red, 
which serves as a warning. No special lights are ordi- 
narily needed. If the beads are kept bright, a lamp 
used at any other point—say, near the pressure gauge—is 
Sufficient to cause the appearance shown in the figure. 
Of course, the best effect is obtained by looking directly 
through the glass, and two or three indicators fitted 


toa single glass will enable the water-level to be readily 


ascertained from practically every point in the boiler- 
house. Where no light exists permanently, the effect 
can be instantly recognised by using a flash-lamp, 
or even by a lighted match. The rod can be readily 
cut to the right length to suit particular glasses. It is 
manufactured by Messrs. Pape and Bennison, electrical 
engineers, 23, Stanley-road, Barrow-in-Furness. Al- 
though the application of the indicator has been 
described in connection with a boiler, it will be obvious 
that it can be used on a gauge to show the level of any 
transparent liquid in a tank or other vessel. 





WINDING OVAL COILS OF WIRE. 


THE oval coils of steel wire and the simple mandrel 
used for winding them, which we illustrate in the 
accompanying engraving, are due to Mr. Percy J. 
Neate, M.I.Mech.E., of 49, Frognal, Hampstead, whose 
recording extensometer for textile yarns we described 
on page 753 of our issue of June 17, 1921. This 
extensometer was one of the exhibits at the Royal 
Society Conversazione of that year. 

Unable to obtain 3-in. link chains of No. 18 gauge 
tinned-steel wire, which he wanted, Mr. Neate decided 
to make the links from elliptical coils with $-in. and 3-in. 
axes wound on a long, elliptical mandrel. He did this, 
but the finished coils would not come off. He then 
tried a very short mandrel, about four wire diameters 
in length, at the end of a stout shank. Winding from 
tip to roct the fifth turn would jam against the 
shoulder of the shank, push the next three turns end- 

















ways, and actually release the first'coil; the sixth and 
subsequent coils in turn would push the others off, and 
a closely-wound continuous spiral was thus obtained. 
The result, however, was disappointing, because the 
spring of the wire caused the long coil produced to 
twist on its axis like a cork-screw. Mr. Neate then 
made another mandrel, the oval end part of which was 
twisted to a coarse spiral having the same pitch as 
that on the coils, but of the opposite hand, and this 
mandrel proved suitable for its purpose. The major 
axes of the turns of the coil produced on it all 
remained in the same plane. 

An accurate tensioning device having subsequently 
been provided, good coils were produced at the rate of 
300 r.p.m., or a length of 15 in. of closely-wound coil 
per minute. Our figure shows the mandrel with its 
tapered and twisted end part, and specimens of success- 
ful and unsuccessful coils, together with a 44-in. rule to 
indicate the scale. The coil next to the mandrel was 
twisted under excessive tension, while in that on the 
extreme left the tension was deficient; the central coil 
is a good strong specimen produced with the correct 
tension and will keep its shape. The simple apparatus 
is not patented, anc Mr. Neate is prepared to demon- 
strate its use. 





THE LATE MR. C. B. DUNLOP. 


WE regret to note the death, on March 14 last, at 
his home, 22, Woodville-road, Ealing, London, W.5, 
of Mr. Charles Blackburn Dunlop, late chief engineer 
of the Nizam’s Guaranteed State Railway, India. The 
son of the late Mr. A. A. Dunlop, Sutton, Ireland, Mr. 
C. B. Dunlop was born on November 18, 1843, and 
received his early education at Portora Royal School ; 
he afterwards attended Dublin University. In 1861, at 
the age of 18, Mr. Dunlop was articled to Mr. W. R. 
de Fanu, Dublin, and, on Mr. de Fanu’s retirement, 
two years later, he completed his period of training 
with Messrs. Cotton and Fleming, who succeeded to the 
business. While with this firm he was employed on 
the works of the Dublin, Wicklow and Wexford 
Railway extension. In June, 1865, he was given the 
position of assistant engineer under Mr. John Fowler 
(afterwards Sir John Fowler) and was employed prin- 
cipally on works in connection with the construction 
of the Metropolitan District Railway. In 1870, while 
still in Mr. Fowler’s service, Mr. Dunlop accepted 
an engagement under Messrs. Waring Brothers, and 
was employed by them on the Hungarian Eastern 
Railway, which they were at that time constructing. 
He returned to England in 1871, and was again, for 
a short time, employed under Mr. John Fowler. 

Mr. Dunlop’s long association with engineering works 
in India commenced in September, 1871, when he was 
appointed assistant engineer in the Public Works 
Department of H.H. the Nizam, at Hyderabad, 
Deccan. After serving for a year in the Hyderabad 
district, he was placed in charge of the Chanda Railway 
survey. In March, 1874, he was promoted to the rank 





of executive engineer and, two years later, was placed 


in charge of the Hyderabad district. In January, 
1879, Mr. Dunlop was promoted to the rank of execu- 
tive engineer, first grade, and, during the subsequent 
year, officiated for the superintending engineer while 
that officer was on leave in England. In 1884, he was 
transferred to the Nizam’s Guaranteed State Railway 
Company, when the Nizam’s Government proposed to 
extend railways throughout the Dominion. He sub- 
sequently became chief engineer, a position he occupied 
until his retirement in 1904. While in this capacity 
he was responsible for the preliminary surveys for the 
railways, and afterwards superintendcd the con- 
structional works. Mr. Dunlop was elected to full 
membership of the Institution of Civil Engineers on 
December 4, 1883. 





THE LATE PROF. IRA REMSEN. 


CHEMICAL science has recently lost another veteran 
of international renown in Dr: Ira Remsen, who died 
at the age of 81 years, and may be said to have 
instigated chemical research in the United States 
and contributed eminently to its remarkable develop- 
ment. Ira Remsen, born on February 10, 1846, in New 
York, descended from early Dutch settlers on Long 
Island. Trained as a medical man, he took his M.D. 
at Columbia College when only 21 years old. Unable 
to satisfy his desire for chemical teaching, he went to 
Miinchen, Géttingen and Tiibingen, acting in the latter 
University as assistant to his teacher Fittig. Returning 
to America in 1872, he was appointed professor of 
physies and chemistry at Williams College, but was 
informed, when asking for a laboratory, that they 
were a college and not a school. He obtained a labora- 
tory, however, and also did much for technical and 
medical chemistry, studying furnace gases, pure food, 
and the denaturation of alcohol. He gave his approval 
to the use of alum in bread and to food pre- 
servation by means of sodium benzoate, on the 
strength of experiments on his own body. His 
“ Principles of Theoretical Chemistry,” published in 
1876, was translated into several languages, and was 
followed by other equally popular text-books. As 
professor of chemistry at Johns Hopkins’ University, 
in Baltimore, together with his colleague, H. A. 
Rowland, he represented American science worthily on 
many occasions. 

He founded the American Chemical Journal in 
1879, but as first volume of the Journal of the American 
Chemical Society was also published in the same year, 
there was much confusion between the two periodicals 
until Remsen’s journal was absorbed by theother in 1914. ° 
A very popular genial man, he retired from the presid- 
ency of Johns Hopkins’ University in 1912, with 
the title of Professor Emeritus, and spent the last 
years of his life in California, where he died. He 
was an Honorary Fellow of the Chemical Society in 
this country. 





THE LATE DR. A. W. CROSSLEY. 


WE regret to record that Dr. A. W. Crossley, eminent 
in chemical research, died on Saturday, March 5, at 
Thorngrove, Cheshire, in his fifty-ninth year, on the 
same date as his resignation of the directorship of 
the British Cotton Research Association’s Shirley 
Institute at Didsbury was announced. Exactly a 
year ago, on March 25, 1926, Dr. Crossley was obliged, 
owing to failing health, to resign the presidency of 
the Chemical Society, after only one year of office, 
instead of the usual term of two years. He was able 
to preside at the annual meeting of that year, held 
for the first time in the history of the Chemical Society 
outside London, viz., in Manchester, but he could not 
attend the annual meeting of the Cotton Research 
Association in December last and had to send in his 
report instead of presenting it personally. 

Born on February 25, 1869, at Accrington, and 
educated at Mill Hill School, Arthur William Crossley 
entered Owen’s College, Manchester, as a student of 
chemistry when only 16 years of age, and completed his 
studies at Wirzburg and Berlin, partly under the 
leading organic chemist of his time, Emil Fischer. 
After further physical research work at Manchester, 
where he took his D.Sc., he was, in 1904, appointed 
lecturer in chemistry at St. Thomas’ Hospital, London. 
Later he became director of the Research Laboratory 
of the Pharmaceutical Society of Great Britain and 
Daniell Professor of Chemistry at King’s College; the 
Royal Society elected him a Fellow in 1907. During 
the war, he was secretary of the Chemical Warfare 
Committee of the Ministry of Munitions, and, after 1916, 
was commandant, with the rank of lieutenant-colonel, 
of the experimental station of the Royal Engineers at 
Porton, Salisbury. In 1919, he was offered the post of 
director of the newly founded Cotton Research Associa- 
tion. The Didsbury Institute was opened in 1922, 
and the recognition of the utility of the work done 
there by the cotton manufacturers, who soon doubled 
their subscription for a further period of five years, 
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was largely due to his efforts and his courteous bearing. 
The staff consists, at present, of nearly a hundred 
persons engaged in investigations in the fields of 
physics, chemistry, especially colloidal chemistry, and 
biology. When delivering his presidential address at 
Manchester last year on the co-operation of science 
and industry and the training of the chemist, Crossley 
mentioned that the cotton chemist had to deal 
with a biological entity, the cotton hair not being a 
definite substance from the chemist’s point of view. 
Most of his papers, mainly on organic chemistry, 
were presented to the Chemical Society, which awarded 
him its highest distinction, the Longstaff Medal, in 
1918, dnd elected him its foreign secretary for several 
years. He did not write any text-books. He married 
a daughter of Mr. Ralph Lamb, of Liverpool, and leaves 
a son and daughter. As an indication of his views 
on research, we may quote the words of a dis- 
tinguished colleague of his, R. Schmidt, of Elberfeld, 
with which Crossley concluded a Royal Institution 
discourse in 1915 (see ENGINEERING, February 12, 
1915, page 194) as follows :—“‘ It is pure and organised 
research work, carried out in the laboratory, which is 
the soul of industrial prosperity.” 





ENGINEERING TRAINING AND 
EDUCATION. 


National Association of Supervising Electricians.— 
The Board of Control of the National Association of 
Supervising Electricians has informed us that arrange- 
ments for the fifth annual competition for the W. E. 
Highfield Shield are now complete. Papers submitted 
for the competition should be about 1,000 words in 
length, and should deal with the electrical industry or 
the Association. Papers should be addressed to the 
general secretary, N.A.S.E., Chalmers House, 43, 
Russell-square, London, W.C.1, and should reach him 
not later than 12 noon on April 20, next. A signed 
declaration, that the paper is the unaided work of the 
competitor, must accompany each contribution. The 
full member submitting the best essay will be the holder 
of the shield for one year; in addition, five prizes will 
be offered, three to full members and two to associates. 
The value of the prizes will range from 1 guinea to 
4 guineas. Further particulars may be obtained from 
the general secretary of the Association at the address 
given above. 

Examinations for Handicraft Teachers.—A revision of 
the scheme of handicraft examinations, organised by 
the City and Guilds of London Institute, has become 
necessary owing to the decision of the Board of 
Education to discontinue the certificate examination 
for acting teachers immediately, and that for pre- 
liminary examination after 1928. Under the scheme 
that has been in force since 1923, a candidate who 
passed the second handicraft examination could claim 
certain exemptions in the certificate examination, and 
obtain the Board’s certificate by passing the rest of the 
examination. The decision of the Board makes the 
exemptions inoperative and renders it impossible for 
any teacher, handicraft or other, to obtain the certificate 
as an acting teacher. With the approaching discon- 
tinuance of the preliminary examination for the 
certificate, there also disappears a convenient examina- 
tion by which a teacher of handicraft can obtain the 
status of an uncertificated teacher, and thus fulfil one 
of the conditions at present required by the City and 
Guilds of London Institute for entrance to their second 
handicraft examination. 

To meet the new situation, the City and Guilds of 
London Institute have decided, with the concurrence 
of the Board of Education, to extend the range of their 
handicraft examinations. In view of this change, it 
will no longer be necessary for candidates for the 
second of the revised examinations to have passed the 
preliminary examination for the certificate of the 
Board of Education, or an equivalent examination. 

A candidate over eighteen years of age who has 
passed the new first examination, and fulfils certain 
other conditions, may be temporarily recognised by the 
Board of Education and employed by a local education 
authority as a teacher of’ handicraft, .In fixing the 
teacher’s salary, if he Las been a skilled craftsman, 
account may be taken of his previous skill and 
experience ; in other cases his salary will conform with 
the uncertificated teachers’ salary scale. A candidate 
who has passed the new second examination will, so 
far as examination requirements are concerned, be 
qualified for recognition as a teacher of handicraft, and 
will also be regarded by the Board of Education as 
qualified for recognition as an uncertificated teacher. 
He may therefore, when the local education authority 
so desires, act as an uncertificated teacher in public 
elementary schools of subjects other than handicraft. 
Syllabuses of the new first and second examinations, 
and other particulars relating to the scheme, can be 
obtained from the Department of Technology, City 
anf Guilds of London Institute, 29, Roland-gardens, 
South Kensington, London, 8.W.7. pai 
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PrERSONAL.—Messrs. Philip Chapman and Company, 
Limited, whose address has hitherto been 5, Copthall 
Buildings, Copthall-avenue, E.C.2., have now moved 
into larger premises at King’s House, 36-37, King-street, 
Cheapside, E.C.2,—Messrs. Smith Major and Stevens, 
Limited, Abbey Works, Northampton, and Bolan-street, 
London, have appointed Messrs. R. N. Eaton and 
Company, 1, Foster-square, College Green, Dublin, to 
act as their sales representatives in the Irish Free State. 
—Mr. Bertram Joy, A.M.I.Mech.E., late of Ulster 
Chambers, 168, Regent-street, W.1, is transferring his 
business, relative to the design and development of new 
machines and mechanical appliances, to 55, Yale Court, 
Honeybourne-road, West Hampstead, N.W.6.—The Ham- 
worthy Engineering Company, Limited, have now opened 
a branch office at 50, Grainger-street, Newcastle-on- 
Tyne, for the sale of their stationary and marine oil 
engines, air compressors, &c.—Mr. G. F. Caswell has 
resigned his position as managing director of Messrs. 
Caswell and Shearing, Limited, 6, Broad-street-place, 
E.C.2, Mr. H. L. Pirie has been appointed chief engineer 
to the firm.—The offices of Messrs. Sensible Heat Distilla- 
tion, Limited; and:“‘ L: and N.’* Coal Distillation, Limited, 
have been removed to-York Mansion, Petty France 
Westminster, London; S.W.1. " 











NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday, 

Iron and Steel.—In the heavy steel trade the position 
is much the same as a week ago. Inquiries at represen. 
tative works show that while the gross number of opera. 
tives employed is considerable, and outputs compare 
favourably with the averages recorded before the coal 
stoppage, orders are insufficient to employ plants fully, 
and the placing of new business is marked by recurrent 
sluggishness. The heavy tonnage of foreign material 
being imported is sufficient evidence of the price difficulty, 
While there is great activity at the big batteries of steel 
furnaces in this district, the bulk of the output is taken 
by associated concerns under outstanding contracts, 
and there is not a large surplus available for disposal in 
the open market. Hard basic billets are quoted from 
81. 12s. 6d. to 91. 2s. 6d, per ton at works, and soft basic 
billets round about 7/. 15s, Rolling mills are workin 
irregularly, mostly on oddments that involve costly oa 
often unprofitable operations. Economies in production 
are being pressed with the utmost rigour. Some of the 
heavy forges and foundries are doing rather better, 
Orders are badly wanted on home account in railway 
wheels and axles. The tyre mills are employed more 
fully. One of the largest plants has had an exceptionally 
good run for seven weeks. There is not much activity 
in heavy machinery for engineering purposes. Output 
capacity is already, in most cases, in excess of require- 
ments, and finances are not in a condition to warrant 
expensive new schemes, Twenty regenerative coke 
ovens are to be erected near Barnsley. They will be of the 
latest type, affording economy in coking time and an 
increase in product per unit. ‘There is considerable 
weakness in the tool branches. Unfavourable reports 
are freely met with in works inquiries. Exceptions are, 
at the same time, to be found. Makers of shipyard tools 
have experienced a marked revival during the past 
fortnight, 


South Yorkshire Coal Trade.—-The continued purchase 
of housecoal in small quantities, coupled with the advent 
of warmer weather, is having a disturbing effect on the 
market. Prices have been weak for some time, and tend to 
fall still lower. House-coal pits are working short-time, 
and there is a heavy tonnage of surplus product in 
wagons at railway sidings. A somewhat better tone 
is shown in the market for industrial fuel, though there 
is no hope of sustained improvement until the steel and 
allied trades begin to attract forward business with 
greater freedom. The South Yorkshire pits are getting 
a substantial share of export business at keenly com- 
petitive prices which leave little profit having regard to 
the high cost of transport to the coast. There is an 
abundance of boiler slack on offer, but coking materials 
are scarce. Pit prices are still largely nominal, 





NOTES FROM THE SOUTH - WEST. 


CarpiFF, Wednesday. 


The Coal Trade.—There has been no material altera- 
tion in the general condition of the Welsh coal trade 
during the past week. Business has been on somewhat 
quieter lines, but the general tone is steady, as most 
collieries are already booked up with orders and not 
in need of fresh business for the moment. This applies 
in particular to Admiralty large classes, but Monmouth- 
shires and drys are neglected, though the tightness of 
Admiralties has caused a slight expansion in the demand 
for Monmouthshires. Small and sized coals, too, are 
steady. Best Admiralty large rules from 23s. 6d. to 24s., 
with seconds from 22s. to 23s.; Monmouthshires from 
20s. to 22s., and dry large from 20s. to 21s. Smalls 
range from 13s. to 14s. 9d., according to quality. Ship- 
ments of coal foreign in the past week represented the 
highest total for any similar period since the termination 
of the strike. Exports as cargo amounted to 547,550 
tons, which was 48,000 tons in excess of the total for the 
preceding week. Shipments at Cardiff were raised from 
306,670 tons to 343,410 tons, at Newport from 104,130 
tons to 116,550 tons, at Port Talbot from 24,980 tons to 
37,610 tons, and at Llanelly from 3,910 tons to 6,970 
tons, but at Swansea were reduced from 60,000 tons to 
43,010 tons, 


Docks Traffic.—Statistics issued by the Great Western 
Railway show that in the eight weeks ended February 20 
the traffic of the docks of Cardiff, Penarth, Barry, New- 
port, Swansea and Port Talbot amounted to 2,487,562 
tons, compared with 2,598,125 tons in the corresponding 
period of 1925. Exports totalled 4,142,354 tons against 
4,470,524 tons, of which coal and coke accounted for 
3,705,086 tons against 4,236,069 tons, patent fuel 166,553 
tons against 125,820 tons, and oil 111,530 tons peed 
139,860 tons. The import trade amounted to — 
tons against 786,127 tons, arrivals of iron and 7 
being raised from 137,686 tons to 248,670 tons, and o 
from 102,440 tons to 137,540 tons. 


Cardiff Fleet Sold.—The fleet of five modern steamers 
totalling nearly 40,000 tons deadweight, owned by Messrs. 
Charles Radcliffe and Company, has been sold to — 
Haldin and Company, Limited, of London, managers © 
the Court Line, Limited, and the United British eon 
ship Company, Limited, for about 315,000/., or —_— 
8l. per deadweight ton. The vessels disposed of 0 
Amblestone, Conistone and Rochdale, each 8,270 tons 
d.w., built by Messrs. Richardson, Duck and eet , 
Limited, engined by Messrs. Blair and Company, we ec, 
and the Overstone and Snowdon, each 7,300 tons C.W:s 
built by the Northumberland Shipbuilding mtg rd 
Limited, and engined by the North Eastern Sam ” 
Engineering Company, Limited. Each of the steame 
was launched in 1924. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Buyers of Cleveland pig- 
jron are pursuing a very cautious policy, and in anticipa- 
tion of a further fall in prices are buying only sufficient 
to cover pressing needs. Customers declare that a 
substantial cut is essential to open out home and export 
trade. The small quantities that come on the market 
are ample for the very limited demand. Reduction of 
quotations to something like the level of customers’ ideas 
of values would probably be at once followed by brisk 
negotiations for early and for forward supplies. Both 
for home use and for shipment overseas, No. 1 is 82s. 6d. ; 
No. 3 g-m.b., 80s.; No. 4 foundry, 79s.; and No. 4 
forge, 788. 6d. ° 


Hematite-—Quotations for East coast hematite iron 


have sunk below cost of production, but the tendency is | Pp 


still markedly downward. West coast makers are 
competing keenly for home trade, and Continental 
manufacturers are underselling the products of this 
district in markets abroad. Nos. 1, 2, and 3 East coast 
brands are now obtainable at 85s.; and No. 1 is put at 
a premium of 6d. 


Foreign Ore.—Important ore prices are unchanged, but 
there is no business of moment passing. Best rubio is 
22s, 6d. c.i.f. Tees. 


Blast-Furnace Coke.—The market has been con- 
siderably disturbed by the rather extensive purchasing 
of German blast-furnace coke. Quotations have become 
very irregular. Some firms are still holding out for 
high figures for local makes, but consumers report they 
can now place orders for Durham good average quality 
at as low as 24s. They regard that as still too high a 
price, and consider that unless the figure is again sub- 
stantially lowered, further buying of German coke may 
occur. 


Manufactured Iron and Steel.—Producers of manufac” 
tured iron and steel are resisting customers’ efforts to 
secure price concessions, but with business coming forward 
on anything but a satisfactory scale, favourable considera- 
tio might be given to offers of fair size at a little 
below market rates. Common iron bars are Ill, 5s. ; 
best bars, 127. 5s.; best best bars, 127. 15s. ; iron rivets, 
12. 15s.; packing (parallel), 8J.; packing (tapered), 
lll; steel billets (soft), 71. 12s. 6d.; steel billets 
(medium), 82. 28. 6d.; steel billets (hard), 8/. 12s. 6d. ; 
steel rivets, 132. 10s.; steel ship plates, 81. 7s. 6d. ; 
steel angles, 7/. 17s. 6d. ; steel joists, 71. 17s. 6d.; heavy 
steel rails, 82. 10s.; black sheets, 117.; and galvanised 
corrugated sheets, 151. 





CONFERENCE OF Bott AND Nut MaKkers.—Convened 
by the Screw-Threads Committee of the British Engi- 
neering Standards Association, an important conference 
of makers of bolts and nuts, and of engineers who use 
them, will take place in London on March 30 next. The 
object is to discuss the question of the width and thickness 
of nuts and bolt heads, from the view-point of the 
practicability of a reduction in the standard sizes ordi- 
narily used. It will be remembered that the present 
dimensions for British Standard Whitworth (B.S.W.) 
and British Standard Fine (B.S.F.) bolts were adopted 
by the B.E.S.A. in 1908 and 1911 respectively, the latter 
specification, at that time, being known as the British 
Automobile Standard. Various reasons in recent years 
have, for certain purposes, led to the use on B.S.W.) 
bolts of nuts smaller than the standard size; in par- 
ticular, it has been usual to employ, in automobile work, 
BS.F. nuts on bolts. The Screw-Threads 
Committee have felt it highly desirable that they should 
make themselves acquainted with the wishes of both 
makers and users in regard to standardisation ; hence 
the calling of this conference, so that the matter may be 
thoroughly discussed from all points of view. Further 
particulars may be obtained from the Secretary, British 
Engineering Standards Association, 28, Victoria-street, 
Westminster, London, S.W.1. 





A Lance DigseEL-ExEctric Tank Surp.—The Atlantic 
Refining Company, Philadelphia, U.S.A., have placed a 
contract with Messrs. Scott’s Shipbuilding and Engineering 
Company, Greenock, Scotland, for an oil tanker of 12,500 
tons deadweight. This vessel will be the largest built 
8 yet in the world employing Diesel-electric propulsion, 
The new tanker will have the following dimensions :— 
Length, 469 ft. ; beam, 63 ft. ; moulded depth, 35 ft. 6 in, 
The vessel is designed for a speed of 11 knots. The 
oil engines, which are of the Carels-Ingersoll-Rand 
type, will be built by Messrs. Usines Carels, in Ghent, 
Belgium. There will be four engines each of 750 brake 
horse-power, six cylinders, and operating at a speed of 
225r.p.m. The electrical machinery will be furnished by 

rs. The British Thomson-Houston Company, Limited, 
Rugby. The main propelling motor, of the double- 
armature type, will be rated at 2,800 shaft horse-power at 
%r.p.m. The Atlantic Refining Company at present own 
8 fleet of eight Diesel-electric vessels, some of which have 
Seen in trans-ocean service for a considerable time. This 
is the largest fleet of Diesel-electric vessels owned by one 
company, and the motorship J. W. Van Dyke, which 

_made trips between Durban, South Africa, and 
various American ports, having covered over 130,000 
miles, is the largest Diesel-electric vessel now in 
operation. All these vessels are equipped with Ingersoll- 
Rand engine of the same type aan design as those which 
will be built for the new tanker by Messrs. Carels in 
hent. The ship now to be built at Greenock will be 


NOTICES OF MEETINGS. 


THE INSTITUTION oF MECHANICAL ENGINEERS.— 
To-night, at 5.15 p.m., at Storey’s-gate, S.W.1. Joint 
meeting with the Society of Chemical Industry ; Chemical 
Engineering Group. ‘ Lubrication,” by Dr. W. R. 
Ormandy. Monday, March 28, at 7 p.m. Graduates’ 
Section. Annual Lecture. “Torpedo Boats and their 
Machinery,” by Sir John E. Thornycroft. Friday, 
April 1, at 6 p.m. Joint meeting with the Society of 
Chemical Industry: Chemical Engineering Group. 
‘“* Lubricating Oils—Laboratory Tests in Relation to 
Practical Results,” by Mr. A. G. Marshall and Mr. C. H, 
Barton. At 7 p.m., Informal Meeting. “ British 
Empire and Overseas Trade.” Introduced by Major 
A. W. Farrer. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : LONDON 
StupEnNts’ SECTION.—To-night, at 6.15 p.m., at Savoy- 
lace, Victoria-embankment, W.C.2. ‘‘ Electricity in 
the Works Laboratory,” by Mr. R. E. Snoxell. 


THE JunioR INSTITUTION oF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecture. 
*“ Notes on the Construction and Plant of the New 
Filtered Water Installation for the Seville Waterworks 
Company,” by Mr. 8. R. Broderick. Thursday, March 31, 
at 2.45 p.m. Visit to the Brush Manufactory of Messrs. 
Beechwood, Limited, Chesham, Bucks. Friday, April 1, 
at 7.30 p.m. Lecturette: ‘‘ Notes on the Production of 
Saltpetre,” by Mr. G. J. Hartley. 


THe InstiITuTION OF ENGINEERING INSPECTION.— 
To-night, at 7.30 p.m., at the Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘‘ The Educative Influence of 
Aircraft Inspection,” by Major H. Myers. 


THE Roya InstiTuTION.—To-night, at 9 p.m., at 
Albemarle-street, W.1. “‘Thunderclouds,” by Prof. 
C, T. R. Wilson. Saturday, March 26, at 3p.m. “The 
Alpha Rays and Atomic Structure’ (Lecture II), by 
Sir Ernest Rutherford. Tuesday, March 29, at 5.15 p.m. 
‘“Some Properties of Coke,” by Prof. J. W. Cobb. 
Saturday, April 2, at 3 p.m. “The Alpha Rays and 
Atomic Structure ” (Lecture III), by Sir Ernest Ruther- 
ford, 

Tue Nort or ENGuAND InstiTuTE oF MINING AND 
MECHANICAL ENGINEERS: ASSOCIATES AND STUDENTS’ 
Seotion.—Saturday, March 26, at 3 p.m., at the Mining 
Institute, Neville Hall, Newcastle-upon-Tyne. ‘‘ The 
Ventilation of a Pyrites Mine, with special reference to 
Fire-fighting, Safety and Rescue Work,” by Mr. R. White. 


THE Hutt Association oF ENGINEERS.—Saturday, 
March 26, at 7.15 p.m., at the Technical College, Park- 
street, Hull. ‘‘ Water-Tube Boilers and Pulverised 
Fuel,” by Mr. A. R. Clemitson. 


THE Royat Socrety or Arts.—Monday, March 28, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘‘Some Industrial Applications of Electro- 
thermics ” (Lecture III), by Mr. G. I. Finch. 


THe SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, March 29, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘‘The Heat-Treatment of Large Forgings,” 
by Mr. C. W. Hurst. 


THE NEWCOMEN Socrety..—Wednesday, March 30, at 
5.30 p.m., at Prince Henry’s Room, 17, Fleet-street, 
E.C.4. ‘“‘ Notes on Lead Mining and Smelting in West 
Yorkshire,” by Mr. A. Raistrick. 


THE InstTItTuTION OF MUNICIPAL AND County EN- 
GINEERS: West Miptanp Dzistrict.—Wednesday, 
March 30, at 5.30 p.m., at the Council House, Birming- 
ham. ‘“‘ Notes on the Geology of some Rocks used in 
Highway Engineering,” by Mr. D. G. Bevan. 


THE LivERPOOL ENGINEERING Socrety.—Wednesday, 
March 30, at 6 p.m., at 9, The Temple, Dale-street, 
Liverpool. ‘‘ Properties of Steel at High Superheat 
Temperatures,’’ by Dr. Andrew McCance. 


THE InstTITUTION oF CiviL ENGINEERS.—Wednesday, 
March 30, at 6.30 p.m., at Great George-street, S.W.1. 
Students’ Meeting : ‘The London County Council 
Becontree Housing Estate,” by Mr. V. F. Cornish. 


THE INSTITUTION OF MECHANICAL ENGINEERS: 
YORKSHIRE BRANCH.—Wednesday, March 30, at 7 p.m., 
at the University, St. George’s-square, Sheffield. Joint 
Delegation Meeting with the Institution of Civil Engi- 
neers (Yorkshire Association); the Institution of 
Electrical Engineers, &c. Discussion on ‘‘ Railways or 
Roads.”’ = 

THE INSTITUTION OF ELECTRICAL ENGINEERS: SouTH 
MIDLAND CENTRE.—Wednesday, March 30, at 7 p.m., 
at the University, Edmund-street, Birmingham. “The 
Stability of Large Power Stations,” by Mr. F. H. Clough. 


THE InstITUTION oF PRODUCTION ENGINEERS.— 
Wednesday, March 30, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders, Limited, 83, Pall- 
mall, 8.W.1. Lecture: ‘‘ The Development of Rustless 
and Allied Steels,” by Dr. W. H. Hatfield. 

THE INSTITUTION OF MECHANICAL ENGINEERS : NORTH 
WESTERN Branou.—Thursday, March 31, at 7.15 p.m., 
at the Engineer’s Club, Manchester. Joint Meeting 
with the Society of Chemical Industry, Manchester 
Section. ‘“ Lubrication,’’ by Dr. W. R. Ormandy. 

THE InstTITUTION oF MECHANICAL ENGINEERS: 
GuasGow AND WEsT oF ScoTLAND BrancoH.—Thursday, 
March 31, at 7.30 p.m., at the Royal Technical College, 
Glasgow. ‘Industrial Conditions in America,” by 
Mr. A. Browning. 

Tue InstITUTE oF BriTIsH FouNDRYMEN : BIRMING- 
HAM, COVENTRY AND West Mipitanps Brancu.—Thurs- 
day, March 31, at 7.30 p.m., at the Engineers’ Club, 
13, Waterloo-street, Birmingham. ‘Patterns and 





THe InstirvuTIon or ELEcTRicAL ENGINEERS.— 
Thursday, March 31, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. ‘‘ The Applications of Electricity 
in Warships,’’ by Mr. W. McClelland. 

Tue Institution oF LocomoTIvE ENGINEERS (LON- 
DON).—Thursday, March 31, at 7 p.m., at the Engineers’ 
Club, Coventry-street, W.1. ‘‘ Tare and Load Compared 
in Modern Locomotives and Rolling Stock,” by Mr. A. M. 
Bell. 

THE Roya AERONAUTICAL Soctety.—Thursday, 
March 31, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ Recent Model Experi- 
ments in Aerodynamics,” by Mr. E. G. Richardson. 

Tue InstTITUTION oF CiviL ENGINEERS: YORKSHIRE 
AssocraTion.—Thursday, March 31, at 7.30 p.m., at 
the Hotel Metropole, Leeds. ‘‘The Ridley Combined 
Frictionless Road and Rail Bogie for Broad and Narrow 
Gauge Railways and Monorails,” by Mr. M. N. Ridley. 

Tue InstituTION or Crvit ENGINEERS: BIRMINGHAM 
anpD District AssocraTion.—Friday, April 1, at 6 p.m., 
at the Chamber of Commerce, New-street, Birmingham. 
Lecture: ‘‘ The Testing of Heat Engines,’’ by Mr. H. R. 
J. Burstall. 

Tue INsTITUTION OF BRITISH FOUNDRYMEN : LANCA- 
SHIRE Brancu.—Saturday, April 2, at 3 p.m., at the 
College of Technology, Sackville-street, Manchester. 
Annual General Meeting. At 4 p.m., ‘“‘ Absorbed Gases 
in Iron and the Creation of Gas Holes in the Casting,” 
by Mr. Ben Hird, 





NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—The outstanding feature in the 
Scottish steel trade this week is, perhaps, the continued 
demand from shipbuilders. The firms are behind with 
contracts, and some of them having a fair amount of 
work on hand are anxious to get ahead. Other con- 
sumers of steel material are also pressing for deliveries, 
and on the whole the steel. works are kept actively 
employed. The placing of new contracts is, however, 
extremely slow. The latest decision of producers to 
maintain prices at present levels may influence some 
buying, but in most cases immediate delivery cannot 
be promised. Inquiries are not heavy at the moment, 
and makers would welcome forward buying. The 
black sheet makers are well off for orders for a month 
or two still, and each week is bringing more export 
business. The lighter gauges are most in demand, but 
a fair quantity of the heavier gauges have also been 
fixed up. The following are the market quotations :— 
Boiler-plates, 11/. per ton; ship plates, 8. 7s. 6d. per 
ton; sections, 7/. 17s. 6d. per ton; and sheets, under 
z in. to $ in., 10/. to 127. per ton, all delivered Glasgow 
stations. 
Scottish Pig-Iron Trade.—There has been no change 
in the Scottish pig-iron trade since last report. Hematite 
is being eagerly sought by consumers who, in most cases, 
are pressing for deliveries in order to keep pace with 
their own demands. Foundry qualities are more easily 
obtainable, but there is still a scarcity of certain marked 
brands. Prices are unchanged, and are quoted to-day as 
follows :—Hematite, 85s. to 87s. 6d. per ton, delivered 
at the steel works; foundry iron, No. 1, 92s. 6d. to 95s. 
per ton, and No. 3, 87s. 6d. to 90s. perton, both on trucks 
at makers’ yards. 
Malleable Iron Trade.—In the West of Scotland 
malleable iron trade the conditions have varied little 
over the week, and specifications are coming in very slowly. 
In the steel re-rolling branches quietness is also 
very general, and in neither case is plant anything like 
fully employed. In the hope of increasing the demand, 
it was decided at a meeting of the Scottish producers, 
last week, to reduce prices by 10s. per ton. It is too 
early yet to say whether or not this reduction has 
given any stimulus to buying. The minimum price for 
“ Crown ”’ bars is now 111. 5s. per ton, delivered Glasgow 
stations, and for steel bars the home price is 8/. 10s. 
per ton. 
Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, March 19, amounted to 479 tons. Of 
that total, 405 tons went overseas and 74 tons coastwise. 
For the corresponding week of last year the figures were 
520 tons to foreign destinations, and 84 tons coastwise, 
making a total shipment of 604 tons, 
Shipbuilding.—Messrs. Scott’s Shipbuilding and Engi- 
neering Company, Limited, Greenock, have received an 
order from the: London and Edinburgh Shipping Com- 
pany, Limited, Leith, for a passenger steamer, 300 ft. 
in length. This new vessel is for service between Leith 
and London, and is being designed to meet the modern 
requirements of this traffic. 
Messrs. Denny Brothers, Dumbarton, have booked 
an order for three twin-screw geared turbine steamers for 
the Belfast, via Heysham, route of the L.M.S. Railway 
Company. These steamers, which will mark the im- 
proved service on that route, will be superior in every 
way to the company’s present vessels, and will be 360 ft. 
in length, and have a speed of 21 knots. Each 
steamer will be provided with 150 single-berth cabins, 
de luxe suites, shower baths, and hot and cold water in 
each cabin. The cargo-carrying capacity will be 500 
tons. 





Contracts,—Messrs. Light Railways, Limited, 2, 
London Wall-buildings, E.C,2, have received an order 
from the Burma Railways Company, Limited, for 100 
bogie carriage underframes for one metre gauge to be 
manufactured in Belgium by the Société Anonyme des 








5,000 tons larger than the J.W. Van Dyke. 


Pattern Storage,’”’ by Mr. F. J. Cook. 


Ateliers de Construction de Familleureux. 
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THE NAVAL ESTIMATES AND THE 
ONE POWER STANDARD. - 


THE estimates which the First Lord presented to 
Parliament on Monday, March 14, may be regard- 
ed as tolerably representative of normal post-war 
conditions. The total annual cost of maintaining 
the Navy at its present strength continues to 
fluctuate near the figure of 60,000,000/. Of this, 
about 10,000,000/. are devoted to the construction 
programme which was authorised in 1925. The 
cost of upkeep can only be affected seriously, if the 
political situation should suddenly make an expan- 
sion of the building programme necessary—of 
which there seems little probability—or if the three 
naval powers who are about to meet in conference, 
should agree to a drastic limitation in minor types. 
The projected conference, and not the rather him- 
drum statement of the First Lord is, therefore, the 
principal naval issue before the nation to-day. 
None the less, in his statement upon the esti- 
mates, Mr. Bridgeman did include a few remarks 
which throw a certain amount of light upon the 
attitude of the British Government at the coming 
conference. 

First and most important, Mr. Bridgeman: stated 
that the British and Dominion Governments had 
agreed to make it an axiom of British naval policy, 
that all routes and waterways along and through 
which our trade and armed forces have to pass, shall 
be adequately guarded ; secondly, he stated that the 
British and Dominion Governments considered it 
equally axiomatic that the British Navy should be 
kept at equality with the navy of any other power. 
We could have wished that Mr. Bridgeman had 
added to these two statements an appreciation of 
the.mamner in which the Gevernment considers that 
they should be donverted into, practice; for their, 
importance consists -wholly in- the official- interpre-. 





tation given to them. Two meanings can be attached 
to the bare statements : (i) they can be assumed to 
mean that the Government will be content to main- 


3 | tain the fleet at a numerical equality with any other 


fleet in the world ; or (ii) they can be assumed to 
mean that the Government does not intend to allow 
any other power to build up sufficient naval strength 
to establish local naval superiority at any point 
along those routes and waterways which, taken 
together, constitute our imperial maritime frontiers. 
The first of these two meanings, may be called the 
arithmetical, and the second the strategical, inter- 
pretation of the one-power standard. They. are by 
no means the same. 

At the present moment, the British Navy is 
roughly at an arithmetical one-power standard with 
regard to any other navy in the world. The United 
States has, it is true, an immense preponderance in 
destroyers and submarines (309 destroyers as against 
172 British, and 120 submarines as against 56 
British) ; but this inferiority in actual numbers is 
largely set off by the admittedly low fighting value 
of a large number of the American units. With 
regard to Japan, Great Britain has an all-round 
superiority in all classes of ships. The purely 
arithmetical interpretation of the one-power standard 
is thus easily analysed and dismissed. 

The strategical interpretation of the one-power 
standard is not so quickly explained. It means, 
however, that no power shall be allowed to build 
up sufficient naval force to dominate: (i) the 
Canadian, West Indies, and Cape routes; (ii) the 
south Atlantic route to Brazil and the Plate ; 
(iii) the Gibraltar-Malta-Suez route ; (iv) the Suez- 
Aden-Colombo-Singapore route and, (v) the Singa- 
pore-Shanghai route, and its north Borneo branch. 
It also means that no naval power shall be allowed 
to build up sufficient naval force to dominate the 
western approach routes to Great Britain; that 
is, the Channel, and a rough quadrilateral drawn 
round the Fastnets, the Scillies, Land’s End and 
Ushant. 

The defence and protection of these routes may, 
however, be calculated for each in turn. A simul- 
taneous attack upon all of them could only be 
carried out by a political combination of three 
Powers—France, America, and Japan: to imagine 
that these three Powers should ever combine for 
the sole purpose of driving Great Britain from the 
high seas is the merest extravagance. Moreover, ° 
the one-power standard is based on the political 
assumption that, unless she is allied with other 
powers, Great Britain will only have to face one 
maritime opponent at a tim: 

The naval force available tor the defence of any 
oceanic route is, roughly, the cruiser force left over 
after the cruisers necessary for fleet reconnaissance 
work have been subtracted from the total cruiser 
strength. Nowadays, the fleet air arm allows a certain 
economy in surface reconnaissance forces : no battle- 
fleet will ever again be escorted by the enormous 
cruiser forces which were assembled at Scapa and 
Rosyth during the war; and we can assume that 
of the 47 British cruisers shown on the latest return, 
about 30 would be available for trade route protec- 
tion. About 20 armed merchant cruisers, for use 
on the less threatened routes, would bring the 
total up to 50. These 50 vessels could be made 
available for the defence of the Atlantic or for 
the Mediterranean, or for the Far Eastern trade 
route. In the Mediterranean, which is an enclosed 
sea, they would have to be reinforced by at least 
50 destroyers. 

A very superficial glance at the navy lists of the 
principal foreign powers suffices to show that the 
defence of the Atlantic routes is the difficult problem. 
A force of 50 cruisers in Far Eastern waters would 
completely dominate the Japanese navy; the 
Japanese Government would only have some 15 
or 20 to oppose to them. Fifty cruisers and as 
many destroyers in the Mediterranean would be 
more than the combined navies of France and Italy 
could assemble. In the Atlantic the case is different. 
The 50 cruisers available for trade route protection 
would have to be more or less equally distributed 
between the Canadian, the West Indies, and the 
South Atlantic route. Probably the 30 naval 
cruisers. would. be divided: between the Canadian 
and. West. Indies routes, and the armed. merchant 
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cruisers sent to the Brazil and the Plate routes. 
This would place 15 cruisers.on each of the routes 
adjacent to the American naval bases on the Atlantic 
seaboard. The United States at present possesses 
32 cruisers; making the same deduction of 15 for 
fleet reconnaissance work, and a residue is left of 
17 American cruisers available for concentration 
upon any trade route that the American naval staff 
might select. The American navy is thus at the 
present moment on a rough strategical equality with 
our own, in that, without any increase in cruiser 
strength, the United States is able to maintain a 
strategical one-power standard on any one of the 
more important North Atlantic highways. 

This analysis of the existing position leads us 
directly to the American proposal for a further 
naval conference on limitation of naval armaments. 
Great Britain and Japan have agreed to attend it ; 
and Mr. Bridgeman very cautiously referred, in his 
speech on the estimates, to Great Britain’s ‘“ special 
difficulties,’ and invited other Governments to 
consider them “in the same way that we shall 
undoubtedly respect and consider theirs.” We very 
much hope that by these “special difficulties ’’ 


British and United States navies, if the submarines 
to be destroyed could be concentrated upon any 
of the North Atlantic trade routes. It so happens, 
however, that the United States would in all 
probability offer to destroy submarines of the 
“R,” “O” and “H” types. These boats are 
all of the 500-ton to 600-ton class, and are, in 
consequence, of little use for oceanic work. If 
the United States would consent to destroy some 
40 boats of the “S” or 900-ton type, their offer 
would be a substantial one; for the “S” boats 
are, in themselves, and without the assistance of 
cruisers, capable of establishing a complete’ naval 
domination of the West Indies routes. To sum up, 
therefore, Great Britain has no interest or concern 
in the reduction or the increase of the American 
destroyer fleet, but some kind of a bargain between 
the two powers might be compounded if the 
United States Government agreed to scrap all 
submarines that can be concentrated upon any 
one of the great ocean highways which constitute 
the maritime frontiers of Great Britain and her 
Dominions. It would not, however, be a satisfactory 
bargain, for, as we have already pointed out, if 





Mr. Bridgeman meant the difficulties inherent in 
maintaining a strategical one-power standard ; but 
there was nothing in his statement which would 
justify us in saying confidently that this was what 
he referred to. However, as diplomatic reticence 
on a delicate question does not imply failure to 
grasp its essentials, we can, for the time being, assume 


that this is what Mr. Bridgeman did actually | centuries had been abandoned. The real quid pro 


mean, 


Almost everything that we know of the American | security for friendly and cordial relations between 
attitude suggests that the United States is quite| Great Britain and America. But as it has become 
unwilling to agree to a strategical one-power|a commonplace in international politics that 
standard in minor types, and that they will make | friendly relations between the two countries cannot 


numerical equality the basis of their proposals. 
To reach 


relations with the United States, agreed to abandon 
the strategical one-power standard in cruiser types ? 
A question of such gravity must obviously be 
examined with the greatest possible impartiality. 
The American proposal would be roughly this: 


They would offer to scrap some 137 destroyers,|jin March, 1926, to consider what reforms are 
of which 34 were completed between 1911 and | necessary or desirable in relation to the law relating 
Another | to arbitration, has recently published a most useful 
14 are about eleven years old; the remainder report. In view of the fact that arbitration, as a 
were completed during the War, and their loss} method of settling those disputes which must 
would be something of a sacrifice, for they are|jnevitably arise in commercial affairs, involves a 
In addition to this, the| procedure which closely affects the engineering 
Americans would offer to scrap and destroy some profession, a brief account of the changes which the 
64 submarines, of which about 48 are of a fairly| committee have proposed may not be found 
In return, Great Britain would be uninteresting. 


1915, and are already almost useless. 


still first-class boats. 


modern type. 
asked not to build competitively, if the United 


States constructed a cruiser fleet which would be | involves the reference of matters in difference to a 
capable of dominating British naval forces on two | self-chosen tribunal, has become an essential part of 
North Atlantic routes simultaneously. Would this | the administration of justice in this country. Were 
Hardly, | it necessary to submit all causes of action to the 
ordinary tribunals of the land, our courts of justice, 

The destroyer streagth of the United States does | already undermanned as they are in times of 
not affect the strategical relations of the British and | stress, would be wholly unable to cope with the 
Destroyers | work. There are certain classes of dispute, more- 
are vessels of low sea-keeping capacity ; they do not | over, which experience has shown are best submitted 
contribute to naval security on the oceanic routes.| to a special tribunal—for example, cases which 
Apart from their tactical duties in a fleet action, | involve a scientific inquiry—and are best tried by an 
their principal tasks in naval war are submarine | arbitrator who is endued with the necessary tech- 
hunting and escorting convoys of merchantmen in | nical knowledge. 
enclosed waters. The enormous destroyer forces | siderable knowledge of technical matters, and 
which the Americans possess would only be of real| he may, by virtue of his training, be “apt” to 
use if the approaches to the great American harbours | learn so much as may be necessary for the decision 
on the Atlantic seaboard were being attacked by | of the case before him. But a technical expert is in 
a large fleet of submarines, in the same way that | a position to meet the technical points half-way, and 
the approaches to Great Britain were being attacked | to exercise an informed judgment when reviewing 
No power in| the evidence of such technical experts as the parties 
the world has the bases or forces, far less the} may think proper to summon as witnesses before 
inclination, to carry on unrestricted submarine | him. 


constitute a satisfactory quid pro quo? 
and for the following reason. 


American fleets in the slightest degree. 


by the German U-boats in 1917. 


warfare against American commerce; and, unless 


the United States is exposed to submarine attack, | special attention must be paid by anyone who would 
she can ruthlessly cut down her destroyer forces, | draft an ideal code of laws relating to arbitration. 
regardless of the forces maintained by other | In the first place, it should never be lost sight of 
powers. that many persons are virtually forced-into sub- 

The destruction of 64 American submarines would | mitting disputes to arbitration. It is safe to say 


numerical equality they would be American and British opinion, even though they 
compelled to scrap a large part of their destroyer | arise on concrete issues, cannot develop into a 
and submarine fleet, and they will probably make | quarrel, we may reasonably ask whether the British 
this offer of wholesale destruction their quid pro quo. | Government is called upon to discard a cardinal 
Would an offer of this kind be any compensation | axiom of British naval policy in order to cement 
to Great Britain if she, in order to maintain cordial | a friendship which is already secure. 


Great Britain agrees that the United States shall 
build up a cruiser tonnage equal to her own, she 
agrees automatically to abandon the strategical 
one-power standard. A reduction in the total 
tonnage of United States ocean-going submarines 
would be a small return for a concession which 
would imply that a policy adhered to for four 


quo would, of course, be political; additional 


be seriously disturbed, and that differences in 








REFORM OF THE LAW RELATING 


does not contain an arbitration clause. Again, an 
engineering or building contract of any magnitude 
nearly always provides for the reference of disputes 
to arbitration. The commercial result of this js 
that large numbers of persons are precluded from 
seeking redress for breach of contract in the ordinary 
tribunals of the land, unless those with whom they 
have contracted are content to waive the right to 
arbitration. 

Arbitration being, then, a necessity, it is essentia] 
that it should be expeditious and inexpensive. But 
there is something else. It is conceived that the 
law regulating arbitration and arbitration pro. 
ceedings should be such that any party who is 
aggrieved by a decision, which is, or may be, erro- 
neous in point of law, ought to have a fair right of 
appeal to the courts. 

We are glad to find that the committee has paid 
due attention to all these matters. And first, with 
regard to delay. Under the present law there is 
literally no limit to the time within which an 
arbitration shall be brought to a close, because an 
arbitrator has power to extend the time for the 
making of his award indefinitely. Neither party 
can compel him to make his award, save possibly by 
the cumbersome and distasteful procedure of 
having him removed on the ground of misconduct. 
The committee recommended that it. should be 
competent for either party to apply to the court 
or a judge for leave to revoke the submission on 
the ground of delay, or for an order appointing an 
arbitrator in place of the one in default. Inciden- 
tally, a minor suggestion which bears’ upon a 
question of delay may be noticed. _ At’ present an 
arbitrator has no power to make an interim award, 
For example, it may become clear at the very 
commencement of the proceedings that a con- 
siderable sum is due to the “ plaintiff,” although the 
precise amount cannot be, at the time, stated. This 
will often be the case where a claim is made under 
an engineering contract. As the law now stands 
the plaintiff must wait until the final determination 
of the whole matter before he sees his money “ on 
the table.” The committee suggest that in such 
circumstances the arbitrator shall have power to 
make an interim award. 

In that part of the law which now enables the 








TO ARBITRATION. 
THE committee appointed by the Lord Chancellor 


It may be premised that arbitration, which 


A learned judge may have con- 


There are certain matters, however, to which 


Courts to exercise a control over arbitration pro- 
ceedings, certain important reforms are suggested. 
The decision of an arbitrator usually comes before 
the courts in the form of a “special case.” The 
special case is of two kinds. It may merely be a 
case for the opinion of the court as where, for example 
the arbitrator desires to be guided by the court as 
to the law applicable to a given state of facts. The 
court having expressed an opinion, the matter 
then goes back to the arbitrator. The other form 
of special case is where the arbitrator states the 
facts found by him and leaves it to the Court to 
decide the whole matter. At present the court has 
power to order an arbitrator to make his award in 
the form of the second class of special case, but has 
no power to order him to state a “ consultative ” 
special case. There is yet another distinction 
between the two types of case. Where it is merely 
the opinion of the court that is sought, the parties 
have to rest content with the opinion of a judge or 
judges of the King’s Bench; there is no appeal to 
the Courts of Appeal. Where the award is in the 
form of a final special case, however, an appeal lies 
right up to the House of Lords. The Committee 
recommend that the Court should be given power 
to order an award to be stated in the form of a 
consultation special case, and that the court of the 
first instance hearing the “ case ” should have power 
to give leave to appeal. They further recommend 
that all special cases should be heard by a single 
judge (some now go before a court consisting of 
two or more judges) and further, that there should 
be power to transfer the hearing to the Commercial 
Court—a tribunal which has earned, and well 
deserves, the esteem of commercial men by reason 
of the certainty and despatch with which it has 
discharged its functions. 

All this may seem rather technical and rather 
tending to encourage and facilitate appeals. But 
two things must always be borne in mind. In the 
first place, arbitrators (like judges) sometimes g° 











certainly affect the strategical relation of the/| that no contract of insurance is ever signed which 





astray; in the second place it is competent for any 








oO ao ke 


aooeetnpa 


al 
it 
le 


iS 
)~ 


SN OB ew Be 


= a a a || 


MARCH 25, 1927.] 


ENGINEERING. 


361 








y to an agreement to so frame the clause relating 
to arbitration that there shall be no appeal to the 
courts at all. 

Of the various recommendations made by the 
Committee, perhaps the most important are those 
which deal with submission to more than one 
arbitrator. It has always been a strange anomaly 
that there should be a reference to three arbitrators— 
all of whom have to be paid by the parties—when 
a submission to one would generally suffice. 

Why, it may be asked, do not parties agree to refer 
to a single arbitrator? The reason is that they 
cannot in general agree upon any one person. 
Moreover, even if they were agreed as to a particular 
arbitrator at the date of the contract containing 
the submission to arbitration, he may have “ shuffled 
off this mortal coil”? before his services are called 
into requisition, or he may be unwilling or unable 
to act. The practice has grown up, therefore, of 
allowing each party to nominate an arbitrator with 
power to them to appoint an umpire if they cannot 
agree. When a case comes before such a tribunal 
it often happens that the arbitrators are mere 
advocates for the respective parties. According 
to the report of the Committee “ often the arbitrators 
are mere passengers in the boat who give no real 
assistance to the umpire, and whose sole reason for 
attending appears to inform the umpire at the 
conclusion of his labours of the fees which they 
desire him to include in the award on their behalf.” 
They point out that this method of selecting a 
tribunal arises from the desire to secure an impartial 
umpire, to keep the arbitrators as advocates, and 
that the disadvantages of the system are enhanced 
by the fact that the court has at present no way 
of controlling the amount of fees. They, therefore, 
recommend that where two arbitrators are to 
appoint an umpire they must do so immediately, 
otherwise either party may apply to the court or a 
judge for the purpose. 

They further recommend that at any time after 
an umpire has been appointed, then either party 
may apply that the arbitrators shall be discharged, 
and that the case shall be conducted before the 
umpire as sole arbitrator, without prejudice to their 
right to act as witnesses. If a dispute arises as 
to fees, where (for example) the arbitrator or umpire 
keeps back the award until the fees are paid, that 
an order may be made for the payment of fees 
into court to abide taxation, it being competent 
for the umpire or arbitrator to be heard on the 
matter. 

It is also suggested that the court might, in cases 
of seeming hardship, have power (as a matter of 
policy) to vary the terms of a submission. For 
example, where an agreement provides that a 
demand for arbitration shall be made within a very 
short time, a judge might be allowed to extend the 
time. Again, where the designated arbitrator is 
one who might in the nature of things be biassed 
(e.g., the engineer of one of the parties), it is 
suggested that a judge might have power to remove 
him, and that where a party is charged with 
fraud, the judge might be allowed to compel him to 
withdraw. 

The Committee do not express any opinion upon 
an admirable plan which is often adopted by parties 
to engineering contracts, namely, that of leaving 
the selection of an arbitrator to the President of 
one or other of three great engineering institutions. 
That is, perhaps, one of the best ways of securing 
the appointment of a competent and independent 
arbitrator. 

There is one important matter in relation to 
arbitration to which the Committee do not refer. 
Perhaps it did not come within the terms of their 
mandate from the Lord Chancellor. We allude 
to the question : How can an arbitrator enforce 
payment of his fees ? It is for the party who “ takes 
up” the award to pay the fees ; and it is a well- 
known principle of law that an arbitrator may 
keep back the award until his fees are paid. If it 
is thought that they are exhorbitant, payment can 
be made “ under protest,” and the arbitrator may 
be sued to recover the excess. But cases sometimes 
occur in which neither party is willing to take up 
the award. Thus, where “the defendant” has 
strong grounds for believing that the award is 
adverse and will involve him in the payment ef a 





considerable sum to the “ plaintiff,” he will not be 
very anxious to have the award published. Again, 
“the plaintiff” may hear, during the reference, 
that the dependant has filed his petition in bank- 
ruptcy, and may come to the conclusion that to take 
any step towards procuring and seeking to enforce 
the award will only be to throw good money after 
bad. In such a case the arbitrator may be left to 
whistle for his fees. It is difficult to see how a 
contingency of this kind can be provided for by 
legislation. The remedy is, really, in the hands of 
the arbitrator himself. He can insist, before 
“taking upon himself the burden of the reference,” 
upon a certain sum being paid down, and upon the 
payments of so much a day while the hearing 
continues. He can also, if he so pleases, insist 
upon the payment of his fees being guaranteed by 
some responsible person. 





THE NEWTON BICENTENARY 
COMMEMORATION AT GRANTHAM. 


THE Newton bicentenary commemoration, held 
at Grantham, from March 18 to 20, was worthy 
of the occasion. Isaac Newton was born in the 
Woolsthorpe Manor House, six miles south of 
Grantham, on December 25, 1642 (0.S.), went to 
the old King’s School at Grantham, proceeded 
to Trinity College, Cambridge, in 1661, was appointed 
Warden (1694), and soon afterwards Master of 
the Mint, and died in London on March 20, 
1726 (O.S.)*, having been President of the Royal 
Society since 1703, and several times repre- 
sented the Cambridge University in Parliament. 
The suggestion of a Grantham commemoration 
came from the Yorkshire branch of the Mathematical 
Society, and the organisers, Professor S. Brodetsky 
and Mr. Arthur Oldfield, of Leeds, fully deserved the 
thanks which Sir J. J. Thomson, who presided at 
the banquet, and Professor Whitaker, conveyed te 
them on behalf of the 180 guests. The approval of 
Trinity College and of the City of Grantham having 
been secured, their difficulty had been to limit the 
number of participants to the accommodation avail- 
able. Even to the graduates from Trinity, who 
formed a strong contingent, much that was said of 
the man and of his work will have been new. 

The proceedings opened on Friday evening with 
a reception by the Mayor of Grantham, Mr. R. 
Brittain, in the Guildhall, in front of which Newton’s 
statue was unveiled in 1858. Presiding on Saturday 
morning over the meeting in the old school, Dr. J. H. 
Jeans, the Secretary of the Royal Society, said that 
they had met to do homage to the greatest man of 
science, perhaps the greatest intellect, that the 
human race had ever seen. The little child, Newton, 
almost too frail to live, had developed into a boy 
who, far from industrious at school, because he was 
always busy with his models, did not distinguish 
himself. Newton himself attributed his success to 
industry and patient thought ; Dr. Jeans ascribed it 
further to the stupendous mental grasp and the 
extensive range of his search for truth. But he 
expressed regret that Newton had suffered fools, 
whilst over-sensitive to criticism and over-ready 
to discover unfairness and intellectual dishonesty 
in his opponents. Newton had recognised the diffi- 
culty of distinguishing between relative and abso- 
lute motion, and had explained, in the Principia, that 
absolute rest cannot be determined from the positions 
of bodies in our regions of the universe.. That, and 
a mention of Einstein’s probability coefficients, were 
the only direct references to relativity made during 
the meeting, except by Bishop Barnes in his sermon. 

In his discourse on Newton’s work in physics, 
Sir J. J. Thomson practically limited himself to 
optics. He emphasised that Newton was a skilful 
experimenter as well as a theorist, and that he 
spent weeks over his furnace in experimenting 
on the transmutation of metals, rather than over 
writing his papers. Thinking that all bodies had 
the same dispersion, he despaired of effecting 
achromatism, and invented the reflecting telescope. 





* The accepted date, March 20, 1727, is neither old 
style nor new style. When England adopted in 1751 
the Gregorian Calendar of 1582, the beginning of the legal 
and colledaaionl year, previously March 25, was fixed on 
January 1, 1752, and the eleven days between Sep- 
tember 2 and 14, 1752, were dro 3.on the new sty 
the death of Newton occurred on March 31, 1727. 





The smallest particles of bodies were to him all 
transparent and colourless; their colour depended 
upon the interstices, as in thin films. He had no 
idea of an invisible spectrum ; the seven spectrum 
colours appeared fundamental, and not trusting his 
own eyes, he had the colour boundaries determined 
by others when establishing their harmonic relations. 
Light was something capable of exciting vibrations 
in the ether, which was itself atomic to Newton, 
though he was less corpuscular than his disciples. 

Reviewing Newton’s work in astronomy, the 
Astronomer Royal outlined the thorough character 
of the geophysical and astronomical investigations 
which led Newton to the law of universal gravita- 
tion—an inverse-square law had been suggested by 
Kepler, 1619, when formulating his three laws— 
and to his characterisation of its almost magical 
consequences with respect to the tides, precession 
of the equinoxes, movements of the comets, and 
parallax determination. Dealing with Newton’s 
work in mechanics, Dr. Horace Lamb then pointed 
out that Galileo had ascertained the laws of falling 
bodies and had deduced the parabolic path of a 
projectile, while Huygens had studied compound 
pendulums and the cycloid, but no case of variable 
force had been attempted before Newton. Two 
fundamental conceptions were due to Newton, the 
distinction between gravity and inertia, and the 
universal validity of the law of action and reaction. 
But Newton carefully refrained from physical 
speculations in his mechanics of fluids ; he insisted 
that his accelerating or centripetal forces were 
merely mathematical, and he did not offer any 
hypothesis as to their ultimate origin. Mr. G. H. 
Hardy, of Oxford, was to have summarised Newton’s 
work in mathematics ; but illness intervened, and his 
place was taken, at a few days’ notice, by Prof. L. J. 
Mordell, F.R.S., of Manchester. 

When the pilgrimage was made to Newton’s 
birthplace on Saturday afternoon, Mr. Christopher 
Turner, owner of the estate which had belonged to 
Newton, read a letter which Newton had written 
to his agent, showing the interest Newton took in 
administrative detail. Speaking at the banquet, 
Prof. E. T. Whitaker, of Edinburgh, remarked that 
Newton had not been entirely an absent-minded 
thinker ; he had left a fortune of 32,000/., which 
was large for his days, partly acquired by stock 
exchange speculations in the South Sea scheme. The 
Mayor of Grantham announced that a start had been 
made with founding a Newton scholarship in mathe- 
matics and physics for boys of the King’s School. 
The proceedings concluded with a bicentenary 
service in the parish church, which was attended 
by the civic authorities and members walking in 
procession from the Guildhall. An impressive ser- 
mon was delivered by Dr. E. W. Barnes, F.R.S., 
Bishop of Birmingham. 





THE NATURE OF ELECTRICITY. 


For the title of the Faraday Lecture, which he 
delivered to the Institution of Electrical Engineers 
in London on the 17th instant, Professor W. M. 
Thornton adopted the question “ What is Elec- 
tricity ?’ and he proceeded to answer this question 
in the light of recent research in physical science. 
He pointed out that all atoms were spinning groups 
of electrical charges, constituting minute planetary 
systems, each with a mass of positive charge, known 
as a proton, as a sun or nucleus, about which 
electrons, or units of negative charge, revolved in 
orbits. The simplest atom of matter, viz., hydrogen, 
had in its structure one of each of the two funda- 
mental electrical charges, and to give an idea of 
the dimensions of these charges he mentioned. that 
there were some 25 billion electrons to the inch; 
the proton was still smaller than the electron 
although 1,850 times heavier. 

It was a remarkable fact that the 92 elements 
of matter each normally contained equal numbers 
of positive and negative units of electricity, and this, 
he said, could only be accounted for by the fact 
that both were made simultaneously by the same 
act. They must both be made from the ether, 
work being done in their formation, and as this 
work could only be done by compression, tension 
or twisting, it was necessary to find which of these 
three forms of work was first used in making the 
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charges. The fact that the earth moved through 
the ether without resistance and that the planets 
did not appear to be in the least affected by their 
motion through it, indicated that it was impossible 
to apply force to the ether by means of ordinary 
matter. The ether, however, could be twisted 
by electricity in motion. Around every electric 
current there was a magnetic field, which was 
right-handed about a positive charge and left- 
handed about a negative charge; a magnetic field 
was a circulation in the ether resembling a fluid spin 
or vortex. 

There was only one known mechanism in which a 
forward movement was accompanied by a rotation 
around the line of motion, viz., the screw, and, by 
their electro-magnetic behaviour, we had _ the 
strongest evidence that protons and electrons had 
the properties of screws of opposite sign, right- 
handed ‘and left-handed, respectively. When the 
motion stopped, the twist was relaxed and the 
magnetic field ceased. The simplest screw element 
that could be formed was a half-turn loop or kink 
on an elastic cord, such a loop being known as an 
elastica. The ether was known to have a structure, 
and this was first suggested by Lord Kelvin to be 
that of a vortex sponge, or a perfect tangle of ex- 
tremely small hollow threads of the fluid ether 
spinning around their centre lines. It was now 
suggested that the screw forms of protons and elec- 
trons were simply permanent loops on the vortex 
threads of such an ether. They were permanent 
because the two sides of the loop were held together 
by their common circulation, just as an electric 
loop was held togethar at the crossing point by its 
magnetic field. 

To explain the production of the electric charges 
from an ether having a structure of the type above 
referred to, the lecturer assumed that a great spin 
was given to the ether. Half its spinning threads, 
he said, would then be tightened and the other 
half untwisted. When, however, a thread was 
twisted sufficiently, a loop was formed which would 
be either right-handed or left-handed according to 
the relative direction of the original spin of the 
thread and of the superposed twist. Such loops on 
a vortex thread were permanent and had all the 
properties of the electric charges. When moved, 
they produced circulation around their line of 
advance, accounting in this way for the magnetic 
field around a moving charge ; since the loops were 
right-handed or left handed, their magnetic fields 
should be, as they actually were, of opposite sign. 
The loop twisted tighter, however, should be smaller 
than that opened out, and one electric charge should 
therefore be geometrically smaller than the other, 
as, in fact, it was, the proton being smaller than the 
electron. The geometrically smaller charge should 
also offer more resistance to motion than the larger, 
as it was more difficult to get a fluid stream through 
a small orifice than a large one. This was also in 
agreement with fact, the proton being much more 
difficult to move than the electron as it was 1,850 
times more massive. 

The magnetic behaviour of electricity in motion 
had thus been accounted for by the differences in 
the shapes of the charges produced by their mode 
of origin, viz., by a spin superposed on a perfectly 
tangled vortex ether, twisting half the threads one 
way and the other half in the reverse direction. 
Their differences in size and mass had also been 
accounted for. The next point to be considered 
was how the charges combined to form matter 
and how such matter behaved when moved. There 
was evidence, the lecturer stated, that the ether 
was not an incompressihe fluid, and that its filaments 
were not infinitely long, but short, and varying in 
section. Each, in itself, had the same circulation, 





for the protons and electrons all had the same elec- 
trical charge, i.e., had the same strength or associated 
movement around their centre lines. We might 
imagine the filaments to be trumpet shaped at 
each end. This being so, when two filaments on 
which permanent loops had been formed approached, 
their ends, which had the same direction of circu- | 
lation, coalesced, and the two parts, when joined, | 
formed an atom or part of an atom. If there were | 
only two, one of each, we had a hydrogen atom. 
The, next. highest, the helium atom, was much more 





complex, and the scale of complexity rose rapidly 





in accordance with clearly defined and already 
well-known laws. 

The ether itself was an insulator, since it con- 
tained no free isolated electric charges, but it 
transmitted electric waves by the rocking motion 
communicated to its filaments by the oscillation 
of an electric charge in an atom, in which case the 
waves were short, or by electrical oscillations on 
conductors, formed, for example, in the aerials of 
wireless transmitters; the waves might then be 
miles long. In all cases, whether X-rays, light or 
wireless waves, the mechanism and velocity of 
transmission was the same. A charge in motion 
dragged the filaments in contact with it around 
as it passed. These filaments at once relaxed to 
their old position, but by their motion, having 
magnetic energy, they overshot and oscillated, 
handing on the motion to the next filaments at the 
speed of light. Because of its intrinsic spinning 
motion, the ether behaved as a very rigid medium 
with an extremely high coefficient of elasticity. 

Considering, finally, the subject of matter in 
motion, the lecturer first mentioned that electricity 
in motion produced magnetism, but pointed out 
that although matter was nothing but electricity 
it contained equal quantities of each kind, so that 
matter in motion did not give rise to any external 
magnetic effect; the effects of the two kinds of 
electricity counteracted each other. When matter 
moved in an electric field, however, the resultant 
force on all the positive charges was in one direction, 
sideways to the motion, while that on the negative 
charges was in the reverse direction. The charges 
therefore separated a little and the body was said 
to be polarised. If the body were an insulator, the 
polarisation was proportional to the velocity of 
movement, and if a conductor, the polarisation was 
also proportional to the motion, but only one 
charge, the negative, could move. All the positive 
charges were anchored in the nuclei of the atoms. 
In metal and similar substances, however, a great 
number of negative charges were free to move 
about like molecules in a stream, and when such a 
body was moved in a magnetic field there was a 
piling up of the negative charges at one end of the 
conductor giving what was known as the open-circuit 
voltage. When the ends of the conductor were 
joined, a stream of electrons passed through the 
external circuit and returned again to the conductor 
moving in the magnetic field, the moving conductor 
thus acting as an electron pump or dynamo. The 
work done in causing the electric charges to flow 
along in this way was not dissipated, or only a small 
part of it, in the machine itself, but was handed on 
to the external circuit where it could be used in 
innumerable ways for the production of light, heat 
or mechanical energy for the benefit of mankind. 





CORROSION AT JOINTS AND 
CREVICES. 


A LECTURE, entitled “The Corrosion of Metals 
at Joints and Crevices,”’ was delivered at the Royal 
Society of Arts, on March 2, last, by Mr. Ulick R. 
Evans, M.A., a member of the Corrosion of Metals 
Research Committee of the Department of Scientific 
and Industrial Research. Professor H. C. H. 
Carpenter, F.R.S., occupied the Chair. As an 
introduction to his subject, the lecturer first referred 
to the older and newer electrochemical views of 
corrosion. He stated that, in the older electro- 
chemical view, it was tacitly assumed that currents 
were set up by the contact of two dissimilar sub- 
stances, which became the two poles of a short- 
circuited cell. If this were the case, it might be 
expected that corrosion would be more intense at 
joints where dissimilar metals were in contact, or 
in alloys consisting of an aggregate of two different 
phases. Actually, observation showed that, speak- 
ing generally, the junction of dissimilar metals 
often did constitute the seat of severe corrosion, 
and that, on the whole, heterogeneous materials 
were more liable to attack than homogeneous 
materials. Observation also showed, however, that 
intense corrosion often occurred in essentially 
homogeneous metal, which was not in contact with 
any other metal at all; and since the older electro- 
chemical view offered no explanation of these latter 
cases Of attack, many Scientists” abandoned. the 





view that corrosion was essentially an electro. 
chemical phenomenon. The error of the older 
electrochemical view lay in the tacit assumption 
that the generation of currents in an electric cell 
required two dissimilar metals; it was forgotten 
that electric cells were known in which the two poles 
consisted of the same metal in different solutions, 
The newer electrochemical view of corrosion, while 
not overlooking the first method of generating a 
current, took account also of the second. Particu- 
larly important were the so-called differentia] 
aeration currents, set up by variations of oxygen 
concentration. A current could be furnished by 
a cell consisting of two electrodes of steel cut from 
the same sheet, and immersed in salt water, oxgyen 
being bubbled over one, but not over the other. 
The current continued to flow as long as oxygen 
was supplied, but, in all differential aeration cells, 
whatever the metal or liquid, it was always the 
** unaerated ’’ electrode which was the anode or 
corroded pole. 

The principle of differential aeration supplied the 
key to the curious paradox that, although oxygen 
might be essential for the corrosion of a certain 
metal by a certain liquid, yet the actual attack 
occurred at the very places most inaccessible to 
oxygen. If an iron sheet were partly immersed in 
salt water, corrosion occurred over the whole of the 
lower portion ; just. below the water line, however, 
where oxygen had best access to the metal, the 
surface remained bright and unchanged. In other 
cases, the corrosion might be localised where the 
metallic surface was screened from oxygen by 
contact with an inert substance. Finally, the 
differential aeration principle explained many cases 
of pitting, or cranny corrosion. If a crack, or pore, 
in a piece of metal, or a crevice between two pieces 
of metal, became filled with liquid, the interior 
would become anodic to the main part of the 
surface, and corrosion would burrow down, enlarging 
and deepening the original cavity. 

Turning now to the question of corrosion at 
submerged joints; this might be initiated by 
(1) contact between dissimilar metals, or (2) the 
setting up of differential aeration at the joint. 
Even if the pieces forming the joint were both 
composed of the same material, they might be united 
by means of a second material ; solder, for example. 
Again, in the case of iron or steel, the heat utilised 
in making the joint might give rise to another 
conducting substance, namely, magnetic oxide, 
which could act as a cathode towards the iron 
itself, Even in cases in which all these occurrences 
had been avoided, the joint might leave the metal 
locally in a state of stress, and, since stressed 
material was electrochemically different from 
unstressed metal, the effect was comparable to that 
produced by two dissimilar materials in contact. 
There was scarcely any kind of joint which might 
not occasionally provide the type of crevice needed 
for anodic attack as a result of differential aeration ; 
often, however, the crevices formed at joints were 
actually less liable to produce this kind of attack 
than were the pores naturally present in the metal 
elsewhere than at the joint. Again, the fact should 
not be overlooked that the first type of attack 
might, itself, give rise to the second. The product 
of corrosion set up by the junction of two dissimilar 
metals might accumulate at the joint and serve to 
shield the surface from oxygen, thus causing anodic 
attack to both metals. 

The most dangerous conditions for the intensi- 
fication of corrosion at the contact between dis- 
similar metals existed when the anodic metal was 
a small mass embedded in the relatively large surface 
of the cathodic metal. The maximum value of the 
total corrosion possible was set by the rate at 
which diffusing oxygen was supplied to the cathodic 
surface. To study the effect of the ratio of the 
areas of the two metals, some laboratory exper 
ments had been carried out by the author. ‘The 
specimens consisted of rectangles of metal bearing 
a small insertion in the centre. The sheets were 
turned down at the four corners to form legs, and 
were placed horizontally in a dish containing deci- 
normal sodium-chloride solution. It was found that 
when the large rectangle was of copper and the 
small insertion of steel, the latter corroded rapidly ; 
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emery, had disappeared entirely within three days. 
On the other hand, in specimens in which the big 
rectangle was steel, and the smaller insertion copper, 
the corrosion of the steel was much slower, the 
striations being visible even after eight days. 
Specimens in which both the rectangle and the 
insertion were of steel corroded more slowly still. 
Further laboratory experiments were carried out 
in order to ascertain under what conditions corrosion 
tended to become concentrated at the boundary 
between dissimilar metals. Narrow strips of copper 
foil were joined, at the end, to narrow strips of steel 
foil, and the compound strips thus formed were 
submerged in sodium-chloride solution in test 
tubes; the copper was placed uppermost and 
projected into the air above the surface of the 
liquid. When the solution was of normal or deci- 
normal concentration, the distribution of corrosion 
was determined entirely by the differential aeration 
principle, and occurred right at the bottom of the 
steel; the portion of the steel next to the copper, 
far from suffering special corrosion, remained quite 
bright for several days. In experiments carried 
out with centi- and millinormal solutions the 
corrosion came nearer to the seat of the oxygen, and 
the steel was most attacked along the contact with 
the copper. In such solutions, however, the total 
corrosion was so small that the matter was of little 
importance. 

Under practical conditions the corrosion of metals 
by water was most likely to be concentrated along 
the contact of dissimilar metals if the water were 
moving over the metallic surface, thus producing 
fairly uniform oxygen-concentration and rendering 
the differential aeration effect negligible. One 
instance of particularly severe corrosion had been 
reported in which a bronze propeller had been fixed 
on a steel shaft, the motion being here, naturally, 
rapid. In most cases in which the damage at the 
boundary between two metals had been serious 
the anodic metal had been iron or steel, and the 
cathodic metal, copper or a copper alloy. A certain 
number of cases of attack at iron-brass or iron- 
bronze contacts had been brought to notice, but it 
was noteworthy that copper-alloy fittings con- 
tinued to be used in connection with steel, and for 
many purposes no special trouble was caused. In 
condensers, for instance, it was usual to find cast- 
iron water ends with brass tube plates; here the 
cast-iron was naturally of considerable thickness, 
and slight corrosion did not prove fatal. Never- 
theless, it often occurred that when some trouble 
had been experienced with a plant in which two 
dissimilar metals were in contact, the blame was 
laid, without further thought, upon this circum- 
stance. In one recent case, an aluminium cooling 
coil had been supported by means of iron and 
had suffered external corrosion. If the trouble had 
been simply due to the choice of two dissimilar 
metals, one should have been attacked and the 
other protected. Actually both metals were 
attacked, indicating that the trouble was probably 
largely due to the crevice left between them. 

The question of joints exposed to the atmosphere 
Temained to be discussed. Here again crannies or 
crevices introduced an element of danger. If once 
water entered such places, it was likely to be re- 
tained even after the main parts of the surface 
had become dry through evaporation. The re- 
cesses of the crannies became anodic, and, if the 
water contained electrolytes, the presence of which 
was due to the contamination of the air by sulphur 
dioxide, hydrochloric acid, hydrogen sulphide 
or sodium chloride, anodic attack was initiated 
and the crannies became enlarged. This danger 
was somewhat insidious, since ordinary inspection 
did not always reveal the deterioration. A feature 
of atmospheric corrosion, localised in crevices, 
was the disastrous bulging which sometimes 
accompanied the attack. This was sometimes 
noticed in steel work, but was more characteristic 
of weaker metals, such as aluminium. When salt 
water acted upon aluminium, the aluminium 
chloride formed at the anodic places, within the 
crannies, reacted with the sodium hydroxide, 
formed at the cathodic places near the mouths, 
to give insoluble aluminium hydroxide, which was 
precipitated, at least in part, inside the crevices, 
since the hydroxide produced occupied a greater 





volume than the metal destroyed, bulging was 
inevitable. 

In many cases the currents generated at a 
soldered joint, between the solder and the under- 
lying metals were stronger and more persistent 
if the electrolyte contained chlorides. It seemed 
worth while, therefore, to raise the question as to 
whether it was wise to use soldering fluxes containing 
chlorides, traces of which might remain when the 
article was put into service. The special corrosion 
at soldered joints on aluminium had aroused much 
attention. Here the use of a chloride flux was 
particularly inadvisable, since the resistance of! 
aluminium to corrosion was largely due to the, 
formation of a protective film; moreover, alu- 
minium chloride was extremely hygroscopic. The; 
question was further complicated by the fact that; 
many investigators appeared to have been under} 
the impression that corrosion would only be, 
dangerous if the aluminium was anodic towards} 
the solder, and had, therefore, endeavoured to; 
make the solder anodic by adding zinc; many of! 
the special solders recommended for aluminium 
contained zinc, and several cases of severe corrosion 
of such solders had been reported. Experiment 
had shown that common 50 : 50 lead-tin solder was, 
cathodic to aluminium in both decinormal sodium 
chloride and sodium sulphate solutions, but the 
current produced fell off rapidly, as an obstructive 
film was formed by the anodic action. It was not; 
suggested that common solder should be used, in! 
practice, for aluminium, on account of its low) 
strength and weak adhesion ; indeed, although it 
was possible to make a fluxless joint of a kind,’ 
between two aluminium strips with common, 
solder, by piercing holes through which the solder’ 
could penetrate, it was unlikely that such a joint’ 
would appeal to practical men. Since, however, 
it had been found that the joint made with one} 
cathodic solder was reasonably satisfactory from 
the corrosion standpoint, it was not being unduly’ 
optimistic to hope that most other cathodic solders ' 
would behave in a similar fashion. A large range of; 
materials could be utilised, and it should not be} 
impossible to obtain the necessary combination of! 
adhesion, strength and fusibility. There seemed} 
no fundamental reason why the problem of a good ; 
universal solder for aluminium should not be 
solved, but those investigating the subject should ' 
be equipped with a good scientific knowledge of 
electrochemistry. 





THE INSTITUTION OF CHEMICAL 
ENGINEERS. 


Tue fifth annual meeting of the Institution of! 
Chemical Engineers was held on March 8, 9 and 10 
in the rooms of the Chemical Society. Sir Frederick 
L. Nathan delivered his presidential address at the 
conclusion of the corporate meeting, held in the 
Hotel Victoria, Northumberland Avenue, on the 
10th inst. We will deal with the papers in the 
order in which they were read, but may begin with 
the presidential address. 


INDUSTRIAL DEVELOPMENT AND THE CHEMICAL 
ENGINEER. 


In his address Sir Frederick Nathan emphasised 
that chemical engineering could and should take a 
leading part in industrial developemnt. Dealing 
first with beet sugar, Sir Frederick pointed out that 
the factories opened at Cantly in 1912, at Kelham 
in 1921 and Colwick in 1924, had treated, or 
were estimated to treat, respectively, in 1924-25, 
1925-26, 1926-27, 183,700, 428,200 and 1,129,200 
tons of sugar beet from 22,600, 56,200 and 130,000 
acres, and had produced 23,915, 51,918 and 146,000 
tons of sugar and, in the last season, 33,700 tons 
of molasses. The factories worked under a subsidy, 
which was fixed at 19s. 6d. per cwt. of sugar for the 
years 1924-28, and would decrease to 13s. and to 
6s. 6d. in the two following periods of four years. 
There were in addition smaller subsidies for molasses 
and at a commercial price of 33s. per cwt. of sugar the 
gross and net subsidies now amounted to 59 and 
37 per cent. It was doubtful whether the industry 
could carry on without the subsidy. That the cost 
of raw materials could be reduced was proved by the 





Continental root yields. per acre, while the chemical 


engineer could help by reducing the weight. to be 
transported to the factory; at present, three- 
quarters of that weight consisted of water, dirt and 
waste. Dr. de Vecchis had proposed the storage 
of the washed, sliced and desiccated roots locally, 
and the Institute of Agricultural Engineering at 
Oxford was experimenting with this and other 
proposals. The power locally required for such 
processes could be obtained from the fermentation 
alcohol of the extracted slices or of inferior potatoes. 

Passing to internal combustion engines and their 
fuels, Sir Frederick remarked that the British 
Empire produced only 1-7 per cent. of the 150 
million metric tons of petroleum mined in 1926, and 
imported petroleum to the value of 38,591,150/. and 
motor spirit to the value of 21,567,731l. The power 
alcohol research done at the Bacteriological Labor- 
atory of the Naval Cordite Factory at Holton Heath, 
indicated that fermentation of the pentosans in 
hemi-cellulose was promising. These pentosans had 
first to be converted by a mild acid hydrolysis into 
pentose; that was easy in the laboratory, but 
acid-resisting autoclaves for large scale working were 
not obtainable, and simple processes were necessary 
if they were to be worked in the Colonies. A suit- 
able process starting with steeping the raw material 
in dilute sulphuric acid had been worked out for 
converting the hemi-cellulose into a mixture of 
acetone and alcohol. 

Turning then to the fishing industry, Sir Frederick 
pointed out that its by-products, fish meal, glue, 
isinglass and oil, deserved serious attention and 
study. Some 40,000 tons of fish meal were 
produced annually from 150,000 tons of curing 
waste and surplus fish; the fishy odour of the 
meal and the high cost of the processes were, how- 
ever, drawbacks. A very good odourless fish giue 
has been made by Dr. Kernot for the Adhesives 
Committee from fish skins. Fish oil was prepared 
only from one whole fish, the herring, the livers 
only were used in other cases. Although England 
was the big centre for the technical extraction of 
fish livers, the quality of the English oil was inferior. 
The livers were barrelled on the trawlers and 
subsequently treated in the East Coast Factories ; 
German trawlers had their extraction plant on 
board, and their oil fetched a much higher price. 

Sir Frederick referred finally to coal on which 
Great Britain’s prosperity had largely rested. 
The Electricity Supply Bill opened up a new field 


| of development ; unfortunately the large super-power 


station tended to commit the country to a permanent 
waste of coal. Even a large well-equipped station for 
the sole production of electricity wasted 80 per cent. 
of the heat of the coal. The site of the station had to 
be selected, not necessarily in proximity to the coal 
supply, but rather with reference to the proximity 
of large quantities of water, to enable that heat to 
be wasted in the most economical manner. In the 
carbide industry which hardly counted in this 
country, electricity was wanted for power, but in 
most other chemical plants steam was the primary 
consideration. General manufacturing absorbed 
about 65,000,000 tons of coal per year; about 
10,000,000 of that probably went in steam raising 
apart from power purposes. Electricity generating 
stations working with an average efficiency of 12 per 
cent., required 8,000,000 tons of coal. The manu- 
facture of electricity as a by-product from the 
10,000,000 tons of steam coal could raise the amount 
of electricity generated per head of population by 
50 per cent. 


LEAD AS A CONSTRUCTIONAL MATERIAL FOR 
CHEMICAL PLANT. 


Introducing this first paper, on the 8th inst., 
Mr. S. J. Tungay remarked that lead, in spite of 
its mechanical weakness, had many properties which 
would justify its more extended use as a construc- 
tional material. Its plasticity, low melting point, 
easy-machining character, relative non-corrodibility 
and reasonable cost in a state of high purity, renderea 
it very useful for chemical engineering, especially in 
sulphuric acid manufacture. Unfortunately, load 
was attacked by sulphuric acid of more than 80 per 
cent. and was rapidly corroded by the fuming 
acid. Failures were sometimes so obscure that the 
purest, so-called chemical, lead had been con- ° 
sidered more liable to corrosion by sulphuric acid 
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than lead containing certain small amounts of im- 
purities. Some of these statements were no doubt, 
erroneous. Most impurities were injurious; but a 
certain content of copper, 0°02 per cent. to 0-05 per 
cent., might be an advantage, and might in fact, 
counteract the very bad effects of traces fof anti- 
mony. Again, authorities differed as to the relative 
corrodibility of lead desilvered by either the 
Pattinson or the Parkes process, both of which 
could give excellent lead. The mechanical treatment 
of the sheet or pipe during manufacture was of 
greater importance. At present a purity of 99-99 
per cent. was frequently stipulated, the 0-01 per 
cent. consisting of traces of copper, silver, antimony, 
zinc, iron and further of arsenic, bismuth, tin and 
nickel. The oxide films spontaneously forming on 
the surface of lead afforded a certain protection. 
Strong nitric acid produced an oxide coating ; 
but lead was soluble in the dilute acid, as it was 
in strong hydrochloric acid, and when a liquid 
was running over the metal, the corrosion by erosion 
increased rapidly with the rate of flow, even 
with sulphuric acid. Surface straining of the 
metal and heating accelerated the corrosion; the 
presence of ordinary salt from which the sulphuric 
acid liberated hydrochloric acid was also deleterious, 
though cold diluted hydrochloric acid did not 
attack lead, whilst the addition of sodium sulphate 
to acetic acid decreased the corrosion. Mr. Tungay 
stated that he had stopped the failure of lead pipes 
in an ammonia sulphate saturator by supporting the 
pipes so as to prevent strain by sagging. 

For these reasons protection of the lead surface 
was desirable. On the other hand, metal sheets and 
pipes were covered and lined with lead to make them 
acid-resisting. That was done by tinning the metal 
and soldering on lead, or by direct electrodeposition 
of lead, or by the Schoop spraying progress; in 
the American Zeitler process, wire netting or tinned 
gauze was fixed to the metal by means of copper 
rivets, and then cast on the lead. Painted 
castings (Metallon process) would resist fumes and 
splashes, but had little mechanical strength. 
Mr. Tungay, who gave particulars of analyses and 
tests, finally referred to hard lead (or regulus metal) 
containing substantial percentages of antimony, 
which made it more acid-resisting, and increased 
the ultimate strength from 2-5 tons to 4 tons per 
square inch, as the antimony contents were raised 
from 6 per cent. to 12 per cent. Both the lead and 
the antimony used should be of high purity. For 
pans, tanks and acid eggs 6 to 8 per cent. of anti- 
mony was used ; for valves, taps, pumps and parts to 
be machined, 8 to 10 per cent., and for castings to be 
tooled, jets, nozzles, screws, &c., 10 to 12 per cent. 


DissoLvVED ACETYLENE FOR LEAD Burnrina, 


Mr. W. C. Freeman then presented a paper on 
The Production of Dissolved Acetylene and its 
Application to Lead Burning. Flames of dissolved 
acetylene and air, he stated, had been introduced in 
1923,* and the use of only one cylinder instead of the 
two required for oxy-hydrogen flames, had proved 
efficient in joining flat surfaces of lead weighing 8 lb. 
per foot super. For upright and overhead burning, 
however, higher temperatures were required. Burned 
with air, unit volumes of coal gas, hydrogen and 
acetylene gave flames of 1,600, 1,700 and 2,500 deg. 
C., and with oxygen flames of 2,000, 2,500 and 4,100 
deg. C. But acetylene was itself unstable under 
shock. The dry, pure gas was, therefore, compressed 
in steel containers with acetone as a solvent, which 
took up 375 times its own volume of acetylene, and 
@ porous mass as absorbent, the whole being com- 
pressed to 225 lb. per square inch. Storage in these 
cylinders did not come under the provisions of the 
Explosive Act, because the porous mass split up 
the volume of gas into small independent cells of 
acetone and acetylene, and prevented the heat 
energy, liberated by the local endothermic com- 
bination, from spreading and from bursting the 
cylinder. The porous material used, kapok, the 
cotton-like down of the pods of an East Indian 
tree, eriodendron anfractuosum, used in life-saving 
jackets, was inert to acetylene, acetone and steel, 
and of low heat conductivity, and the kapok block 
occupied, in the compressed state, only a fifth of the 





internal space of the cylinder which it almost 
appeared to fill. 

The oxygen was compressed, in its cylinders, to 
1,800 lb. per square inch, and the difficulty was 
to reduce these gas pressures in portable apparatus 
to safe limits, so as to obtain controllable flames 
without great waste of gas. The reduction was 
effected in one step by means of valves, which 
reduced the gas pressure in the flame to 4 lb. per 
square inch. The blowpipe outfit, with two cylinders 
and valve, could be packed in a small, portable 
case. The five kinds of tips used for various work 
ranged in consumption of each gas from 5 litres 
(1 cub. ft. = about 28 litres) up to 12, 31, 62 and 
125 litres per hour; the orifice of the smallest 
tip had a diameter of less than 0-01 in. No special 
glasses were required for protecting the eyes, as the 
ordinary flames were small and steady. 

In the discussion of the two papers, Mr. P. Parrish, 
of the South Metropolitan Gas Company, mentioned 
that the copper percentage in lead samples fluctuated 
considerably locally. As regards lead-burning, he 
considered coal-gas sufficiently convenient, as gas 
was everywhere available in works; the gas had to 
be pure, but they made a gas absolutely free of any 
sulphur, organic and inorganic. Mr. F. H. Rogers 
referred to two filter bags, used under the same con- 
ditions ; one of these had lasted 10 years, the other 13 
months ; both were very pure lead, and almost iden- 
ticalin composition, but a trace of antimony seemed 
to have been fatal to the newer bag. Mr. G. B. Jones, 
of British Dyes, thought that chemists did not pay 
sufficient attention to mechanical defects and to the 
consequences of the heat treatment and work which 
metals had undergone. Mr. Tungay stated, in 
reply, that he did not advocate copper in lead ; but 
the British Engineering Standards Association had 
found that some old lead chamber, which had done 
good service, did contain a little copper. Alkaline 
solutions and tartrates were notoriously bad for lead, 
and so far as possible lead should be tested under 
future service conditions. 


THe ScHMIEDEL Box IN THE MANUFACTURE OF 
SuLpHurRic Acrp. 


Although the manufacture of sulphuric acid by the 
chamber process is carried on broadly by the old 
approved method, many modifications have been 
tried of late. To be remunerative, operations have 
to be conducted on a large scale, and this involves 
large plants comprising lead chambers, Glover 
towers and Guy Lussac towers. Intensive methods 
of working and reduction of floor space have been 
the chief means of modern improvements, together 
with the utilisation of cheap sources of sulphur. Dr. 
H. J. Bush, M.Sc., and Mr. Arthur Grounds, B.Sc., 
of Messrs. Huntington, Heberlain and Company, 
dealt with one of these recent modifications in their 
Note on the Function of the Schmiedel Box in the 
Manufacture of Sulphuric Acid. 

The anticipated extension of the Alkali Act would, 
Dr. Bush pointed out, oblige metallurgical works 
to keep atmospheric pollution by their exit gases 
within very low limits, and the fumes would have 
to be utilised. He took his example from the 
Mitterberg Kupfer A.G., of Ausserfelden, Austria, 
where the Schmiedel box had first been adopted 
for this purpose. There the sulphur dioxide from 
the Bessemer blowing of the copper matte fluctuated, 
within one hour, between 0 and 15 per cent., far 
too much for utilisation in ordinary lead chambers. 
Drs. Schmiedel and Fessen, of Niirnberg, therefore 
replaced an old chamber by a rectangular lead box. 
In the chamber process, the sulphur dioxide pro- 
duced in the furnace passes up the Glover tower 
packed with coke, to be washed by the acid already 
made; the vapours flow into the lead chambers 
where they are oxidised by sprayed nitric acid. 
The vapours are then sent up the Gay Lussac tower, 
likewise packed with coke to meet a stream of 
concentrated sulphuric acid which absorbs the 
excess of nitrous vapours left. The nitrose acid 
flowing off is sent over to the Glover tower, together 
with part of the diluted acid collecting in the 
chambers, which is afterwards concentrated. The 
vapours and acids are in multiple circulation, the 
object of the combination of chambers and towers 
being to minimise the consumption of nitric acid 


but not consumed, in the process. The reactions 
are”complicated and still controversial, and though 
the chambers do their work well, there is much 
local corrosion and need of expensive repair. 

The Schmiedel box acts partly as a Glover 
tower, but Dr. Bush emphasised that they did not 
claim to have a new Schmiedel system of acid 
manufacture. At Ausserfelden, six boxes in series 
had been in continuous use for five years. The 
boxes built of lead were rectangular, 164 ft. long, 
64 ft. wide, 4 ft. deep. Three horizontal fluted rollers 
of hard lead rotated at 600 r.p.m. in the nitrosyl. 
sulphuric acid to produce a spray for the intimate 
interaction between the acid and the dioxide, 
drawn from the furnace by a fan through a flue, 
nearly a mile long The rollers of lead had corroded, 
but cast-iron rollers had proved satisfactory when 
provided with roller bearings and stuffing boxes, 
Much experience had been gained in the 33 Schmiedel 
boxes installed in six works of this country, in one 
of which a series of six Opl towers had been replaced 
by one Schmiedel box. Dr. Bush gave particulars re- 
garding the working and constructions of the plants, 
and pointed out that cold and wet poor gases, coming 
from sulphide roasters in fluctuating quantity, could 
be treated by Schmiedel boxes when in conjunction 
with towers; the box was a preparatory, though 
not itself a producing unit. 


RECENT DEVELOPMENTS IN THE MILis-Packarp 
CHAMBER PLANT. 


Mr. W. G. Mills stated in this paper, that Mills. 
Packard sulphuric acid chambers, experimentally 
built first in 1914, had now been installed in 64 
works, by some 40 companies, all over the world, 
The chief difference between the ordinary rectangular 
chamber and the Mills-Packard chamber, was that 
the latter took the form of a frustum of a cone of 
lead (the lead curtain), which was externally cooled 
by flowing water, within a framework of steel, wood, 
or ferro-concrete. The chief dimensions of standard 
types ranged in five steps from :—Height, 40 ft. to 
48 ft.; diameter of base, 20 ft. to 28 ft; of ceiling, 
10 ft. to 16 ft. ; capacity, 7,330 c. ft. to 18,750 c. ft. ; 
weight of steel, 6 to 10 tons; weight of lead, 13 to 
23 tons. The curtain dipped below into the acid 
pan, and was subdivided into horizontal sections 
(generally six) by supporting straps, which encircled 
the chamber in gutters. Particular attention was paid 
to the economical distribution of the cooling water, 
which was fed from the ceiling. The types mentioned 
required from 250 up to 600 gallons of water per 
hour. As the small distribution gutters became 
blocked up by algae, copper sulphate was added to 
the water, and the perforated pipe gutters were 
dispensed with. An outside strap was burnt to 
the curtain, forming with it a V-shaped gutter; cone- 
shaped holes, spaced at 14in. pitch, were punched 
through this strap, and the lip of the hole formed by 
turning the cut portion outwards, was raised about 
7 in. to the horizontal. Owing to the efficient 
cooling, the lead temperature of the hottest chambers 
varied only between 18 deg. and 30 deg. C., the 
vapour temperature inside rising to 85 deg. Samples 
cut after 13 years’ service showed a wear of only 
34 and 4 per cent. In another case, the lead, 
originally weighing 7 lb. per square foot, indicated 
no loss after 4 years, and weighed, in the worst case, 
6 lb. 6 oz. 7 years later still. 


(To be continued.) 





THe Late Dr. CasaLE—Dr. Luigi Casale, whose 
recent death, at forty-five years of age, we regret to have 
to record was connected with the nitrogen-fixation 1n- 
dustry, and his ammonia process was mentioned on page 
594 of our issue of May 8, 1925, at which date he was m 
this country. He was born at samegene in Italy in 1882, 
was trained at the University of Turin, where he took 
his degree in 1909. He went to Berlin to study under 
Nernst for some time after having been assistant in the 
University of Turin, to which he returned as lecturer 
in 1913. When the war broke out he was professes 
in Naples, and he was engaged in the manufacture © 
poison gases. He had to give up this work, whic 

affected his health, and he took up the manufacture 
of synthetic ammonia in 1917, while still in the Italian 
Army service. The Ammonia Casale Company ho 
established in 1921. The company developed rapialy 
after 1923, and is said to have plants in operstion 
or under construction in fifteen countries. He erecte 

plants of single units of 20 tons daily capacity, = 
endeavoured to utilise the off-peak power of hydro 








* See ENGINEERING, 18, 1925, 365. 





which theoretically is to be reduced and reoxidised, 


electric power stations. 
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NOTES. 


ELECTRICAL DEVELOPMENT. 


Wirn the praiseworthy object of assisting the 
public to make the most effective and efficient use 
of electricity in their homes and businesses, the 
British Electrical Development Association, Inc., 
was formed nearly eight years ago, and has been 
carrying on useful work in that direction ever since. 
All branches of the British electrical industry are 
co-operating in the work and in the maintenance 
of the Association, whose activities include co- 
operative and individual advertising, the delivery 
of lectures, the exhibition of kinematograph films, 
the organisation of exhibitions and the circulation 
of literature. As another example of the work of 
the Association, mention may be made of the fact 
that it has arranged for exhibition houses fitted 
with electrical appliances to be open for the inspec- 
tion of the public in different parts of the country, 
and these houses have been visited by upwards of 
1,500,000 persons during the last few months. 
That much can still be done in the matter of 
electrical development may be gathered from a 
fact mentioned by the Right Hon. Charles A. 
McCurdy, P.C., K.C., in responding to the toast 
“(Co-Operative Publicity,” proposed by Dr. 8S. Z. 
de Ferranti, at the annual dinner of the Association 
held at the Savoy Hotel on the 17th instant. He 
pointed out that in a certain electricity supply 
area there were about 7,000,000 houses, only 
1,400,000 of which were wired for electric lighting. 
We have no reason to suppose that this is an entirely 
isolated instance, and the Association might do 
useful work in investigating the circumstances of 
this and other similar cases with a view to improving 
the position wherever possible. It may then be 
found that the neglect of the public to make a fuller 
use of electricity is to some extent attributable to 
lack of enterprise on the part of the supply 
authorities. The importance of the domestic load 
was referred to by Alderman W. Walker, who re- 
sponded to the toast of the “ Public Service of 
Electricity,’ proposed by Sir Henry Fowler, and 
the former, in expressing his appreciation of the 
work of the Association in developing this load, 
remarked that no demand could be made which 
the supply industry could not meet. Other speakers 
at the dinner were Mr. W. B. Woodhouse, Sir 
Andrew Rae Duncan, and Sir James Devonshire. 
Sir James, who occupied the chair, has been elected 
President of the Association for the ensuing year. 


SHALLOW OILFIELDS IN TEXAS. 


Tue United States produce more than three 
times as much petroleum as the rest of the world, 
and the production is not altogether in the hands 
of the large companies. Oilfield conditions vary 
very much on the American Continent, and the 
private owner and prospector can still hope to 
obtain a fair return for some years from the yield 
of shallow fields, mostly ignored by the com- 
panies, at a moderate capital expenditure. Dr. 
Arthur Wade dealt with the geology, history, and 
economies of two such shallow oilfields of Texas 
in a paper read before the Institution of Petroleum 
Technologists on March 8. The first of these 
fields was the Sipe Springs oilfield, situated near 
the northern boundary of Comanche County, 
North-Central Texas. There, 20 to 30 barrels of 
oil a day were obtained from a well 200 ft. deep, 
drilled at a cost of little more than 400 dols. More 
than 200 productive wells, and a few unproductive 
Ones, were sunk in this area into oil sands lying 
between 180 and 200 ft., and lower down at 260 
to 300 ft. The sands proved rather erratic and 
lenticular, and by the end of the first year most 
of the wells did not yield more than two barrels 
aday. The total productive lives of the wells were 
estimated at five or six years; valuations were 
difficult under these conditions, especially for 
British geologists not acquainted with the Federal 
tax rules, as Dr. Wade pointed out. The water 
Which encroached upon this field after three years’ 
Working was not disadvantageous, as it put the 
oil under hydrostatic pressure ; there is no gas in 
this field. The second shallow oilfield described is 
on the Deep Creek, near Putnam on the Texas and 
Pacific Railway. Here a costly well had been 


drilled, without success, to 4,000 ft. on misunder- 
stood dip estimates, but Dr. Wade found the oil he 
expected at 395 ft. in another well, and more oil 
and gas were obtained in other wells from somewhat 
greater depths. The oil sands occurred in a dome- 
like fold between 460 and 480 ft. ; above 460 ft. the 
sand produced gas at 100 to 120 lb. per square inch. 
Some wells, sunk against expert advice, yielded only 
gas and lowered the oil flow from the wells near- 
by. Wells could be drilled there to 475 ft. at a cost 
of 1,500 dols. in ten days or less. In general, 
the steady flow of oil under hydrostatic pressure 
is more lasting than gusher discharge under gas 
pressure, and this second field, Dr. Wade thought, 
would probably give out sooner than the first. 


THE UTILISATION oF Gas COKE. 


In the course of a lecture given at the Royal 
Society of Arts on March 9, Dr. E. W. Smith stated 
that both coke-oven coke and gas-works coke were 
made from bituminous coal, which, in use, had only 
recently been blended with non-coking coals. The 
oven coke was usually denser, harder, less combus- 
tible and lower in ash and moisture than the gas 
coke, but recent improvement in the adoption of 
coal cleaning, continuous vertical retorts and better 
quenching, &c., reduced such differences. The gas 
works of this country carbonised about 18 million 
tons of coal into 12 million tons of coke and breeze. 
Of these millions 3-3 were used in producers for 
retort heating, 1-2 million was for water-gas manu- 
facture, 0-9 was exported, and 6-5 (including 0-7 
of breeze) were consumed at home, while about 
40,000,000 tons of coal were burned in houses. 
Surveying the domestic uses of coke, Dr. Smith 
described modern types of open grates, slow-com- 
bustion stoves for coke, and domestic boilers, admit- 
ting that he was not yet satisfied with the average 
coke when used in standard grates, in which the 
best graded coke gave full satisfaction. For house 
heating, a combination of hot-water radiators and 
radiant gas fires was his ideal. Boilers for heating 
offices and buildings were best fed with large coke, 
charged into a horizontal fire box entirely surrounded 
by water loops which were heated by the gases and 
by radiation. Screened breeze of less than 3-in. 
was obtainable at low prices and would burn well 
on suitable grates such as those into which the air 
was injected by means of steam jets under specially 
arranged firebars, With chain-grate stokers, as 
such, breeze was only partly successful, but the 
sandwich system of firing boilers, introduced by 
Mr, E. W. L. Nicol of the London Coke Committee, 
overcame that difficulty. Dr. Smith advocated, 
instead of a number of separate gas companies, 
that there should be one gas and coke industry 
or even a fuel industry. 








THE “ GEorGE MONTEFIORE ”’ PrizE.—In our issue of 
June 25, 1926, on page 774, we gave particulars of the 
competition for the triennial George Montefiore Prize, 
valued at 20,500 Belgian francs, and awarded under the 
auspices of Montefiore Electro-Technical Institute Old 
Students’ Association, Liége, Belgium. Candidates are 
reminded that papers should be in the hands of Monsieur 
le Secrétaire-Archiviste de la ‘Fondation George 
Montefiore,” Hétel de l’Association des Ingénieurs 
Electriciens Sortis de 1’Institut Electro-Technique 
Montefiore, Rue Saint-Gilles, 31, Liége, Belgium, not 
later than April 30 next. Twelve copies of the paper 
should be sent. 





LAUNCH OF THE §.S. ‘‘ ANGLO-AUSTRALIAN.”—On 
Monday, March 21, a successful launch took place from 
the yard of Messrs. Short Brothers, Limited, of Pallion, 
Sunderland, of the 8.8. Anglo-Australian, which is being 
built to the order of Messrs. Lowther Latta and Company, 
Limited, for the Nitrate Producers’ Steamship Company, 
Limited, of London. The vessel, the main dimensions 
of which are, length, 426 ft., breadth 58 ft. and moulded 
depth 36 ft. 6 in., is constructed on the single-deck 
principle, with complete shelter deck above, and has been 
designed to carry a deadweight of 10,000 tons on a mode- 
rate draught. Water ballast is carried throughout the 
double bottom, in fore and aft peaks, and in a deep tank 
fitted aft of the engine-room. Twelve derricks are fitted 
for the handling of cargo, the holds and ’tween decks being 
arranged with wide-spaced pillars and approached through 
six large hatches. The propelling machinery, which will 
be installed by the North Eastern Marine Engineering 
Company, Limited, of Wallsend, consists of quadruple- 
expansion engines, with cylinders 23}, 324, 47 and 68 in. 
in diameter and a stroke of 48 in., steam being supplied 
by three large multitubular boilers, at 220 lb. pressure, 
fitted with Howden’s system of forced draught. With 
a view to the fullest possible economy, a “ Star”’ contra- 





propeller has been fitted aft of the main propeller. 


LETTER TO THE EDITOR. 


STIFFENED SUSPENSION BRIDGES. 
To THE Eprror oF “ ENGINEERING.” 

Simr,—Referring to your interesting editorial on 
‘The Stiffness of Suspension Bridges,” in your issue 
of December, 1926, the writer wishes to state the 
following : : 

The writer’s paper published in The Journal of the 
Franklin Institute, October, 1925, deals with the 
planning and the design of the towers, cables and 
stiffening trusses of the Delaware River Bridge. The 
methods used in the computations were merely de- 
scribed in brief, and it was the intention to avoid in this 
paper all mathematical treatment. The theory used 
in the computations of the stiffening trusses goes 
beyond the assumption made by Rankine of a rigid 
stiffening girder and also beyond the corrections madeé 
later by the elastic theory. These corrections consist 
in taking into account the extensibility of the cables 
under stress and temperature and the deformation of 
the stiffening girder as an elastic member. The 
deflection theory, in addition, takes into account the 
distortion of the entire system in equilibrium. 

In long-span suspension bridges, this deformation 
becomes appreciable and exerts a very serious influence 
on the stresses in the stiffening trusses. The magnitude 
which the deflections attain in modern long-span bridges 
are best illustrated by the latest concrete example. 
If the centre span of the Delaware River Bridge be 
fully covered by the congested load of 12,000 lb. per 
linear foot at the highest temperature, 55 deg. F., above 
closing temperature, with no load on the side spans, 
the centre stiffening truss will deflect at midspan 
8-6 ft. downwards, and the side spans will deflect 
3-3 ft. upwards. At the same time, the towers will bend 
1-25 ft. each inwards. The considerable effect of these 
deflections on the curve of flexure of the stiffening 
trusses, and on the stresses resulting therefrom becomes 
apparent. The writer{has given, in the above-mentioned 
paper, the comparative curves of bending moments and 
shears required by the elastic and the deflection theory 
for the trusses of the Delaware River Bridge, also the 
theoretical and actual saving in material and finally the 
actual sum saved. It suffices to state here that the 
direct saving effected for the trusses was 548,000 dols. 
and the total saving, allowing for the decreased weight 
to be sustained by the cables, towers and anchorages, 
amounted to 850,000 dols. 

The early suspension bridges were very light struc- 
tures with hardly any stiffening; usually the railing 
served as such. They were designed as flexible bridges, 
and the effect of the dead load of the bridge was 
properly taken into account in the computations by the 
engineers of that time. They proved, however, too 
limber and suffered much from oscillations under load 
and wind. Evidently, adequate stiffening girders were 
required to give sufficient rigidity. Rankine then 
provided such stiffness by the assumption of an abso- 
lutely rigid girder. As a corollary, the uniform distri- 
bution of the load on the cables followed, and the dis- 
tortion of the cables, and with it the stiffening effect 
of the dead load, were tacitly eliminated. The original 
curve thus remained undisturbed. As stated in your 
editorial, Rankine was aware of the correction which a 
more accurate analysis would require and had esti- 
mated it at 6 to 7 per cent. For comparatively short 
spans with comparatively light dead and live loads and 
the lower working stresses used on the materials of 
that time, in other words, for comparatively stiff 
structures, such small differences are to be expected. 
In fact, in more recent times German engineers have 
computed, for bridges of 500 to 650 ft. span length, a 
correction of 12 per cent. to 14 per cent. While even the 
smaller corrections should not be neglected in the design 
of a suspension bridge as they are of sufficient economic 
importance to be considered, Rankine was justified in 
his time in neglecting the more laborious analysis for 
the exceedingly simple procedure offered by his method. 

In long-span suspension bridges of to-day, however, 
the deflections become considerable, and the relative 
and absolute value of the error committed by the 
elastic theory becomes large. Without recurring to 
mathematical equations, it is evident that the heavier 
the bridge, that is, the more the cable curve is loaded, 
the more resistance it will offer to the distortion of its 
shape by any outside cause. Again, the more flexible 
the bridge and the greater the live loads, the greater 
will be the deflections and the greater the resistance 
of the original curve of equilibrium to the required 
distortion. Therefore, the longer the span, the heavier 
the dead load, the greater the live load and the higher 
the unit stresses in the cable, the more will be the dis- 
crepancy between the two theories. Thus, for example, 
in the stiffening trusses of the Delaware River Bridge, 
with a centre span of 1,750 ft. and two suspended side 
spans of 716 ft. 8 in. each, a dead load of 26,000 lb., 
a congested live load of 12,000 Ib. per lineal foot, and a 





greatest unit stress in the cable of 71,500 lb., the 











366 





ENGINEERING. 


[MARCH 25, 1927. 








deflection theory results in an actual saving of about 
30 per cent. of the tonnage which the elastic theory 
would require. At the same time it approaches much 
closer to the true behaviour of the structure. 

The writer first noticed the fallacy of the older 
theories when making a study of the Brooklyn Bridge 
at the beginning of this century. The bridge by no 
means showed the deflections these theories would 
impute to it. They were actually much less than they 
would figure. Further study led to the theory which 
has been first outlined by J. Melan in the second edition 
of his “ Theorie der eisernen Bogenbruecken und der 
Haengebruecken,” 1888. This outline, with addi- 
tional studies, is given in English by Max Am Ende 
in a paper on “ Suspension Bridges with Stiffening 
Girders, Minutes of Proceedings, Institution of Civil 
Engineers, 1899.”” The theory was then developed 
and amplified by the writer for the design of sus- 
pension bridges with suspended side spans, and first 
applied by him in the computations of the Manhattan 
Bridge in New York. In 1909, Ralph Modjeski pre- 
pared a report on this bridge, and he and F. E. Turneaure 
then checked the theory and the resulting stresses, and 
found them to be correct. This theory was applied 
in 1913 in the computations for the strengthening of 
the Williamsburg Bridge in New York, and, more 
recently, in the design of the Delaware River Bridge. 

The mathematical treatment of the deflection theory 
consists in first establishing the differential equation of 
condition for the curve of deflection of the girder 
as expressed in terms of the load, the moment of 
inertia, the modulus of elasticity, the ordinates of the 
cable, and the horizontal component H of the pull 
in the cable. It will he noticed that all these except 
the last are known for a given structure. The equation 
of condition is then integrated, and with the introduc- 
tion of the relation of the bending moment for a beam 
according to the common theory of flexure, the equa- 
tion of the deflection curve of the girder is derived. It 
contains all of the above constants, and is a function 
of the loading and the horizontal component of the 
unknown cable pull H. To determine H, an addi- 
tional condition is made use of, namely, that the total 
external work of deflection of the cable under load must 
be equal to the total internal work done in stretching 
the cable. An equation is thus obtained which includes 
the above ordinates of the deflection curve, previously 
derived, and results in an expression for the live load 
H which itself is a function of H. It is solved by 
arithmetical approximation. The formulas for shears 
and intensity of loading are easily derived from that 
of the bending moments, all of which are based on the 
deflection curve. It was therefore thought fit to call 
this method the deflection theory. Engineers will 
appreciate the convenience of knowing readily at any 
time the deflection of any part of the bridge. 

The writer expects to publish the deflection theory 
in the forthcoming report on the Delaware River 
Bridge. 

The function of the stiffening trusses is to stiffen 
the bridge against excessive deformations under the 
passage of live loads. What constitutes such deforma- 
tions depends entirely on the uses the bridge is being 
built for. A bridge intended for railroad freight 
cars and locomotives is limited to grades which are 
but a fraction of those negotiated by electric passenger 
cars. The character of the traffic, speed and its dis- 
tribution should be taken into account by the engineer 
when selecting the degree of stiffness of the trusses. 
Experience with existing bridges carrying similar traffic 
furnishes the best information towards such selection. 
Finally, the judgment of the engineer should be guided 
by the study of the deflections of the tentatively- 
chosen trusses under various positions of loading. 

Respectfully, 
Leon S. MoIssEIFF, 
Consulting Engineer. 
March 8, 1927. One Liberty-street, 
New York, U.S.A. 


[Mr. Moisseiff has undoubtedly made a very great 
advance in drawing attention to the immense reduc- 
tion which can be effected in the weight of stiffening 
girders by taking into effect the deformation of the 
chain. Since our leade= was written we have made 
a complete investigation of the matter, taking into 
account both gravitational and elastic potentials, 
and have devised a very direct and simple method 
of integrating the differential equation to the distorted 
form of the chain. By the method in question, the 
“boundary conditions” are satisfied automatically. 
The numerical results support Mr. Moisseiff’s claims, 
but the general equations are totally and completely 
at variance with his explanation of how this reduction 
of stress is brought about. These prove, in fact, that 
the dead load on the chain is unimportant, and does 
not materially affect the resistance which the chain 
offers to distortion. The physical reason of this can 
be seen most simply by considering the case of a 
live load extending from one pier up to the centre 
of the span. Then the total distortion produced can 








be divided into two parts, one of which is symmetrical 
about the centre of the span, whilst the other is equal 
and opposite on opposite sides of the centre. Now, 
so far as this last distortion is concerned, the dead 
load is lifted as much on one side as it is lowered on 
the other, and its centre of gravity is unaffected. Its 
gravitational potential in this case is neutral, and it 
does nothing to resist the distortion. So far as the 
symmetrical distortion is concerned, this will increase 
the deflection of the girder on one side of the centre 
and reduce it on the other, so that such distortion 
increases instead of reduces the maximum stress on the 
stiffening girder. We shall publish shortly an article 
which definitely establishes the above propositions, 
but there is a further interesting point still remaining 
to be cleared up, as the general equations suggest the 
possibility, though no doubt an improbable one, that 
the engineers to the Philadelphia Bridge have over- 
looked one consequence of their new and very important 
contribution to the theory of the stiffened suspension 
bridge. The point involved requires, however, further 
detailed mathematical study, which it may not be 
possible to complete for some time to come.—ED. E.] 





THE NORTH-WESTERN BRANCH OF 
THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held at the 
College of Technology, Manchester, on Thursday, 
March 17, 1927, when Captain C. H. Kuhne, D.S.0O., 
O.B.E., R.A.S.C., read his paper on ‘“‘ The Develop- 
ment of Mechanical Vehicles for General Load-Carrying 
Duty in the Army, with Special Reference to the W.D. 
Type Rigid-Frame Six-Wheeled Lorry.” The paper 
is concluded elsewhere in this week’s issue of ENGINEER- 
rnc. Mr. H. Massey occupied the chair. 

In throwing open the discussion which followed, Mr. 
Massey said what had struck him as one of the most 
interesting things was the fact that the War Office, 
having opportunities and need for testing and work- 
ing out new designs, did so in such open-handed co- 
operation with the rest of the country, by developing 
new designs and putting them before all the makers 
to use and to copy, with the hope that it might lead 
to very considerable developments in commercial use. 
That, he thought, was rather a new departure, and an 
exceedingly interesting one. 

Captain C. Jackson said that on the Oldham Corpora- 
tion Tramways they were particularly interested in 
the six-wheeler from the commercial point of view. 
The tendency in the passenger world seemed to be to 
get a large capacity vehicle, seating something like 
54 passengers. On a four-wheel chassis, they got a 
load in the neighbourhood of 5} tons. It had been 
found in practice that those vehicles with solid tyres 
set up a good deal of vibration, and much of that 
vibration was transmitted to the vehicle itself, so that 
the speed had had to be reduced from 9 to 7 miles per 
hour. When they reduced the speed, they lost 3d. 
per mile on their revenue. An attempt had been made 
to mount those vehicles on pneumatic tyres, but they 
had got as large a weight as they could carry, and yet 
they wanted a still larger vehicle. The only way was 
to come to the six-wheeler. In Oldham they had 
operated some 50,000 miles on six-wheeler machines, 
which were doing very well. From the operator’s point 
of view, the six-wheeler made possible a larger vehicle 
than they had at present. At the present time they 
had a design before the Ministry of Transport for a 
72-seater double-deck motor *bus, with axle load of 
less than 4 tons, and possibly mounted on pneumatic 
tyres. 

He had the privilege of operating the type of vehicle 
described on page 338 of ENGINEERING. Apart from 
occasional puncturing of the tyres, they had had no 
trouble, even running during the recent winter. It 
was only with six-wheel machines that they could run 
over the snow without having the road previously 
cleared. The author stated that “ the initial cost of 
the (six-wheel) vehicle is reasonable.” Unless, how- 
ever, they could utilise the six-wheeler to give good 
accommodation, it was doubtful whether it was reason- 
able. There was no doubt that the six-wheel vehicle 
provided increased comfort to the passenger. The 
movement imparted to the frame was noticeably less 
than in the four-wheeler, and from the public’s point 
of view was more satisfactory. Regarding the saving 
of power, while it was early to give accurate data, 
operating under the same conditions, a considerable 
improvement, amounting to 15 or 20 per cent., had been 
noticed in comparison with a four-wheel machine. 
Their six-wheelers in Oldham had cost them 250/. each 
more than the four-wheelers. 

Mr. Liandet did not think anyone would dispute 
the fact that the vehicles which the author described 
were, from the military point of view, absolutely 
magnificent. But it was different when they came 





to consider six-wheel vehicles for commercial purposes, 
i.e., commercial purposes confined to this country, 
because if the Government were going to subsidise 
those vehicles, they would want to have them in 
this country, rather than abroad. On roads such 
as they had in England, there could be no advantage 
in getting extra adhesive power or extra torque, 
but to reduce the weight per axle and to obtain a 
greater load must be advantageous. The type of 
vehicle shown in the paper was, in his opinion, quite 
a different type from what was necessary for com- 
mercial purposes. They could not. use entirely 
standard units for the manufacture of a six-wheeler 
vehicle. It necessitated certain modifications to the 
axles and the springs, which it would be absolutely 
unnecessary to introduce into an ordinary commercial 
vehicle. Thus a difficulty arose with the manu- 
facturers. The author had not made it clear how 
the manufacturers were going to flood the country 
with that particular type of vehicle for commercial 
purposes. Users would have to pay more for it. 
Taxation was based on the weight of the vehicle. 
If they added another axle they increased the weight, 
and therefore increased the taxation. They would 
have to offer very great inducement to the com- 
mercial user to purchase the vehicle. How did the 
lecturer propose to do that 7 

Mr. Bostock said there were a few points which 
he would like to mention in connection with the 
six-wheel machines. The whole secret of the success 
lay not only in the design of the axles, so that they 
could move properly, but in connection with the gearing. 
On the Continent, many people were favouring bevel 
gear, but he was very glad to think that the success 
that had been attained in this case had been ac- 
complished with worm gearing. It showed that in 
England they were far ahead of other countries in 
that part of the back axle which made the drive so 
successful. 

A great deal was being said at the present time about 
tramways being obsolete. It might be interesting to 
know that in some places where they had a large amount 
of capital laid out in permanent way and could not 
afford to scrap the trams, they were considering the 
use of the principle of the six-wheeled machines, 
having what really might be called two complete axles 
at each end, so that all eight wheels were being driven 
by means of worm gear. 

Captain Kuhne, in reply, said that Captain Jackson 
had told them that he was running some of the 
six-wheel vehicles with success, and that in running 
they had effected a saving of about 20 per cent. He 
had also said that they cost 250]. more than the 
equivalent four-wheel vehicles. The six-wheelers had 
a larger carrying capacity than the four-wheelers, 
and, therefore, it seemed that they had a vehicle with a 
larger carrying capacity with a better passenger 
mileage per gallon. When they turned to the question 
of depreciation, the point he had not been able to 
emphasise was that, owing to the easier riding of the 
six-wheel vehicle, the movement imparted to the 
chassis by obstacles was only half the height of the 
obstacle in each case, and the actual value of the 
impact reaction was much reduced. The W.D. 
were ready to consider forward control as long as 
it did not mean that the engines were going to be 
entirely inaccessible, and it was for the makers to 
try to produce a forward control type of machine 
in which they could get at the vital parts. 

It was early yet to be able to give a compre- 
hensive running figure, but he did know that vehicles 
which were carrying outward 4-ton loads and on 
the return journey loads between 2 tons and 3 tons 
with a certain amount of running in London thrown in, 
were doing that work with a petrol consumption, in 
the hands of the commercial user, of 9} miles to the 
gallon of petrol. He had yet to be shown an ordinary 
solid-tyred lorry that would give that figure. Their 
own experience was that, as far as useful tons per mile 
per gallon were concerned, the type of vehicle was 
a little more economical in actual fuel consumption, 
quite apart from the wear and tear, than the equivalent 
four-wheel lorries. 

The vehicle need not be very much more expensive. 
There were six-wheelers being made in this country 
to carry 2 tons for 4501. That price represented a 
machine built on mass-production lines, consisting 
in the main of standard units. If that could be 
done with the small machine, he felt that, with the 
help of their experts, they ought to be able to get 
the larger ones at a reasonable cost. The six-wheel 
machines were certainly much more economical to 
run on the road, and he suggested that there was 
thus a dual advantage which was worthy of con- 
sideration. In view of the decreased damage to the 
road they certainly did hope to get some preference 
in taxation. No trouble had been experienced with 
the worm drives of any of the machines at present im 
service, which said a great deal for the quality of the 
gears themselves. 
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THE DEVELOPMENT OF MECHANICAL 
VEHICLES FOR GENERAL LOAD- 
CARRYING DUTY IN THE ARMY.* 

Wirn Sprrectat REFERENCE TO THE W.D. Type Ricip- 

FRaMeE Srx-WHEELED LorRRY. 
By Caprain C. H. Kuunz, D.S.0., O.B.E., R.A.S.C. 
(Concluded from page 340.) 
W.D. Stx-WHEELERS AND THEIR PERFORMANCE. 


Factor of Performance.—Before describing actual 
examples of the W.D. six-wheeler and its performance, 
it must be explained that, owing to the difficulty 


per ton of gross weight, has proved a very useful and re- 
liable comparative measure, taking account of the main 
variants affecting extreme performance (see Appendix). 
M.E.P. and mechanical efficiency are not allowed for. 

Ax2xSxNxR 





Factor of Performance = 


wx tT 
where A = area of a piston in square inches. 
S = stroke in inches. 
N number of cylinders. 


R total gear reduction between engine and 
road wheels in lowest gear. 
W = gross weight of fully loaded vehicle in tons. 


T = effective circumference of tyre in inches. 

















Fie. lla. W.D. Type “‘Mepium” Riatp-Frame Srx-WHBELED Lorry (THORNYCROFT). 

















Fie. lls. 


W.D. Type “ Light” Rigip-FraMe S1x-WHEELED Lorry (Morris). 








Fie. llc. Fivse-Six 


experienced during the W.D. investigations in esti- 

mating and comparing the potential cross-country 

performance of these six-wheeled vehicles, it was 

found desirable to institute what is now termed the 
factor of performance.” 

This figure, which represents cylinder volume swept 
Per unit of advance of the vehicle in its lowest gear 
Ere aber read before the Institution of Mechanical 

ngineers on Friday, March 11, 1927. Abridged. 














Seat Car (Morris). 


As an example, the ‘ medium” six-wheeled lorry 
specification calls for a factor of performance of not less 
than 55. 

W.D. Six-wheelers.—Figs. 114 to 11c show the general 
appearance of three types of vehicles which have been 
thoroughly tested, and are in daily use by the W.D. 
They are in manufacturing production. The general 
characteristics of these machines are given in the 


rear portion of the chassis, with wheels removed to show 
the rear springing. 

Cross-Country Performance.—It is extremely difficult 
to define or compare cross-country ability. On one 
day on one kind of ground vehicle A may prove itself 
superior to vehicle B. On the following day the same 
ground is wetter, or drier, and B is found superior to A. 
The following figures give some indication of the 
variation of ground condition :— 


(2) Rolling resistance in blown soft 
sand 8 in. deep—dry 
Rolling resistance on same sand 


550 lb. per ton. 

















—damp .... ae ... 340 ” 
Rolling resistance on same sand 
—wet see se sone? ee ‘a 
(6) On clay grass-land the following figures have been 
measured :— 
ies cae 
Condition | Ground | Sinkage of! Roning | Slope Climbable 
Ground. | Pressure. | Wheels, Resistance. | (tan of Angle). 
= , — ——_— 
| Ib. per | in. Ib. per ton 
| sq. in. 
Dry 58 Not 105 1 in 2 without 
| appreciable chains. 
| 1 in 3 without 
. F } ‘ chains. 
Damp | 20 1 316 2 in 2% witb 
chains. 
| fh in 6 without 
7 } 6 } 2 chains. 
Wet | 12 | 1} 416 UC in 4 with 
chains. 











Although, in order to cope with the majority of cross- 
country conditions, it is essential to have a very low 
intensity of pressure between tyre and ground, it is 
found, on occasions, that the addition of extra load 
will enable a vehicle to obtain adhesion where it would 
otherwise fail to do so. There is no doubt that the 
more positive grip obtainable in emergency by the use 
of such a device as the overall chain, is the only factor 
which can level up the elusive and constantly varying 
relationships between adhesion, between tyre tread 
and ground, shear strength of ground, tractive effort 
available, intensity of pressure between tyre and ground, 
and rolling resistance. 

In the Appendix are given a few figures indicative of 
the cross-country performance of six-wheelers, compared 
with previous types of four-wheelers used by the Army. 

The general structure of the vehicle naturally affects 
its ability to traverse rough ground, and Fig. 15 
indicates the more important dimensions to be taken 
into account. The following are the actual dimensions 
in the case of a typical ‘“‘ medium” vehicle :— 


A = 12} in. D = 40 deg. 
B= li im. O = 38 deg. 
C = 66 deg. R = 28 ft. 


The belly clearance of the vehicles is perhaps their 
weakest point, and in this respect a half-track machine 
can be made superior. The six-wheeler can be helped 
by mounting a spare wheel on each side of the vehicle 
on a primitive bearing in such a position as to protect 
vital parts of the “ belly’ of the machine (Fig. 16). 
This is not so simple as it looks; the mountings must 
be very strong, and undesirable stresses guarded 
against. In actual practice, the power of the vehicle 
to negotiate obstacles without this special safeguard 
meets all normal requirements. 

It is not easy to get sufficient body space for com- 
mercial needs without having either excessive rear 
overhang, too long a wheelbase (with poor belly 
clearance), or a faulty load distribution over the 
axles. The difficulty of obtaining great body capacity 
is aggravated by the fact that provision has to be 
made, by means of wheel arches or otherwise, for 
two wheels under each side of the body, and clearance 
allowed for the wide range of movement permitted 
to these wheels. As will be seen from the various 
illustrations, the W.D. has adopted a “well” type 
body as standard, such bodies being simple and cheap 
to produce, and capable of being fitted readily to 
different makes of vehicle which may have slightly 
different wheelbases. 

The W.D. is now, for the first time, ready to accept 
the forward control position for the driver, in order 
to reconcile a long body with a reasonably short 
wheelbase. Forward control has many desirable 
features, e.g., shorter and lighter chassis for a given 
body space, and smaller turning circle, but accessibility 
of vital parts must not be sacrificed. 

Road Performance.—Hitherto any new type of 
vehicle which has shown any marked advance over 
its predecessors in regard to cross-country ability, 
has suffered from disabilities in regard to its road 
performance. However attractive a vehicle with 
cross-country ability may be for use in distant parts 
of the Empire, its adoption in the commercial life 
of the home country must be mainly dependent on 
its efficiency as a transport vehicle on home roads. 





Appendix. Fig. 12 shows the general lay-out of the 
chassis of one of these vehicles. Fig. 13 illustrates the 


As the result of full investigation, the rigid-frame 
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six-wheeler emerges as not only a very fine cross- 
country machine, but also as a most economical and 
efficient road vehicle—a unique combination of qualities. 
The W.D. six-wheeler specification is purposely framed 
so that the vehicle can be designed to incorporate 
standard components employed in the production of 
normal four-wheeled vehicles in regard to all the 
major assemblies. The value of the special parts 
required to build up these standard assemblies into 
a six-wheeler is relatively small. Hence the initial 
cost of the vehicle is reasonable. 


any transmission or driving-wheel brake is, ipso facto, 
a four-wheel brake; (e) that the distribution of the 
load over more wheels enables pneumatic tyres of 
reasonable size to be used with safety. Furthermore, 
should a driving-wheel tyre burst, the frame drop is 
only half the diameter of the tyre section. Passenger- 
carrying vehicles can be tilted to an angle of 50 deg. 
without overturning; (f) that, having a reserve set 
of gears at hand for extra steep gradients, the road 
set of gears can be comparatively high, and the four 
gears not too widely separated. 








Fie. 12. 





GENERAL Lay-Ovut or Cuassis (Guy ‘“ Mrepium”’). 

















Fie. 13. 


It is found, moreover, tiiat this type of six-wheeler 
will carry a very much larger useful load than the 
equivalent four-wheeier based on the same major 
assemblies, and at a more economical cost per useful 
ton per mile. The main reasons for this economical 
road performance appear to be: (a) that owing to the 
light axle weights the rolling resistance in respect of 
road deformation is reduced; (6) that owing to the 
action of the rear suspension, driving wheel slip is 
almost entirely eliminated; (c) that owing to the 
independent action of the wheels, the movement 
imparted to the frame of the vehicle, at its point of 
maximum load, when a driving wheel passes over 
an obstacle, is only half, or less, of the height of the 


Rear SPRINGING WITH WHEELS REMOVED (Guy). 





obstacle, irrespective of spring action (instead of the 
whole height in the case of the four-wheeler) ; (d) that 


It has been estimated by some observers that, if the 
cost of moving a given useful tonnage by four-wheelers is 
represented by a figure of between 7 and 9, then the 
equivalent figure for doing the same work with six- 
wheelers is of the order of 5. Possibly this is an over- 
statement of the case, and certainly it is too early as 
yet to go much further than an estimate based on 
practical experience up to date. 

A few suggestions based on the points (a) to (f) are, 
however, offered for consideration. A number of 


valuable tests have been carried out by the U.S. Roads 
Bureau, in the course of which it is shown that for a 
given gross load the six-wheeler causes about half the 
tensile stress in the road surface which is produced 
by the four-wheeler, provided the driving axles of 





the six-wheeler are not less than 36 in. apart. It is 


possible that the power saved under (a) is not 
inconsiderable. 
In addition to reduction of wear and tear on the 


must be more economically used when its application 
is steady, instead of constantly fluctuating, as is the 
case when the driving wheels spend a considerable 
portion of their running time off the road. The bocie 
suspension, by permitting independent movement 
of any single driving-wheel, ensures that the wheels 
can follow the contour of the road surface quite freely. 





Fig.15. 
CLEARANCE-SIDE STABILITY - END FOULING 
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SPARE WHEELS PROTECTION. 
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Fig.17. DVNAMOMETER RECORDS. 


ROLLING RESISTANCE OVER 1-IN.OBSTRUCTION 
ON HARD MACADAM ROAD. 

Four-wheel Soud 

Tyred Lorry. 

Gross Weight 7-83 Tons. “Medium” Stsc-wheeled 


PneumaticTyred Lorry. 
Gross Weig ,8-45 Tons. 
2000 
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Since there is no differential between the two driving 
axles, “‘ spinning” can only take place if either the 
two driving-wheels on one side of the vehicle, or two 
diagonally opposed driving-wheels, are off the road at 
the same instant. Thus it is clear that, in the case 
of the rigid-frame six-wheeler running on the road, 
driving-wheel slip is either eliminated or reduced to 
negligible proportions. ae 
Point (c) is most important. Owing to the pivoting 
action of the bogie, the impact, when a driving-wheel 
strikes a road inequality, is shared by the tyres of 
both wheels on that side of the vehicle, quite irrespec- 
tive of spring deflection. Taking this fact into con- 
sideration, together with the low impact value of the 
pneumatic tyres used, and the fact that the point at 
which the spring is pivoted on the frame moves only 
half, or less, of the amount of vertical displacement of 
the wheel (again irrespective of spring action), it seems 
obvious that a considerable saving in power must 
result. ; 
Fig. 17 gives dynamometer readings of the pulls 
required to haul a four-wheeled solid-tyre lorry and a 





engine, transmission, dnd tyres as a result of (b), power 
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(both carrying | load have perfect’ road adhesion, owing to the form | of road wear and the cost of road upkeep. Unfortu- 


six-wheeled pneumatic tyred lorry 
of suspension, and are all braked. Hence the vehicles | nately it has been impossible to collate any compre- 


4 tons of useful load) at slow speed over an obstruction 
lin. high on a hard road. can be driven at higher speed with increased safety, | hensive figures in regard to road running costs as far as 
Four-wheeler—Maximum axle weight 5 tons 19 cwts. | even on roads which would be most treacherous to| W.D. vehicles of the new type are concerned, since the 
; time available has been used to subject them to con- 


Siax-wheeler.— » | @ four-wheeler. 


” ” 3 ” 
At the same time, the smoothness of travel gives, of | The very wide range of gears referred to in(f) makes | tinuous and strenuous cross-country work, as being. 


Fug.19. S1X- WHEEL LORRY ON GIRDER TRACKS. 


FLEXIBLE CHAIN ON GIRDER TRACK ON SOFT 
SOFT GROUND:- GROUND: 


Sinkage & Rolling Sinking & Rolling 






































Fie. 18. GirpER Track UnpEerR Heavy Loap. 





APPENDIX.—COMPARATIVE STRUCTURAL AND PERFORMANCE FEATURES OF VARIOUS TYPES OF 
WAR DEPARTMENT, GENERAL SERVICE, LOAD-CARRYING VEHICLES. 























A. | B. Cc. D. | E. F. | G. 
} | | t 
1. W.D. Type en os ae oe <a a .| — Heavy Van,. | Post-War Sub-; _ Post-War Light six- Medium six- | Medium six- Medium six- 
| four-wheel. sidy Lorry, | Heavy Lorry, | wheeled Lorry. | wheeled Lorry. | wheeled Lorry. | wheeled Lorry. 
| four-wheel. | four-wheel. 
2. Gross weight, including body, load, full W.D. (See Notes below.) 2°85 3:7 } 6°85 3°5 6°95 | 7:45 6°75 
equipment (including nonskids or overall chains) | | 
ready for road (tons). : | | 
8. W.D. useful loads (in commercial use some of | On road (tons). } 0-75 1-5 } 3 | 1°5 3 3 3 
the machines may be sold to carry greater | Cross-country (tons). | - | = | = | 1 2 2 2 
loads). | | | 
4. eon Axle Weight (tons) | 1-9 2-6 | 5 1°35 2-75 2-8 2-8 
5. Tyres an <a on ae Type. | Pneumatic. Pneumatic | Solid. Pneumatic. Pneumatic. Pneumatic. Pneumatic. 
( Front. 32 in.x 6in. | 34in.x 7in. | 5in.x 28in. | 32in.x 4hin.} 36in.x6in. | 36in.x Gin. | 36 in. Xx 6 in. 
Wheels ¢ | single. single. single. single. single. single. single. 
Driving. | 32in.x 6in. | 34in.x 7in, | 5in.x 34in. | 32in. x 4$in.| 36in.x 6in. | 36in.x 6in. | 36 in. x 6 in. 
| single. single twin. twin. twin. twin. twin. 
6. Maximum intensity of pressure On ground in Ib. —_— | 60 65 | 151 58 49 55-5 45 
. per square inch. | | 
7. Engine oe No: of Cylinders, | 4 4 4 4 4 4 4 
Bore. | 3-5 in. 3°75 in. | 4-75 in. 3-125 in. 3-94 in. 4-25 in. 3-75 in 
Stroke. 4-8 in. 5 in. | 6 in. 5 in. 5-5 in. 5-5 in 5in 
Treasury Rating. | 19-6 22-5 | 36-1 15-9 25-4 28-8 22-5 
8. Gear Ratios—engine to road-wheels .. 8 ..| For road use. Ist 27-9 Ist 33-0 | Ist 43-72 1st 25-0 Ist 33-35 1st 39-0 ist 39-0 
P | 2nd 16-4 2nd 16-37 | 2nd 23-68 2nd 17-4 2nd 19-5 2nd 22-5 2nd 20-5 
| 3rd 12-0 3rd 9-87 | 8rd 14-44 3rd 12-3 3rd 11-96 3rd 13-05 3rd 12-5 
4th 6:75 4th 6-25 | 4th 8-25 4th 7-25 4th 7:5 4th 7:5 4th 7-5 
For cross-country. Nil. Nil. | Nil. Ist. 81-5 Ist. 93-0 Ist 94-0 Ist. 94-0 
2nd 57-0 2nd 54°75 2nd 54:0 2nd 47-0 
| 3rd 40-0 3rd 33-5 3rd 31-5 3rd 28-25 
| | | 4th 23-5 4th 20-25 4th 18-1 4th 17-75 
9. Factor of Performance (see page 347). . oe ..| For six-wheelers _ — | — 67-96 63-3 69-6 54-3 
10, ee draw-bar pull on level macadam roads oo 1,545 | 3,100 | 5,410 4,300 6,800 9,130 6,890 
(Ib.). | 
11. Maximum road speed—miles per hour aa ..| Over one mile. 35 34 26 33-6 27°3 33-7 29 
2. Average speed for 116 miles of good road surface, | (See Notes below.) 22-82 | 21-12 16-6 23-2 21-3 24 22 
but fairly hilly—miles per hour. | y ” ’ oe } 
13. Fuel consumption (no coasting) With W.D. road load 9-94 | 19-97 21-78 22-5 23-6 24-6 24-9 
: sal carried (see 3 above). 
= useful tons x miles (See Notes below.) 
gallons 
14. Maximum gradient climbable .. ee ae ..| With two-thirds of road 
load carried (see 3 
above) :— 
(a) on gravel with lin6 1in6 lin7 lin 2-5 lin3 lin’ lin3 
loose surface. 
(6) on dry heather 1in6 1in6 1in7 lin2 1in2-5 | 1in 2-5 1in2-5 
é and grass land. | | 
15. Approximate per cent. cross-country ability as — 50 50 0 100 80 to 90 80 to 90 80 to 90 
ae the best and the worst performance | 
of the vehicles in question. | 
16. Braking System ™ ‘ a ae BS. ‘oe Hand. Normal. Normal. Normal. Normal. Normal. | Normal. Normal. 
Foot. Normal. | Normal. Normal. Servo. Westinghouse. | Normal. Normal. 
' 




















In addition, vehicles D, E, F, and G are fitted with twin wheels and tyres on each driving 
Removal of four 


This reduction 


Item 2.—The vehicles are all carrying the full equipment necessary for active service. 
hub, and carrying their “ overall” non-skid chains. For road work single tyres are quite sufficient and the “overall” chains unnecessary. 


wheels and tyres and the overall chains would reduce the weight figure for these machines by 6 cwt., for D and 10 cwt. each for E, F, and G. 
would affect figures in Items 12 and 13 favourably. 

Items 12 and 13.—No coasting or special adjustments. 

Item 13.—The W.D. road load is not necessarily the full commercial load capacity. ? f 
e.g. :—Vehicle F handles 4 to 5 tons load with comfort on the road. The figures for Items 12 and 13 for this vehicle carrying 5 tons load are 20-8 miles per hour 


and 30 useful ton miles per gallon. : : é 
Vehicle G, carrying a load of 66 cwt. and running on six instead of ten wheels, gives a consumption figure of 31-6 useful ton miles per gallon. 


itself, most important advantages in regard to comfort | it clear that, whilst a moderate load can be moved the surest method of bringing to light any weaknesses 

in the case of passenger vehicles, and results in a| economically at high speed, the high tractive effort The Appendix includes a few figures of road per- 

teduction in chassis and body wear and tear due to| available (coupled with exeellent adhesion) enables | formance ascertained on W.D. tests. 

toad vibration. heavier loads to be moved at more moderate speed, Nothing is more fallacious than an indiscriminate 
Referring to point (d) the behaviour of the six- | when desired, by the use of trailers, &c. comparison of consumption figures. Variable factors 

Wheeler on the road in regard to stability, braking and| It is hardly necessary to emphasise the great bearing | of road and weather conditions, driving (coasting or 
dding is remarkable. The four wheels under the| which the features just examined have on reduction |no coasting), etc., must be known. On W.D. tests 
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no coasting is permitted. Results of the running of 
a rigid-frame six-wheeler in independent hands are as 
follows :— 

Useful load, 4 tons. 

Average daily mileage, 85-76. 

Total mileage, 8,061. 


Petrol consumption over all mileage, both loaded | 


and empty (considerable town work), 9-76 mile 
per gallon. 

Oil consumption on same basis, 268-7 miles per 
gallon. 

Expenditure on repairs, &c., 0-31d. per mile. 


The Girder Track.—There have been many attempts | 


to incorporate the advantages of the wheel and the 
track in one machine, such as the French tanks and 
artillery tractors designed by Colonel Rimailho, certain 
British tanks and the Vickers car, all of which carry 
independent “wheel” and “track” equipments, 
changing over from one to the other by mechanical 
means. Less elaborate and cheaper—if more cumber- 
some—schemes, are those in which, on _ half-track 
vehicles, the track units can be removed and wheels 
substituted. 

The six-wheeler itself and the overall chain already 
described represent a somewhat primitive but quite 
effective arrangement, having certain points of merit 
in regard to cheapness, light weight, speed of applica- 
tion and adaptability to ordinary commercial type 
six-wheelers. In this connection the fact should not 
be lost sight of that the six-wheeler has, as it stands, 
such very great ability to negotiate bad “ going,” 
compared with the vehicle of normal layout and 
drive, that the occasions when the use of any special 
non-skid device is called for are proportionately less. 

A new form of track, known as the’ girder track, is 
at present being developed by Messrs. Roadless 
Traction. This track, in its application to the six- 
wheeler, represents a new departure which combines 
the best feature of other schemes with merits peculiar 
to itself. The underlying principle is to secure the 
advantages of a wheel of very great diameter and width 
of tread (low ground pressure, sinkage, and rolling 
resistance), for negotiating obstacles and soft ground 
without having the weight and inconvenience of the 
large wheel itself. 

The track consists of an endless chain of metal units 
jointed together by pins or other suitable means, 
running around two wheels. The joints are designed 
so as to restrict the amount of hinging between adjacent 
track units, in such a manner that, under the weight 
of the two wheels running on the inside of it, that 
portion of the track between the wheels and the ground 
becomes automatically locked in the form of a short 
are of a very large circle. 

The wheels, therefore, are always running, or 
driving, on a smooth, hard, and rigid roadway, whatever 
the nature or inequalities of the ground, whilst the 
shape and area of the track resting on the ground are 
such as to reduce sinkage and rolling resistance. 
‘ig. 18 shows a track embodying this principle applied 
to the axle of a trailer carrying a very heavy load. 
Fig. 19 shows, diagrammatically, the effect of applying 
such a track to the six-wheeled vehicle, and also the 
relative actions, on soft ground, of the “ overall” 
chain, and the girder track. 

The design of a track, to run on the two twin-tyred 
driving wheels on each side of a six-wheeled lorry, is 
in progress, and the results of practical test are awaited 
with interest. When the six-wheeler is employed in 
country where greater adhesion than the tyres of the 
driving wheels themselves can give, is required only 
for a small percentage of the total mileage, it would 
seem that a device such as the R.A.S.C. pattern 
“overall” chain forms the lightest and cheapest 
emergency equipment. There is a possibility, however, 
that the girder track may enable the six-wheeler to 
cope with the most ‘extreme conditions, on equal 
terms with, or even with advantage over, existing types 
of half-track machine. 

Conclusion.—It may not be out of place to mention 
a few special points of technical development in which 
the War Department is interested. 

(a) Brakes.—It seems certain that as the speed 
and weight of vehicles, and the number of vehicles 
on the roads increase, it must become more and more 
important that brakes themselves shall be more 
efficient, and that the driver shall be relieved of the 
labour of applying them by his own unaided strength. 
Operation by fluid pressure appears to have consider- 
able advantages, especially in the case of vehicles such 
as the War Department type six-wheeler where great 
relative movement between brakes, and chassis frame 
occurs. Fluid pressure systems also commend them- 
selves for the control of the brakes of trailers. The 
effective cooling of brake drums is important. 

(b) Engine Cooling.—Water cooling has many dis- 
advantages from the soldier's point of view, viz., 
vulnerability to damage by enemy action, danger of 
damage by exposure and frost, weight, loss of water 
in hot and waterless countries, thermal inefficiency 





for widely varying climatic conditions, &c. The War 
Department is watching both air and steam cooling 
with interest, but, in the case of general transport 
vehicles, must perforce be content with whatever 
type of cooling system the commercial user prefers at 
| present. 

| (c) Gears.—It is of great importance that gear chang- 
|ing on military vehicles, especially when they are 
liable to be used off the road, should be as simple and 
fool-proof as possible. It is hoped that some of the 
several new types of gear-box now in the experimental 
stage, in which the clash change is obviated, may be 
perfected, and adopted commercially. 

(d) Alternative Fuels.—Within the last few years 
| great strides have been made on the Continent in 
| regard to the successful application of the gas producer 
|to the road vehicle. The principal fuels used are 





|natural or compressed charcoal, or chopped green 


| of some producer plants made in this country, with 


It is 


|results which were only partially successful. 
hoped to try out a French plant at an early date. 

(e) A Six-wheel-drive Tractor Lorry is in process of 
completion by the War Department at Aldershot. 
The general lay-out of the machine will be similar 
to the War Department type six-wheeled lorries 
already described, but the front steering wheels will 
drive also. The basis of this machine is a 54 H.P. 
(Treasury rating) four-wheel-drive Thornycroft Hathi 
tractor—a type of tractor which is built to War De- 
partment specification. It is hoped that the tests of 
this vehicle will produce valuable data and that it will 
prove capable of a fairly high degree of performance 
with heavy loads. 

(f) Bodies.—Experimental design and construction 
are in hand by the War Department of several types of 
bodies, which, it is hoped, will be of adequate strength 
for active service, but which will be much lighter than 
existing types. Duralumin extruded sections for 
framing are being used to some extent. 





|wood. The War Department has carried out tests 





THE MECHANISM OF INVERSE 
SEGREGATION IN ALLOYS.* 
By R. Genpers, M.B.E., M.Met., F.I.C. 


WHILE the possible causes of the heterogeneity of 
cast alloys have been in the past mainly considered 
with reference to particular materials dealt with in 
more or less isolated pieces of research, the gradual 
accumulation of data of this kind has been of distinct 
value in widening the basis on which generalisation 
may be made, regarding the mechanism by which 
regional differences in composition are produced during 
solidification. The problem is of importance, not 
only in regard to steel and alloys of the noble metals— 
cases in which heterogeneity involves commercial 
considerations, but as one of wide general interest, the 
solution of which is likely to advance our knowledge 
a further stage towards an understanding of the 
complicated process of solidification. That interest 
in the subject has recently increased is evident from 
the first report of the Heterogeneity Committee of the 
[ron and Steel Institute, and a comprehensive paper 
by S. W. Smith, read before the Institution of Mining 
and Metallurgy, both of which publications produced 
copious discussions. Although all alloys must ultimately 
be dealt with on the same fundamental grounds, it is 
proposed to consider in this paper chiefly non-ferrous 
alloys, which are usually cast in moulds smaller than 
those used for steel, and which solidify with relatively 
great rapidity. 

In non-ferrous alloys, particularly those of relatively 
high melting point, a common type of heterogeneity 
is the segregation outwards of the lower melting- 
point constituent of the alloy, in contradiction to the 


| result which would be predicted by the equilibrium 


diagram. This phenomenon has been termed “ inverse 
segregation ” or “ liquation.” The term “ liquation ”’ 
is not adopted here by the author, since it refers to a 
definite process of manipulation, and if used in connec- 
tion with heterogeneity requires qualifying to indicate 
the direction in which separation of low melting-point 
constituent occurs. It will be seen later that the 
term in its original sense applies more nearly to the, 
author’s theory than to any of those yet put forward, 
but it was thought desirable to reject it in favour of 
the term ‘‘ inverse segregation,” which more clearly 
distinguishes the phenomenon from segregation of the 
normal type. 

The two papers to which reference has already been 
made provide conjointly a survey of previous work so 





* Communication from the Research Department, 
Woolwich, read before the Institute of Metals, London, 
on March 10, 1927. Abridged. 

T “‘ Report on the Heterogeneity of Steel Ingots,’ see 
ENGINEERING, 1926, vol. cxxi, p. 610. 

} Sydney W. Smith, “Liquation in Molten Alloys and 
its Possible Geological Significance,’’ Bull. Inst. Min. 
Met., 1926, No. 257. 


complete as to render it unnecessary to deal with the 
subject in the same manner again. In the papers and 
in the subsequent discussions theoretical considera. 
tions were not lacking, but in the view of the author 
none of the theories so far put forward will account 
satisfactorily for the occurrence of inverse segregation, 
To provide an adequate explanation of the observed 
facts it is necessary to consider the equilibrium diagram 
not alone, or with the assumption of hypothetical 
conditions, but in conjunction with the factors known 
to be operating during the solidification of an alloy 
poured into a mould. It is proposed first to review 
the present theories, and to suggest directions in which 
the data essential for the completion of a general 
theory might be sought. The new experimental work 
described later opens up a wide field for future research. 
Sufficient evidence is available, however, to indicate 
the probable chief factors governing inverse segrega- 
tion, and to suggest the lines on which a general 
explanation may be formed. 

The Ludwig-Soret Effect.—The theoretical application 
to liquid metallic solutions of this effect, originally 
observed by Ludwig and by Soret in dilute aqueous 
solutions, was first considered by Benedicks,* who 
dealt with the case of steel and iron castings as an 
extension of his work on the “ hot-wall” type of 
corrosion. Early work on the subject suggested that 
the effect was of osmotic character, and that the law 
of Gay-Lussac could be applied to it. Benedicks, in 
view of the recent work of Eilert, considers the effect 
entirely from the thermodynamical point of view. 
The theory of Benedicks that the Ludwig—Soret effect 
will account for the occurrence of inverse segregation 
in alloys is in agreement with the explanation suggested 
by Smitht in 1917, and is largely accepted by the 
same author in his paper of 1926. Briefly, the effect 
consists in the formation of a concentration gradient 
in a solution to which a temperature gradient has been 
applied, the concentration increasing from the hot to 
the cold end of the gradient. The rate of change of 
concentration is slow, the times required to attain 
equilibrium in aqueous solutions varying in different 
investigations from 90 days to 20 hours. In applying 
the effect to metals, the commencement of freezing of 
a metallic solution in a mould is assumed to be preceded 
by the establishment in the liquid of a concentration 
gradient concurrently with that of the temperature 
gradient, the liquid in contact with the cold surface 
of the mould becoming richer in the solute, i.e., the 
constituent which depresses the freezing-point of the 
alloy. The negligible degree of liquation in some alloys 
solidified slowly in a sand mould, or cast at a tempera- 
ture very near the freezing-point in a chill mould, is 
conversely, ascribed to the absence of an appreciable 
temperature gradient. There would be little objection 
to this theory if it were not that a time effect of 
considerable magnitude is associated with the effect, 
and that the conditions under which liquation occurs 
do not correspond except in the slightest degree to 
those necessary for its operation. 

Undercooling.—The theory that inverse segregation 
may be accounted for by undercooling has been 
suggested by Hanson, Johnson, and Masing.} While 
little is known experimentally regarding the extent 
to which alloys are undercooled on casting, there are 
macrostructural indications to be found in ingots 
which suggest that an appreciable degree of under- 
cooling has occurred in the outer layer. The severe 
undercooling of metal in mass to a rigid non-crystalline 
state has not, however, been possible. 

The author’s general view, as a result of the con- 
siderations outlined, is that undercooling may occur 
to an appreciable extent at the surface of a mass of 
alloy in the initial stage of freezing, but that in the 
absence of experimental proof there are no grounds 
on which it can be shown that undercooling is a possible 
cause of inverse segregation. The effect of such 
undercooling as does occur is conceived to be that of 
reducing in some degree the normal segregation. _ 

Contraction.—The theory now to be dealt with is 
attributed to Kuhnel,§ and has been adopted by 4 
number of investigators to explain cases of inverse 
segregation. A recent piece of work in which support 
is given to the theory is that by Price and Phillips, 
who examined protuberances found on the surfaces of 
tin-brass, lead-brass and bronze ingots, and identified 
these defects as exuded masses of alloy higher in lead 
or tin content than the mass of the ingot. The exuded 
material was shown to merge structurally into the 
surface of the mass, and microscopic channels were 





* Carl Benedicks, ‘‘ Action of Hot Wall,” Trans. 
Amer. Inst. Min. Met. Eng., 1925, vol. Ixxi, page 597. 

+ Sydney W. Smith, ‘‘ Surface Tension and Cohesion 
in Metals and Alloys,” J. Inst. Metals, 1917, vol. xvi. 
pages 65-103. See also ENGINEERING, 1917, vol. cull, 
page 278. ; 

t Z. Metallkunde, 1922, vol. xiv, pages 204-206. 

§ Z. Metallkunde, 1922, vol. xiv, page 462. ~ 

|| Amer. Inst. Min. Met. Eng. (Advance Copy); 1926, 
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observed extending from the exudations to a small 
depth into the interior. A general theory of inverse 
segregation on the-lines of that of Kuhnel, quoted below, 
was put forward. This theory assumes (a) that a 
solid shell of alloy at a temperature very little below 
the freezing point is capable of exerting pressure, 
and (b) that the liquid interior has a negligible coeffi- 
cient of expansion and does not contract on freezing. 
Both assumptions are contrary to known facts. Liquids 
in general have a higher rate of contraction than the 
solid, and contract on freezing; any shrinkage of the 
outer shell is a consequence of shrinkage taking place 
in the interior. If the mechanism assumed by the 
contraction theory were correct, the difficulties expe- 
rienced by foundrymen in avoiding contraction cavities 
in ingots would never have existed. This theory, 
then, must also be rejected as a means of explaining 
inverse segregation. 

Interdendritic Flow.—The study of inverse segre- 
gation by Bauer and Arndt,* in 1921, led to an 
explanation depending on crystal habit, velocity of 
growth, and rate of diffusion. It is known that 
crystals tend to grow most rapidly in the direction 
of their principal axes, and in the chilled outer layer 
of a cast ingot the axes are largely perpendicular 
to the surface. The theory of Bauer and Arndt 
suggests that between the growing crystals cavities 
are formed as a result of contraction, and that molten 


Fig.4, 


SECTIONS A,B, AND X,Y,Z. 





THIS METHOD OF SAMPLING GIVES 
AN INDICATION OF THE EXTENT OF 
INVERSE SEGREGATION ONLY IN THE 


conditions, 4 per cent. of lead was added, and the 
alloy was cast in a sand mould, | in. in diameter and 
about 6 in. in length. Immediately after solidification 
of the top surface the casting was withdrawn from 
the sand and the surface closely inspected during 
the further air cooling. When the casting had reached 
a temperature of about 850 deg. C., the surface com- 
menced to show a glazed appearance, and from 
numerous points lead-rich liquid could be seen exuding. 
The most significant observation was, however, that 
at several points the exudation took the form of 
tiny bubbles, occurring periodically at the same 
points, indicating that gases were being evolved as 
an accompaniment of exudation. A further experiment 
of the same type was carried out on a 10 per cent. 
phosphor-bronze. The range of freezing of the alloy 
and the range of variation in composition of the 
liquid during solidification are known to be very 
large. The alloy differs from the copper-lead alloy, 
however, in that it is representative to some extent 
of alloys forming solid solutions. The behaviour of 
the casting on cooling was similar to that of the 
copper-lead alloy. The amount of exuded liquid was 
surprisingly large, and could only be accounted for 
by the presence of gas evolved from the solidifying 
alloy and the consequent expulsion of the remaining 
liquid through the mechanically-made outlet. 

The view that gases may account for the “ tin- 
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alloy from the interior flows towards the surface to 
fill these cavities, becoming more concentrated during 
its passage by the rejection of solid of low concentration 
from its boundary. The liquid arriving at the surface 
layer thus takes the form of interdendritic fillings 
of high concentration. An alloy in which the primary 
dendrites have a low velocity of axial growth is 
assumed to give normal segregation, since liquid 
cannot extend between the crystals, and, where 
diffusion is not rapid the liquid of high concentration 
is carried towards the central region. 

The conception of the progress of solidification 
given by this theory appears the most rational of those 
so far considered. It does not conflict with the 
indication given by the diagram of metastable 
equilibrium, and does not assume any conditions 
impossible in practice. There is, however, one 
important difficulty in regarding the explanation as 
complete. The interdendritic channels along which 
the concentrated liquid must move are of very small 
cross-section and, although the viscosity of the liquid 
is probably low, the effect of friction may be 
considerable, so that it is difficult to regard it as 
possible for the passage, during the short time occupied 
in solidification, of concentrated liquid in appreciable 
quantity to the outermost layer of the ingot. 

Summarising the discussion thus far, the Ludwig- 
Soret effect and undercooling may be considered as 
negligible factors, while the theory of interdendritic 
flow may be regarded as a possible partial explanation. 
Referring again to the process of ingot formation, 
there appears to be no basis for the complete 
explanation of inverse segregation by the operation 
of mechanical factors. It is evident, therefore, 
that the dominating factor influencing concentration 
variations during solidification has not so far been 
recognised. 

Preliminary Eaperiments.—There are instances on 
tecord of inverse segregation which has manifested 
itself by the appearance of protuberances on the 
surface of the casting. ‘‘Tin sweat” in bronzes is 
perhaps the most common case of this kind. It is 
notable that such protuberances occur only in alloys 
containing metals of widely different freezing points, 
and that the exuded material may, or may not, be 
soluble in the solid alloy. These considerations have 
led the author to the opinion that the phenomenon 
of “sweating” constitutes merely an extreme case 
of inverse segregation, and must be considered upon 
Common lines with that occurring in some alloys 
to an extent detectable only by chemical analysis. 

A small amount of copper was melted under reducing 





4 Metallkunde, 1921, vol. xiii, pages 497-506, 559-564. 
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sweat’ occurring in bronze was suggested by G. L. 
Bailey in discussion of a Note by Reader,* and, during 
the preparation of the present paper, Masing and Dahlt 
published the results of work showing that gases 
accounted for the exudation occurring in aluminium 
iron alloys. Benedicks, in his paper on the action of 
“hot wall,” also makes a passing reference to the 
possibility of exceptional behaviour arising from the 
presence of gases. It appeared to the author, however, 
that from the foregoing survey of the conditions of 
casting and the results of the preliminary experiments 
there were grounds for expectation that a new general 
theory of inverse segregation could be constructed, 
regarding dissolved gases as the important factor 
hitherto not recognised. 

Inverse Segregation in Bronze Containing 5 Per Cent. 
Tin.—Before outlining a proposed new theory of inverse 
segregation it was considered desirable to make a 
detailed study of the concentration variations produced 
in an alloy having a considerable but not extraordinarily 
large range of freezing, on casting by the usual methods 
in a chill mould. In order to obtain information 
concerning the effects of flow in the mould during 
solidification and to bring the work into line with the 
previous investigations carried out by the author, 
comparative examination was made on ingots cast by 
top pouring, by bottom runsiing, and by the rotatory 
method, and a sand-cast ingot was included for the 
purpose of illustrating the effect of absence of chill. 
The alloy selected for the experimental work was a pure 
bronze containing 5 per cent. of tin. This alloy has a 
freezing range of approximately 100 deg. C.; in solid 
equilibrium it consists entirely of a solid solution, but 
the chill-cast material may contain a small amount of 
the § constituent, owing to the low rate of diffusion 
relative to that of solidification. The ingots cast were 








* J. Inst. Metals, 1923, vol. xxx, page 109. 
+ Z. anorg. Chem., 1926, vol. cliv, page 189. 


about 12 in. in length, 6 in. in width, and 1 in. in 
thickness. 

The manner in which samples for analysis are taken 
from the specimens is of some importance in deter- 
mining the lateral linear variation in composition of a 
mass. The slab-shaped ingot was adopted in prefer- 
ence to one of circular section, for the reason that in the 
latter case it is necessary to decrease the thickness of 
successive removed layers to obtain linear results. 
The data given by Smith from his work on silver alloys 
were obtained by rolling a slab ingot about 2 in. in 
width by } in. in thickness to the form of strip, and 
taking samples along a transverse section. Onreference 
to Fig. 4, representing a transverse section of a slab 
ingot, it will be seen that the method gives, over a large 
proportion of the samples, an average composition 
through the ingot thickness, and any variations shown 
by them are most likely to have been produced by 
disturbing factors, such as the position of the stream ; 
the effects of inverse segregation are shown only by the 
samples from near the ends of the section. The method 
adopted by the author was first to cut away from the 
edges of the ingot a strip 1 in. in width, leaving only 
the portion in which solidification had advanced from 
the opposite faces of the mould. From this portion, 
successive layers, j, in. in thickness and 1 in. in width, 
were planed off transversely until the middle of the 
thickness was reached, giving samples independent of 
variation in conditions over the width of the ingot, 
their composition indicating the concentration over 
small successive ranges of linear solidification. Samples 
were taken from each ingot at positions 1 in., 2} in., and 
64 in. from the bottom edge. Complete transverse 
sections from these positions were examined visually 
for macrostructure, and some microscopic work was 
carried out. In view of the difficulty of estimating with 
high accuracy the content of tin in the samples, the 
course was adopted of estimating the copper content, 
the electrolytic method described in the Appendix 
being used. 

A typical set of results of chemical analysis are given 
in Table I. 

TaBLeE I.— Variations in Composition in Bronze Containing 
5 Per Cent. Tin. Ingot Sand Cast. 


Copper Content of Layers Machined from Transverse Band 
6 in. from Bottom of Ingot. 


Per cent. 
Surface to i: in. under surface -- 95°10 
i; in. to $ in. under surface = --- 95-16 
s oo = Y8 os % one ee 95°23 
: a oe es ual OO 
4 ” vs ” ” eee eee 95-04 
fe ox © ss os des .-- 95°01 
$ »» vse. (middle) ... 466 --- 95-03 


Discussion of Results in Conjunction with Macro- 
structure.—The ingot top poured from a single stream 
showed at the bottom regular inverse segregation, but, 
at the intermediate and upper positions, segregation of 
the normal type had proceeded for some distance from 
the ingot face, then giving place to the inverse type. 
Irregularity of variation in composition such as was 
found in this ingot is not unexpected. The isothermal 
planes in such castings have been shown by the author’s 
work on “bled”? ingots to be irregular, and conse- 
quently the thickness of solid wall existing at the 
completion of pouring is variable from point to point, 
so that, if inverse segregation is the result of outward 
flow of the low melting-point constituent, the variation 
in composition will be similarly irregular. The fact 
that normal segregation may occur in portions of an 
ingot showing general inverse segregation is of some 
theoretical significance. Etched sections from the 
ingot showed the macrostructure to consist of an outer 
thin layer of fine chill crystals and a fairly large central 
region of equiaxed crystals containing very fine cavities, 
the intermediate layer being columnar. The structure 
was, however, so irregular that, beyond indicating 
turbulence during casting, it appeared to have little 
relation to the variations of composition shown by 
analysis. 

The ingot cast from the bottom through a fireclay 
runner showed fairly regular inverse segregation; in 
the sample from the bottom there was only a small 
variation in tin content. During the casting of an 
— by bottom running a considerable degree of mixing 
takes place, but sections from composite ingots indicate 
also that for some distance up the ingot the jets of 
liquid from the runner occupy @ narrow central path, 
outside which uninterrupted solidification from the 
surface may proceed. The degree of inverse segrega- 
tion is, therefore, likely to be smaller than in the upper 
portions of the ingot, where the shell of solid is presumed 
to be thinner, owing to the spreading of the jets, and 
the later stages at which it is formed. The macro- 
structure of the bottom-cast ingot showed at the base 
end, an outer layer of columnar' crystals enclosing a 
central equiaxed region. The proportion of equiaxed 
crystals increased progressively along the length of the 
ingot, occupying in the upper portion practically the 
whole of the section. Apart from fine cavities in the 
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equiaxed areas, little unsoundness could be detected | 
visually in the sections. 

The ingot cast by the rotatory process, in which a | 
ladle is attached to the mould and the whole slowly | 
rotated to fill the mould without turbulence, showed | 
a regular variation in composition at each position | 
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tested. Inverse segregation had occurred in this ingot | 
to a considerably greater extent than in the two others. | 
The macrostructure varied along the width of the ingot, | 
being largely columnar at the side first filled and almost | 
wholly equiaxed at the opposite side. This ingot, | 
however, differed from those previously described, 

in that the equiaxed region was unsound, containing 

large cavities of roughly spherical shape. These were | 
apparently due to gases, evolved from the first portion | 
of,metal to enter the mould, being entrapped while | 





rising towards the surface, and wére the first indication | 
that appreciable quantities of gas were liberated during 
solidification of the alloy. A photograph of one of the 


etched sections of this ingot is shown in Fig. 9. | 
| 


The sand-cast ingot, which showed a slight and irregu- 
lar form of segregation, consisted entirely of equiaxed 
crystals. 


progressively in number from bottom to top of the| 
ingot. Uniform liberation of gas throughout the | 
ingot thickness is apparently associated with uniform | 
distribution of tin in the alloy. 

Summarising the indications obtained, it would | 
appear that the mode of entry of the molten metal into | 
the mould governs to some extent the degree and type 
of segregation in the ingot. Each method of casting 
produces characteristic flow currents in the liquid 
metal during the filling of the mould, and these largely 
determine the temperature gradients, and, consequently, 
the rate of solidification at different points. The present 
results suggest that inverse segregation is least at 
positions where solidification is not advanced at the 
completion of the pouring period. It will follow from 
this that the variations in composition in an ingot 
will be affected also by the shape and dimensions of 
the mould, temperature of the mould, and casting 
temperature. These factors, however, influence all 
types of alloy, including those in which inverse segrega- 
tion is not commonly found to occur, and are thus of 
a subsidiary rather than of primary character. 

Although in the top-poured and bottom-cast ingots 
the presence of gas cavities could not easily be detected, 
the sand-cast ingot and that cast by the rotatory method 
indicated clearly that gas was evolved from the alloy 
in both the chill and sand moulds. In the ingot cast 
by the rotatory process the high degree of inverse 
segregation, coupled with the fact that the evolved 
gases had been entrapped, suggests that the lower 
degree of inverse segregation found in the ingots cast 
by the projection of a stream into the mould was a 
consequence of the escape of part of the gas by means 
of the flow currents during the casting process, Corre- 
lation of these facts with the observations made in the 
preliminary experiments, and the available knowledge 
of the process of solidification, accordingly provide a 
basis on which may be founded a theory of inverse 
segregation applicable to all types of alloys. 

Since there is no known alloy which can be definitely 
regarded as incapable of evolving gases on solidification, 
there is some difficulty in securing evidence of the re- 
verse effect, t.e., normal segregation in the absence of 
evolved gases. The case of steel in which the gas 
effect may be widely variable will be considered 
later. Pure brass of 70:30 composition, an alloy 
of a type similar to the bronze used in the foregoing 
experiments, although not proved to be free from gas 
evolution on solidification, shows both in chill and in 
sand castings little visible evidence of gas evolution. 
Determinations of copper content made on the ingot 
give the following results shown in Table II. Segrega- 


TasLe II.—Variation in Copper of 70:30 Brass. 











, Midway 

ah . Surface | between 
Method of Position of * “ , | Centre. 
Casting. Sample. yy — Layer 

Centre. 

ae ! 
. Near bottom 70-32 70-48 70-53 
je F aed # length from 

ng bottom 70-43 | 70-45 | 70-55 
Rotatory method| Middle of length 73-42 73-45 73-53 














tion in brass may thus be inverse, but the variation 
shown by the ingot examined is small in comparison 
with bronze containing 5 per cent. tin, and the results 
are thus in the direction which would be predicted. 
Density.—Complete transverse sections, } in. thick, 
were cut from each of the bronze ingots adjacent to 
the positions from which analysis samples were taken. 
The values obtained by density determinations on the 
sections, are given in Table IIT. below. An average 
figure for the percentage volume of cavities in the three 
sections of each ingot was calculated, using the maxi- 


Small gas cavities were distributed uni- | 


formly over the whole of the sections, and increased | 
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strengthen*the conclusions drawn from the previous 
results. In the three chill-cast ingots, the order of 
unsoundness is the same as that of the degree of inverse 
segregation. The sand-cast ingot showed the greatest 
volume of cavities, but, owing to the absence of an 
initial high rate,of cooling (chill), the evolution of gas 


TaBLeE III.—Density Determinations on Ingot Sections. 





| | 
| | 





| aoe of fae 
Section from - of Cavities 
ingot. | Bottom of Ingot.| Persity- | (Approx.). 
Inches. Per cent. 
| 
{ ‘4 8-652 l 
Top poured .. \ : pat f 2-3 
f 7 8-641 \ 
Bottom cast .. \ 3 8-753 j 1-5 
1 8-769 |! 
f 7 8-108 
Cast by eat 3 8-113 } 8-2 
process 1 8-126 
{ 7 7-627 \ 
Sand cast \ 3 7°7 J 13-0 
1 7-567 














was uniform over the section, The behaviour of bronze 
containing 10 per cent. tin has been studied by Reader,* 
who showed that in an inversely segregated chill-cast 
bar the central portion was unsound, while in a sand- 
cast bar there was little inverse segregation. These 
results are in agreement with the present work. 


(Zo be continued.) 








THE LASSEN STEAM TRAP. 


TuE illustrations reproduced above show a simple 
and convenient form of steam trap, which is the 
invention of Mr. E. Lassen and is now being manu- 
factured by Messrs. Beck and Co., Limited, 130, Great 
Suffolk-street, London, 8.E.1. It consists, as shown, 
of a cone-shaped body of gun-metal or cast-iron, 
containing a tapered gun-metal plug on which a 
number of circumferential grooves are turned. The 
position of the plug is controlled by a screwed spindle 
passing through a stuffing-box and terminating in 
a hand wheel, the external part of the spindle being 
also screwed and fitted with a pair of lock nuts, as 
will be clear from the sectional drawing reproduced 
in Fig. 2. It should be noticed, however, that the 
connection between the plug and the spindle, while 
preventing the movement of the plug in one direction, 
permits a limited movement in the opposite direction ; 
the object of this will be explained later. 

The steam pipe or vessel to be drained is connected 
with the left-hand end of the trap, as shown in our 
illustrations, and the plug is first opened by the 
hand wheel to allow steam and water to flow freely. 
The plug is then screwed up just sufficiently to prevent 
the escape of steam, although the water of condensation 
will continue to pass. By screwing the lock nuts on 
the spindle up to the gland of the stuffing box, the 








mum density value of 8-85 (Heape). These data 


* J. Inst, Metals, 1924, vol. 30, page 105. 
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correct adjustment can be fixed, but the trap can 
be opened to blow off the comparatively large volume 
of water produced when starting up a plant from 
cold by means of the hand wheel, which is afterwards 
turned back to return the plug to the position for 
normal working. In this position, the water of con- 
densation drains away continuously, but the effect 
of the grooves on the plug is to prevent any appreciable 
escape of steam. 

It will be clear that, if necessary, the condensate 
can be delivered to a considerable height above the 
outlet of the trap, the height, of course, depending 
upon the steam pressure and amounting to about 
a foot for each 2 lb. per square inch. When fitted in 
this way, the fact that the connection between the 
| plug and spindle permits the former to move in the 
| opposite direction to the normal flow of water enables 
| it to function as a non-return valve, thus preventing 
| the pipe or vessel to which the trap is connected from 
being flooded in the event of a fall in steam pressure. 

The traps are made with screwed or flanged connec- 
tions, in standard sizes ranging from } in. to 2} in. 
outlet, and are normally intended for working 
pressures up to 250 lb. per square inch. They can, 
however, be designed for higher pressures if required. 








So~mp Carson DioxIpDE FoR COMMERCIAL REFRIGER- 
ATION.—Although carbon dioxide was one of the first 
permanent gases to be liquefied and solidified under 
high pressure at low temperature, carbon dioxide snow 
has hardly found continued application as a refrigerant 
outside the laboratory. According to an article by 
Mr. D. H. Killeffer in Industrial and Engineering 
Chemistry of February, the Dry Ice Corporation, of New 
York, has overcome the difficulties of the commercial util- 
isation of carbon-dioxide snow. The process commences 
with the burning of coke under the boiler which supplies 
the steam for the machinery. The coke is burnt under 
forced draught with an excess of oxygen, and the gases 
leaving at 150 deg. C. contain 18 per cent. of COg, 1 or 2 
per cent. of oxygen and nitrogen, &c. ; they are scrubbed 
with cold water, and passed through coke towers to be 
absorbed by a 10 per cent. soda solution. The bicarbonate 
formed is then heated to 115 deg. to liberate the COg again. 
The gas is cooled and compressed at 1,1001b. persquare inch 
in three stages, and the liquid is run into cylinders which, 
weighing 110 lb., contain each 50 lb. of COg. Through a 
nozzle 2 mm. in diameter, the gas is allowed to expand into 
a double-walled steel cylinder, 5 ft. high, and 3 ft. in 
diameter. When 300 lb. of snow have accumulated, it is 
scraped out and compressed, at 500 to 800 lb., to a cake 
of density 1-1; solid carbon dioxide has a density of 
1°56. Cakes are supplied in cubes of 10-in. sides, or in 3-in. 
cylinders, 6 to 8 in. long ; the former weigh about 40 ib., 
and are packed in balsa wood cases. The vapours 
escaping during handling circulate through the jackets ; 
the carbon dioxide evaporates without melting. It 18 
claimed that, in ice-cream transport between New York 
and Philadelphia, 200 lb. of the dioxide snow replace 
3,000 Ib. of ice and 600 lb. of salt used for refrigeration, 
and that in the Transcontinental fish and fruit transport 
occupying four days, 17,695 Ib. of ice and 1,770 lb. of 
salt were required for the original charge, and 12,000 lb. 
for additional charges, whilst 1,200 lb. of the snow sufficed 
for the whole journey. The snow surrounds itself with 
vapour which forms a heat insulator, and — in dry 
cardboard containers is possible. This contrasts avourably 
| with the wet ice and brine boxes which give rise to corrosion. 
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THE MACHINERY INSTALLATION 
OF THE EX-GERMAN BATTLESHIP 
‘‘GROSSER KURFURST.*”’ 


By Joun S. Brown, M.B.E., A.R.T.C. 


THE machinery arrangement in war vessels is designed 
under very special restrictions in regard to weight, 
height, and general vulnerability, together with an 
unusual degree of sub-division into small compartment 
in order to secure the stability of the ship and continued 
service from the machinery after local damage. These 
conditions make such machinery of only specialised 
interest ; but the progressive developments in different 
countries under the ruling condition of individual 
secrecy, have led to a series of soiutions which differ in 
the importance attached to the various factors. Thus 
the question of weight gave the water-tube boiler its 
first entry to marine practice through naval applica- 
tions. And to this day there remains a wide range in 
the degree of dislike for watertight doors. 

It is not proposed to outline these matters, or even 
to draw general comparisons between the practice of 
the different countries, but only to fill a gap in the 
general information by describing German naval 
practice in battleship machinery. The ship selected 
for description was completed in 1914, and may, there- 
fore, be regarded. as marking a definite era. Further, 
due to the restrictions imposed by the Washington 
Conference, there has been a distinct slowing down in 
the naval developments in other countries, so that 
the design probably remains fairly representative, with 


the exception that the direct-drive turbines would now | Baden 


be replaced by geared turbines. 
The information to be given represents some of the 
surplus energy of a party whose official duties were 
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confined to seeing that the Grosser Kurfiirst was in a | 
disarmed condition on surrender at Rosyth, this inspec- | 
tion occupying the forenoon of November 22, 1918. | 
Similar inspections were made on the other German | 
vessels, but there was no further opportunity for | 
obtaining information between that time and the occa- | 
sion of their scuttling at Scapa in the summer of 1919. | 
One ship, the Baden, has since been salved, and closely | 
inspected by our naval authorities ; but the published | 
information largely deals with that ship’s structure, | 
and it is thought that a description of the machinery 
on a corresponding vessel, as seen in working order, 
may not only be of general interest, but also provide 
some ideas for which useful applications may be 
found in other spheres. The general circumstances of 
the inspection, however, must be accepted as restricting 
the information to a brief outline of the more outstand- 
ing features of the intallation. 

The Grosser Kurfiirst showed many points of interest 
to those acquainted with British and American naval 
practice. And from the list of German battleships 
given in Table I, it will be seen that she can be regarded 
as one of their most effective vessels. It may be noted 
that, while the Baden appears in this table, she was not | 
completed until after Jutland. As the Grosser Kur- 
fiirstt was only commissioned in 1914, her service was 
confined to the war period. And from information 
gathered on board, it would seem that this service was 
not altogether uneventful. She was heavily flooded at | 
Jutland from shell fire, but a 15-in. projectile on the 
waterline merely dented the 14-in. armour. In 
addition, she was torpedoed aft in November, 1916. It 
was also stated that she had been mined, and been in 
collision. Due to all these causes, the hull structure 
was said to be in a defective condition, and vibration 
became so excessive as to be dangerous at a speed of 
from 18 to 19 knots, although her trial speed was 
probably about 23 knots. Further details of the ship 
are given in Table II, which has been extracted from | 
various published sources. 

General Arrangements.—To appreciate the length to 
which the internal compartments are subdivided in 
order to reduce vulnerability in action, it is necessary 








* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland on March 8, 1927. Abridged. 

+ A previous ship of the same name was sunk in 1878— 
ily Memoirs, Von Tirpitz. 
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| controlling groups of nozzles. 


to resort to comparison with a corresponding vessel of 
the British Navy. For this purpose H.M.S. Iron 
Duke has been taken, as she is a unit in our building 
programme of the corresponding year. Fig. 1 shows 
a sketch plan of the machinery spaces in the Grosser 
Kurfiirst, and Fig. 2 a similar plan of H.M.S. Iron 
Duke* ; and whereas in the British ship there are three 
boiler rooms and three engine rooms, in the German 
vessel, while the location of the machinery is very 
similar, the compartments have been subdivided to 
give nine engine rooms and nine boiler rooms. This 
additional subdivision has been compromised somewhat 


TaBLe I.—German Battleships.* 

















Date | Dis- 
—- Com- | Length.| Beam. | Draught.) place- 
pleted. ment. 
} 
Feet. | Ft. in | Ft. in. | Tons. 
Nassau “ie -+-| 1909 478 88 4 26 7 18,600 
Westfalen ee ” ” ” ” ” 
Rheinland .. --| 1910 ” ” ” ” 
Posen oe ee - o | os 90 99 
Ostfriesland . . .-| 1911 546 93 6 26 11 | 22,440 
Helgoland .. au * o - ss pa 
Thiringen .. i " os » ” we 
Oldenburg .. --| 1912 o pe 9 9” 
Kaiser e a * 564 95 2 27 3 | 24,300 
Friederich der Grosse} __,, ” ’ ” ” 
Kaiserin se --| 1913 pe 4 “a os 
K6nig Albert as %” ” ” ” ” 
Prinzregent Luitpol $9 - 99 oe ” 
Konig ae .-| 1914 573 9 9 a 25,390 
Grosser Kurfiirst .. ” ” 9 a ee 
Markgraf.. se] os ” ” ” ” 
Kronprinz Wilhelm ” ” » ” ” 
sa .-| 1916 589 98 5 27 8 | 28,070 
Bayern ae ar ” ” ” ” ” 











* Trans. Inst. of Naval Architects, vol. Ixiii, p. 8. 
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TaBLeE II.—“ Grosser Kurfiirst.”’ 

Built by Vulean, Hamburg. 

Dimensions ... 573 ft. by 96 ft. 9 in. by. 
27 ft. 3 in. draught. 


Displacement 25,390 tons. 

Shaft horse-power 48,000 maximum at 260 
r.p.m. 

Speed ... aea ... 23 knots. 

Fuel ... ue ... 3,540 tons coal and 700 tons 
oil. 

Armour 14 in., Krupp. 

Armament 10 12-in. guns ; five torpedo 


tubes. 

by the acceptance of watertight doors through certain 
of the bulkheads, giving fore-and-aft access in the 
engine rooms and ’thwartship access in the boiler 
rooms. It has been stated that, viewed as a whole, 
there were other parts of the German vessels where the 
subdivision was less minute than in the British ships, 
so that there was no great contrast in safety.t| But 
whatever qualification may be attached to the sub- 
division found in the Grosser Kurfiirst, there is no 
doubt that it made the machinery installation a dis- 
tinctly complicated example of marine engineering. 

Turbines.—The subdivision of the engine rooms was 
built around a three-shaft machinery installation with 
H.P. and L.P. turbines in tandem on each shaft. Thus 
each shaft formed an independent unit; the H.P. 
turbine being in the forward compartment, with the 
exhaust pipe passing aft, under the floorplate level, to 


;@ compartment with a combined L.P. and astern 


turbine, and this again exhausted, overhead, to the 
next aft compartment accommodating the condenser. 
The H.P. turbine had a four-row impulse wheel followed 
by about five reaction expansions, and the L.P. turbine 
had four reaction expansions. The designed steam 
pressure was 228 lb. per square inch, and the steam 
range was carried directly from the bulkhead valve 
to the turbine nozzle box, the speed control being 
entirely by extension spindles carried from five valves 
Under cruising condi- 
tions, the H.P. turbine in the centre engine room 
could exhaust into the reaction section of the two wing 
H.P. turbines, the centre L.P. turbine being then 
inoperative, although in rotation. The L.P. turbines 
had live-steam connections for use in emergency. 





* Trans. I.N.A., vol. xi; ENGINEERING, vol. cxi, p, 318, 
{ Trans. I.N.A., vol. lxiii; ENGINEERING, vol, evii, p. 581. 


A feature of the turbine rotors was that the shaft 
extended through the centre of the drums carrying the 
reaction blading. There were separate thrust blocks 
on each turbine, the shafts being connected through a 
flexible coupling. These thrust blocks were of the 
open type, with water cooling through the shoes, two 
shoes being fitted on the H.P. turbine and five on 
the L.P. turbine. The tunnel shafting was 11-8 in. 
in diameter. The turbine journals ran on white- 
metal filled directly into cast-iron bearing shells, which 
were carried in spherical seatings. Forced lubrication 
was carried to the bearings through pipes of relatively 
small bore; a system of water cooling was also pro- 
vided. No safety strips were fitted to guard against 
blading damage in the event, of a bearing wearing 
down; but in their place there was an ingenious 
mechanical device under each shaft journal, and con- 
nected back in such a way that the bulkhead stop 
valve was closed automatically should the accident 
cause the shaft to drop by an amount which approached 
the margin of safety. 

Condensers.—The exhaust steam from each L.P. 
turbine passed through the after bulkhead to rectangu- 
lar condensers in separate compartments. The water 
space in the condensers was in a single pass. The 
extraction pumps were of the dual type, like Weir’s. 
The centrifugal circulating pump was driven by a 
compound steam engine. The pump connections gave 
suction either from the sea or from a large main-drain 
pipe to be described later, while the discharge passed 
either to the condenser or directly overboard. It 
will be realised what an enormous pumping power was 
available in emergency by the use of these drain- 
suction and direct-discharge connections on even one 
only of the three pumps, and it would still leave two- 








thirds power available for propulsion. Copper tubes 
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| were in use in some of the condensers, but were already 
giving trouble, although the ship was only four years 
| old, and had probably done little steaming. 
| Boilers.—The structural subdivision in the boiler- 
| rooms followed the same lines as in the engine-rooms ; 
that is, there were two fore-and-aft bulkheads and two 
*thwartship bulkheads dividing the ship into nine 
spaces. In each space of the two after groups there 
were two coal-fired boilers, arranged face to face ; while 
in the forward group each space accommodated one 
oil-fired boiler, making 15 boilers in all. The fore-and- 
aft bulkheads had watertight doors, so that normal 
supervision was simplified; but each space was 
completely independent with its own forced-draught 
fan, coal supply, and feed pumps. The boilers were of 
the Thornycroft-Schultz type, and may be better 
described by saying that their outline does not greatly 
differ from the Yarrow boiler, but they had three water 
drums connected to the one steam drum, the inter- 
mediate water drum dividing the fire grate into two 
sections. The boiler tubes were about 2 in. in diameter. 
The firebars were of cast-iron, in sections of about 
10 bars, and these were hollow, with water circulation 
for cooling purposes. Each section was connected 
by a }-in. pipe to a water supply at 30 lb. per square 
inch pressure from a centrifugal pump. In these 
boilers coal firing was supplemented by one oil burner. 

In the forward boiler-room the oil-fired boilers had 
only two water drums, and were of somewhat different 
size to those already described. In this case there 
were notably large downcomers between the steam 
drum and the individual water drums. The air cones 
on the oil-fuel burners did not appear to provide 
any rotary motion of the ingoing air. The working 
pressure of the oil fuel supply was about 120 lb. per 
square inch at the burners. 

The boiler-room routine showed that the boilers were 
laid off for cleaning after 600 hours’ steaming, and the 
drums were painted internally with heavy mineral 
oil as a corrosion preventative. Zinc protectors were 
fitted, bolted inside of cast-iron boxes. There was 
both a main and an auxiliary feed-pump in each 
boiler space, and a feature of the glands was the 
provision of geared nuts worked through a lantern 
ring to ensure even adjustment. Automatic feed 
regulators were fitted on the connection from the 
main feed-pump. 





Air Supply.—Each section of the boiler-room had 
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a turbine-driven fan situated on the deck overhead, 
and operating on the closed-stokehold system. The 
turbine was located between two double inlet-impellers. 
The U-gauges in the stokeholds were of quite unusual 
length ; and it was understood that the air pressure 
at full power might reach 8 in. of water column. Flaps 
were also provided for natural ventilation. 

The concentration of the fan power into a single unit 
did not mean that there was no stand-by plant, for 
such was obtainable from the adjoining fans by opening 
the watertight doors between the stokeholds. But 
the large fan power concentrated in the single high- 
speed unit appeared to make them very noisy, as 
when certain of the ships were steaming they 
emitted a high-pitched whine audible at half-a-mile 
distance. 

Coal Bunkers.—Coal was carried in ship-side bunkers 
divided into two spaces longitudinally, and also in 
a *tween deck bunker over each boiler-room, the latter 
providing a coal supply for use during action, while 
maintaining the integrity of the skin compartments. 
The outer bunker extended to the skin of the ship, 
and was divided into five short sections, each with a 
watertight door communicating with the inner bunker, 
the latter being common over the length of the boiler- 
room. The doors were about 2 ft. 3 in. by 1 ft. 3 in., 
but, speaking generally, coal handling must have been 
easy. 

Fuel-Oil System.—The fuel oil for boiler purposes 
was carried in the double-bottom compartments under 
the engine-rooms and after boiler-room, the total 
capacity being 700 tons in nine compartments. The 
intermediate bulkheads had sluice valves for levelling 
purposes. Only one fuel-oil transporting pump was 
fitted in the port wing engine-room. This pump 
delivered to settling tanks of about 20 tons capacity 
in the forward boiler-room. 

Feed System.—The air pumps discharged through 
contact heaters on the two feed tanks, which were 
located at a relatively high position in the forward 
centre engine-room. The elevated position of the 
tanks naturally facilitated the flow of hot feed-water 
to the feed pumps in the boiler rooms. Reserve feed- 
water was carried in the double-bottom compartments 
under the two forward boiler-rooms. 

Auxiliary Exhaust.—The exhaust steam from the 
auxiliary engines passed into a common exhaust pipe 
about 18 in. in diameter. From this pipe there were 
connections to the contact heaters on the feed tanks 
and to the evaporators; but there were no “ closed- 
exhaust’ connections on the main turbines. The 
surplus exhaust was dealt with in two auxiliary con- 
densers located in separate compartments aft of the 
other machinery spaces. The pressure maintained in 
the exhaust pipe in order to obtain flow into the feed 
heaters, was stated to be 15 lb. per square inch. The 
pumps on the auxiliary condensers were in one unit, 


Evaporators.—Make-up feed was obtained from four 


sets of evaporators, of the low-pressure type, and in| Didsbury, Manchester, have issued a complete catalogue 
size corresponding with Weir’s 25-ton unit. From | of their products compiled in three sections dealing with 
the evidence provided by a coil exposed for cleaning, | chains and gear for power transmission, conveying and 


which had an extraordinary coating of scale, and | mortising. ide! t 
chain drive to printing machines has also come to hand, 


supplemented by the unsatisfactory working conditions 
of a unit of service, it would seem that the evaporators 


were not: being worked efficiently. From this it appears small electric furnaces for laboratory and works use, is 
to hand from Messrs. Automatic and Electric Furnaces, 


Limited, 175, Farringdon-road, London, E.C.1. The 
furnaces are classified in the horizontal, vertical, crucible, 


F A and tube types. 
and power was obtained from six generators arranged panels, and a esemniien are also described. 


probable that water supplies must have been drawn 
from shore. 
Electric Generators.—The electric supply for lighting 


in four compartments. The supply voltage was 220 
volts D.C. Four of these sets were turbine units of 
300 kw., and two were Diesel units.: The fuel oil used | ; 


in the Diesel engines was of a higher grade than that | preparations for waterproofing and preventing corrosion 
in steel structures, both land and marine. These prepara- 
Steering Gear.—The steering equipment was pro- | tions are made in several colours and in forms suitable 


vided in duplicate, twin rudders being fitted, each with | for brush painting, dipping, enamelling, and other methods 
of application, 


provided for boiler purposes. 


a separate steering-engine located aft in compartments 
separated by a middle-line bulk-head. Either engine 


could be cross-connected to operate both rudders, and | Locomotive and Machine Works, Winterthur, Switzer- 


the arrangement was such that the change could be |! 
carried through from either compartment. The dog- 
teeth, thus ensuring easy meshing. 


which threaded over the parts after engagement had 
been obtained. A hand-wheel about 2 ft. in diameter 


was built on to this nut for easy handling. The whole | Committee of the North Midland Centre of the Institution 
arrangement was very compact, and the engines some- | of Electrical Engineers have informed us of their inten- 
tion to raise a sum of 1501. for the purpose of founding 
Capstan.—There were the usual three cable-holders, | a prize to perpetuate the memory of the late honorary 
secretary, Mr. J. D. Bailie. The sum mentioned will 
be invested in — securities, = the interest will 
: be devoted to a Bailie Prize, which will be awarded 
: It drove the wing cable- annually to the student member of the Centre submitting 
holders by worms in a direct line, and the centre | the best paper during the year. It is requested that 
cable-holder through bevel gearing, which was of| donations should be sent to the honorary secretary of 


what smaller than expected. 
operated by worm wheels from a compound engine in 


a low compartment. The engine lay across the ship 
and off the middle-line. 


relatively light construction, and suggested that this | t 


pany, Cornwall-street, Birmingham, have issued a new 
edition of their catalogue giving particulars and prices of 
all the necessary fittings, tools and accessories for 
electric-light installations. 


Leicester, have sent us a catalogue of tell-tale clocks 
; : : : with recording charts by which the movements of night 
electrically driven, the extraction pump having a speed | watchmen, nurses, or others may be checked. The 
reduction through worm gear. The auxiliary con- | record is obtained by pressing electric buttons at various 
denser compartments gave access to the shaft passages. | parts of the building. 


Limited, 5, St. Nicholas-buildings, Newcastle-on-Tyne, 


and locomotives used on the Abt. system, which is 


; ; employed on the Snowdon mountain railway. A list of 
clutches on the shaft were of interest, in that they had rack railways constructed by the Swiss company since 


a taper of about 10 deg. on either side of the engaging | }gg4 includes 70 lines in all parts of the world. The 
The end thrust company’s agents in this country are Messrs. Bernard 
resulting from this taper was taken up by a ring nut | Holland and Company, 17, Victoria-street, London, S.W.1. 


described in connection with the steering gear. 


and brine pumps were of the centrifugal type, driven 
by separate motors. The insulating material on the 
magazines was wood sheathed. 

Flooding Damage.—The organisation and equipment 
for dealing with underwater damage included a control 
position under the supervision of a special officer, 
with an indicator panel showing whether every im- 
portant valve in the ship was shut or open. Any 
water entering the ship was handled through the large 
fore-and-aft main drain, and in emergency could be 
discharged overboard by one or more of the main 
circulating-pumps, as already described. Casual water 
and more moderate leakages were handled by pumps 
installed in three compartments—two aft and one 
forward. The drain was about 15 in in diameter, and 
formed a ring round the machinery compartments 
with branches fore and aft. All the valves had exten- 
sion spindles to the deck level. In order to save space 
in the gangways, the spindles were generally fitted with 
ratchets in place of hand-wheels. Further, there were 
cases where the spindle rose into a compartment 
adjoining the gangway, and its top end was carried in 
a trunk-box exposing the ratchet to the gangway 
space, while creating no obstruction. 
The ladders both in the living accommodation and 
in the machinery spaces were wide, and at an easy 
angle; so much so that they would be more properly 
described as stairs. But of the living quarters it may 
be said that they looked uncomfortable and crowded, 
with few of the conveniences which would make life 
bearable during long periods at sea. 








CATALOGUES. 


Shafting, &c.—A useful catalogue of shafting, with 
couplings, collars, bearings, clutches, and accessories for 
power transmission, is to hand from Messrs. Crofts 
(Engineers), Limited, Bradford. 


Boiler-Cleaning Tools.—A catalogue of scaling and 
chipping tools for removing scale or rust from boiler 
plates, boiler tubes, condenser tubes, girders, etc., is to 
hand from Messrs. F. Gilman (B.8.T.), Limited, Regent- 
street, Smethwick. 


Electric Light Fittings.—Messrs. Donovan and Com- 


Tell-Tale Clocks.—Messrs. Gent and Company, Limited, 


Driving Chains.—Messrs. Hans’ Renold, Limited, 


A folder illustrating the application of the 


Electric Furnaces.—A catalogue dealing especially with 


Temperature-regulation and control 


Protective Paints.—Messrs. Wailes Dove Bitumastic, 


1ave sent us a catalogue containing full lists of their 


Rack Railways.—A catalogue issued by the Swiss 


and, illustrates the construction of the rack railway 





Tue INsTITUTION OF ELECTRICAL ENGINEERS.—The 


the clutches on these gears again had taper teeth as 


Refrigerating Plant.—For magazine cooling and 
general domestic purposes, two separate CO, type 
refrigerating plants were provided, forward and aft. 
Each unit had two. compressor cylinders, and was 
directly coupled to an electric motor. The circulating | Engineering Extension of the City and Guilds 


HEAT TRANSMISSION AND THE 
MOTOR-CAR RADIATOR. 


By PRoFESSOR “WituiaM Ernest Datpy, F.R‘S.. 
: M.Inst.C.E. 


Tue wind-channel in the Goldsmiths’ Company’s 


(Engineering) College enables experiments to be made 
on various engineering problems. The author selected 
for investigation the problem of heat transmission 
across a windswept cooling surface, with particular 
application to the motor-car radiator and the loco- 
motive air-cooled radiator. For the purpose of the 
investigation a number of radiator blocks were con- 
structed, each 1 ft. square in frontal area, but built 
of different types of cooling elements. Each radiator 
block was in turn mounted in the channel and exposed 
naked to the air stream. A stream of hot water was 
pumped through it, and the cooling effect of the 
air stream was measured. 

The main problem of this investigation was to 
find how to relate the performance of a radiator tested 
naked in a wind-channel with the performance of the 
same radiator in a car driven along the road. In 
order to make this comparison the author fitted a 
motor-car with measuring appliances and drove it 
round the track at Brooklands at different speeds 
and in different conditions, measuring directly the 
heat dissipation in the radiator. Brooklands track 
was used for making these experiments because on 
‘the road it is difficult to maintain uniform conditions 
of speed long enough to enable a temperature régime to 
establish itself in the engine and radiator. To ensure 
temperature stability at a given speed the car was 
driven as nearly as possible to this speed twice round 
the track—a distance of 54 miles—observations being 
delayed until the last 4 mile, so that the temperature 
régime could establish itself before the observations 
were taken. Trials were made at speeds between 
25 m.p.h. and 50 m.p.h. 

The trials at Brooklands brought out a surprising 
difference between the mean speed at which the air 
flows through the radiator and the car speed. For 
instance, at a car speed of 25 m.p.h. the experiments 
showed that the mean air speed was a little more 
than 12 m.p.h. This at once raised the question as 
to how to compare the results of experiments on a 
naked block in the wind channel with the results of 
experiments with the same block under a_ bonnet. 
It was concluded that the conditions for heat dissipation 
in the channel and on the road were substantially 
the same when the impinging air speed in the channel 
was made the same as the mean air speed through the 
radiator. This conclusion was based on the results 
of experiments made on a naked radiator block, 
built of the same tubes as the radiator block in the 
motor-car, exposed in the channel (1) naked to the 
impinging air, and (2) shrouded by a three-ply-wood 
bonnet of the same shape as the bonnet of the car. 
The experiments confirmed the wide difference 
between the impinging air speed on the shrouded 
block and the mean air speed just inside it; and, in 
particular, it was found that when the impinging 
air speed was 25 m.p.h. the speed at the place where 
the Pitot tube was exposed under the bonnet was 
12 m.p.h., thus confirming the trials made on the 
track at Brooklands at a car speed of 25 m.p.h. 
The comparisons at other speeds were not quite 
so close; but the experiments at Brooklands, 
confirmed by the experiments in the wind-channel, 
show that the radiator performance of a car can 
probably be improved by providing for a freer flow of 
air under the bonnet than is usual in practice. Road 
conditions having been thus related to channel 
conditions, the experiments on heat dissipation were 
continued, eight different types of radiator blocks 
being tested. The conclusions drawn from these tests, 
which are only the beginning of the research contem- 
plated, are that reliable experiments can be made on 
naked radiator blocks in a wind-channel and related to 
road conditions. The results embodied in the present 
paper have involved many hundred experiments. 
It was felt that it might be of use to the profession 
to publish these results now rather than to wait until 
the whole research had been completed. 





Atuminium Inpustry oF Canapa.—According to a 
statement issued recently by the Canadian Bureau of 
Statistics, Ottawa, the production of aluminium and 
its products, in the Dominion, attained a selling value of 
9,137,305 dols. in 1925, as compared with 7,700,822 dols. 
in 1924. Of the 12 plants in operation in this industry, 
11 were in Ontario and one in Quebec; the latter plant 
smelted bauxite ores to produce ingots and bars, and 
the other 11 establishments were engaged in the manu- 
facture of kitchen utensils and other manufactured 
goods. The large new plant of the Aluminium Corpora- 
tion of Canada, which is under construction at Arvida, 
Quebec, is now producing aluminium. 
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* Abstract of a paper read before the Institution of 
Civil Engineers, on Tuesday, March 22, 1927. 
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ALPHA RAYS AND ATOMIC 
STRUCTURE.—I. 

Tuer first of a series of four lectures on the above 
subject was delivered on Saturday last, at the 
Royal Institution, by Sir Ernest Rutherford, P.R.S. 

In opening his lecture, Professor Rutherford said 
that in the course he delivered last year, he had 
described the properties of the rare gases of the 
atmosphere, which included helium, neon, argon, 
krypton and xenon. On the present occasion he 
proposed to confine attention to the atoms of a 
single one of these gases, viz., the charged atoms of 
helium, which constituted the a rays spontaneously 
ejected from radium and a number of other radio- 
active substances. These a rays travelled through air 
but a short distance, and they rapidly lost the high 
speed on which their distinctive properties depended, 
becoming then mere lonely wandering ions. The time 
taken to reach this inglorious end to an exceedingly 
active career was only =, of a second. 

The whole of the known properties of these a 
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particles had been discovered by the effects pro- 
duced during this minute period of time. 

His choice of subject had been due to the import- 
ance of these rays, which directly and indirectly, 
had been the cause of great additions to our know- 
ledge, both in the theoretical and in the experi- 
mental field. He might claim, moreover, to have 
an almost paternal interest in the study, and this 
interest, was, he thought, even greater to-day than 
when he started work on the subject in 1894. He 
sometimes wondered what present-day physics 
might have been if there had been no a particles. 
Much of the advance made had been due to the 
study of these particles, which were, in a sense, 
massive, and moved. at very high speeds. They 
Were the main product of radio-active transforma- 
tions, and when they lost their excessive speed and 
became neutralised, were ordinary atoms of helium. 
In fact, the greater part of the helium now put to 
such important uses, was due to the collection of a 
particles emitted in past radio-active transforma- 
tions. ‘The particles had also a certain importance 
in connection with the atomic theory. They, for the 
first time, made it possible to detect effects due to 
4 single individual atom, and working at Man- 
chester, Geiger and the speaker, had been able to 
determine, with reasonable precision, both the weight 
of an individual atom, and the number of molecules 
present in one cubic centimetre of a gas at standard 
temperature and pressure. 

The speed of the particles varied with the source, 








but was of the order of 10,000 miles per second- 
Each had, therefore, considerable kinetic energy, 
and, in fact, the particles provided us with the 
greatest concentrations of energy so far available. 
This energy corresponded to that which would be 
acquired by electrons in a vacuum tube with a 
P.D. of 4,000,000 to 8,000,000 volts between the 
terminals. Such tubes were not yet available in 
our laboratories. When the particles were absorbed, 
they gave up this energy as heat, and, in fact, the 
greater part of the heat produced in radio-active 
phenomena was due to bombardment by a particles, 
though some small fraction was also due to the 
absorption of 8 and a rays. 

The study of the deflections of a particles by 
close collisions with the atoms of metals, had resulted 
in the discovery of the nuclear structure of the 
atom, and had provided the first and, indeed, the 
only method of determining the charge on: this 
nucleus, which taken in conjunction with Moseley’s 
X-ray experiments, had given the atomic number 
characteristic of each element. This was numeric- 
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ally equal to the nuclear charge expressed in the 
fundamental units. The a particles had also proved 
useful in studying the field of force near the atomic 
centres, and provided the only means yet available 
for fixing the dimensions of the nuclei, and also 
‘for studying the force immediately outside these 
nuclei, where the inverse square law had been found 
to break down. 

When fired against the lighter elements, some 
of the atoms encountered could not endure the 
intense forces to which they were subjected, and so 
suffered disintegration, with an accompanying 
ejection of protons moving at very high speeds. 
At least twelve of the elements could thus be trans- 
formed by the impact of these active projectiles. 

He proposed to start from the beginning of things, 
and to show how the information we now possessed 
has been acquired. Much was due to Sir William 
Bragg, although the latter had now abandoned this 
study for what the speaker must hold to be a 
side track. The primary discovery was made by 


see if these behaved in the same way as X-rays. 
To this end some relatively simple experiments 
were made. He measured the current which 
passed between two opposing surfaces, one of which 
was covered by a layer of uranium oxide. Thin 
foils were introduced into the interspace, and it 
was then apparent that if the rays were analogous 
to X-rays some of them must be of a very soft 
type, being stopped by a sheet of paper, another 
type were stopped by a thin metal foil, whilst a 
third type was also present which got through this. 
The first of the above types had great powers of 
ionisation, and he called these a-rays. The second 
more penetrating type, but with less ionising power, 
he called 8-rays, whilst the residue were dubbed 
y-rays. At that date he had not the faintest 
notion of what the rays really were. Becquerel 
inclined to the opinion that they were akin to 
ultra-violet light, and some experiments by 
Madame Curie tended to support this. When 
later on radium became available, it was soon 
found that the B-rays were simply cathode particles 
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or electrons of exceptionally high speed, whilst 
various considerations led us to suppose that the 
y-Tays were X-rays of great penetrating power. It 
was also discovered that the a-rays were material 
particles moving at some 10,000 miles per second, 
and that each was a heljum atom carrying two 
positive charges—that is to say, the helium nucleus. 

To illustrate the great ionising powers of the 


| a-rays the speaker employed a “ kicking ”’ electro- 
| meter. 


This consisted, he said, of a gold leaf 
suspended parallel to a charged plate, and having 
at its lower end a very fine wire projecting towards. 
the plate. When the electroscope was charged 
the leaf diverged from the plate, but fell in as. 
it lost its charge, until finally the tip of the wire 
touched the plate, thus instantly recharging the 
leaf, which accordingly moved away again from 
the plate. The number of “kicks” made by the 
gold leaf per minute measured the rate of discharge, 
and when a source of a-rays was brought near the 
instrument the rapidity of the kicks measured the 
intensity of the ionisation produced. By introduc- 
ing sheets of different materials between the source 
and the electroscope we could show how easily the: 
a-Tays were stopped. 

It had been usual to illustrate these effects by 
using an electroscope or electrometer. The speaker 
had once brought an electrometer into that lecture 
room, but never again. On that occasion the insu- 
lation was rapidly destroyed by a film of moisture 
which deposited on it during the lecture. 

Mr. Williams had, however, now devised 2 
method of magnifying by one million the current 
resulting from the ionisation of a gas by the 
a particles. His arrangement was shown diagram- 
matically in Fig. 1, and consisted, as would be 
seen, of a modification of the Wheatstone bridge. 
Valves X, and X, were interpolated in two of the 
arms as shown, and there were adjustable resistances 





Becquerel, who showed that uranium was radio- 
active, and proved that the rays emitted would 
effect a photographic plate, ionise the gases through 
which they passed, and discharge an electroscope. 
A little later Madame Curie began her work on the 
isolation of the radio-active principles, and she 
obtained an impure sample of radium in 1899. 
When at Cambridge in 1897-98 the speaker 
thought it would be of interest to examine the 


in the other arms. If X, and X, denoted the 
respective impedances of the two valves, and 
R, and R, the two resistances in the other arms, 
whilst 7, and 7, denoted the currents in the left- 
hand arms, then for balance we had to arrange 
matters so that 
Xi. Bi 4 
X2 ~ Re ~ ig 





discharging power of the uranium rays, and to 


If an ionising current passed, the balance was 
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destroyed, and the corresponding change of voltage 
“y” gave rise to a current through the galvano- 
meter which was equal to 


wv 
x 
where y denoted the 
factor.” 

By using this arrangement it was possible to 
magnify ionisation currents by a million, and thus 
perform experiments which he had never thought 
it"would have been practicable to do at a lecture. 

The a particle moved at so high a speed that it 
plunged through the atoms of any matter encoun- 
tered in its path. A peculiarity discovered by 
Bragg was that the particles had a perfectly definite 
range. This could be proved in a variety of ways. 
One method due to Wilson, was illustrated by Fig. 2, 
which had not previously been published. Wilson 
had found that ionised molecules acted as centres 
of condensation for moisture in supersaturated air. 
and was thus able to show the tracks of a particles 
by photographing the droplets which condensed. 
on the ionised molecules they left along their paths. 
These tracks turned jout to be nearly straight and 
of uniform length. The photograph showed, 
however, that in this particular case two types of 
a particles were present, since some of the fan of 
rays were only about half as long as the others. 
The source in this case was thorium C., and the 
range of the two types of rays were 8-6 cm. and 
5 em., respectively. In each case the ionisation 
ceased quite suddenly. There were other ways of 
illustrating this peculiarity, viz., by the phosphores- 
cent effects produced on a zinc sulphide screen, on 
which each impact of an individual a particle gave 
rise to a flash of light. 

As already mentioned, it was Bragg who first 
proved that the rays had a definite range. In 
1903 he was president of the Australian Association 
for the Advancement of Science, and looking round 
for a subject for his presidential address, it occurred 
to him that there was a misunderstanding as to the 
way in which rays were absorbed. Leonard had 
proved that cathode rays could pass through a 
thin sheet of metal foil, and that when his apparatus 
was surrounded by a vacuum, these rays produced 
a general phosphorescent -glow. He supposed that 
the cathode rays were scattered in the same way as 
light, and that their intensity would diminish with 
distance according to an exponential law. Some 
effect of this kind did, in fact, exist, but Bragg 
thought that as the a rays were 7,000 times as 
massive as the electrons, they would not be 
scattered in the same way, but should follow 
practically straight paths, and then, when their 
speed was reduced to some perfectly definite 
but hitherto unknown limit, their ionising powers 
should abruptly cease. Some isolated experiments 
of Irene Curie gave some support to this view, but 
Bragg gave the theory thate the particles should 
move in straight lines and then suddenly “ go out.” 
This was now known to be true. Bragg accor- 
dingly began to test the absorption of a rays by 
matter, using radium as the source of his rays. A 
fine cone of these was allowed to impinge on a plate 
connected to an electroscope, and the distance of 
this plate from the source could be varied by definite 
amounts. 

He found that the amount of ionisation pro- 
duced varied with the distance in the way repre- 
sented in Fig. 3. It appeared therefore that there 
were four different kinds of a particles present. 
These it was now known were due respectively to 
Radium C, Radium A the Emanation, and to 
radium itself. Those from Radium C. lost their 
ionising powers when the distance from the source 
was about 7 cm., and the other breaks in the curve 
showed the maximum ranges attained by the a 
particles emitted from the other bodies present. 

Since that time this question of the maximum 
range of a particles had been studied with great care. 
A typical curve showing how the ionisation varied 
with the distance from the source was shown in 
Fig. 4. From this it would be seen that as the 
target was moved further and further away from 
the source, the ionisation steadily increased up to a 
certain maximum, and then fell abruptly to zero. 
This abrupt descent always terminated in a little 
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tail, the curve turning round at the foot, so as to be 
nearly tangential to the horizontal axis. The actual 
termination was in fact, quite indefinite, a pheno- 
menon which was related to the mathematical theory 
of probability, as there was an infinitely small chance 
that some individual a particle might have no 
encounters with molecules on its passage through a 
gas, and might thus have an indefinite range. 

What was now given as the range of these particles 
was known as the “ extrapolated ” range and was, 
as indicated in Fig. 5 determined by drawing a 
tangent to the flat part of the descending curve. 
The “ extrapolated range ’’ was fixed by the point 
at which this line cut the horizontal axis. 

It was of great importance to fix this with the 
utmost accuracy. In the earlier experiments a 
probable error of 2 mm. was admitted, but to-day 
an accuracy of | in 1,000 was aimed at, since it 
was possible when the range was known, to deduce 
from it the velocity of the a particles. Since 
this range depended on the number of molecules 
encountered, observations made with gases had to 
be reduced to standard temperatures and pressure. 
The range also depended on the nature of the gas, 
heavy molecules having greater stopping powers 
than lighter ones. 

The stopping power of different bodies was 
expressed as equivalent to so many centimetres of 
air. It was found, however, that the stopping 
power of a sheet of metal was relatively greater 
if it were placed near the source than if near the 
target. In the latter case the impacting particles 
had already had their speed reduced by previous 
encounters with air molecules. 

It followed, therefore, that stopping power was 
a function of the speed of the particles, and that 
metals were relatively to air, more opaque to high 
speed particles, than to those moving with more 
moderate velocities. In testing the stopping power 
of metals, the thickness of the screens used was 
adjusted so that, in passing through them the a 
particles encountered in each case the same number 
of molecules. 





THE FLOOD PROTECTION WORKS OF 

THE MIAMI VALLEY, OHIO, U.S.A. 

By E. W. Lanz, M.Am.Soc.C.E. 
(Continued from page 351.) 

Flow in Open Channels.—The design of the flood- 
prevention works of the Miami Valley was based 
to a large extent on the measurements of run-offs 
of the 1913 flood. In the determination of these 
it was necessary to use a formula for the flow 
of water in open channels. A formula was also 
necessary in the design of the improved channels 
at all of the eight cities and towns. In order to 
test the accuracy of the Ganguilette-Kutter formula 
which was used throughout, a very thorough 
investigation was made of the subject using (1) 
many new experiments made with great accuracy 
for this purpose; (2) the results of unpublished 
measurements made by other organisations; and 
(3) the extensive published records of the work of 
previous investigators. 

Although the amount of experimental work 
probably does not equal that of Bazin, the results of 
all his measurements were available and were studied 
in detail, and the great amount of information 
derived since his paper was published was also 
used. The detail in which the results were studied 
had never before been so extensive, and it may be 
said to be the most therough investigation of the 
flow in open channels ever undertaken.* 

Inall, about fifty formule for flow were considered. 
These included formule of the general type of those 
of Ganguilette and Kutter and Bazin, exponential 
forms, and several in which the flow is assumed to 
be independent of the roughness of the perimeter. 
Since the two forms of most prominence in America 
at that time were that of Ganguilette and Kutter, 
commonly known as the Kutter formula, and that of 
Bazin, they were considered most in detail. These 
formule are very similar, both having started from 
the same fundamental form. The important 
difference is that the Kutter formula assumes that 








Ivan E. 


* Calculation of the Flow in Open Channels. 
j Conservancy District, Pechnical Report, 
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Cin the Chezy form V = C/RS varies not only with 
the hydraulic radius and the roughness of the channel 
but also with the slope, while the Bazin form assumes 
C to vary only with the hydraulic radius and the 
roughness. The variation of C with S in the Kutter 
formula was included to make it agree with measure- 
ments on the Mississippi River. The accuracy of 
these observations has been questioned by Bazin 
and others and they were, therefore, studied in great 
detail as were also later results of more accurate 
measurements. From the study of these and other 
experiments on flow at very flat slopes, it was con- 
cluded that although the experiments on which the 
Kutter formula were based were not of a high 
degree of accuracy, the preponderance of evidence 
is that C does vary with 8S. One disadvantage of 
the Kutter formula is its complicated form, but this 
is not important as many tables and diagrams are 
available. As a result of this thorough study, it 
was concluded that there was no question that the 
Kutter formula is the best for open channels at the 
present time, although it would be advisable to 
replace some of the clumsy coefficients in the 
English units form with roynd numbers and, when 
more data becomes available, correct the slope 
relation previously mentioned. 

The Bazin formula was found to be inferior to 
that of Kutter. The Manning formula in the form 
in which it is now being used in America, V= 
1-49 + naR°-§7 §0-50, although believed to be satis- 
factory over a limited range of conditions, was not 
recommended for general use. Of the exponential 
formule, that proposed by Williams, V = CR°-§7 §0-5¢, 
was regarded as the best. It will be noted that this 
is similar to the Manning form. None of the 
formule neglecting the roughness of the channel 
was found to possess sufficient merit to warrant 
their use. 

Dissipation of the Energy of the Discharge from the 
Retarding Basins.—One of the greatest problems 
requiring solution was so to design the retarding 
basin dams that the great energy in the water as it 
is discharged through the outlet conduits would 
do no injury to the dams themselves or to the 
property below them. The magnitude of this 
problem can be realised, since if the basins should 
ever be filled the outflow from a single basin could 
produce over 250,000 h.p. It was necessary to 
dissipate this energy without seriously eroding the 
gravel river bed or attacking the earth dams. 

To study this problem a hydraulic laboratory was 
built, with a 14-in. centrifugal pump, Venturi meter 
and experimental channel. The pump had a capa- 
city of about 10 second -feet and the models were 
made to a 1/16 scale of the proposals for the German- 
town Dam. A number of methods of dissipating 
the energy were tried. One of the first was that of 
baffle piers just below the conduit openings, but the 
results were not satisfactory. One of the greatest 
disadvantages was that slightly different conditions 
in the channel introduced very different motions of 
the water and it was impossible to predict what 
results a slight change would produce. It was, 
therefore, unsafe to attempt to predetermine the 
result of the action of the actual outlets from the 
results obtained by models. 

Another method investigated was to deflect 
the water upward into the air and let it fall into a 
deep pool. This would have involved expensive 
pool construction and extensive provision against 
splashing. The advisability of using this form 
without a knowledge of the laws of friction in 
passing through the air was questioned. A model 
was also experimented with, formed to introduce 
horizontal eddies, but its use at the dams would 
have been very expensive, and it was uncertain in 
its action. The possibility of discharging the stream 
from the conduits into a large pool which sub- 
merged the conduit outlets was investigated. This 
was found to be unsatisfactory as the velocities from 
the outlets proved very persistent and extended 
long distances down the pool. 

During the investigations above mentioned, 
partly by accident, it was noted that under certain 
conditions a hydraulic jump was formed which 
seemed to dissipate a large amount of the energy 
of the flowing water. As there was disagreement 
among authorities on the laws governing this 
phenomenon, observations were made on it. The 
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results of these observations proved so successful 
that further efforts were confined to determining 
its laws and the best method of applying it to the 
conditions found at the dams. It was found that 
the stream from the conduits should first be caused 
to spread out in a flat sheet, by widening the side 
walls downstream from the ends of the conduits. 
After the water has spread somewhat the bottom 


Fig.37. ElL837-0) 






























Seat for Spitlvay Bridge. 


principal dimensions of the largest of the stilling | these results, together with a detailed description 
basins. Fig. 39 is reproduced from a photograph | of the experiments on the various forms of outlets 
of one of the smaller ones constructed. are given in one of the technical reports of the Miami 
The Hydraulic Jump.—The experiments on the| Conservancy District.* With the aid of the law 
hydraulic jump before referred to are further | of the hydraulic jump it was found that the position 
confirmation of those of Gibson and others estab- | of the jump in the experimental pool could be accu- 
lishing the law governing this phenomenon on the | rately computed, and the applicability of small 
basis of Newton’s law of momentum. scale experiments to full size structures made more 
sure. An investigation was also made of what takes 








place within the hydraulic jump itself which shows 

face on CLA the importance of the entrained air in its formation. 

Top of original Ground. Sur — Investigation of Dams and Dam Sites.—As soon 

ss Side Walls,E1.7840%——— Apres: Surf. Cinginnatign as the use of retarding basins began to be considered 











as a possible solution of the flood problem of the 











Miami Valley, an investigation was made of the 
possible dam sites. This involved an extensive 
programme of borings. The borings through earth 
and some of the rock drillings were made with the 
usual well drilling apparatus. When the sites of 
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Total Length of Concrete Structure 


the dams were finally determined, the rock founda- 
tions were carefully investigated, and rock cores 
secured by means of a shot drill. 

The borings soon showed that the depth of bed- 
rock in the centre of the valley was too deep to make 
a masonry dam practicable. Studies were then 
begun on earth dams. Particular attention was 
paid to the failures of earth dams and their causes, 
since much opposition to the flood control scheme 
centred around the safety of the dams and it was 
necessary to meet this objection with assurances of 
safety, based on a knowledge of the causes of past 
failures. The hydraulic fill method seemed likely 
to be advantageous under Miami Valley conditions. 
The character and quantity of earth available for the 
construction of the dams was also carefully studied. 
| For the outlet works it was, of course, necessary 
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is depressed into a deep pool. This causes the jump | The formula is 


to form a short distance below the mouth of the 
conduits and at nearly the same place under all 


HypRAUvULIC JUMP AND STILLING PooL; Lockineton Dam. 


to use masonry, and for masonry structures in 
America, the use of concrete is almost universal. 


2D, V2 ‘ 
hi The available concrete aggregate was carefully 
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conditions of discharge, allowing the use of a much 
shorter and less expensive structure. Below the 
Pool are one or more cross weirs which equalize 
the slight irregularities which occur when more than 
one conduit is used. It was found that roughening 
the floor increased the friction, thus reducing the 
Velocity and reducing the work required of the 
jump. The pool was divided into two parts by a 
wall which permits one side to be pumped out for 
Tepairs during low water periods, the flow of the 
tiver being taken care of through the other side. 
Figs. 37 and 38 give a plan and section with the 








where D, = the depth above the jump, D, = the 
depth below the jump, V, = the velocity above the 
jump and g = the acceleration of gravity. This 
formula is usually ascribed to Professor Unwin, 
but it was developed as early as 1838 by Belanger, 
a Frenchman. The results of experiments on the 
jump made by the Miami Conservancy District and 
others are shown in Fig. 40, H, being the velocity 
head above the jump = V?,/2g. The close agree- 
ment with the curves proves the applicability of 





the momentum theory. The numerical values of 





tested for permanency as well as strength. In all 
cases river gravel of suitable quality and gradation 
was found, usually near at hand. The borings 
showed that at all the dams outlet works could be 
founded on bed rock. At most of the dams this 
consisted of thin horizontal layers of limestone, in 
some layers approaching shale in character. The 
rock was reasonably impervious and had ample 
bearing capacity. The danger of sliding was 





* The Hydraulic Jump as a Means of Dissipating 
Energy. R.M. Riegel and J. C. Beebe, Miami Conservancy 
District, Technical Report, Part III, 
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insignificant, since, where a spillway section was 
necessary, it was short and flanked by massive end 
walls which added greatly to the stability. 

Legal Phases and Public Relations.—The design 
and construction of the flood prevention works were 
not the only problems. In many ways those which 
had to do with the relations with the public were 
more difficult. 

When it was found that the economical method of 
protecting against future floods was to treat the 
whole valley as unit, it was evident that no legal 
machinery was available under which the work could 
be carried out. The State of Ohio, which, in the 
federal form of government of the United States, has 
control of such public activities within its boun- 
daries, through its legislature, enacted a law drawn 
up to cover this situation, but of broad enough appli- 
cation for a wide field of public works of similar 
character. 

This Conservancy Law of Ohio, which has since 
been copied by other States, provides that, for the 
purpose of preventing floods, regulating streams, 
reclaiming wet or overflowed lands, or providing 
irrigation, a petition to form a conservancy district 
may be presented by property owners to the common 
pleas court of any country within which part of the 
proposed district lies. After proper advertisement 
of this petition in the newspapers, a hearing is held 
before a court composed of the common pleas judges 
of all the counties touched by the proposed conser- 
vancy district. If this conservancy court decides 
the organisation proper, it declares the district 
formed and appoints a board of directors to manage 
it, who, in turn employ engineers, attorneys and 
other assistants. A plan for the improvements 
is prepared by the engineers, and, upon acceptance 
by the board of directors, is subject to a public hearing 
before the conservancy court. If approved by the 
court, appraisal of benefits and damages to all 
properties affected is made. A hearing on the 
appraisals is held by the conservancy court and if 
approved, bonds for the construction work can be 
sold. Appeals by property owners from the appraisal, 
as approved by the court, may be had before a jury 
in the county in which the property is located. 

The work is financed by three funds :—(1) A small 
preliminary fund assessed on all property within 
the district, to defray the cost of preparing the 
plans; (2) A fund for the construction provided by 
the assessments on the benefitted property, and 
usually arranged for by a bond issued redeemed by 
taxes; (3) a fund for maintenance derived from 
special assessment levied annually. 

The formation of the Miami Conservancy District 
was not accomplished until January, 1915, nearly 
two years after the flood, and more than a year 
after the passage of the Conservancy Law. This 
was due to the opposition to the Law and the 
necessity of decisions from higher courts to estab- 
lish its validity before proceeding. A large part of 
the opposition naturally came from the people 
whose lands were in the proposed conservancy 
basins and were taken by rights of eminent domain 
conferred by the Law. Much of the opposition, 
however, came from people influenced by politicians. 
This opposition was overcome by an extensive 
campaign, putting forth the real facts of the case. 
When these were made known, many of the strongest 
opponents became in favour of the project. Great 
efforts were needed to prevent the repeal of the 
Conservancy Act, while at the hearing of the 
Conservancy Court, many of the ablest American 
engineers testified in support of the improvement 
plan. This hearing ran continuously for over 
seven weeks and ended in a great victory for the 
scheme. 

The Conservancy Law provides that the cost of 
construction work shall be paid for by assessments 
on the property benefitted. It also provides that 
any price of property which is taken or damaged 
must be paid in full before construction affecting 
that property can be undertaken. The appraisal 
of the benefits and damages involved about 65,000 
pieces of property with 40,000 owners, and occupied 
about two years. 

Damages were, in general, of two kinds: that 
due to channel improvements, and to flooding in 
retarding basins. Those due to channel improve- 


ments were generally in the cities, and were little 


different from those usually encountered in public 
improvements. As far as possible, the owners of 
the land within the retarding basins were given the 
preference of selling the land or granting a flood 
easement. The principal factors in the value of the 
easement were the value of the property affected 
and the frequency, duration, depth and season of 
flooding with the dam built, as compared with the 
original flooding conditions. Detailed estimates 
were made of the probable future flooding conditions 


the construction work. This. had several advan. 
tages, since the water of the district was hard, and 
there was difficulty in securing coal during the war, 
The Miami Valley was fortunate in having a sood 
supply of electric power, and where high-tension 
lines did not already exist, leading to the various 
construction points, they were installed. All were 
operated on three-phase 60-cycle, 33,000-volt 
current. No serious shutdowns resulted from 
lack of power, and wherever comparison could be 





at each elevation in all the basins. Considerations of 


Fig. 40. 
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safety of the basin outlets demanded that no build- 
ings be allowed in the basins much below the spill- 
way level. Homes and other buildings were, there- 
fore, moved to adjacent high land, from which the 
valley farms could be worked. 

The benefits assessed against any piece of property 
depended on the value of the property, the degree 
of protection needed and the protection provided. 
Some cases needed individual consideration, such as 
municipal or public utilities properties. | Others 
could be classified into groups to which uniform laws 
were applicable. The latter were of two kinds, city 
lots and county lands. Each of these was further 
subdivided into classes according to the depth of 
past flooding, degree of protection offered, nature 
of the use of the property, danger of swift currents, 
and liability to be surrounded by deep flooding. 
The property receiving the highest degree of protec- 
tion was assessed for benefits of about 30 per cent. 
of its value and the cost of the work was about 
40 per cent. of the benefits, or about 12 per cent. of 
the property value. When this great task was 
completed and submitted to the Conservancy Court 
for hearings, its thoroughness and fairness was 
attested by the fact that, in spite of the opposition 
to the project as a whole, exceptions were taken to 
the appraisals in only 3 per cent. of the cases. 

Construction of the Flood Prevention System.—The 
final legal obstacles in the way of the construction 
of the flood prevention works were removed in the 
late summer of 1917, over four years after the 
flood. Contracts were immediately advertised, and 
bids were received in November of that year, but 
on account of the uncertainty of the labour and 
material market due to the war conditions, these 
were not satisfactory, and practically all the work 
was therefore done by the District forces. 

Headquarters were located at Dayton, which is 
about the centre of the valley, and division offices 
were placed at each of the dams and at the principal 
channel improvements. At the headquarters office 
were the general engineering and designing force, 
purchasing agent, auditing and paymaster’s depart- 
ment, machine and repair shop and central garage. 
At each of the dams an extensive model camp 
was constructed ; although temporary, these villages 
were provided with frame houses of pleasing appear- 
ance, streets, water and sewage system, stores, 
meeting house and school. These camps were 
expensive to build and maintain, but with them it 
was possible to secure and keep a high class of men, 
thereby justifying the increased expenditure. 








Electric power was used wherever possible in 








made between the cost of steam and electrically. 


DIAGRAM SHOWING AGREEMENT OF EXPERIMENTS WITH MOMENTUM FORMULA. 
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operated machinery, the electrical machines proved 
more economical. They were always preferred by 
the operators on account of their greater conven- 
ience, cleanliness and comfort. 


(To be continued.) 





THE INSTITUTION OF CHEMICAL 
ENGINEERS. 
(Concluded from page 364.) 


RUBBER AS A CONSTRUCTIONAL MATERIAL FOR 
CHEMICAL ENGINEERING. 


Discussine the ‘properties of rubber Mr. B. D. 
Porritt, of the Research Association of British 
Rubber and Tyre Manufacturers, pointed out, in 
a paper he presented, that caoutchouc, the 
essential constituent of rubber, and also of gutta- 
percha and balata, was a colloid or mixture of 
colloids of the empirical formula C,H,, probably 
built up from many isoprene nuclei. As an unsatu- 
rated hydrocarbon it was readily attacked by 
chlorine and bromine; this property was utilised 
by S. J. Peachey for the manufacture of a highly- 
resistant varnish, duroprene. Unfortunately, pure 
rubber was also readily oxidised by exposure to air. 
The resins, proteins and sugars present in rubber 
were useful, both for checking the oxidation and 
as facilitating the vulcanisation. But compounds 
of some metals, especially copper and manganese, 
had an injurious catalytic effect, and contact 
between rubber and copper and its alloys should 
carefully be avoided by tinning the metal. Gutta- 
percha and balata used in the raw state, partly 
extracted, were tough leathery materials, with 
little elasticity ; but they turned plastic when heated 
and returned to their original condition for cooling. 
Raw rubber turned tacky on heating, and was not 
restored to its original condition on cooling, so that 
it could not be reduced to thin sheets or moulded 
without impairing its strength. 

The modern rubber industry was based upon the 
discoveries of rubber milling and mastification, 
compounding and vulcanisation. Milling between 
steel rollers made the rubber adhesive and plastic ; 
but the adhesiveness was lost by vulcanisation, so 
that firm attachment could only be secured before 
vulcanisation. For vulcanisation, rubber hose was 
wrapped with cloth and exposed to live steam, and 
acid-tank lining might be vulcanised in situ with the 
aid of boiling water. The mechanism of vulcanisa- 
tion was still a mystery, and as it was not understood 
why there was an optimum time of curing, before 
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and after which the strength was lower, it was 
customary to apply curing for less than the optimum 
time. At the breaking-point, vulcanised rubber 
specimens might show an elongation of 1,000 per 
cent., and sustain a load of 200 kg. per square 
centimetre. Where high extensibility and com- 
pressibility were not essential, almost any prac- 
tical requirement could be met by compounding 
the rubber with pigments, fillers and reinforcing 
ingredients. Barytes fillers made the rubber 
unsuitable for severe deformation; the softest 
black rubber was prepared with carbon black, 
not lamp black. Zinc oxide, magnesia and clay, 
in very fine distribution, also made rubber not 
liable to tear and cut, whilst crystalline materials 
gave rise to a grain and to a tendency to tear in 
certain directions. Rubber coatings made belting 
resist alkalis, acid and fumes, and ebonite fittings 
were utilised in pumps, cocks, valves. For tank 
linings and many other purposes the electrolytic 
deposition of latex films seemed to be full of 
promise. Rubber was attacked by the halogens, 
and also by ozone and nitric acid, and was slowly 
carbonised by concentrated sulphuric acid. On the 
other hand, soft rubber, particularly the black con- 
taining carbon in the finest sub-division, withstood 
abrasion well, and was used for gloves in sand- 
blasting, and as a lining material for ball mills and 
conveyors. Methods for obtaining uniform coatings 
had still to be developed. The quality of rubber 
goods did not primarily depend upon the rubber 
percentage. 

Opening the discussion, Mr. Norman Swindon 
said that he used a heating tool in lining tanks for 
hydrochloric acid, although that practice was taboo 
to rubber manufacturers. Mr. W. Cullen doubted 
whether the rubber linings for mills would answer 
for any but easily ground materials, and Mr. F. H. 
Carr, commented upon the variable quality of rubber 
instruments. This point was further emphasised by 
Dr. H. E. Watson, who, working in Bangalore, India, 
had found rubber tubing sometimes to last twenty 
years, but usually only about six months ; generally 
the rubber became hard and useless by cementing 
with the glass. Professor J. W. Hinchley, mentioned 
that the sun had ruined his motor-car tyres in Siam 
in 1915 until he filled them with water; mois- 
ture was good for rubber. Duroprene had been 
a useful varnish for laboratory apparatus and tools, 
making them impervious to gases, but it seemed 
sometimes to turn into a gelatinous solid. 


TEMPERATURE AND LIMITING CREEP STRESS OF 
METALS. 


Ina summary of his recent researches on “ The 
Effect of Temperature on Some of the Properties of 
Metals, with Particular Reference to the Limiting 
Creeping Stress,” Professor F. C. Lea pointed out 
that Armco iron was semi-plastic between 15 deg. 
and 400 deg. C., plastic between 800 deg. and 850 
deg., but became brittle about 900 deg., while 
aluminium alloys, though much weaker and more 
liable to deformation than cast-iron, had replaced 
the latter as a material for pistons, because they 
were better heat conductors. less likely to be locally 
overheated. The conclusion, which he had drawn 
in 1924, was that there was at each temperature a 
particular stress, the limiting creep stress. at which 
ametal might become temporarily viscous and liable 
to deform under the continued stress ; below that 
stress, if continuously applied, the rate of creep 
might become zero, above it the material would 
finally fracture. 

One of the chief points brought out was that, 
beyond certain temperatures, the ultimate stress 
curve was affected to a considerable degree by the 
time of loading. In the case of Duralumin the load- 
stress curve had, at 400 deg. C., no straight portion, 
and creep took place at very low stress. A nickel- 
chromium alloy showed at 800 deg. a steady creep 
at_ the rate of 0-015 in. per 24 hours under a load of 
3 tons per square inch. As the load was increased 
to 4, 4} and 5 tons, the rate increased to 0-073, 
0-26 and 0-77 in., and the specimen broke under 
the last load within an hour. The limiting 
Creep stress seemed to be 2-4 tons per square 
inch, but that figure was uncertain, and the 
determination of the limiting creep stress, by 
Producing the curve until it cut the axis of stress 





was itself unreliable. For certain metals there 
might be no stretching even of the order of 0-001 in. 
for six months; yet the minimum stress observed 
might not be a real creep stress. Below 500 deg. 
C. there appeared to be no question of the limiting 
creep stress having a real value. At higher 
temperatures the alloys of nickel and chromium 
seemed to offer the only hope, and he had been 
testing alloy steels, heated in salt furnaces to 950 deg. 
to 1,000 deg. for several months, where cast-iron 
vessels would only last a few days. 

Dr. Lea also referred to torsional and repetition 
stresses and the determination of the modulus of 
elasticity and of rigidity by torsional oscillations. 
He illustrated his results, which we last noticed on 
page 242 of our issue of August 20, 1926, by lantern 
slides. One of these we reproduce in the annexed 
diagram, showing the limiting ranges of stress (+) 
for at least 10 million stress repetitions for three 
steels (a 0-14-carbon steel and two alloy steels of 
very similar composition), and superimposed curves 
of limiting creep stresses for steels with 0-75, 0-45, 


LIMITING CREEP STRESS 
& REPEATED STRESS CURVES. 


Breaking Stress,Tons perSq.In. 
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Half Stress Range,Tons per Sqn. 


% 100 200 300 400 500 600 700 800 
(27) * Temperature, Deg? Cent. 
Curve. C. Cr. Ni. Mn. Si. 8. ¥. 
0:30 0:60 3:5 0:4 0-17 0:02 0-02 
K, 0:35 0-60 3:25 — — — -- 
3 0-140 0-14 — — _ 68 0-19 0-040 0-045 
No. 1, 2 and 3, half range, repeated stress. Nos. 4, 5, 6 and 7, 
limiting creep stress, for 0-75, 0°45, 0-32 and 0-14 C, steels 
respectively. 
0-32, 0-14 per cent. C. It would be seen that the 
total range of repetition stress at 600 deg. C. might 
be from five to thirty times the limiting creep stress, 
and at a mean temperature of 500 deg. the range 
of stress (R) per 10,000,000 repetitions, was given by 
R = 31 — 1-25 Fm, Fm being the mean stress ; 
the maximum stress was more than 21 tons per 
square inch. At lower rates of repetition the 
range would, no doubt, be much less; he was 
investigating that. Very significant was the drop 
in strength beyond 350 or 400 deg., when the 
differences between the breaking stress in one 
hour and the limiting creep stress for steels might 
become very great. At stresses only a little greater 
than the limiting stress, the creep might be very 
slow and small over many days; yet it might 
increase if sufficient time were given, finally leading 
to rapid fracture. 


“ENGINEERING” 


THE Cross CRACKING PROCESS AND PLANT. 


In the last paper taken on March 11, Mr. F. Heron 
Rogers gave a great deal of interesting information on 
the cracking process and of the Cross cracking plant, 
of the Medway Oil Company on the Isle of Grain, 
Kent, which was constructed by Messrs. Rogers 
and Pettit, and formed the subject of an article 
in our issues of February 27 and March 13, 
1925. In the Cross process, he stated, cracking 
was effected in the liquid phase in order to reduce 
the fuel needed for external heating. As the average 
specific heat of oil vapour rose from 0-4 at 50 deg. F. 
to 0-8 at 850 deg. F., whilst the heat of vaporisation 
of the distillates at boiling point decreased even 
more markedly with rising temperature, this heat 
became almost negligible at high pressure, and 
cracking was more economical when carried on in 
the liquid phase by maintaining a sufficiently high 
pressure. Broadly 4 per cent. of fuel was required 
for cracking in the liquid phase against from 8 per 
cent. to 15 per cent. in the vapour phase or pressure 
distillation; part of the latter heat could, however, 
be recovered by means of heat exchangers. In the 
Medway plant the oil entered the control house 
under suction of the low-pressure pump, was forced 
by the high-pressure pump at 650 lb. per square 
inch to 700 lb. per square inch, into the heat ex- 








changer coil in the upper portion of the dephleg- 
meter tower, 60 ft. high, and through the line into 
the furnace coils, to be delivered at 850 deg. F. to 
900 deg. F. into the reaction chamber. This was a steel 
forging, 42} ft. long, of 3 ft. 2 in. internal diameter, 
and 4 in. wall thickness; theduplicate plant possessed 
two of these horizontal heavily insulated cylinders. 
In this chamber the cracking, started in the furnace 
coils, was continued for a time depending upon 
the opening of the sluice valve at the end of the 
cylinder, which regulated the rate of flow of the oil. 
From the chamber, the oil passed into the reboiler 
(or distiller) coil in the lower portion of the dephleg- 
mator, and into the evaporator tower and dephleg- 
mator itself as previously explained. 

Among the points to which Mr. Rogers drew 
attention was the ‘“’fraid” valve, which was 
inserted in the steaming-out line, immediately 
adjacent to the control house, in order to prevent 
dangerous pressure rises in the reaction chamber 
and system. It might happen, especially towards 
the end of a run, that the control valve, though in 
duplicate and fitted with mechanical cleaning 
devices, became clogged or jammed by grit or 
carbon, or that water was carried with the oil 
into the chamber, and set up pressures approaching 
the 2,000 lb. per square inch for which the tubes, 
etc., were tested. When the operator in the control 
house, watching the various indicators in front of 
him, saw a dangerous rise, he opened the ‘fraid 
valve ; this was fitted with a grooved wheel and 
a chain connected with an operating handle in 
the control house. The chamber and coils were 
then drained through the pressure relief pipe, which 
had to be very heavily anchored owing to the heavy 
vibrations. The ’fraid valve had occasionally been 
opened ; the release was accompanied by a terrific 
noise, and the gases ignited ; as the bulk of oil in 
the system at any time was relatively small, however, 
the loss was not great, and low-pressure steam was 
immediately turned on to prevent sagging of the fur- 
nace tubes, while the furnace burners were turned off. 
After a run of 150 hours or more, the chamber and 
tubes had to be cleared of coke, the tubes by means 
of pneumatic rattlers. Mr. Rogers further emphas- 
ised that the plant was designed for a predeter- 
mined spirit which had more than come up to its 
specification. All cracked spirits had a peculiar 
odour; theirs contained, in per cent.: naphthenes 
47, paraffins 22-7, aromatics 4-7, unsaturates 24-9, 
when made from Russian stock, and the compres- 
sion ratio in engines could be raised from 4-5 to 6 
without detonation. A straight run Rumanian oil 
spirit contained 53 per cent. of paraffins, which 
increased pre-detonation risks. Over 40 per cent. of 
the American gasoline was now cracked, and the 
British preference for small efficient engines would 
lead to an increased demand for cracked motor spirit 
and to the adoption of higher compression ratios. 





Tue S.S. ‘‘Irarmss.’’—Built by the S.A. des Chantier 
et Ateliers de St. Nazaire (Penhoét), for the Companhia 
Nacional de Navegacao Costeira, Rio de Janeiro, Brazil, 
the passenger steamer Itaimbé recently completed suc- 
cessful trials, and has been delivered to her owners. The 
vessel has a length of 390 ft., a beam of 52 ft., a depth of 
26 ft. 7 in., and a draught, when loaded, of 20 ft. The 
propelling machinery consists of twin-screw triple- 
expansion engines, having an aggregate horse-power of 
4,400, and capable of giving the vessel a speed of nearly 
15 knots. The Itaimbé will carry 270 passengers, and 
is intended for coastal service on the Atlantic coast of 
South America. Two further passenger vessels for the 
Compania Costeira, the Itahité and Itapagé, are at 
present under construction at the Penhoét shipyard of 
the Company. The last-named ship will be propelled by 
Diesel engines of the Burmeister and Wain type. 





CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE.— 
Described as @ catalogue of heavy and fine chemicals, 
raw material, machinery, plant and equipment applicable 
to the production industries, the third edition of the 
Chemical Engineering and Chemical Catalogue recently 
made its appearance. The book is intended to be a 
standard text book of reference for chemical, consult- 
ing, and contracting engineers, works managers, and 
others charged with the specification and purchase of 
plant, equipment and materials utilised in the manu- 
facture mainly of consumable products. The first 
portion of the book consists of an illustrated catalogue 
of chemical products, plant and engineering equipment, 
and the second portion comprises a classified trades 
directory, miscellaneous tables and data, and a list of 
technical and scientific books. The volume contains 
400 pages; it is edited by Dr. D. M. Newitt, A.R.C.S. 
and published by Mr. Leonard Hill, 173, Fleet-street, 
London, E.C.4. The annual subscription is 10s. 6d. 
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(Continued from page 314.) 


TueE South Works present somewhat of a contrast 
to those described in our first article, since they 
are laid out almost entirely on a continuous- 
production basis. They are comprised in a single 
building 480 ft. long by 184 ft. wide, as shown in 
Fig. 1, page 311 ante. As indicated in this figure, 
the factory is divided into two parts, the northern 
end containing a number of machine bays on each 
side of a central aisle, while the southern end is 
laid out in a similar way with a series of assembly 
bays for different types of pulley blocks or other 
small units. A photograph of the main aisle in 
the northern end of the building is reproduced in 
Fig. 15, Plate X XII, in which part of the drilling bay 
can be seen in the foreground on the left, and the 
commencement of the milling bay on the right. 
Typical examples of other bays are shown in 
Figs. 24 and 25, page 390, which illustrate the 
lathe and gear-cutting departments respectively. 
It will be noticed, in each of these figures, that the 
machines are group-driven from overhead shafting, 
an arrangement which is generally accepted as 
economical when the majority of the machines 
are in constant use. It is clearly out of the question 
to attempt any description of the numerous 
machines in use in this part of the works, nor 
would such a description be of any particular 
interest, as the machines do not differ from those 
in other modern factories. The same may be said 
to a great extent of the processes of manufacture 
and assembly employed, but mention may be 
made of one or two features of general interest. 

Practically the whole of the products handled 
in this part of the works are made up of a relatively 
small number of simple parts, and in this respect 
differ materially from a mechanism such as a 
motor-car engine with which the term continuous 
production is particularly associated. In the case 
of the engine, such parts as the cylinder block 
require a large number of successive machining 
operations, and, as the part is relatively heavy, 
it is customary to arrange the machines, regardless 
of type, to carry out the successive operations in 

















the most convenient manner. Again, in assembling 
the engine, the, work is so complicated that it | 
has been found advantageous to feed the various | 
parts to an appropriate point on an assembly | 
line, along which the unit is passed until it reaches | 
completion. These methods of machining and | 
assembly are, however, quite inappropriate to | 
such simpie products as a pulley block, and in| 
Messrs. Morris’s South Works the machines are | 
grouped according to type, and in the great majority | 
of cases the assembly is carried out completely | 
by one man. The blocks or other small products | 
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A typical assembly shop—in this case for worm-gear 
pulley blocks—is shown in Fig. 16, Plate X XII, 
while one of the inspection departments is shown 
in Fig. 18, Plate XXII. 

A complete overhead runway system links up 
the productive sections with one another, and 
with the various service departments, while, in 


are put through ‘the works in batches of, say,| addition, full overhead craneage is provided. As 


50 or 100 according to the demand. 


The castings | will be clear from the different illustrations, the 


or bar for each part to the number required are gangways in which the hand or battery trucks 
placed in suitable bins or trays in the stores, and | operate are of ample width, and extend right 


are then conveyed, to the bay in which the first 
operation is to be carried out, either by hand truck, 
battery truck, or overhead telpher. The bins or 
trays are arranged in a variety of ways to suit 
the particular part being dealt with, and the mode 
of conveyance also depends upon this factor. A 
typical example of a tray carried on a hand truck 
is shown in Fig. 27, page 390. As the first opera- 
tion on each part is completed, it is replaced in the 
bin or tray, and when the latter is again full it is 
passed on to another department for the next 
operation. Inspectior is either carried out between 
the operations, or when the part is completely 
machined, according to circumstances, and _ the 


group of finished parts is finally returned to the | 


stores. The parts are then re-issued to the appro- 
priate assembly shop, together with the necessary 
number of associated parts, and, after assembly, 
are passed through the inspection, testing, and 
painting departments, being finally forwarded to 
the despatch stores ready for delivery. The layout 
of the shop is actually such that raw material 
enters at one end and is in continuous progressive 
flow until the finished component parts are 
assembled, and ultimately form finished machines, | 
with very few, if any, retrograde movements. | 





| through the centre and all round the sides of the 
| productive sections, with suitable connections to 
| the service departments. 

| Among the shops in the South Works of which 
| no mention has yet been made are the press depart- 
|ment and the chain-making bay. The former lies 
|immediately to the south of the machine shops, 
| and contains a number of presses made by Messrs. 
| E. W. Bliss and Co. and Messrs. J. Rhodes. These 
|machines are used for removing the flash from 
| drop forgings, and for the considerable number of 
|stampings required for pulley-block side plates, 
}and soon. The chain-making bay is illustrated in 
| Fig. 17, Plate XXII, the machines visible in the illus- 
| tration being manufactured by the Thomson Elec- 
tric Welding Company, of Lynn, Massachusetts. 
At the southern extremity of the works are the 
chaining, testing and despatch departments for 
all types of pulley block. As practically every 
customer requires a different length of chain, 
the blocks are chained up as orders are received. 
The various sizes of chain are stored in bins, the 
loose end of the chain passing under a gravity- 
loaded cam which holds the slack in position, but 
allows the chain to be drawn out as required. 
Each chain is tested for pitch, being put through 





a mould foot by foot. The recesses in the mould 
correspond with each link in a correctly-pitched 
chain, so that any irregularity is at once detected. 
After being chained up, every block is tested for 
strength, free operation, and holding capacity 
of the brake. The load tests consist of a 50 per 
cent. overload, followed by the full normal load 
throughout the range of the block. Fig. 19, on this 
page, illustrates the method of testing employed. It 
will be noticed that the weight consists of a built- 
up frame with a row of fingers projecting from each 
side of the base. A series of weights housed in a pit 
are provided with a swinging shackle at each end. 
These shackles can be slipped over the fingers, 
thus enabling the load to be varied as required. 
The extra weights are added in pairs to retain 
the balance of the load, and, in the case shown, 
the built-up frame weighs 30 cwt., to which each 
additional pair of weights adds various loads to suit 
the range of capacities of the pulley blocks under 
test. The overhead frame, from which the block 
is suspended, is mounted on a trestle at each end 
carried on rollers, and can be run over a series of 
similar pits, each containing a different range of 
weights. 
The stores run along the side of the machine 
shops, and, as already explained, are used for 
both raw material and finished parts. The method 
of storage does not differ materially from that 
employed in other works. It has been mention 
that the raw material and finished parts are 
transported to and from the various bays partly 
by telpher, and the stores are provided with over- 
head rails running over the bins for this purpose- 
These rails are connected with a system extending 
through the whole of the works, the rails running 
over the central aisle between the machine shops 
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Fig. 21. 


being visible in Fig. 15. This overhead system is 
employed in preference to hand or battery trucks 
when the parts have to be conveyed for relatively 
long distances. In addition to the stores at machine 
shop level, there is also a store for larger parts in 
the basement. As will be observed in Fig. 26, 
page 390, the latter extends the whole length of the 
works, and in addition to the stores, provides 
accommodation for the workmen’s mess room. 
Elevators are employed for transferring materials 
from the basement to the main floor, two of these 
being shown in Figs. 20 to 23, annexed, and on 
page 382. The elevator illustrated above has been 
especially designed for handling bar stock. As will 


be clear from Figs. 20 and 21, it consists of two} 


chains bridged by a series of bars fitted with fingers. 
The stock is placed on an inclined table in the 
basement, and rolls to the back, where it is held by 
a stop at each end until it is picked up, one bar at 
a time, by the fingers. 











on ee a — eat | 


Lower Enp or Etevator ror HanpLine Bar STook. 


chain sprockets is carried in bearings which can be 
adjusted vertically, as shown in Fig. 21. The drive 
to the upper spindle is through worm gearing, as 
shown in Fig. 20. The tilting of the fingers to 
throw off the bar is effected by passing the chain 
over jockey pulleys, as shown in this figure. 
Miscellaneous material is handled in bins on an 
ordinary elevator. In this case, the transfer may 
be required in either direction, as finished parts may 
be stored in the basement, and forwarded to the 
assembly shops when required. The general con- 
struction of the elevator will be clear from Figs. 22 
and 23. The latter shows the feeding and delivery 
arrangements in the basement, and it will be noted 
that the bins are delivered on to the elevator trays 
from a gravity conveyor, down-coming bins passing 
out from the other side of the machine on to a fixed 
table. At the top, as shown in Fig. 22, there are 
four hinged arms which allow the bin to pass, 


When it reaches the main | after which they are swung over by the hand lever 


floor level, the fingers tilt and throw the bar off| shown in the foreground, and then form a platform 
on to a second inclined table, where the bars roll | at floor level, so that the bins can be run straight 


to the front and are picked up as required, either | off the trays. 


separately or in bunches. 


The feeding arrangements on the 


The spindle for the lower | other side of the elevator take the form of a fixed 





table, as at the bottom. The overhead runway is 
brought over the upper table, as shown in Fig. 22. 

In the yard adjacent to the South Works are the 
hardening shop, the pattern store and the ambulance 
station, as indicated in the plan, Fig. 1. 

Before leaving the South Works, some reference 
may be made to the carefully planned schedule 
system by means of which the work is controlled 
as it passes through the various shops. The system 
is based on the fact, already referred to, that the 
work handled is mainly of a repetition nature, 
the major portion being composed of standard 
stock units to form various combinations for 
lifting and moving machinery. The control is 
readily adjustable to suit all sales demands and 
fluctuations, the essential feature being that the 
raw material, work in progress, and finished 
machine stocks can be readily and accurately 
determined at any time, and adjusted to meet 
prevailing circumstances. The sales department 
works in close co-operation with those governing 
the progress of the work through the shops, such 
as the planning, purchasing and rate-fixing depart- 
ments; and by the use of standard material 
specifications, detailed operation books, tooling 
lists, and so on, batch work is effectively controlled 
without risk of either under or over stocking. 
Large progress control sheets are displayed in 
central positions, and these show every operation 
to be performed on each piece, and also the progress 
of such operations. The control sheets are used 
in conjunction with the job and process cards, 
the latter being issued to cover every single 
operation. While giving all necessary information 
pertaining to the job to be done, the job and process 
cards also act as a medium of passing the parts 
operated on forward to the process inspection 
department, which inspects all work after each 
operation. These cards indicate the subsequent 
operation to be performed, and can be used to keep 
the main control sheets up to date. They are finally 
passed on to the works cost department, where the 
necessary data are obtained from them for the 
payment-by-result system on which some 93 per 
cent. of Messrs. Morris’s employees work. 

The system of control covers the appropriation 
of all raw materials; the issuing of job cards, 
drawings, and material ; the control of time taken ; 
and inspection. The time employed as shown on 
the job cards is balanced daily against that shown 
on the main clock cards. The system also covers 
the movement of inspected work on to subsequent 
operations without delay, and in order of urgency, 
and provides an instant means of showing the 
position of all parts in progress. Further, it forms 
a basis for ascertaining the various machine-tool 
and general-plant loadings at any time, and covers 
the control of jigs, tools, gauges and special fixtures, 
so that these are always ready and in proper 
condition for use in advance of requirements. 
Proper co-ordination is, of course, necessary 
between the progress clerks and the various stores, 
tool room, and production foremen, and this is 
only possible by embodying the functions of each 
in a complete and harmonious system. The progress 
clerks provide up-to-date shortage sheets, by 
which a close approximation to automaticity of 
working is obtained, and idle time of either plant 
or labour is quickly apparent and is, therefore, 
readily reduced to a minimum. 

New lines of products are developed apart from 
the ordinary productive system, and involve no 
interruption of the productive schedules. Again, 
the tool-making department is equipped with a 
complete plant and is run entirely separately. 
This department, however, gives continuous expert 
service to the productive departments, apart 
from dealing with the special-purpose machines, 
fixtures, jigs, and small tools constantly in progress 
or repair. Profiting by long experience, the general 
tool stores is run as a separate department from 
the tool-making shop. All tools, jigs, and gauges 
are stored on a card-index system, and the tool 
stores is responsible for both issue and collection 
in the usual way, and for inspecting and issuing 
reports on the condition of all tackle used in the 
shops. It is also responsible for ensuring that tools 
are sharpened, and jigs or fixtures restored to 
good condition, before they are put away for future 
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use. A complete weekly clearance is made of all 
tools not in use by the operators. The limit-gauge 
system in general use throughout the works is also 
operated from the various tool stores. 

For all standardised work the drawings are 
varnished, mounted and framed, and are controlled 
by a departmental drawing store on a card-index 
system. For use in the machine shop and forge, 
the drawings are prepared on a component basis. 
All inspection departments report daily to the 
management on wasters, defective work or material, 
and general errors, so that decisions can be made 
promptly. The tool stores report in a similar | 
manner on damaged tools, gauges or jigs. Raw 
material and bought-out supplies are fully inspected | 
immediately on receipt, and physical and other | 
tests are made to check all such supplies against | 
specifications. 

It will be readily seen that the general system 
employed allows of not only raw material, but all 
parts in process or finished parts, being completely 
proved. It is therefore possible to issue sets 
of interchangeable parts which can be assembled | 
without any difficulty into the various combinations | 
of mechanism called for by the productive pro- | 
gramme, and for customers orders, right through | 
to the finished inspection and erection for overload 
tests. The South Works may be regarded as a} 
complete works in itself, being quite self-contained. | 
Although not described in the foregoing, men- | 
tion may here be made of a block repair depart- | 
ment, and of the paint shop with spraying plant. | 
Good lighting, both natural and artificial, obtains 
all over these works, which is well warmed by a) 
low-pressure steam system of heating, and proper | 
ventilation is provided for by easily-controllable 
lantern lights. Bubbling fountains are placed in | 
the gangways of the various bays and within easy 
reach of the employees, for whose convenience a | 
canteen and cloakroom exist as a separate portion 
of the main building. 

While the above description briefly outlines the 
system in use at the South Works, similar methods | 
and services obtain at the other sectional works 
of this company, comprising sectional toolrooms 
and toolstores, general stores, inspection, and 
despatch departments, the system providing a 
means of scheduled working, both on stock and 
customers orders, from the receipt of same to the 
finish, and assisting and to some extent necessitat- 
ing the keeping of time-completion estimates for all | 
work in hand. 


(To be continued.) 





STANDARDS OF LENGTH. 


IN our issue of January 7, last, page 19, we drew | 
attention to the fact that metrologists suspect that 
the British standard yard has, during the course of 
years, perceptibly altered in length. It is, of course, 
conceivable that it is the metre which has changed, 
but this is rendered highly unlikely by the fact that 
comparisons between this and various replicas | 
show no variation with lapse of time. It would, 
nevertheless, seem to be desirable to determine the 
length of the yard in terms of the wave length of the 
red line of the cadmium spectrum, which provides a 
standard which car be reproduced anywhere and | 
everywhere, and is, of course, absolutely free from | 
secular change. Messrs. Benoit, Fabry and Pent, | 
believe that their comparison between this wave | 
length and the length of the standard metre is | 
accurate to about one part in ten million. Appara- | 
tus for effecting such comparisons is made by | 
Messrs. Adam Hilger, and in our issue of October 13, | 
1924, page 491, we described plant for the purpose 
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Fie. 23. 


adopted, it would be possible to check, by means of 


stated, supplied by them to the Japanese Govern- | the Hilger apparatus, existing standard yards, or to 


ment. 

Whilst it may be well to make a similar 
comparison between this wave length and the 
standard yard, in order to determine definitely 


whether or not the alloy used is subject to growth | 


with time, it would perhaps, on the whole, be better 
policy to adopt the suggestion made by Mr. H. W. 
Bearce, of the Bureau of Standards, Washington, 
and redefine the standard yard, so that one inch is 
exactly 2-4 cm. As matters stand, the American 
legal inch is 25-40005 mm., whilst the legal English 
inch is 25-39998 mm. Were Mr. Bearce’s suggestion 


reproduce new standards in any country without 
| the need for direct or indirect comparison with the 
| original standard. 


| 
| 
| 





Litte INTERNATIONAL Farr.—The third annual com- 
mercial and international fair will be opened at Lille, 
France, to-day, extending to the 18th inst. The exhibits 
are divided into three main sections, namely, textile and 
metallurgical industries, agricultural industries, and 
colonial produce. Full particulars regarding the fair may 
be obtained from the secretary of the management com- 
mittee, 73, Rue Faidherbe, Lille, France. An office has 
also been opened at 90, Faubourg Saint-Martin, Paris, to 
which enquiries may be addressed. 
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A New ANGLO-FRENCH SUBMARINE TELEPHONE 
CaBie.—Facilities for trans-continental telephone traffic 
have been increased by the laying on the 16th inst. of @ 
new cable across the English Channel between Sandgate on 
the English side and Audresselles on the French coast. 
The cable is of the paper-insulated lead-covered type 
with 14 pairs of conductors, and has the advantage o! = 
electrostatic capacity and low leakance which are the 
essential characteristics for efficient speech transmission. 
The cable is 234 nautical miles in length, is about 2-0 1. 
in overall diameter and weighs 623 tons. It was “eo 
factured and laid by Messrs. Siemens Brothers and 
Company, Limited, of Woolwich, and was laid = “ 
length without making a joint at sea. This is the hin 
cable of its kind to be laid by Messrs. Siemens ge 
previous work of a similar nature carried out by t . 
company including the Anglo-Dutch cable of 1924, an 
the Anglo-Belgian cable laid last year. 
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100-TON PRECISION CRUSHING MACHINE. 


MR. A. MACKLOW-SMITH, ENGINEER, WESTMINSTER. 
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PLAN SHOWING POSITION OF PIPING. 
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100-TON PRECISION CRUSHING 
MACHINE. 


THE employment of hydraulic’pressure as a means 
of applying the load in testing machines possesses 
marked advantages from the point of view of sim- 
Plicity of design, particularly when the pressure is 
taken as a measure of the load. In such a case the 
hecessity of fitting a poise arm capable of measuring 
the full load is avoided, with a very marked reduc- 
tion in the size and cost of the machine. Many 
machines of this type are simply fitted with a pres- 
sure gauge as a means of indicating the load, but such 
Instruments cannot be relied upon to give accurate 
readings, and a further error is introduced by the 
friction between the ram plunger and its packing. 
That these defects can be successfully overcome, how- 
ever, is demonstrated by the machine illustrated in 
Figs. 1 to 5, above. This machine, which has been 
designed and constructed by Mr. A. Macklow-Smith, 
Queen Anne’s Chambers, Westminster, S.W.1, is in- 
stalled in the cement-testing laboratory of the Depart- 
ment of Overseas Trade in the Imperial Institute, and 
18 used by the Department for Government tests on 
British cements for shipment abroad, and also testing 
the quality of cement samples submitted for test by 
firms in the Dominions. 

A general view of the machine is given in Fig. 1, 
from which it will be seen that it consists of two essen- 
tial parts, namely, a weighing table, which is also utilised 
48 a base for the pump, and a hydraulic press. The 
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specimen is’placed on the platen constituting the ram 
head of the press, and the upper platen is then screwed 
down until it makes contact with the top surface of the 
test-piece. The upper and lower surfaces of the latter 
must be ground truly flat, or alternatively, a layer of 
cardboard or other suitable material may be inserted 
above and below the specimen. In the machine illus- 
trated, the press is operated by oil supplied by a Hele- 
Shaw Beacham motor-driven pump, but alternatively, 
the oil supply may be obtained from an accumulator. 
The load on the ram is measured hydrostatically. There 
is a small hydraulic cylinder mounted vertically on the 
end of the weighing table, and this cylinder is fed by 
the pump in common with the press. The piston of 
the small cylinder is coupled by suitable links to the 
poise arm, on which the load is balanced by a sliding 
weight in the usual way. 

Turning now to the details of the machine, no pack- 
ings are used between the cylinder and ram, both of 
which are lapped to very fine limits. During a test 
under an oil pressure of 1,500 lb. per square inch, less 
than one pint of oil leaked from the ram in 30 minutes, 
and at 1,000-lb. pressure, it took nearly 14 hours for 
the same amount to pass. This leakage may be regarded 
as negligible under normal working conditions, yet 
the ram is quite free to slide in the cylinder. The 
top platen is held by a spring against a hard-steel ball 
bedded in the screw, to ensure central loading, and to 
allow the top platen freedom to adjust itself to the 
specimens. 

The plunger for the recording cylinder is of hardened 
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steel and is ground and lapped to obtain an accurate fit. 
To ensure that the plunger readily responds to changes 
of pressure and to overcome any tendency to stickiness 
due to viscosity of the oil, it is made to rotate by a light 
belt drive from the pump motor, Theshackles connecting 
the plunger to the poise arm are mounted on knife 
edges, in common with the arm itself. The latter is 
provided with the usual divided scale, and in addition, 
there is a micrometer dial attached to the weight- 
moving screw, which enables readings to be taken within 
10 lb. up to the full capacity of the machine. The ram 
and plunger areas are carefully measured, and knowing 
their ratio N, it is an easy matter to calibrate the 
machine. To do this, the shackles are cast off and 
standard weights suspended from the poise arm ; if the 
machine is correct the reading will indicate N times the 
suspended weight, and if correct for two readings it 
will be correct for all. 

A general description of the Hele-Shaw Beacham 
pump was given on page 477 of our issue for October 16, 
1925, but as the model fitted to this testing machine is 
of exceptionally small size, it differs in several particu- 
lars from the one then described. The pump is shown in 
section in Figs. 3 and 4, an outside view being given 
in Fig. 5. From the section, it will be seen that the 
variable crank, instead of being built up with two 
eccentrics, is solid. A square A is formed on the end of 





the shaft, and this square registers with a slotted flange 
| B bolted to the casing. By sliding the square along the 
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slot, the stroke of the pump is varied, the central 
position of course corresponding to no stroke. Each 
of the three cylinders has a bore of 3 in., the stroke 
being variable between zero and ¥ in. The shaft and 
cylinders are both of mild steel. The shaft itself acts 
as the valve, oil passages being drilled through it 
and through the ring in which the cylinders are formed. 

We had an opportunity of seeing this testing machine 
in operation recently. Its sensitiveness was demon- 
strated by placing 112 lb. on the table, this load being 
correctly weighed on the weighing arm. A 7 lb. weight 
was then added and removed, and the poise arm immedi- 
ately responded to increases and decreases of this 
amount, a result which can be regarded as highly satis- 
factory in a machine of this capacity. 

The authorities of the Imperial Institute thought it 
desirable to have some check on the calibration and 
sensitiveness at high loads such as those used in testing. 
To do this it was decided to compare the machine 
with another of undoubted accuracy. Mr. Harry 
Stanger was approached, and it was arranged to make a 
comparison with the 100-ton Buckton lever testing 
machine at the Broadway Testing Laboratory. A steel 
compression bar was prepared 3 in. diameter by 8 in. 
under the shoulders, and load-compression readings were 
taken with a Lamb’s roller extensometer on a 6 in. 
gauge length. Careful observations were taken and 
repeated. The difference of scale reading was 371 mm. 
for 60 tons. 

The telescope would easily read to 4} mm., which 
limited the error of observation to about 1 in 750. 
The specimen and instrument were then set up in the 
machine at the Imperial Institute and a similar range 
of observations taken, of which seven agreed exactly 
with those of the previous calibration and four were 
slightly less, giving a mean difference of 45 Ib. in 10,000 
lb., or say 0-5 per cent. To ascertain the sensitiveness 
of the machine, steady loads between 20 and 60 tons 
were maintained and the poise beam oscillated; it 
was found that these small oscillations were transmitted 
to the specimen and distinctly indicated by the extenso- 
meter. We understand that machines of this type are 
made in various sizes from 50 to 300 tons. 





THE ENLARGEMENT OF THE CITY 
AND SOUTH LONDON RAILWAY 
TUNNELS.* 

By I. J. Jones and G. Curry, MM.Inst.C.E. 


Tue City and South London Railway formed the sub- 
ject of a paperf read before the Institution by the late 
Mr. J. H. Greathead, in 1895. At that date the railway 
extended from the Monument, King William-street, 
to The Swan, Stockwell, a distance of 34 miles. The 
present paper first describes briefly the various ex- 
tensions of the line, northward to Euston and south- 
ward to Clapham Common, carried out before the 
enlargement of the tunnels in 1922. At that date the 
total length of the line was 7% miles, the diameter of 
the running tunnels in different sections was 10 ft. 
2 in., 10 ft. 6 in., and 11 ft. 6 in., and the stations 
were 200 ft. in length. 

In 1913, the railway was taken over by the London 
Underground Electric Railway group, and, in order 
to link up with their system of tube railways, Parlia- 
mentary powers were obtained to construct a con- 
necting line from Euston to Camden Town on the 
Charing Cross, Euston and Hampstead Railway, 
and to enlarge the running tunnels and lengthen the 
stations to take seven-coach trains of their standard 
rolling stock, the required minimum size of running 
tunnels being 11 ft. 8} in., and the length of the 
stations 350 ft. Arrangements were made to com- 
mence construction work in 1914, but, owing to the war, 
the work was postponed until August, 1922. 

The strata through which the tunnels were driven 
are variable. South of Moorgate-street station they 
are wholly in London blue clay, with the exception 
of two short lengths in wet gravel and sand between 
Oval and Stockwell stations, which necessitated the 
use of compressed air, involving the closing of each 
tunnel (north and south bound) in turn, and single- 
line working through temporary crossover tunnels 
built for the purpose North of Moorgate-street 
station, the tunnels are mostly in blue or mottled clay, 
but in the section between King’s Cross and Euston 
wet sand was met with, which necessitated the use of 
compressed air. As this involved the closing of the 
tunnels, it was decided to close the railway entirely 
north of Moorgate-street. Contracts were entered into 
for the reconstruction of this section of the line, and the 
tunnels were handed over to the contractors, who had 
the use of the lifts or lift-shafts for their operations. 
It was decided to keep the railway running on the 





* Abstract of a paper to be read before the Institution 
of Civil Engineers, on Tuesday, April 5, 1927. 
t Minutes of Proceedings, Inst.C.E., vol. exxiii (1895), 


southern section, extending from Moorgate-street to 
Clapham Common, and to carry out the enlargements 
at night after the cessation of passenger traffic, the 
hours of running being curtailed in order to give a full 
8-hour working shift. It was impracticable to handle 
the material for these works at any of the stations 
without closing them (which was done in two cases, 
referred to later), and the greater portion of the work 
was therefore carried out from the depot at Stockwell, 
where ground was available for the storage of the 
materials, workshops, and surface sidings, and where 
a carriage-hoist communicated with the underground 
sidings which accommodated eleven trains of six wagons 
each. 

It was arranged also to close the Borough station 
for use as a working site. The lifts were removed, 
and an electric trolley hoist and runway were fitted 
up over the shaft for the handling of spoil and material. 
The platforms were removed from the tunnels, and a 
4 ft. 84 in. gauge siding was laid parallel to the main 
line, capable of stabling one locomotive and 12 cub. 
yard wagons. The spoil from these wagons. was trans- 
shipped to 4 cub. yard wagons running on a 20-in. 
gauge track laid alongside, and thence to the lift-shaft. 
The greater portion of the work north of this station 
was carried out from this depot, but, as satisfactory 
progress was not being made, Kennington station was 
closed at a later date in order to increase the number 
of points of attack, and similar arrangements were 
made for carrying on work from that point also. The 
enlargement of the tunnels from these three depots 
was carried out by administration. 

A contract was let for the construction of temporary 
crossover tunnels and the enlargement of the running 
tunnels through the wet gravel between Oval and 
Stockwell stations, already referred to, the work being 
carried out from temporary shafts sunk from the 
surface. A contract was also let for the lengthening 
of the 30-ft. station tunnels at Clapham-road and 
Clapham Common stations and for the construction 
of a new crossover tunnel and the extension of siding 
tunnels at the latter station; most of this work also 
was carried out from temporary shafts. 

The chief feature of the enlargement of the running 
tunnels and the one which rendered it economically 
possible was the retention and re-use of the existing 
cast-iron lining, the increased diameter being effected 
by the insertion of small castings between the ends of 
the segments. Where the tunnels ran through water- 
logged ground the old lining was replaced by new iron 
of the required size, the 10 ft. 6 in. rings so displaced 
being used with the additional small castings in place 
of the 10 ft. 2 in. rings which were scrapped. The 
greater portion of the line consisted of 10 ft. 6 in. 
and 10 ft. 2 in. tunnels, and it was possible to design a 
modified Greathead shield with a 10 ft. 8 in. diameter 
opening, in place of the usual smaller rectangular 
opening, through which the trains could run. About 
85 per cent. of the tunnels of these sizes were enlarged 
by means of this shield. No shield was used in the 
enlarging of the 11 ft. 6 in. tunnels, as it was possible 
to leave in the two bottom segments through con- 
siderable lengths. The existing permanent way con- 
sisted of 80-lb. flat-bottomed rails laid on 12 in. by 6 in. 
transverse sleepers, placed in alternate rings, that is, 
at 3 ft. 4 in. centres, carried on a concrete road-bed. 
In carrying out the operations at the shield, after 
the three spoil-wagons had been left in position and 
the electric current cut off the track, a 15 ft. length 
of track running through the shield was lifted, the 
concrete bed was broken out of the ring immediately 
ahead of the shield, the ring was taken down, and 
the segments were drawn through the shield and cleaned 
for re-use. The shield, which had ten 7-in. diameter 
cylinders, was then pushed forward and easily dealt 
with all the excavation. Power was supplied to the 
shield from an air-driven hydraulic pump carried on 
brackets at the side of the tunnel. The ring was then 
rebuilt in the shield, with the five additional castings. 
At the end of the shift the track was replaced, the 
sleepers in the enlarged tunnel being supported tem- 
porarily on timber blocks from the invert of the tunnel 
and secured to them by l-in. coach-screws. The 
laying of the new concrete road-bed followed at a little 
distance behind the shield; the sleepers were then 
transferred to this concrete, and the timber blocks 
removed. The cast-iron lining when removed was 
found to be as sound as when put in; the bolts also 
were generally sound and were re-used as far as possible. 
Where no shield was used in the running tunnels, 
the excavation was done by hand, generally in one- 
ring lengths, the roof being timbered as necessary. 
Pneumatic spades were found to be advantageous in 
excavating in the confined space behind cables, service 
pipes, &c. 

An irruption of gravel and water occurred in 
November, 1923, at a point in the northbound tunnel 
under Newington Causeway, where excavation for 
a one-ring length of enlargement had been pro- 





a large cavity in the roadway above. The consolidation 
of the filling under the roadway at this point by the 
cementation process was adopted. The railway was 
not reopened until the completion of the tunnel. 
enlargement works. 

In the enlargement of the tunnels through wet 
gravel at Stockwell, in compressed air, hooded shields 
were used, and excavation was got out by means of 
the clay-pocket method devised by Mr. H. H. 
Dalrymple-Hay, M.Inst.C.E. Much difficulty was 
experienced in dealing with the poling boards, left in 
when the tunnel was originally driven, in the confined 
space between the cutting edge and the old lining. 
The driving of these shields was delayed until the 
temporary crossovers were built and single-line working 
was in operation. The northern section of the line was 
reopened on April 20, 1924, and the southern section 
on December 1, 1924, 19} and 27 months, respectively, 
after the commencement of operations. 

An additional siding and crossover tunnels were con- 
structed at Kennington after the reopening of the line, 
partly in compressed air, from temporary shafts. It 
was essential that the running tunnels should not be 
disturbed in any way until the new tunnels were com- 
pleted, and timber trestle supports were fixed under 
them as the excavation for the crossover tunnels pro- 
ceeded, these trestles then being built in the per- 
manent mass-concrete supports which followed closely 
behind. The running tunnel lining, with the excep. 
tion of the portion below formation level, was then 
removed on completion. 


ROYAL METEOROLOGICAL SOCIETY. 


The usual monthly meeting of the Royal Meteorolo- 
gical Society was held on Wednesday evening, March 16, 
at the Society’s house, 49, Cromwell-road, Sir Gilbert 
Walker, C.S.L, F.R.S., President, being in the chair. 
As is customary in March, the meeting took the form 
of a lecture (the Symons Memorial Lecture) which was 
delivered by Professor G. I. Taylor, F.R.S., who took as 
his subject, ‘‘ Turbulence.’ Professor Taylor said that, 
turbulance was a condition of motion in a stream of 
fluid which occurred when it flowed past solid surfaces 
or when two layers of fluid flowed over one another. 
Though the details of the motion were too complicated 
for mathematical analysis, many things were known 
about the effect of turbulence on the condition of the 
atmosphere and about the mean values of quantities 
connected with turbulence. 

The effects of turbulence in diffusing heat and water 
vapour in the atmosphere were discussed, and also 
the connection of these with the friction of the wind on 
the ground, itself coupled with turkulence. Turbulence 
increased the diffusing power of air till it was 100,000 
times as great as that of air at rest. So great was 
this effect that in the case of tidal motions in the sea 
it was possible to prove that turbulence was responsible 
for the gradual slowing down of the earth’s rotation, 
and consequent lengthening of the day which astrono- 
mers had been able to observe. Some observations of 
the details of turbulence showed that eddying motion 
in the atmosphere was spread out equally in all direc- 
tions in space. Records of a universally jointed wind 
vane were shown proving that at some height above 
the ground vertical and lateral components of eddying 
motion were equal. 











DrrEcToRY OF SOURCES OF SPECIAL INFORMATION.— 
In collaboration with the Carnegie United Kingdom 
Trust, the Association of Special Libraries and Informa- 
tion Bureaux is compiling a directory of sources of 
special information in this country. It has been decided 
to go forward with the printing of a first edition of this 
directory at Midsummer, and libraries, organisations, 
firms, and individuals possessing special information on 
any subject, and willing to answer inquiries thereon, 
are asked to communicate with the general editor, 
Association of Special Libraries and Information Bureaux, 
38, Bloomsbury-square, London, W.C.1. 





ReFusE CoLLEcTION.—In our issue of November 7, 
1924, on page 655, we described the vehicles used in 
connection with the Pagefield system of refuse collection, 
these being manufactured by Messrs. Walker Brothers 
(Wigan) Limited, Pagefield Works, Wigan. The adoption 
of the system in Coventry is reported to have produced 
a great improvement in the collection of domestic 
refuse, and has resulted in a considerable saving of 
expenditure. From information which has reached us, 
it appears that the new vehicles serve 118 streets a week 
as against 108 by the old system, and empty 8,544 dust- 
bins, as against 7,214. Less labour is also required, and 
the cost of emptying a ton of refuse by the Pagefield 
system is 10s., as against 15s. by the old method, 4 
saving of 33} per cent. In 1925-26, before the system 
was introduced, the cost of refuse collection was 14,8221. 
Although there are now more houses in the town, the 
estimated cost for 1926-27, under the new scheme, 1S 
13,7151., a saving of 1,107/. When the system is 10 
complete operation, it is anticipated that the yearly 
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LABOUR NOTES. 


On Thursday last week, executive representatives of 
the forty-odd engineering trade unions met in London 
for the purpose of considering the wages question. 
Mr. J. T. Brownlie, president of the Amalgamated 
Engineering Union, was in the chair and, in opening 
the proceedings, directed the attention of the conference 
to the offer made by the employers on April 16, 1926, 
which was not accepted by the unions, thus bringing 
the negotiations to a close. A general discussion 
ensued, and the following resolution, which was sub- 
mitted by the chairman, was adopted unanimously :— 
“That this conference of executive representatives of 
the unions associated with the engineering joint trade 
movement, having had under consideration the wages 
question, hereby empowers the chairman and secretary 
to enter into communication with the Engineering and 
Allied Employers National Federation with the object 
of arranging a special conference further to review 
the wages claim, having regard to previous negotia- 
tions thereon.” So farno conference has been arranged. 
The local claims of London, Manchester, and other 
districts are understood to be in abeyance until the 
result of the meeting with the employers is known. 





The Federation of Engineering and Shipbuilding 
Trades has decided to revive its demand for an increase 
of wages for shipyard workers. At a meeting in 
London on Friday last, the Emergency Committee 
resolved to ask the Shipbuilding Employers’ Federa- 
tion for an early conference to discuss the matter. 
Several of the shipyard unions, notably the Boiler- 
makers’ Society and the Woodworkers’ Society, are 
not now units of the Federation ; but, no doubt, they 
will, in due course, line up behind this revived demand. 





The Ministry of Labour states that on March 21, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,078,500, of whom 875,200 were men, 27,700 
boys, 145,500 women, and 30,100 girls. Of the total 
number, 70,800 men, 100 boys, and 700 women were 
persons normally in casual employment. On March 14, 
1927, the number of unemployed persons was 1,118,736, 
of whom 905,197 were men, 28,875 boys, 152,959 women, 
and 31,705 girls; and on March 22, 1926, it was 
1,039,354, of whom 824,371 were men, 25,407 boys, 
160,452 women, and 29,124 girls. 





A resolution has been passed by the Federation of 
Master Printers and Allied Trades of Great Britain 
and Ireland pointing out that as the variation in labour 
conditions between the various European countries 
were so considerable, the Government should, before 
ratifying the Washington Convention on the 48-hour 
week, see that greater equality prevailed between the 
different European countries. The points to be 
considered were the length of the normal working week, 
and the conditions upon which overtime was worked, 
and also the payments made for it. Copies of the 
resolution have been sent to the Prime Minister, the 
Chancellor of the Exchequer, and the Minister of 
Labour. 





The annual report of the United Patternmakers’ 
Association states that in 1926 the gross income of 
the organisation went up 15,789]. 19s. 5d., and the 
gross expenditure 32,981/. 1s. lld. The totals were 
120,622]. 2s. 5d. and 128,5541. 10s. 6d. respectively. 
The trade union figures show a decrease in income of 
3,850/. 11s. and an increase in expenditure of 
11,8817. 10s. 10d., ‘‘ so that,” Mr. Findlay, the general 
secretary, says, ‘‘instead of adding 8,337]. 12s. 4d. 
to our balance, as we did last year, we had to dip 
into our balance for 7,394]. 9s. 6d. The balance of 
funds from all sources standing to the credit of the 
association at the end of the year was 51,293/. 3s. 8d., 
of which 41,9351. 3s. 9d. was in investments, 
2,342. Os. 9d. was due from the Ministry of Labour, 
and 499]. 11s. 3d. was due from the National Health 
Insurance Section. Of the working balance of 
6,516/. 7s. 11d. left, 1,019]. 3s. 8d. belonged to the 
Political Fund, 914/. 14s. 1d. was an overdraft at the 
bank, 4,400]. 15s. 8d. was in the Auxiliary Sick and 
Funeral Fund, and the balance of 1811. 14s. 6d. was 
all that was left of the Tool Insurance Assistance 
contingent, and 12,193/. 7s. of Superannuation Reserve 
Fund balances. ‘These figures need not worry us, 
however,” Mr. Findlay adds. ‘ We have been much 
lower—very much lower—than this before, and this 
Statement is merely put in this way to show that the 
time has not yet arrived either to raise our 
benefits or lower our contributions.” The membership 
18 11,276, as compared with 11,597 in 1925. In 1921 
it was 12,748, 





_At the end of February, 20,380 members of the 
United Society of Boilermakers and Iron and Steel 





Shipbuilders were signing the books, as compared 
with 23,702 a month earlier. The number of members 
on superannuation benefit was 4,237, as compared with 
4,221, and the number on sick benefit 3,085, as com- 
pared with 2,886. 


In asking branches to nominate candidates for the 
representation of the organisation at the annual meet- 
ing of the Labour Party and the Trades Union Congress, 
the executive council of the Boilermakers and Iron and 
Steel Shipbuilders Society direct attention to the 
new constitution of the Labour Party. According 
to the revised rules, no member of the Communist 
Party is eligible to become a member of any individual 
section of any affiliated local Labour Party, or be 
entitled to remain a member. Moreover, in the 
opinion of the National Executive of the Labour Party, 
affiliated trade unions can only act consistently with 
the decisions of the Annual Conference in relation 
to the Communists by appealing to their members, 
when electing delegates to national or local Labour 
Party conferences or meetings, to refrain from nominat- 
ing or electing known members of non-affiliated poli- 
tical parties, including the Communists. Branch 
officials are enjoined by the Boilermakers’ executive to 
“pay strict attention to the foregoing instructions, 
and thus avoid difficulties which otherwise might 
arise after nominations have been made.” 





Six of the shipyard trade unions which are not 
in affiliation with the Federation of Engineering and 
Shipbuilding Trades have negotiated provisional pro- 
cedure agreements with the Shipbuilding Employers’ 
Federation. At their March meetings, most of the 
unions concerned balloted on the agreement, and, as 
they were recommended by their executives to approve 
it, majorities for acceptance were confidently expected. 
The parties to the new arrangement—which differs 
in several important respects from the one they were 
originally asked to adopt are the Boilermakers’ 
and Iron and Steel Shipbuilders’ Society, the Ship- 
wrights and Ship Constructors’ Association, the Amal- 
gamated Society of Woodworkers, the Plumbers and 
Domestic Engineers’ Association, the Electrical Trades 
Union, and the Society of Operative House and Ship 
Painters and Decorators. 





According to the official organ of the Boilermakers’ 
Society, the principal difference between the new 
proposals and the present procedure is that following 
Central Conferences, in which there has been failure 
to agree, questions of more than local importance are 
to be referred to a General Conference composed of 
representatives of the Shipbuilding Employers’ Federa- 
tion and representatives of the six trade unions which 
are parties to the agreement. In the event of a General 
Conference failing to agree at its first meeting, a further 
Conference must be held, unless a Settlement of the 
difference is arrived at in the interval by arbitration or 
otherwise. Where questions are local to a particular 
yard or dock, or relate to interpretations of local price 
lists, they are to be referred to arbitration in the areas 
in which they have arisen. 





Shipyard labour’s extremists are, as a matter of 
course, strongly opposed to the agreement. In a 
circular issued to local secretaries of the National 
Minority Movement, the dangers of the proposals are, 
The Worker states, pointed out. The agreement is 
declared to be worse than the “‘ York Memorandum.” 
It is important, therefore, the official organ of the 
Minority Movement goes on to say, that all members 
should strongly oppose it. ‘‘ We must declare very 
definitely,” adherents are told, ‘‘ against any agreement 
with the employers which prevents freedom and 
quick action on the part of the unions, either to rectify 
grievances or enforce demands. All Minority 
Movement members in the engineering and shipbuilding 
unions should get into the branches and work on a 
vote against the union officials signing this agreement.” 





If the proposed Anglo-Russian Miners’ Committee 
is not a Communist idea, it has, at any rate, the support 
of official Communism. The Berlin meeting of the 
International Federation of Miners finally proved, 
according to Workers’ Life, the need for setting up an 
Anglo-Russian Miners’ Committee “to fight for a 
united Miners’ International with militant leadership. 
Otherwise,” it is added, “the miners of the world 
will go down to defeat after defeat.” The truth is 
that the setting up of an Anglo-Russian Miners’ Com- 
mittee of such a character for such a purpose would, 
if successful, simply wreck the miners’ organisation 
here and on the Continent. The only barrier to 
the admission of Moscow’s Red organisations to 
affiliation with the various Sectional internationals, is 
the refusal of the Russians to accept the constitutions 


to which the latter adhere. There could be international 
unity to-morrow if Moscow desired—but not, of course, 
on Moscow’s terms. 


Industrial and Labour Information states that the 
International Labour Office has at present in the 
press a study by Mr. Paul Devinat, a member of its 
staff, which is entitled ‘‘ Scientific Management in 
Europe ”’ and which will help to make clear the extent 
and nature of the problem in question. “* Scientific 
management,” says the author, “is the science which 
studies the relations between the different factors in 
production, and especially those between the human 
and mechanical factors. Its object is to obtain, by the 
rational utilisation of these various factors, the opti- 
mum output. By means of a fuller knowledge of the 
factors of production, its aim is gradually to replace 
industrial empiricism by increasingly exact rules.” 


The preparation of this study, which deals with the 
evolution of scientific management, its development in 
various countries, and the attitude towards it of 
employers, workers and the general public, was made 
possible, it is explained, by the help of the trustees 
of the Twentieth Century Fund, of Boston. It repre- 
sents the results of an inquiry which paved the way for 
the International Institute for Scientific Management, 
established at Geneva within the last few weeks in 
collaboration with the International Labour Office 
and the International Committee on Scientific Manage- 
ment. The Institute is financed at present mainly by 
the Twentieth Century Fund. Its broad purpose is to 
collect and distribute information relating to scientific 
management, to study its problems, and to bring into 
touch all persons or institutions interested in the 
rational organisation of production. The International 
Labour Office, in taking part in the creation of this 
new institution, is complying with the resolution 
adopted by the Eighth Session of the International 
Labour Conference, to the effect that it should devote 
special attention to questions of the scientific organisa- 
tion of industry, ‘‘ in view of the fact that these ques- 
tions are of increasing social interest.” 





The proposal to set up a new confederation of build- 
ing trade unions does not seem to have the approval 
of all the organisations in the industry. The secretary 
of the National Association of Plasterers, Granolithic 
and Cement Workers stated last week that his Associa- 
tion, which is the only one covering operative plasterers 
and cement workers in England and Wales, had not 
taken any part in considering or formulating the 
scheme. ‘‘ We have not,” he said, ‘“ entered into con- 
sultation with the Building Trade Operatives’ Federa- 
tion on the matter, and our Association is not likely 
to adopt any scheme unless it has participated in the 
shaping of policy and working arrangements. Mr. R. 
Coppock, secretary of the Federation, said it was quite 
true that the National Association had not been a party 
to the scheme, but it did not belong to the Federation, 
and therefore had not been invited to discuss the 
details. The scheme, however, was not framed for 
the present, but for the future, and it was intended to 
bring all unions, whether in the Federation or outside 
it, within the scope, and to complete the organization 
of the building industry. 





The organ of the International Labour Office ‘states 
that, according to official statistics—which may be, it 
is pointed out, only approximate—the number of 
fereign workers in France would appear to be about 
1,450,000. Whatever the exact number may be, it is 
certain that it has to some extent decreased in the 
last few weeks, owing to a tendency, spontaneous or 
encouraged, among foreign unemployed persons to 
return to their own countries if they have the means to 
do so. Between January 3 and February 12 last, the 
Foreign Labour Department registered 1,811 entries 
and 12,047 departures. During the week, February 5 
to 12, 20 entries only, as against 2,068 departures, were 
recorded. It is probable, moreover, that the number 
of unchecked departures is considerably greater than 
the number of unchecked entries. 





The French Prime Minister and the Minister of 
Labour have claimed for the Government the credit 
for facilitating the departure of so large a number of 
foreign workers, particularly by securing transport 
facilities from the railways for such persons as followed 
the advice to return to their own countries. It goes 
without saying, it is added, that the Government con- 
tinues to be bound by its treaties with Belgium, 
Czechoslovakia, Italy and Poland, not to send back 
any worker of these nationalities, since in the event of 
unemployment they are entitled to the same allowances 
as French unemployed. Thus, in Paris, out of 20,000 
unemployed in receipt of relief at the end of January, 





there were nearly 2,000 foreigners. 
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RESEARCH AND THE METAL 
INDUSTRIES. 


An exhibition, which is intended to give an indica- 
tion of the activities of the British Non-Ferrous Metals 
Research Association, was inaugurated recently at the 
Science Museum, South Kensington, London, 8.W.7, 
and will remain open until June. The exhibits, 
which consist mainly of sectioned ingots, test pieces, 
castings, rolled products, and representative metallurgi- 
cal samples of al! descriptions, illustrate eight of the 
Association’s major researches. There are, at the 
present time, eighteen of these investigations in 
progress, and the various exhibits shown have been 


| to experimental research work; the remaining 18-5 
| per cent. was expended in meeting administrative. 
library and bureau of information expenses. Member- 
| ship of the Association is open to all British firms 
|; engaged in the production or manufacture of non- 
| ferrous metals and alloys, or who are users of non- 
ferrous metals. The subscriptions, which range from 
251. to 1,000/. per annum, according to the relative 
magnitude of the member’s undertaking, qualify for 
| pro rata grants, to the Association, from the Depart- 
| ment of Scientific and Industrial Research. The total 
| expenditure, from which members receive advance and 
| preferential participation, amounted to over 25,000/., 
|in 1926. The offices of the Association are at 71. 


collected with a view to giving some idea of the scope | Temple-row, Birmingham. 


of each research and the progress which has, so far, 
been made. 
effect of impurities, up to 1 per cent., on the properties | 
of copper. which investigation is being conducted, for | 
the Association, at the National Physical Laboratory, | 
have been presented from time to time at meetings of | 
the Institute of Metals, and have been published in 
our columns. The actual samples from which these 
results have been obtained are now on view at South 
Kensington, and are well worthy of examination. | 
Another interesting series of exhibits refers to the | 
research which is in progress at the Research Depart- | 
ment, Woolwich, on the surface and internal soundness | 
of brass ingots. One of the main objects of this | 
research is to improve the quality of rolled-sheet | 
brass by overcoming defects which can be traced back | 
to their origin in the ingot casting. Other investiga- | 
tions which are illustrated at the exhibition are those | 
dealing with die-casting alloys. In the brass and | 
bronze section the chief aim of the research is to 
extend the use and cheapen the cost of die castings 
by providing stronger alloys than those now used, bv | 
eliminating defects, and by the provision of mould | 
materials giving a longer life. The samples shown | 
indicate that excellent progress has been made in this | 
field. | 

Other sections of the exhibition illustrate research | 
work on the jointing and soldering of metals; the | 
making of sound * wiped’ plumbers’ joints, such as | 
are used in connection with lead cable sheathing ; | 
the elimination of gases in copper castings ; the study | 
of atmospheric corrosion; and the spectroscopic | 
assay of zinc. Particulars of the general administrative | 
work of the Association are given in an interesting | 
series of exhibits, which also furnish some examples | 
of the type of work carried out by the library and | 
bureau of information. It is shown, for instance, | 


that during the three years 1924-25-26, 81-5 per cent. 
of the total expenditure of the Association was devoted 


The results of the investigation on the | 





SINGLE-ACTING UNIFLOW MARINE 
ENGINE. 
THE marine engine which we illustrate in Figs. 1 to 5 
on this and the oppesite pages might almost at first 
sight be mistaken for an internal-combustion engine, but 





|is actually a four-crank single-acting steam engine on 


the uniflow principle arranged with a surface condenser 
of the familiar marine pattern. The performance on land 
of the uniflow steam engine has not been paralleled in 
other directions ; beyond one or two tentative efforts 
in marine work made by German engineers, little has 
been done hitherto. The engine now to be described 
is manufactured by Messrs. The Jaffa Engineering 
Company (Louis Smulders and Company), Utrecht, 
who are represented in Great Britain by Messrs. 
Humpleby and Company, 3 and 4, Bury-court, St. 
Mary Axe, E.C.3, and though the principle it embodies 
is well known, it may be as well to review the claims 
put forward on behalf of such a radical departure 
from standard marine practice. 

On land a well-designed and _properly-operated 
uniflow engine can be run with a steam consumption 
as low as that of a triple expansion engine of the same 
horse-power. Assuming, for the moment, that this 
efficiency is maintained in the marine type, the simple 
engine, as compared with the triple-expansion engine, 
should show lower first costs and maintenance, from 
the fact that all the cylinders are of the same diameter. 





Clearly, also, it should be more easily manceuvred 
than a triple-expansion engine for, whatever the posi- 
tion of the four cranks, high-pressure steam will be | 
on one or more of the pistons. 








Fic. 2. ENGINE FROM CONDENSER SIDE. 


F The particular engine of which photographs are repro- 
duced in Figs. 1 and 2, is fitted to the tanker, Othello 
XV, belonging to N.V. Utretchtsche Asphaltfabriek 
v/h Firma Stein and Takken, Utrecht. It develops 
200 indicated horse-power at 200 r.p.m. Each of the 
four cylinders is 13-38 in. (340 mm.) bore, by 13-77 in. 
(350 mm.) stroke. The structure of the upper part of 
the engine is unusual. As will be seen in Figs. 3 to 5, 
the condenser, the lower part of all four cylinders with 
their stuffing boxes, and a portion of the front columns 
formed a single casting. This makes a very compact 
engine, but the more general and standardised form is 
that of plain columns on each side, with an independent 
circular condenser. In this case the top member be- 
comes merely a beam of box section to one side of 
which are attached at two or more points the exhaust 
pipes leading to the condenser. It carries the cylinders, 
of course, as in the present example. 

Referring to Fig. 5, it will be noticed that the top 
of the cylinder barrel is jacketed with live steam, 
and is in direct connection with the steam chest which 
forms the head or cover and which contains the steam 
inlet valve. This valve is of the piston type working 
in a ported liner. An automatic spring-loaded relief 
valve is fitted between the clearance space and the 
steam chest, while a screw-down valve is fitted at the 
side for warming up, &c. A drain valve with a pipe 
to the condenser is provided in the jacket space. The 
cylinder head is held in place by a separate ring. 
This joint is covered by a light cap which overlaps the 
lagging sheeting and makes a neat finish to the cylinders. 
The cover proper carries the valve spindle and the valve- 
operating gear, the bracket on it being prolonged into 
two curved splash guards with an oil drainage pipe 
to the lay-shaft bearings. Reciprocation of the inlet 
valve is obtained by the transverse motion of a curved 
link in a manner which will be clear from Fig. 5. The 
link derives its oscillations from an eccentric on a lay 
shaft driven from the crankshaft by worm and wheel 
gearing. 

It may be here remarked that in later examples 
the valve gear has been greatly improved and simplified 
by the elimination of the layshaft and gear, and the 
substitution for it of the Klug-Rackworth valve gear. 
Eccentrics keyed to the crankshaft have the character- 
istic short swinging arms of this gear, which are pivoted 
on pins running in a slot about half way along the 
arm. Long links coupled to the levers of the operating 
gear on the cylinder covers, take the place of the 





Reversing is corre-| eccentric rod shown in Fig. 4. A handwheel con- 


spondingly easy and is made by hand while, as all the | trolling the position of the pivot effects reversal and 
weights and the piston loads on each crank pin are} varies the angle of advance of the eccentric, and, 
identical, ideal balancing conditions exist. Other con-| consequently, the cut-off, which can be adjusted to take 


tingent advantages will be discussed below. 





| place at any point between zero and 70 per cent. of the 
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re In normal running the cut-off is 10 per cent, | cent., and also to keep it at full power when the boiler 

ol then a — of the stroke. The wide range of cut- | pressure has fallen considerably. 

oie S available makes it possible to run the engine,|_ The remaining parts of the engine do not differ 
n required, with an overload of as much as 50 per| widely from standard practice, though, as already 
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stated, it is wholly enclosed, and the bedplate is 
arranged to form an oil sump at the forward end. At 
| this point, as shown in Figs. 3 and 4, is an oil pump 
| driven from the end of the crankshaft. The oil is 
|drawn from the sump through a fine gauze filter 
| and delivered to the main bearings at a pressure of 
about 30 Ib. per square inch. Holes are drilled in the 
| journals which communicate, through the crank webs, 
| with the crank pins. The big ends of the connecting- 
| rods are thus supplied with oil, the major part of which 
| passes up a hole through the rod where it lubricates 
the crosshead pin, and is finally deposited on the 
guides. These are faced with white metal and grooved 
in the usual manner, the oil from them dripping back 
into the crank pit and thence to the sump. The 
valve gear and cylinders are lubricated by the small 
pump seen in the left of Fig. 3, and driven by an eccen- 
tric from the layshaft. The surplus from the former 
is discharged into a tundish, from which it is led to 
| the sump. The methods of lubrication adopted keep 
| down oil consumption to a minimum, and are favour- 
able to cleanliness in running. 
The cranks are set at right angles, and two of the 
| connecting-rods work horizontal feed and bilge pumps 
in a manner which will be evident from Figs. 3 and 4. 
The condenser circulating pump is an independent 
auxiliary. The main bearings are water cooled, the 
circulating pipes being shown in Figs. 3 and 4. These 
figures also show the provision made in the casing for 
access to the working parts. A large door, held in 
| place by dogs, is arranged at each crank. In addition, 
there are portable bolted covers at each end above the 
crankshaft, and a door held in place by screws and 
handwheels, with internal crossbars, in the bedplate 
in way of the oil pump. Hand barring gear is provided 
at the after end. 
| As regards steam consumption careful tests appear 
|to have afforded very satisfactory results. With a 
boiler pressure of 190 lb. per square inch, and a steam 
temperature of 377 deg. F., the consumption was 
13-45 lb. of steam per indicated horse-power; with 
superheated steam of 572 deg. F. the consumption 
was about 10-25 lb. The engine is intended to be 
used normally with superheated steam, for which it 
is particularly suitable owing to the shortness of 
its steam passages, &c. The weight of the engine 
itself is about 140 lb. per indicated horse-power, 
and its lightness, together with its simplicity of 
design and other advantages referred to above, would 
seem to make it a reasonable challenge to the 
| triple-expansion marine engine for small and medium 
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powers. It is, perhaps, somewhat longer than the 
latter type of engine of equal power, but the fitting 
of the valve gear on top of the cylinders saves the 
space usually occupied in the triple-expansion engine 
by the valve chests, and helps to equalise matters in 
this direction. 








THE LATE MR. F. W. McCULLOUGH. 


Tue death of Mr. Frederick William McCullough, 
which occurred suddenly at his home in Belfast 
on March 28 last, after a long illness, removes 
a well-known figure from the ranks of British water- 
works engineers. Born in Belfast on January 8, 
1859, Mr. McCullough served a pupilage of four years, 
from 1875 to 1879, under the late Mr. L. L. Macassey, 
M.Inst.C.E., of Belfast, and, during the last two years 
of his apprenticeship, he officiated as assistant resident 
engineer on the works in connection with the construc- 
tion of the Upper Woodburn reservoir of the Belfast 
waterworks. Afterwards he was appointed to the posi- 
tion of resident engineer in charge of the construction 
of the Portrush waterworks, County Antrim, and of 
the Limavady waterworks, County Derry. During the 
period from May, 1881, to July, 1895, he was chief 
assistant to Mr. Macassey, and was given charge of the 
surveys and the preparation of Parliamentary and 
contract drawings for a number of extensive water 
and other public works, subsequently superintending 
their construction. Among these undertakings were 
the Carrickfergus harbour works, the waterworks at 
Hollywood, Ballymoney, and Larne, the Portrush 
outfall sewerage works and settling tanks, and the 
Carrickfergus Harbour Junction Railway. He was 
also in charge of the extensive works undertaken in 
connection with the Stoneyford Scheme, which was 
authorised by the Belfast Water Act of 1884, and in- 
cluded a large storage reservoir, straining wells, 
pressure mains and other works. Later, he prepared 
plans, for and subsequently supervised the construction 
of, the works authorised by the Belfast Water Act of 
1889. These included extensive filtration works, an 
additional storage reservoir, and new conduits. 

From April, 1891 to July, 1892, Mr. McCullough was 
engaged on preliminary surveys, river gauging, and 
mapping the various districts in the counties of 
Antrim and Down, suitable for the supply of water 
to the City of Belfast. He afterwards prepared a 
report and estimates for the Belfast Water Com- 
missioners, and was later entrusted with the drawing 
up of the plans and surveys of the works included in 
the New Mourne Scheme, which works were subse- 
quently carried out. In July, 1895, he was appointed 
waterworks engineer of Belfast, by the Belfast City and 
District Commissioners, and continued to occupy 
this position until his death. He was in charge of the 
works at Woodburn, Lough Mourne, Stoneyford and 
Oldpark, as well as of all the distributing systems 
in Belfast and district, and of the extensive develop- 
ment schemes which were authorised at various times. 
In 1915 Mr. McCullough began the preparation of the 
contract plans and specifications for the construction 
of the extensive Silent Valley 3,000 million-gallon 
storage reservoir in the Mourne Mountains, some 
45 miles south of Belfast. Just prior to his death he 
was actively engaged on various works in connection 
with the construction of this undertaking. He joined 
the Institution of Water Engineerrs at its inception 
in 1896, the Institution then being known as the 
British Association of Waterworks Engineers. He 
was president of the Institution during the years from 
1915 to 1919, and, notwithstanding the difficulty of 
crossing the Irish Sea, owing to the submarine menace, 
he never missed a meeting during his term of office. 
Mr. McCullough was elected an associate member of 
the Institution of Civil Engineers on March 5, 1889, 
and became a full member on May 12, 1896. 





CONFERENCE OF TECHNICAL TEACHERS.—The annual 
conference of the Association of Teachers in Technical 
Institutions will be held this year at Plymouth, from 
June 3 to 7 next. In addition to the business of the 
conference, a number of visits have been arranged. 
These will include one to H.M. Dockyard, and other 
excursions. An important feature of the confer- 
ence will be an educational and _ industrial exhi- 
bition, which will be held in the Guildhall from June 4 
to 10. The conference secretary is Mr. F. C. Marks, 
B.Sc., “‘ Wayside,’ Vapron-road, Plymouth. 

THE 8.S. “ OrpuNA.”—The Pacific Steam Navigation 
Company’s 15,500-ton twin-screw steamer Orduna was 
recently delivered to her owners, after undergoing 
extensive alterations and overhaul at the Belfast Works 
of Messrs. Harland and Wolff, Limited, where she was 
originally built. The vessel remained in the builders’ 
hands for nearly three months, during which time the 
boilers were converted from coal to oil burning. In 
addition, the whole of the passenger accommodation has 
been overhauled, renovated, and generally adapted to 
the special requirements of the South American service, 
the ome having previously been on the North Atlantic 
route, 
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ConTRAcTS.——Messrs. International Combustion Limit- 
ed, Africa House, Kingsway, W.C.2, have received a 
repeat order from the Derby Corporation Electricity 
Department, covering the supply of an additional 
80,000-lb. boiler, complete with drying equipment, 
Lopulco water-cooled combustion chamber, super- 
heaters, economisers, draught equipment, dust-catching 
apparatus and stacks, The order follows on the success- 
ful result of a trial carried out by an independent con- 
sulting engineer, during which it was established that 
the Lopulco-operated boiler plant, when isolated on to 
a 10,000-kw. turbo generator, which throughout the trial 
had an average load of 3,300 kw., produced electrical 
energy at a consumption of 19,100 B.Th.U. per unit 
generated.—The Mirrlees Watson Company, Limited, 
Glasgow, have received an order for pumping machinery 
from the Indian State Railways for their Kalyan Electric 
Power Station, the consulting engineers being Messrs. 
Merz and McLellan. The contract includes three 27-in. 
and two 18-in. vertical-spindle type motor-driven 
centrifugal pumps. These are to be used for supplying 
the condensing water required for the generating units. 
In addition, nine pumps of smaller size are required for 
general service purposes. Water screening plant of 
Bracket type is included, and also the 42-in. circulating 
mains and all pipework from the screens to the con- 
denser and back to the river. 





PERSONAL.—Messrs. Ferodo, Limited, of Chapel-en-le- 
Frith, are opening new premises at 39, Charles-street, 
Cardiff, for their customers in the motor trade.—Mr. H. T. 
Tizard, C.B., F.R.S., has been appointed, by H.M. the 
King in Council, to be secretary to the Committee of the 
Privy Council for Scientific and Industrial Research, on 
the retirement of Sir H. Frank Heath, K.C.B., from that 
office, on June 1 next.—The Minister of Transport has 
appointed Mr. C. W. Hurcomb, C.B., principal assistant 
secretary of the Ministry of Transport, to be permanent 
secretary of the Ministry, in place of Mr. J. R. Brooke, 
C.B., who has been appointed by the Central Electricity 
Board to be their Secretary.—An arrangement has been 
arrived at between the Aircraft Disposal Company, 
Limited, Regent House, Kingsway, London, W.C.2, and 
the Associated Daimler Company, Limited, Blackhorse- 
lane, Walthamstow, London, E.17, relative to the trade 
mark “ A.D.C.,” which is used by both companies. The 
latter firm informs us that the words ‘‘ Associated 
Daimler” will henceforth, in all cases, be placed in close 
proximity to the mark “ A.D.C.’-—We are informed 
that the name of the firm of Messrs, Richard Klinger and 
Company, 66, Fenchurch-street, London, E.C.3, has 
recently been changed to Messrs. Krammer and Com- 
pany, their address remaining the same.—We understand 
that Mr. Lionel Robinson terminated his agreement with 
Messrs. Henry Wiggin and Company, Limited, as London 
manager on March 31. Henceforth he will act as London 
consultant for them, and will continue his business at 
3, Staple Inn, W.C.1, whence, by arrangement with 
Messrs. Wiggin, he will factor all their nickel and nickel- 





alloy products, stocks of which will be carried. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The situation as regards 
Cleveland pig-iron is far from satisfactory. Quantities 
available for disposal are not large, but they are fully 
sufficient for current requirements. Customers are 
very shy. Believing that further substantial reductions 
in quotations will be made in the near future, they are 
confining their operations to purchases of small parcels 
to meet urgent needs. Considerable quantities of 
comparatively cheap Continental ore continue to arrive 
for consumption in this district. Merchants have next 
to none of the local products to offer, and makers, as 
yet, adhere to recent quotations. Thus, No. 1 Cleveland 
is 82s. 6d.; No. 3 g.m.b., 80s.; No. 4 foundry, 79s. ; 
and No. 4 forge, 78s. 


Hematite.—In the hematite branch there is keen 
competition for orders. Producers here have to contend 
with West coast makers in home markets, and in con- 
suming areas abroad Continental manufacturers are 
undercutting prices. Nos. 1, 2, and 3 East coast brands 
are on sale at 85s., and buyers incline to the belief that 
that figure could be studied. 


Foreign Ore.—Consumers of foreign ore are still holding 
off the market, but imports in fulfilment of old contracts 
are on a very heavy scale. Sellers adhere to quotations 
that have ruled for some time past.: 


Blast-Furnace Coke.—Durham blast-furnace coke, of 
good average quality, is stated to have been bought at 
24s. delivered here, but local consumers consider that 
figure too high, and unless the downward. movement 
continues, further purchasing of German coke may be 
resorted to. 

Manufactured Iron and Steel.—Finished iron and steel 
manufacturers are busy and have good order hooks, 
but dearth of new business is causing some uneasiness. 
Quotations for most descriptions of material are main- 
tained, but rivets are down 10s. Commons iron bars 
are 1ll. 15s.; iron rivets, 12/. 5s.; packing (parallel), 
8l. ; packing (tapered), 11/. ; steel billets (soft), 7/. 12s. 6d ; 
steel billets (medium), 81. 2s. 6d.; steel billets (hard), 
81. 12s. 6d.; steel rivets, 127. 10s.; steel ship plates, 
81. 7s. 6d. ; steel angles, 77. 17s. 6d. ; steel joists, 71. 17s. 6d. 
heavy sections of steel rails, 82. 10s.; black sheets 
(24-in. gauge), 11/.; and galvanised corrugated sheets 
(24-in. gauge), 157. 





NOTES FROM THE NORTH. 


Grascow, Wednesday. 

Scottish Steel Trade.—During the past week there 
has been practically no change in the conditions ruling 
in the Scottish steel trade. The demand from the ship- 
yards is as pressing as ever, and many other consumers 
are being kept a little short of material also. Mills are 
running full and having a good output which is going 
rapidly into consumption, but fresh bookings are not 
too hopeful for the future. The forward position will 
sort itself out as the general trade of the country im- 
proves; of this there are some indications despite the fact 
that the trouble in China is tending to hold things back 
somewhat. In the black sheet trade the lighter gauges 
are still in good demand but the heavier kinds are not 
moving so freely. Prices remain firm and are as follows :— 
Boiler plates, 112. per ton; ship plates, 8/. 7s. 6d. per 
tor; sections, 7/. 17s. 6d. per ton; and sections, under 
; to 4 in., 101. to 12/. per ton, all delivered Glasgow 
stations. 

Malleable Iron Trade.—Dullness still characterises the 
malleable iron trade of the West of Scotland, and makers 
are not securing the demand necessary to keep the works 
in full employment. The reduction of 10s. per ton 
mentioned last week has not brought out more than a 
limited amount of new business, and the position is 
still without much improvement. Steel bars are also 
quiet, and few orders are passing. The minimum price 
of “Crown ” bars is 11/. 5s. per ton, delivered Glasgow 
stations. 


Scottish Pig-Iron Trade.—There is little fresh to report 
in connection with the Scottish pig-iron trade. The 
demand for hematite remains constant, and consumers 
are getting through quite a large tonnage. On the 
other hand, there is ample foundry iron to go round, 
and buyers are not so pressing for supplies. Prices are 
easier, and are as follows :—Hematite, 85s. to 87s. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 91s. 6d. per ton; and No. 3, 86s. 6d. per ton, both 
on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, March 26, amounted to the small total of 
260 tons, of which 220 tons went overseas and 40 tons 
coastwise. For the corresponding week of last ee 
the figures were 903 tons to foreign destinations an 
10 tons coastwise, making a total shipment of 913 tons. 





Woopworkinc Macutnery RecGuLations.—In pursu- 
ance of Section 79 of the Factory and Workshop Act, 
1901, the Home Secretary issued recently a regulation 
amending the Woodworking Machinery Regulations, 
1922 (Statutory Rules and Orders, 1922, No. 1196, 
page 273), made under the said Section on November . 
1922. The definition of the words “ within reach,” anc 
the regulation numbered (2), in the said Regulations, are 
revoked. The new regulation comes into force ar , 
April 1; it is entitled Statutory Rules and Orders, oo 
No. 207, Factory and Workshop Act, 1901, and may Pe 
obtained from H.M. Stationery Office, Adastral House, 
Kingsway, London, W.C.2, price 1d. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—Conditions generally are still somewhat 
unsettled. Orders for various classes of iron and steel 
products continue to be placed on a very limited scale, 
buyers, for the most part, showing reluctance in entering 
into business, believing that quotations may yet reach a 
lower level. One of the obstacles hampering improvement 
is the shortage of blast-furnace’ coke, for which a high 

rice is demanded, Other descriptions of coke are 
similarly situated. The machinery-making trades are 
doing better than for some time past. Cement-making, 
stone-crushing and brick-making plants are in strong 
request in connection with the various road-making 
and housing schemes now in operation throughout the 
country. Agricultural machinery and implement makers 
report improved business. Iron and steel works 
machinery is still a depressed section. There is a 
stronger call for mining apparatus, and the sinking of 
new shafts is resulting in orders being placed. The 
railway rolling-stock departments are still suffering 
from a shortage of orders, though inquiries from abroad 
tend to become more numerous, while bookings are 
anticipated, in the near future, from home railways. 
The electrical engineering departments are, on the 
whole, doing better. Orders are coming forward more 
regularly, though at present departments are working 
on arrears of contracts placed last year, which were 
held up owing to the industrial stoppage. Makers 
of ship steel and marine castings and forgings occupy 
an improved position, and hope to benefit from contracts 
recently placed in the North. There is a better call 
for various descriptions of tools. Engineers’ small tools 
are recovering from the recent depression, and shipyard 
requirements tend to increase. Building trade tools 
are being disposed of in larger quantities, as also is 
builders’ ironworks. 


South Yorkshire Coal Trade.—The market generally dis 
plays little change. Users are disinclined to contract for 
supplies ahead, being satisfied to purchase for immediate 
use. Industrial sorts are being disposed of in moderate 
quantities. House coal continues to be depressed, and 
prices show a downward tendency, the demand being 
far below that of the average. In some cases, pits are 
working short time owing to big stocks having accumu- 
lated at colliery sidings. The coke position is unchanged. 
Blast-furnace coke remains scarce and dear. Nominal 
prices at the pits are as follow: Best hand-picked 
branch, 38s.; best house coal, 30s. to 32s.; screened 
house coal, 24s. to 27s.; screened house nuts, 20s. to 
23s.; Yorkshire hards, 19s. to 21s.; Derbyshire hards, 
19s, to 21s.; rough slacks, lls. to 12s.; nutty slacks, 
8s, to 9s.; smalls. 3s. to 5s. 6d. 








THE Late Mr. S. TEsButr.—We regret to note the 
death, on March 21 last, at his home in Southampton, 
of Mr. Sidney Tebbutt. Born in 1854, he was educated 
partly by private tutorship, and partly at Tettenhall 
College, Staffordshire. Upon leaving schocl, he served 
an apprenticeship of five years in the shops of Messrs. 
Manlove, Alliott and Company, of Nottingham. In 1879, 
Mr. Tebbutt was appointed to the post of assistant 
manager to Mr. James Carver, of Nottingham, and, 
while in that capacity, he was engaged in erecting 
machinery in Scotland and in Germany. After a brief 
stay in England, upon the completion of this work, 
Mr. Tebbutt returned to Germany to supervise the 
erection, and subsequent working, of the lace curtain 
factory of Messrs. T. I. Birkin and Company, at Oetsnitz, 
Saxony. On his return to this country, after spending 
some considerable time in Germany, he constructed and 
supervised the working of a steam laundry at Leamington, 
Warwickshire. Mr. Tebbutt was elected to full member- 
ship of the Institution of Mechanical Engineers in 1895. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case :—Two separate calls for tenders are reported 
from the Southland Electric Power Board, Wellington, 
New Zealand :—(1) For 66,000-volt oil circuit breakers, 
tenders to be presented by June 15 (Ref. No. BX 3378) ; 
and (IT) for transformers, tenders to be presented by 
May 21 (Ref. No. BX 3379).—The State Electricity 
Commission of Victoria, Australia, are inviting tenders, 
to be presented by July 5, for one 15,000-kw. steam 
turbo-generator and accessories. Specification No. 27/33. 
(Ref. No. BX 3369).—The Siamese State Railways are 
calling for tenders, to be received by the Commissioner 
General of the Royal State Railways at Bangkok up 
to July 4, for the supply of bogies and underframes for 
bogie carriages (Ref. No. AX 4465).—The State Elec- 
tricity Supply Works at Montevideo are inviting tenders 
for the supply of 15 equipments for transformer sub- 
Stations (6,600/220 volts, 50 cycles). Sealed tenders 
will be received at the offices of the ‘ Administratién- 
General de las Usinas Eléctricas del Estado,’’ Monte- 
video, up to June 15. Offers to be binding as from 
June 16 for a period of 30 days. A deposit of 500 pesos 
gold is required in order to qualify any tender. Docu- 
ments may be seen on application to Room 53 (Ref. No. 
BX 3371).—H.M. Trade Commissioner at Wellington, 
N.Z., reports that the Public Works Department are 
calling for tenders for sub-station switchgear and meter- 
ing equipment for Arapuni. The tenders are to be 
Presented by June 21. (Ref. BX 3398.) 





NOTICES OF MEETINGS. 





Tue InstiruTION OF MECHANICAL ENGINEERS.— 
To-night, at 6 p.m., at Storey’s Gate, S.W.1. Joint 
Meeting with the Society of Chemical Industry ; Chemical 
Engineering Group. ‘“ Lubricating Oils.—Laboratory 
Tests in Relation to Practical Results,” by Mr. A. G. 
Marshall and Mr. C. H. Barton. At 7 p.m. Informal 
Meeting. ‘‘ British Empire and Overseas Trade.” 
Introduced by Major A. W. Farrer. 


THE JUNIOR INSTITUTION oF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette : 
‘“* Notes on the Production of Saltpetre,” by Mr. G. J. 
Bartley. Friday, April 9, at 7.30 p.m. “ Electrical 
Osmosis,” by Mr. E. Ambrose. 


THE Royat InstituTion.—Saturday, April 2, at 
3 p.m., at Albemarle-street, S.W.1. ‘‘ The Alpha Rays 
and Atomic Structures’? (Lecture III), by Sir Ernest 
Rutherford. Monday, April 4, at 5 p.m. General 
Meeting. Tuesday, April 5, at 5.15 p.m. ‘Some 
Properties of Coke” (Lecture II), by Professor J. W. 
Cobb. Friday, April 8, at 9 p.m. “Early Days in 
Radio-Activity,”’ by Sir Ernest Rutherford. Saturday, 
April 9, at 3 p.m. “The Alpha Rays and Atomic 
Structure ” (Lecture IV), by Sir Ernest Rutherford. 


THE Institute oF British FOUNDRYMEN: LAN- 
CASHIRE Brancu.—Saturday, April 2, at 3 p.m., at the 
College of Technology, Sackville-street, Manchester. 
Annual General Meeting. ‘‘ Absorbed Gases in Iron 
and the Creation of Gas Holes in Castings,” by Mr. B. 
Hird. Junior Section.—Saturday, April 9, at 7 p.m., at 
the College of Technology, Sackville-street, Manchester. 
Annual General Meeting. Discussion of 1926 Examina- 
tion Paper for *‘ John Wilkinson ” Medal. 


Tue Institute oF TRansport.—Monday, April 4, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. ‘‘ The Need 
for Commercialism in the Railways of To-day,” by 
Mr. Ashton Davies. 


THE Society OF ENGINEERS.—Monday, Apri! 4, at 
5.30 p.m., at the Geological Society, Burlington House, 
W.1. “Some Aspects of Reinforced Concrete,” by 
Mr. G. C. Workman. 


THE INSTITUTION OF AUTOMOBILE ENGINEERS: 
WESTERN CENTRE.—Monday, April 4, at 6.45 p.m., at 
the Merchant Venturers’ Technical College, Bristol. 
** Automobile Repairs,’ by Mr. W. G. Ruggins. 


Tse InstTiTuTION oF CiIviL ENGINEERS.—Tuesday, 
April 5, at p.m., at Great George-street, S.W.1. 
Ordinary Meeting. ‘“‘ The Enlargement of the City and 
South London Railway Tunnels,’”’ by Mr. I. J. Jones 
and Mr. G. Curry. Wednesday, April 6, at 6 p.m. 
Informal Meeting. Subject for discussion, ‘‘ Methods 
of Preserving Structures,” by Mr. F. E. Wentworth- 
Shields. 


THe SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, April 5, at 7.30 p.m., at 198, West-street, 
Sheffield, ‘The Deformation of Metals,” by Professor 
F. C. Thompson. 


Tue INstTITUTION OF AUTOMOBILE ENGINEERS.— 
Tuesday, April 5, at 7.45 p.m., at the Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘‘ The High-Tension 
Magneto, with Special Reference to its Design, Manufac- 
ture and Service,” by Mr. A. P. Young and Mr. L. 
Griffiths. 


THE INSTITUTION OF NAVAL ARCHITECTS.—Annual 
General Meeting. Wednesday. April 6 to Friday, 
April 8, at the Royal Society of Arts, John-street, 
Adelphi, W.C.2. Wednesday, April 6, at 11 a.m. 
Address by the President, His Grace the Duke of 
Northumberland, K.G., C.B.E., M.V.O. ‘‘ Some Investi- 
gations into the Cause of Erosion of the Tubes of Surface 
Condensers,” by the Hon. Sir Charles A. Parsons, K.C.B., 
D.Se., F.R.S. At 7.30 p.m. Annual Dinner in the 
Grand Hall, Connaught Rooms, Great Queen-street, 
W.C.2. Thursday, April 7, at 11 am. ‘A Charac- 
teristic Energy Diagram for an Oil Engine and Marine 
Oil Engine Trials,”’ by Professor W. E. Dalby. At 3 p.m. 
‘* Notes on the Design of Coasters,’’ by Mr. J. D. Calder. 
“The Future of Sailing Vessels Fitted with Auxiliary 
Motors,” by Captain C. Blom. At8p.m. ‘“ Design and 
Construction of High-Speed Motor Boats,” by Mr. D. 
Nicolson. Friday, April 8, at 11 a.m. ‘ Propulsion of 
Ships under Different Weather Conditions,” by Mr. J. L. 
Kent. ‘‘ Notes on the Effect of Wind on Power and 
Speed,” by Mr. H. J. R. Biles. At 3 p.m. “Ship 
Resistance Similarity,”” by Mr. E. V. Telfer. ‘‘ Ship 
Wave Resistance—A Comparison of Mathematical 
Theory with “xperimental Results,” Part II, by Mr. 
W. C. 8. Wigley. 

THE INSTITUTION OF SANITARY ENGINEERS.— Wednes- 
day, April 6, at 6 p.m., at Caxton Hall, Westminster, 
S.W.1. ‘‘ Kingsbury Main Drainage Scheme, 1924~— 
1926,” by Mr. R. C. N. Newport and Mr. E. O. Danger. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: WIRE- 
LEss Section.—Wednesday, April 6, at 6 p.m., at 
Savoy-place, Victoria-embankment, W.C.2. “ Battery 
Eliminators or Appliances for the Operation of Radio 
Receiving Apparatus by Energy Derived from Electric 
Supply Mains,” by Mr. P. R. Coursey and Mr. H. 
Andrewes. 

Tue Nortu-East Coast InstitutTION OF ENGINEERS 
AND SHIPBUILDERS: GRADUATES’ SECTION.— Wednesday, 
April 6, at 7.15 p.m., at the Literary and Philosophical 
Society, Newcastle-upon-Tyne. “A Modern Power 
Station,” by Mr. W. W. Bath. 





THe Royat AERONAUTICAL SocreTy.—Thursday, 
April 7, at 5.15 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. Lecture. ‘‘ Parachutes,” 
by Flight-Lieut. F, O. Soden, 


THE Institution or ELeEctricaL ENGINEERS.— 
Thursday, April 7, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. ‘A Contribution to the Study 
of the Number of Tests required to establish the 
Rupturing Capacity of an Oil Circuit-Breaker,” by 
Mr. E. B. Wedmore, Mr. W. B. Whitney, and Mr. 
C. E. R. Bruce. 


THE Institution oF MECHANICAL ENGINEERS: 
Sourn Wates Branca.—Thursday, April 7, at 6 p.m., 
at the South Wales Institute of Engineers, Cardiff. ‘The 
Economic Value of Increased Steam Pressure,” by 
Mr. H. L. Guy. 


Tue InstiruTION OF MECHANICAL ENGINEERS : 
NortH-WESTERN BRrANcH.—Thursday, April 7, at 
7.15 p.m., at the Engineers’ Club, Albert-square, Man- 
chester. ‘‘Internal Combustion Locomotives,” by 
Lieut.-Col. E. Kitson Clark. 


THE Opricat Socrety.—Thursday, April 7, at 7.30 
p-m., at the Imperial College of Science, Imperial 
Institute-road, South Kensington, 8.W.7. ‘‘ Huygen’s 
Principle and the Phenomena of Total Reflection,’ by 
Professor C. V. Raman. ‘“ The Hartmann Formula for 
the Dispersion of Optical Glass,’’ by Mr. H. W: Lee. 


THE Royat Sanitary InstitutTe.—Friday, April 8, 
at 5 p.m., at the University, Liverpool. Discussion on 
‘* Liverpool Main Drainage System,’’ opened by Mr. H. C. 
Williams. 


THe InstituTIOoN oF LocomoTIvVE ENGINEERS : 
Nortu-East CEntTRE.—Friday, April 8, at 7 p.m., at 
the Hotel Metropole, Leeds. ‘* Laminated Steel Springs,” 
by Mr. T. H. Sanders. 


THe Institute or Merats: SHEFFIELD LocAaL 
Srction.—Friday, April 8, at 7.30 p.m., at the University, 
St. George’s-square, Sheffield. ‘‘ Refined Silver for 
Electro-plating Anodes,’’ by Mr. E. A. Smith. 


THE WEsT BROMWICH ENGINEERING SOCIETY.—Friday, 
April 8, at 7.30 p.m., at the Technical College, West 
Bromwich. ‘“ Electricity the Power of To-morrow,” by 
Mr. G. S. Francis. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


Colliery Losses.—The effects of the seven months’ 
strike of colliery workers is clearly reflected in the reports 
of Welsh colliery companies which have been issued 
lately. The reports of nine concerns for the year ending 
December 31 last show that, only two were able to 
realise a profit and that seven sustained serious losses. 
The profitable concerns were Consolidated Cambrian, 
Limited, which showed a surplus of 654/., and the Meiros, 
Collieries of 10,1907. On the other hand, the Powell 
Duffryn Steam Coal Company, Limited, sustained a loss 
of 118,810/., the Great Western Colliery Company, 
Limited, of 100,137/., Messrs. D. Davis and Sons, Limited, 
of 67,7901., the Penrikyber Navigation Colliery Company, 
Limited, of 22,404/., the Albion Steam Coal Company, 
Limited, of 20,278/., the Welsh Navigation Steam Coal 
Company, Limited, of 6,146/., and the Cardiff Collieries 
Company, Limited, of 40,6877. Seven of the nine com- 
panies have passed their dividend on the preference 
shares and eight their dividend on the ordinary shares. 
The Powell Duffryn Company is the only concern to 
pay any dividend on the ordinary shares, amounting 
to 2} per cent., less tax, besides 6 per cent. on the prefer- 
ence shares, while the Penrikyber Company also paid 
6 per cent. on the preference shares. 


The Coal Trade.—Conditions in the Welsh steam coal 
trade are, on balance, somewhat easier with new business 
quiet. Admiralty large, and the best descriptions of 
Monmouthshire large, are steady at 22s. to 24s. for the 
former, and 21s. to 22s. for the latter, but other classes 
of large coal are in plentiful supply at irregular figures. 
Eastern and Western Valley large rules from 19s. to 21s., 
while dry large ranges from 20s. to 21s. 6d. Sized 
descriptions are steady on the basis of 208. to 228, 6d. 
for dry nuts and 19s. to 20s, for bituminous nuts. Smalls 
are rather more readily available and erratic in price at 
138. to 15s., according to quality. The Mauritius Govern- 
ment is in the market for 25,000 tons of Welsh large coal, 
and the Alexandria Arsenal also want prices for the 
supply of Cardiff coal over the next twelve months. 
The Belgian State Railways order for 150,000 tons of 
large, through and small coal has been placed for the 
Polish commodity at about 2s. 6d. per ton below the lowest 
British price. The Swedish Navy has placed an order 
for 30,000 tons of Welsh dry large coal, delivery over 
April-June. Shipments of coal as cargo foreign in the 
past week were restricted by delays to shipping caused 
by the recent boisterous weather. Exports were lowered 
from 547,550 tons to 406,540 tons, shipments from 
Cardiff being reduced from 343,410 tons to 274,690 tons, 
at Newport from 116,550 tons to 47,550 tons, at Port 
Talbot from 37,610 tons to 30,440 tons, and at Llanelly 
from 6,970 tons to 5,510 tons, but at Swansea they 
were increased from 43,010 tons to 48,350 tons. 


Pitwood Prices.—Scarcity of pitwood for use at the 
collieries has caused a sharp advance in prices. A fort- 
night ago French wood was obtainable at 31s., but to-day 
it realises 42s. 6d. The shortage has been caused by the 
recent floods in France having checked cutting and 


retarded shipment. 
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Fie. 16. Worm-GEAR PULLEY-BLock ASSEMBLY Bay. SoutH Works. 
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Fie. 17. CHarn-Maxine Bay. SoutH Works. 
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Offices for Publication and Advertisements, 
36 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to oall the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between t 
Journal and any other publications bearing 
somewhat similar titles. 


TELEGRAPHIC \ ‘‘ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


* ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

For the United Kingdom 0 

For Canada— 

Thin paper copies 
Thick paper copies 
For all other places abroad— 
Thin paper copies 
Thick paper copies 

Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 
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When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 

GENTS FOR “ ENGINEERING.” 

AvsTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. TT. Willmett and Co., Townsville, North Queens- 
land. W. C. Rigby, Adelaide. South Australia. Melville 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CanaDa, Toronto, Ont.: Wm. Dawson and Sons, Limited, 
87, Queen-street East. 

EDINBURGH: John Menzies and Co., Limited, Rose-street. 

FRANCE, Paris: Boyveau and Chevillet, 22, Rue de la Banques. 
For advertisements, Office de Publications Commerciales, 
167, Rue Montmartre, Paris (2e). 

Cones: Hermann H. Fromm, Liitzowstrasse 84, Berlin, 

+00. 




















GLascow: William Love, 221, Argyle-street. John Menzies 
and Co., Limited, West Nile-street. 

INDIA, Calcutta: Thacker, Spink and Co., Bombay; Thacker 
and Co., Limited. 

ITaLy: U. Hoepli, Milan. Anonima Libraria Italiano, Torino, 
and any post Office. 

Japan, Tokio : Maruzen Company, Limited. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER : John Heywood, 143, Deansgate. 

NEW ZEALAND: Gordon and Gotch Proprietary, Limited, Wel- 

_ lington, Auckland and Christchurch. 
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COMMERCIAL LOW-TEMPERATURE 
CARBONISATION. 

Ir coal is burnt as a fuel, it may give out rather 
more heat than coke, though, as used for many 
purposes, the amount of useful heat may be a good 
deal less. Whether more heat is provided or less, 
the process of burning coal wastes large quantities 
of useful substances that preliminary carbonisation 
might turn to account. How much may be lost 
in this way depends on the coal, the method and 
cost of carbonising, and the relative value for the 
time being of the products it can yield. A large 
amount of experience has shown that by carbonising 
at a low temperature, the sacrifice of a considerable 
yield of gas will allow products such as oils to be 
obtained to apparently a much greater value than 
that of the gas that is suppressed, and the residual 
coke, with a calorific value of much the same order 
as high-temperature coke, is much more suitable for 
domestic and even for some other purposes. The 
large number of products to be obtained, their 
great variety according to the coal from which they 
are derived, and the method of carbonising used, 
the considerable fluctuations in price to which both 
raw materials and products are subject, and the 
almost incalculable further variations of prices to 
be expected if the relative quantities of raw material 
and of the several products were substantially 
altered, make it difficult or impossible to say in 
advance at what economy a particular process would 
work. Most processes have their technical difficul- 
ties, which may be solved by successive trials in 
the laboratory, on an intermediate scale, and on a 
full-size unit ; but when these have been overcome, 
which may take considerable time, the commercial 
value of any process can be determined only by 
actual trial on a commercial scale. 

This picture of the position of low-temperature 
carbonisation at the present time would be incom- 
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~|a commercial scale. 


tions. Some amount of risk must doubtless attend 
the first systematic exploitation of any procession 
a commercial scale ; but, as against this risk, which 
may be paralleled in most new technical enterprises, 
is to be set a field of quite exceptional extent in the 
event of success, as well as unusual gains to public 
health and national security. Itis therefore the more 
satisfactory to recognise the fact that some processes 
seem to have arrived at the end of their technical 
difficulties, or at least to be within sight of it. The 
oldest processes in modern times are those initiated 
at the end of last century by Thomas Parker, 
yielding the product known as Coalite. Their ex- 
ploitation seems to have been a notable example of 
the delay that may come through making haste too 
quickly ; but from recent observations, including 
an independent report by the Director of Fuel 
Research, it appears that the present process is , 
now technically satisfactory, and in a pamphlet 
recently published,* it is stated, apparently with 
authority, that its owners have completed the 
necessary financial arrangements for working it on 
The proprietors of a later and 
quite different process, known hitherto as the 
Sensible Heat or L. and N. (Laing and Neilsen) 
process, have also made arrangements to the same 
effect. Under the chairmanship of Colonel J. T. C. 
Moore-Brabazon, M.C., M.P., they entertained 
recently a representative gathering of persons 
interested in the colliery, oil, gas, electricity and 
other industries, and announced that they had both 
perfected and verified the technical working of their 
plant, and secured by private subscription all the 
capital required for working on a large scale. 

The prospect that both these processes, each of 
which has been described in detail in these columns, 
and must be familiar to our readers, are now to be 
exploited systematically is of very general interest. 
The differences in the constitution of coals are so 
wide that no one process is likely to be the most 
suitable for all purposes, and it is fortunate that 
these two are broadly contrasted in design and 
method of working. The Coalite process, as is well 
known, works with a large number of small vertical 
retorts, charged intermittently and heated extern- 
ally, while the L. and N. consists of one or more 
large horizontal or nearly horizontal retorts, work- 
ing continuously and heated internally by the com- 
bustion of its own gas. Each of these processes 
produces a low-temperature coke in sizes suitable 
for domestic use, while its fines can be ground 
with particular ease into pulverised coke, with the 
advantage over coal of being non-explosive and of 
burning with a shorter and better controllable 
flame. Except for the residual ash, which will 
doubtless become less as processes of washing become 
more general, and at worst is only comparable with 
that of coal or high-temperature coke, the use of 
these cokes gives a cleanliness of the same order 
as that of gas, with its attendant advantages within 
the plant in which it is used, as well as the public 
advantage of not fouling the atmosphere. They 
give, moreover, a range of oils and other products 
which at present are produced in the country only 
on a trifling scale. The prices at which these pro- 
ducts can be sold will doubtless play a dominating 
part in deciding how far they will have come to 
stay. All classes of users, however, are interested 
in not losing sight of the incidental advantages 
that are not measured by their price, and will find 
it to their interest to give these products the 
thorough and, if need be, patient trial they are 
worth. 

It seems, indeed, no exaggeration to say that 
through some such processes the unquestioned 
advantages of low-temperature carbonisation are 
likely to. be attained, and either or both of those 
here under notice may share in the deserved success. 
The greater importance, therefore, attaches to the 
fundamental condition on which alone this desir- 
jable result may be expected. The problems to 
| be solved are not like those of abstract politics, in 
which mistakes can be made with apparent im- 
punity because their results may not be recognised 
as the consequences of the measures that were 
to blame. Sooner or later a mistake in technical 
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design or industrial working has to shoulder its 
consequences. The condition of success is that 
mistakes should be avoided as far as possible, and 
in particular the mistakes that are made through 
inaccurate statements and insufficiently supported 
conjectures. A common example of inaccuracy is 
found in the assumption that prices found sporadi- 
cally for waste products will apply generally if and 
when a process has made the material in question 
into a serviceable product and created a regular 
demand for it. An example of insufficiently sup- 
ported conjecture is the assumption that a design 
which has worked satisfactorily on one scale will 
give similar results when the scale is increased. 
Such assumptions are often made when technical 
processes are discussed by laymen, and involve a 
risk of discrediting the process, which is to be 
deprecated all the more if it is otherwise hopeful. 

Low-temperature carbonisation has suffered very 
considerably from such mistakes in the past. and it is 
to be hoped that care will be taken to avoid them in 
future. The expression of this hope is the more neces- 
sary because even now the need for cautious and 
accurate statement does not seem to be recognised 
generally, nor the risk of injuring a process with 
real merit by loose or inaccurate statement. Both 
Mr. Allport’s pamphlet on Coalite, for example, 
and to a less extent Colonel Moore-Brabazon’s 
observations on the L. and N. process, are occa- 
sionally open to this criticism. There is, for in- 
stance, nothing in the Coalite process to justify the 
description of its solid product as ‘“ practically 
pure carbon’ unless in most instances the coal 
had been thoroughly washed, and the statement that 
this can be done at 67. per ton is not accompanied 
by any particulars of the coals and the scale on 
which this figure has been obtained, and the result- 
ing reduction of ash. The difficulty of obtaining 
cast-iron that will not grow when worked in retorts 
is not denied, and it is admitted that money and 
experiment are required for improving this material ; 
but though the difficulty may very likely be overcome, 
success cannot be assumed until it has been attained. 
When, again, the Fuel Research Board was asked to 
test the company’s plant they found it to consist of 
32 retorts, with an aggregate throughput of 50 tons 
a day when all retorts were working; but the 
estimate on which the company appears to be work- 
ing is for a plant with a throughput of 1,000 tons a 
day, an enlargement that seems likely to introduce 
questions of scale beyond what can be answered 
completely from existing experience. Such facts 
may be found quite consistent with the economical 
working of the proposed plants, but they certainly 
demand the careful attention of those who have to 
face them, and do not justify the resentment dis- 
played against the Fuel Research Board for having 
limited their report to the plain record of what they 
were required to investigate. Colonel Moore- 
Brabazon, again, goes too far when he says that 
cracked oil is necessarily spoilt ; and while he does 
not state the throughput of the existing L. and 
N. plant, he mentions that bigger installations 
are to be built dealing with units of 100 tons a 
day, and bases his estimate of costs on a plant 
with five times that throughput. Doubtless this 
enlargement has not been contemplated without 
due consideration, and, indeed, the skilled advisers 
of the owners of both processes are not likely to 
have led their principals to enter on the measures 
described without being satisfied in their own minds 
that they have something more than a reasonable 
prospect of success. It is, however, to the interest 
of all parties to recognise how far they are pro- 
ceeding upon ascertained results. and how far they 
are counting on results which, though they may 
be expected with good reason, have not yet been 
attained. 

The position of both processes seems, in fact, to 
be indicated correctly by Colonel Moore-Brabazon, 
when he describes his company’s immediate pro- 
gramme as being to instal full-size plants in various 
localities, ‘‘ in order to prove out ” the commercial 
soundness of the process. No single estimate can 
be expected to cover even approximately the 
figures of cost with widely different coals, and for 
that matter no single process is likely to deal with 
all classes of coal to advantage. With the 
enormous scope for a successful process, no one 








process needs to deal with all coals indifferently, 
and clearly it is to be hoped that each will discover 
and apply itself to the varieties of coal to which 
it is best suited. The present estimates differ 
widely in the assumed cost of raw material and the 
assumed prices of products, as well as other par- 
ticulars, and the actual figures will doubtless 
become clearer as the intended plants get to work. 
The L. and N. figures provide for purchasing 
slack and selling coke each at 5s. per ton, apparently 
with a charge of 20s. per ton for coke suitable for 
open grates. These figures, however, are based on 
obtaining nearly three times as much revenue from 
the sale of oil at a price that seems to be high, 
though it is said to be lower than the same oil has 
recently fetched, in quantities that are not stated. 
The Coalite figures, arrived at on a different basis, 
have, in common with the L. and N., the fact that 
each company reckons to make a profit of about 
4s. per ton of coal carbonised. This is by no means 
an exorbitant figure, if the products can be sold at 
economical rates of the order indicated, and on all 
grounds the results of the enterprise of the two 
companies will be followed generally with interest 
and sincere good wishes. 





DEVELOPMENT OF CIVIL AVIATION 
IN GERMANY. 


COMMERCIAL aviation may be said to have com- 
menced in Germany in 1919, when the Deutsche 
Luft Reederei opened the first air line on the route 
Berlin-Leipzig-Weimar. Several other national 
lines were opened shortly afterwards by the same 
company, and were operated successfully from the 
transport point of view, although at a considerable 
financial loss, the machines being uneconomical 
and the amount of traffic small. In 1920, the 
company obtained a subsidy from the German 
Government based on the distance flown, and this 
financial support induced several other smaller 
companies to engage in air transport, working 
German national lines almost exclusively. The 
Deruluft, however, was organised towards the close 
of 1921, as a sister company to the Deutsche Luft 
Reederei, to operate an air service between Germany 
and Russia, the Deruluft afterwards coming to be 
regarded as a connecting link between German and 
Russian commercial interests. The smaller com- 
panies, above referred to, soon ceased to exist, 
partly owing to the fact that the economic situation 
rendered it necessary to limit the subsidies paid, 
and partly on account of the limitations imposed on 
German aviation by the “Nine Rules” of the 
London Agreement, made in May, 1921. 

These adverse conditions naturally hampered 
progress, but two air-transport concerns were formed 
in the spring of 1923. Of these, the German 
Aero Lloyd was formed from the majority of the 
earlier air-transport companies, and this was 
supported by the whole of the German aircraft 
manufacturers, with the exception of the Junkers 
concern, which formed an air-transport company 
of its own. For three years, the Aero Lloyd and 
the Junkers Company operated in competition, but 
early last year they were combined into a single 
company, known as the Deutsche Luft Hansa A.G., 
which is now the only German concern actually 
engaged in air-transport work. It is true that air 
transport concerns still exist in Germany, but the 
activities of these companies are limited to cover 
certain districts only. Their chief purpose is to 
develop public interest in aviation, while leaving the 
actual transport work to Luft Hansa. They 
serve as intermediaries between this concern and 
the different States and provinces of the German 
Reich. In addition to the board of directors of 
the Luft Hansa, composed of business men and 
Government, State and municipal representatives, 
there is a technical advisory committee comprising 
the leading men of the German aircraft industry. 
In the principal cities district managers are ap- 
pointed, and to these the ground managers of the 
various aerodromes in their districtsare subordinate. 
German commercial aviation is, of course, not self 
supporting, the revenue from traffic only amounting 
to some 30 per cent. of the total running costs. 
The remainder is derived from subsidies received not 
only from the Government, but from the States, 


communities and various corporations. In general 
international lines are subsidised by the Govern. 
ment and the national lines by the other bodies, 

The above particulars, and other information 
relating to commercial aviation in Germany, were 
given in an interesting paper read by Major Martin 
Wronsky, of the Deutsche Luft Hansa, before the 
Royal Aeronautical Society on Thursday, March 24, 
It will be remembered that by the agreement 
concluded at the Ambassadors Conference in Paris 
in May of last year, the restrictions imposed on the 
construction of commercial aircraft in Germany by 
the Nine Rules of the London Agreement were 
removed. Practically all the machines, about 120 
in number, previously at the disposal of the Luft 
Hansa, were of the single-engine type, carrying a 
maximum of six passengers, the only multi-engined 
type in service being the Junkers G.24. Although 
the time which has elapsed since the Paris Agree- 
ment is comparatively short, a number of efficient 
multi-engined machines have since been produced, 
including the Albatros L.73, which is a twin-engined 
biplane fitted with sleeping accommodation, the 
triple-engined Rohrbach-Roland, and the twin- 
engined Dornier-Wal flying boat. The multi- 
engined machines, in general, are used for the inter- 
national services, and the single-engined machines 
for the German national lines. Most of the machines 
are of all-metal construction, although in the 
Albatros machines metal is used in conjunction with 
wood and fabric covering ; it is interesting to note 
that monoplanes of the cantilever-wing type are 
employed almost exclusively. In Major Wronsky’s 
opinion, commercial aeroplanes of large capacity 
can only be operated successfully and economically 
if they are of all-metal construction. All-metal 
propellers are also preferred to those of wood, and 
considerable developments have been made. 

Owing to negotiations in connection with the 
fusion of the Aero Lloyd and Junkers concerns, 
referred to above, the regular air services were not 
operated in Germany during the first quarter of 1926. 
Commencing on April 6, however, 54 lines connecting 
15 foreign and 57 German air ports, were operated 
by the Luft Hansa during the summer season, 
the total length of the routes amounting to 20,408 
km. (12,650 miles). For the winter service, the 
routes operated had a total length of 8,152 km. 
(5,050 miles) and 10 foreign and 23 German air ports 
were connected. During the whole of the year, the 
distance covered in scheduled flights amounted to 
6,141,479 km. (3,810,000 miles) an increase of about 
24 per cent. over the corresponding figure for the 
previous year. Remarkable increases occurred in 
both the number of passengers and the weight of 
mails carried in 1926, the increases being 50°3 per 
cent., and 86-4 per cent., respectively, in compari- 
son with 1925. The actual figures for air traftic of 
1926 were: 56,268 passengers, 384 tons of luggage, 
260 tons of freight, and 300 tons of mails carried. 
Only one accident attended with fatal results to 
passengers occurred during the year, and in this 
connection it is interesting to note that the lives of 
all passengers while in possession of a ticket are 
automatically insured for the sum of 25,000 marks. 
For temporary disablement, compensation to the 
extent of 25 marks a day is paid. 

The main aim of the Luft Hansa is to develop 
the great international air lines covering long 
distances with the least number of intermediate 
stops, it being fully realised that it is on such lines 
that the high speed of thé aeroplane offers the 
greatest advantages. Such lines already in operation 
are those connecting London, Berlin and Moscow ; 
Zurich, Munich, Vienna and Budapest ; and Malmo, 
Copenhagen, Berlin, Prague and Vienna, but endea- 
vours are being made to interest those countries 
which are not at present connected with the central 
European air network. Negotiations with Czecho- 
Slovakia have recently been completed, and it is 
anticipated that a line between Munich and Milan 
and one connecting with Spain, will be developed. 
In connection with the development of international 
air lines, Major Wronsky pointed out that this 
was only possible if international agreements could 
be reached. He mentioned that the foundations 
for co-operation in this respect were laid when 
the International Air Traffic Association, known 
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at the suggestion of Air Vice-Marshal Sir W. 
Sefton Brancker. In this Association, the air- 
transport companies of almost all European 
States were represented, and the first result of its 
formation was the inauguration, in 1921, of an air- 
transport service between Denmark, Germany and 
Holland. In the following year, the German-Dutch- 
English service was commenced, and, at the present 
time, the Deutsche Luft Hansa was operating 
several joint services with companies who were 
members of the Jata and also with Austria, France, 
Russia, Sweden, Switzerland and Hungary. 

In developing commercial aviation, Major Wron- 
sky remarked in conclusion, Germany was endea- 
vouring to fulfil an obligation imposed upon her by 
her geographical position. All economically im- 
portant lines on the Continent of Europe, he said, 
led over German territory, and it was, therefore, 
the duty of Germany to organise her commercial 
aviation to a standard corresponding to the require- 
ments of the other European nations. She was not 
aiming at supremacy in European air-transport for 
herself, and since 1918 was not, in fact, in a position 
to make a politically-powerful instrument out of 
her own air traffic. When endeavouring to open a 
new line into a foreign country, the Luft Hansa 
always invited the air-transport company of the 
country concerned to participate in the service. 
The whole German commercial air organisation, 
moreover, was at the disposal of all European States 
desirous of making use of its aerodromes in the 
course of transit or entering flights. The main 
object was to secure an organisation which would 
achieve for European air-transport results similar 
to those obtained for the world in general by the 
postal and telegraph unions. 





THE REGULATION OF ROAD 
TRAFFIC. 


Ir is admitted on all sides that the laws relating 
to road traffic are out of date, the law in relation to 
the speed limit in particular being honoured in the 
breach rather than in the observance. The 
majority of the regulations, which are embodied in 
no less than ten Acts of Parliament, were drawn up 
before the existence of motor traffic; and, as we 
have previously had occasion to state, their strict 
observance would have the immediate effect of 
paralysing transport throughout the country. It 
would appear at first sight that this state of affairs 
is a reflection on the business ability of the nation, 
but it should be borne in mind that ill-considered 
legislation is apt to have unexpected and undesir- 
able results. There is thus some justification for 
delaying amendment of a given law until experience 
clearly indicates the line of advance, and it cannot 
yet be stated with certainty that this point has been 
reached in all the directions in which revision of the 
motor laws appears desirable. It will be sufficient 
to quote the example of the taxation of certain 
classes of vehicle on a horse-power basis. In this 
case, it is doubtful whether a most careful and 
impartial view of the evidence in favour of a reversion 
to the petrol tax would establish the conviction that 
such a change was altogether desirable. There are, 
however, other directions in which no reasonable 
doubt can exist that a revision of existing regula- 
tions can be made with advantage, though even in 
these cases, legitimate doubt may well be felt as to 
the best line of advance. : 

It has been said that one man’s meat is another 
man’s poison, and nowhere is this truer than in the 
employment of motor vehicles on the public roads. 
The points of view of the different, road users 
amongst themselves, and with respect to the road 
authorities, are in fact so divergent that agreement 
on all points is impossible, and the best that can be 
hoped for is that the road law shall not embody 
marked injustice to any particular class of road 
user, It is presumably with a view to ensuring this 
that the Minister of Transport has invited the view 
of the a ppropriate authorities on a draft of the 
Proposed Road Traffic Bill. At the moment, this 
draft 1s merely tentative in form, and is subject to 
modification to meet the views of the various 
organisations representing the road user and the 

censing authorities. 

The Bill is a comprehensive measure designed to 





either supersede or repeal all the existing acts, and 
is divided into five parts, under the respective 
headings of the regulation of motor vehicles, lights 
on vehicles, amendment of the law relating to 
highways, the regulation of public-service vehicles, 
and general considerations. Much of the matter 
embodied in the Bill is of no interest to engineers 
except in so far as they are road users, but some of 
the clauses, if and when they finally pass into law, 
will undoubtedly have an influence on vehicle 
design, and even on road construction. Of these, 
possibly the most important is a proposal contained 
in the draft that every public service vehicle shall 
require a certificate of fitness, issued by the licensing 
authority, which will imply that it is of satisfactory 
design and construction. At the present time, the 
number of existing licensing authorities is about 
1,200. Even this large number, however, do not 
cover the entire country, and there are many rural 
districts in which no control of any kind can be 
exercised over public-service vehicles as such. In 
the draft Bill, provision is made to redistribute the 
licensing authorities so as to cover the whole country, 
and at the same time to reduce their numbers to 
300. It is proposed that the certificates of fitness 
shall be issued by examiners specially appointed for 
the purpose. In general, such examiners will be 
part-time officers, and will be engineers having a 
special knowledge of road vehicles and the conditions 
under which they are required to operate. It is 
anticipated that it will ultimately be possible to 
group the great majority of public-service vehicles 
into certain types, the design of which have been 
approved by the Ministry, thus reducing the time 
and expense involved in individual examination. 
In addition to the certificate of fitness, it is suggested 
that road service licences shall be issued. The 
object of these licences will be to give local authori- 
ties, through whose area the vehicles pass, reasonable 
control of routes and services. The local authority 
would thus be in a position to prevent the vehicle 
making use of unsuitable roads, and if a certain route 
were already efficiently served, to divert the through 
vehicle on to a route where no service existed. It 
is evident that this clause invests the local authorities 
with considerable power, the abuse of which is 
guarded against by the right of appeal to the 
Ministry. 

While it would be quite impracticable to hold an 
enquiry into every accident that occurs on the 
road, a number of accidents occur each year in 
which the conditions suggest that an enquiry might 
afford valuable information to either vehicle 
designers or road engineers. This applies particu- 
larly in the case of public-service vehicles, and it 
is decidedly an anomaly that a railway accident 
involving possibly only slight injury to passengers 
should form the object of a Board of Trade enquiry, 
while a road accident leading to a relatively large 
number of deaths should be dealt with by a coroner’s 
inquest. General satisfaction will’ therefore be 
felt that the draft Bill includes a clause giving 
authority to the Minister, when he is of opinion 
that such an enquiry would fulfil a useful purpose, 
for its implementation. 

Undoubtedly one of the most difficult questions 
which will have to be faced before the Bill becomes 
law is that relating to the speed limit. While 
the present limit of 20 miles per hour is admittedly 
absurd, the arguments in favour of fixing a higher 
limit, or of abolishing the limit altogether, appear 
equally strong. As the Bill is at present drafted, 
it contains alternative clauses to cover this point. 
The first of these proposes that a fixed limit shall 
be retained, but that if, in a prosecution for exceeding 
this limit, the defendant can establish that his 
doing so was reasonable in view of the prevailing 
circumstances, he shall be entitled to a judgment in 
his favour. The second clause provides for the 
abolition of any limit of speed, with the proviso 
that prosecutions may be instituted for either 
careless or dangerous driving. The clause covering 
careless driving is intended to meet cases where the 
offence of which the driver is guilty is not such as 
to justify the imposition of the heavy penalties 
provided for dangerous or reckless driving. Careless 
driving is defined as driving without reasonable 
regard to the safety, comfort, or convenience of 
other persons using the road. 





It would appear that the Minister is not yet 
satisfied that an effective anti-dazzle device has 
been evolved, as it is stated in the Memorandum pre- 
ceding the Bill that, should a satisfactory preventive 
of dazzle be discovered at any time, a clause shall be 
inserted enabling the Minister to make suitable 
regulations for its adoption. This hardly appears 
to do justice to more than one anti-dazzle device 
that has been evolved. More than one of these 
appears to be entirely effective, but possibly too 
high in cost to justify insistence on its universal 
adoption. With regard to other regulations govern- 
ing the lighting of vehicles, which are at present 
contained in some eight general Acts, two Orders, 
and a large number of local bye-laws, and are 
admittedly chaotic, the Bill provides that, in 
general, vehicles will be required to carry a minimum 
of two white lights in front, and one red light at 
the rear. Exemption is provided for where the 
regulation would be unnecessary or unreasonable, 
as in the case of farm vehicles engaged in harvesting. 
It is proposed that pedal cycles should be given the 
option of carrying either a red lamp or efficient 
reflector. The clause governing the use of swivelling 
head lamps and spot lamps give power to the 
Minister to sanction such devices by promulgating 
a covering order or regulation. 

Amongst other clauses in the Bill, it may be 
mentioned that provision is made for the compulsory 
insurance of all public-service vehicles against third- 
party risks. Drivers of private vehicles will not 
be required to take out a similar insurance, as such 
a measure would lead to a prohibitive increase 
in premiums for all road users. As a final point, 
it may be mentioned that driving tests for all 
applicants for licences are not contemplated, but 
the applicant will be required to testify to his 
physical fitness to drive, and in doubtful cases may 
be required to submit to an actual driving test. 





THE PRAGUE FAIR. 

THERE were certain resemblances and certain 
almost complete contrasts between the fair, which 
opened at Prague on Sunday, March 20, and the 
one at Leipzig, a description of which appeared in 
ENGINEERING for March 11 and 18. At both fairs 
an attempt was made, with some approach to 
complete success, to exhibit the manufacturing 
capabilities of a country to its own inhabitants 
and to such foreigners as wished to buy goods 
for their own use, or to buy to sell again. But 
while this policy, in the case of Leipzig, exhibited 
Germany’s strength as a producer, it rather, in the 
case of Prague, tended to exhibit Czechoslovakia’s 
weakness. For the wealth of the latter country 
lies in agriculture, and though some natural in- 
sistence is laid, in the propaganda regarding the 
Fair, on the point that the manufacturing abilities 
of the erstwhile Austro-Hungarian Empire were 
concentrated within the borders of the new republic, 
there is no doubt that it is upon the produce of 
the earth that that community must for the time 
being be content to rely. Whether national, finan- 
cial and other considerations, not to speak of the 
“mass will,’ will ever permit Czechoslovakia to 
become a self-contained industrial whole remains to 
be seen. The fact remains that she is not one at 
present. Though, therefore, a large amount of 
machinery was shown, there was little that was novel 
in design, and though it generally bore the names 
of native firms, the inspiration for its production, 
if not something more, often came from without. 

In size, of course, there was no comparison between 
the two fairs. Leipzig has a long history of tradition 
and energy behind it. Prague is a post-war product, 
and has grown up in the face of difficulties greater 
even than those our own organisers have had to 
face. Nevertheless, much progress has been made, 
and this year’s exhibition at least opened in an 
atmosphere of optimism, as Czechoslovakian industry 
is now said to be working at about 85 per cent. of 
its normal capacity. It is hoped also that the 
larger number of buyers who have, as a result, 
visited the capital of the republic, will provide an 
additional and much-needed stimulus to future 
development. 

In picturesqueness, both of general and immediate 
environment, Leipzig must give way to Prague. 
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The former town, though it certainly has a place 
in history, has now settled down to the humdrum 
existence of a manufacturing centre in the Saxon 
plain. The latter still retains a large degree of 
old-world atmosphere. Though now the principal 
town of a new republic, its many romantic build- 
ings, pictures and statuary recall the fact that it 
was once the capital of the Kingdom of Bohemia. 
It lies on the banks of a river, and is surrounded 
by hills, on one of which the Fair grounds were 
situated, some distance from the centre of the 
town, in the middle of a pleasure park. The 
Fair buildings proper were divided into two main 
sections—old and new—but these were within a few 
minutes’ walk of each other, and the arrange- 
ments were, therefore, much more convenient for 
the visitor who wished to see a maximum than 
they were at Leipzig. The buildings were also much 
smaller. There was nothing, for instance, that re- 
sembled the Leipzig machine tool hall. The indi- 
vidual displays, too, were less extensive. A large 
amount of the plant shown was outside the buildings 
proper ; in some cases in booths, in others entirely 
in the open air. This arrangement was followed in the 
case of much of the agricultural machinery, and, in 
the case of fine weather, during the period of the 
Fair, has distinct advantages. 

The Fair was organised into twenty-five groups, 
only a few of which need concern us. The remainder 
can be conveniently described as a samples exhibi- 
tion. Mention may first be made of the building 
industry’s display, as it offered one of the few cases 
where the successful policy of arranging a joint 
exhibit had been adopted. Numerous firms supply- 
ing builders’ materials and necessities, including 
ceramics, in which there is a large export trade, 
were exhibiting in combination, the idea being to 
create a display which, in conjunction with the 
joiners and cabinet makers’ exhibition, would show 
how all this variety of material could actually be 
used in building work. 

That this is of importance to the trade of the 
country is shown by the fact that the Czecho- 
slovakian forests annually produce considerable 
quantities of both soft and hard wood. Of the 
latter, a great deal is made into sleepers and 
parquetterie, while some of the former is converted 
into cellulose. The most important outlet for this 
material is, however, in the manufacture of furniture, 
90 per cent. of which, it may be added, is exported. 

Considerable space wasalso devoted to the products 
of the textile industry, though it is significant that 
little was to be seen of machinery by which the 
material is produced. It is estimated that Czecho- 
slovakia contains some 86 spinning and 450 weaving 
mills, together with no less than 30,000 hand looms, so 
that an opportunity for theinstallation of considerable 
power plant, if only on a small scale individually, 
would seem to exist. The wool industry comprises 81 
spinning mills and 280 weaving mills, while the 
linen industry possesses 26 spinning mills and 140 
weaving mills, in which a considerable amount of 
the plant is still hand operated. Similar figures 
might also be given for the silk, jute, and hemp 
industries. These, in fact, again are trades 
employing some 277,000 people, which have to 
depend largely on the export trade for their success, 
though it would appear that the necessary machi- 
nery, besides of course the raw material, is mainly 
imported. Glass is a product for which Bohemia, 
of course, has long been famous. But though, in 
design and artistry, the country still holds its own 
in this respect, there was little indication from what 
was to be seen at the Fair, that much attention is 
being given to the prcduction of glass for scientific 
and industrial purposes, such as for instance, lamp 
bulbs. Some exceptions to this general rule could, 
however, be found. 

An illustration of the fact that fairs of this 
description are evidently intended by their organisers 


rather than the manufacturer, is offered by the! which can alter their position relatively to each| manufacturing industry established in 


displays in the foodstuffs and paper industries 
sections. About 18 per cent. of the world’s produc- 


tion of beet sugar comes from Czechoslovakia, and | able to move back a greater or less distance, according | -overing the whole range of the la r 
its producers have shown considerable enterprise | to the pressure applied to them, i.e., according to the | in a fairly satisfactory fashion, and were spec! 





staple trades, and a good deal of machinery is there- 
fore naturally employed in its various branches. 
Little, or nothing, of the plant for either of these 
classes of production was, however, to be seen at the 
Fair. We do not make this remark in any spirit 
of criticism, except in so far as a plain statement 
that such exhibitions are neither entirely representa- 
tive of a country’s output, nor an indication of 
what they may require, in the way of plant from 
the engineering industry, may be taken as such. 

A good display was made of motor cycles, among 
which Great Britain was well represented. This 
display had mainly been organised owing to the 
increasing use which is being made of these light 
vehicles in Czechoslovakia. In 1925, the number 
of these machines imported was 4,684, of which 
Great Britain was responsible for 2,632. The 
examples of the well-known makes shown on this 
occasion, and the interest taken in them, was so 
great that it is clear that this satisfactory proportion 
will be maintained. 

Before giving some details of the engineering 
exhibits, it may finally be stated that a display of 
wireless apparatus, comprising some 80 firms, was 
held at the same time as the Fair proper. This 
calls for no particular comment, from the point of 
view of novelty, except to say that an opportunity 
was taken to demonstrate the Telefunken system 
of television. 

Perhaps a score of firms were exhibiting 
machine tools of various kinds. Of these, a number 
were candidly of German origin, and others were 
obviously so. One of the most interesting displays 
was to be found on the stand of Ernst Krause and 
Company, who were exhibiting a number of pro- 
ducts from their Vienna factory. These included a 
combined lathe, shaping, boring and milling machine, 
which was specially intended for use in such places 
as ships’ workshops and motor garages. All the 
parts of this equipment were constructed carefully 
to gauge, in accordance with the German standard 
rules, and were ground to a fine finish, so as to be 
interchangeable. The machine could either be driven 
from counter-shafting or by a special electric motor, 
which was conveniently placed on a bracket in the 
base. When this practice is followed, a 3-h.p. motor 
running at from 1,200 to 1,400 r.p.m., is necessary. 
The drive is effected through a friction coupling, 
and all four operations can be stopped simultane- 
ously. On the other hand, all operations can be 
carried out separately. The lathe is arranged for 
screw cutting, the lead screw being driven by bevel 
wheel change gearing, which allows the use of a 
reversing motor to be dispensed with. The lathe 
spindle can be brought to rest independently of the 
lead screw and feed spindle, so that keyways can be cut 
over the whole length of the lathe. Internal keyways 
up to a length of 4in.,can also be cut out. The milling 
machine, which is fixed below the lathe, consists 
of an independent milling spindle, the front end of 
which is provided with an internal Morse taper to 
take the milling tool mandrel. On the outside, this 
spindle has the same thread as the lathe spindle. 
The milling table, besides hand adjustment, has 
five continuous automatic longitudinal feeds, which 
are operated by stops in the usual way. The trans- 
verse and vertical adjustments are effected by hand. 
The shaping machine has a stroke of 10 in. The 
range of work can be increased to about 16 in. by 
removing the ram. The machine is fitted with 
rigid rams ground to the guide surface. These are 
worked by a crank and slide in long adjustable 
guides. The support is divided in degrees. The 
same table is used for both the milling and the 
shaping machines. The drill is entirely independent 
of the rest of the machine and its design calls for 
no special mention. 





firm grip is obtained without the use of pads of any 
kind. ; 


A number of patterns of lathe were being shown 
by Arnost Fuchs, of Prague. These were fitted with 
the Norton change gear, and on the standard 
pattern, 36 different Whitworth, and 26 different 
metric threads, could be cut. Josef Vitous, of Prague, 
were showing two examples of their band saws, which 
differ mainly in size, as well as a planing machine, 
which is capable of dealing with timber up to 28 in, 
wide and 8 in. in thickness. A combined smoothing, 
jointing, moulding and thicknessing machine, which 
is capable of dealing with planks of the same size. 
was also shown, while several smaller planes of 
similar design were on view. Other examples of thig 
firms’ products were a milling machine of heavy 
construction and a circular saw, the table of which 
is adjustable in every direction. This firm’s exhibit 
was, indeed, one of the most complete in range in the 
exhibition. Mention may also be made of the cold 
sawing machine, with water-cooling, which was shown 
by Mach and Fischer, of Hronow. The drive is 
effected by a belt, the saw pulley making 105 r.p.m. 
The saw is automatically removed at the end of 
the cut and complete arrangements are provided for 
holding the work firm while the operation is taking 
place. Another firm showing machine tools of 
native manufacture was Fr. Wawerka, of Leipnik, 
but the construction of their equipment generally 
follows American designs and the same applies 
to the woodworking machinery exhibited by 
Richard Koch, of Warnsdorf. 

As might be expected from what we have said 
above, considerable space was devoted to the 
exhibition of machinery for dealing with corn, flour, 
malt, sugar and other similar products. A firm that 
was prominent in this respect was Jan Prokopec, 
of Prague, with whose equipment we hope to 
deal in more detail in a subsequent issue. The 
equipment shown included grinding machinery, 
sifters and winnowers of various patterns, and 
great care seems to have been taken, not only to 
reduce the attendance necessary to a minimum, 
but to render the power consumed as small as 
possible. There were a large number of displays 
of pumps, both portable and stationary, which 
were obviously intended for agricultural purposes. 
In design and construction these did not differ 
greatly from each other, and the names of 
individual firms need not, therefore, be mentioned. 
Both classes of pump were arranged for coupling 
either to an oil engine or to an electric motor, and 
in some cases the combined set was mounted on 
a wheeled trolley or on a stretcher, which could be 
carried by two men. The extensive network which 
is available for the supply of electricity in nearly 
all parts of Czechoslovakia has led to the produc- 
tion of a small trolley, often covered with a semi- 
circular hood of sheet iron, on which is mounted a 
5-h.p. motor with suitable switching and starting 
gear, andcable. This can easily be transported from 
place to place, connection being made to the over- 
head line where required, and appropriate machinery 
thus conveniently operated. Several patterns of 
tractor and a good deal of agricultural machinery 
of standard type was also on view, generally in 
the open air. This was usually either of American or 
Canadian design and manufacture. A notable and 
gratifying exception was to be found in the display 
made by the well-known firm of Austins, of 
Birmingham. 

On the electrical side, with the exception of the 
wireless display to which we have already called 
attention, there was little of any note. Several 
firms were showing motors of various sizes with 
the appropriate switchgear and fittings. There were 
a few lighting displays, which, however, included 


The same firm was also showing the ‘‘ Berso ”’ vice, | little that was novel and, indeed, were devoted mainly 


| the jaws of which are built up in sections so as to form | 


to the smaller class of work. We should doubt 


a series of key-shaped pieces. The outer ends of| very much, as the result of what was to be seen 1m 
to attract the wholesaler and small consumer, | these pieces are in contact with a number of balls | Prague, whether there is as yet a “native ” electrical 


other with a minimum of friction when pressure 
is applied to the keys. The latter are, therefore, 
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It should be added thatYon the opening day 
the Fair was extremely well attended, though, as 
at¥Leipzig, a large number of the visitors were 
evidently not of the buyer class. It would be 
well, however, if on future occasions more strenuous 
efforts were made to have the stands completed 
before the opening, especially as Sunday being a 
general holiday there is a larger attendance on 
that day than later on in the week. The general 
impression gained was that Czechoslovakia is deter- 
mined to develop itself to take every advantage 
of engineering facilities and its possibilities as 
a market for all classes of goods should not, 
therefore, be lost sight of by British industrialists. 





NOTES. 
WATERLOO AND CHARING Cross BRIDGES. 


Ar its meeting on Tuesday last, the London 
County Council again had under consideration the 
proposals regarding Waterloo and Charing Cross 
Bridges. The Council had before it a report of the 
Improvements Committee No. 1, which summarised 
the situation that has developed since the publica- 
tion of the recommendations of the Royal Commis- 
sion on Cross River Traffic. Since then, the Prime 
Minister has stated in the House of Commons that 
the Government was prepared to make a grant 
from the Road Fund to the London County Council 
of 75 per cent. of the approved cost of reconstructing 
Waterloo Bridge in the manner suggested by the 
Commission; while, with regard to Charing Cross 
Bridge, the Government were inviting the County 
Council and the Southern Railway Company to 
join them in appointing engineers to consider the 
double-deck scheme, and, if satisfactory, would be 
prepared to contribute to its cost. The committee’s 
report pointed out that this was not sufficient to 
act on, since the reconstruction of Waterloo Bridge 
on the lines proposed was only warranted if it was 
possible to supplement it by means of additional 
facilities at Charing Cross. The Council, at its 
meeting on Tuesday, accepted the proposals with 


satisfactory arrangement proving possible with 
regard to Charing Cross. It was pointed out that 
the urgency of the situation with regard to Waterloo 
Bridge made it essential that a decision should be 
reached with the least possible delay. With regard 
to Charing Cross, the Council assumes that the 
offer of the Government is similar to that made 
for Waterloo Bridge, viz., to provide 75 per cent. 
of the approved cost. The cost to the Council of 
the proposals is, roughly, estimated by the Finance 
Committee (No. 2) as of the order of 2,500,000/., 
though this is based upon an estimate for the Charing 
Cross Bridge, which, it is suggested, may well be 
largely exceeded. 


Tue INstITUTION OF CrvIL ENGINEERS. 


On Friday last, the annual dinner of the Institu- 
tion of Civil Engineers was held in the large hall of 
the Institution, at Great George-street. The Presi- 
dent, Mr. Frederick Palmer, C.I.E., received the 
members in the library, the shape of which how- 
ever, does not lend itself too well to such a function, 
as it is long and relatively narrow, and circulation 
proves difficult. As the President has been so inti- 
mately connected with engineering problems 
affecting London, it was fitting that the chief 
guests of the occasion should have been the Chair- 
men of the London County Council and of the 
Port of London Authority. Mr. J. M. Gatti, in 
proposing the toast of ‘‘The Institution,” referred 
to the fact that three of their chief engineers, 
Sir J. W. Bazalgette, Sir A. R. Binnie and Sir Maurice 
Fitzmaurice, had occupied the presidential chair 
of the Institution, while the present chief engineer, 
Mr. G. W. Humphreys, was on the Council. The 
President, in responding, contrasted the calls made 
upon the time of those who now occupied that 
office with the demands made in earlier years. 
Telford, for instance, the first president, held that 
office for fifteen years ; Walker, who followed, was 
president for ten years, but to-day it was impossible 
for a man, with business calls upon him as well, to 
hold office for more than one. We were accustomed 


engineers, but Mr. Palmer thought, in future days 
it would be found that men of our own time would 
be held in equal esteem, as, for instance, Sir Ben- 
jamin Baker and Sir John Wolfe Barry. Lord 
Ritchie responded to the toast of “ Our Guests,” 
and, naturally, referred to the close connection 
Mr. Palmer had had with the Port of London 
Authority for so many years, first as chief engineer, 
and then, returning after a break, as consulting 
engineer. Mr. J.H. Thomas also replied to this 
toast in an excellent speech, in which he said that 
he included among the workers, all who contributed 
to the advance of civilisation by brain or muscle. 
Having been formerly an engine-driver, he realised 
completely that the designer and others were as 
essential in our organisation as the man who worked 
the machines evolved. He looked forward to the 
time when safer and less wasteful methods than 
strikes would be forthcoming for the settlement 
of questions as they arose. 


Hiagu-SpreD NAVAL VESSELS. 


Firty years ago a new weapon was introduced 
into naval warfare in the various types of torpedo, 
but it was primarily to pleasure craft that the 
authorities owed the means of utilising it effectively. 
How the success of the launches Miranda and 
Gitana, built by his firm in 1870-1, contributed to 
the development of the torpedo boat, was described 
by Sir J. E. Thornycroft in the annual lecture to 
the Graduates Section of the Institution of Mechani- 
cal Engineers on Monday, March 28. The adoption 
of locomotive practice in these high-speed boats, 
by enabling weights to be cut down and boiler 
pressures to be increased, provided the experience 
necessary to produce the first British torpedo 
boat, H.M.S. Lightning, which, with her speed 
of 184 knots and boiler pressure of 120 lb., was a 
great advance on anything that had been done 
before. The speed of successive boats crept up 
to 22 knots, but in 1885 water-tube boilers were 
substituted for locomotive boilers and the speed 
advanced to 26 knots. Continental nations had 
been quick to learn from us, and by 1890 it was 
thought advisable to create a superior class of 
vessel which came to be known as the torpedo- 
boat destroyer. H.M.S. Daring was one of the 
first of these vessels. Developing about 4,000 h.p., 
she had a speed of 29 knots. By 1917, the destroyer 
had grown to 33,000 h.p., the weight of propelling 
machinery with boilers and water being between 
30 Ib. and 31 lb. per horse-power, as compared with 
58 lb. in H.M.S. Lightning. The steady growth 
of the boiler in size and pressure, the introduction of 
oil fuel, and the development of the turbine were 
traced by Sir John in his lecture, and the effect 
obtained by gearing the latter so as to gain improved 
efficiency from lower propeller revolutions was 
illustrated by a reference to the re-engining of two 
destroyers for a foreign government. In this case, 
10 coal-fired boilers were replaced by six fired with 
oil, and five direct-coupled turbines by three 
geared turbines. These changes raised the shaft 
horse-power from 18,000 to 20,000, and the radius 
of action, at 24 knots, from 1,500 to 2,400 miles. 
The lecture was illustrated by lantern slides and 
cinematograph, the latter showing some of the 
Thornycroft coastal motor-boats travelling at 
40 knots. At the conclusion of the lecture, Sir 
Fortescue Flannery pointed out that the secret 
of the success of the modern water-tube boiler, 
which with oil firing were the two great factors in 
development of power and speed, lay in the effective 
separation of the upward and downward currents. 
The earlier water-tube boilers, such as those of 
8.S. Montana, of many years ago, had failed for want 
of this positive circulation. In acknowledging 
a vote of thanks, Sir John E. Thornycroft paid a 
tribute to the excellent work in development of high- 
speed craft by other engineers and naval architects, 
particularly those of France. 


THe British Macuine Toor. Inpustry. 


At the annual general meeting of the Machine 
Tool Traders Association, held on Wednesday, 
March 23, at the Trocadero, Piccadilly Circus, Sir 
Alfred Herbert presiding, it was reported that the 
Association consisted of 116 firms. The accounts, 


which, it was expected, would be made up by re- 
ceipts from the Exhibition to be held at Olympia, in 
September, 1928. The Association's sub-committee 
on depreciation of plant reported that, following a 
consultation with the Board of Inland Revenue, 
an arrangement had been made on a basis which 
should result in considerable saving to the members. 
A representation to the President of the Board of 
Trade relative to the policy of the Belgian Govern- 
ment in selling, at reduced prices, machine tools 
and other goods received from Germany as repara- 
tions in kind, however, had not had any direct 
result. As regards the next exhibition, it was decided 
that no change in the policy of the Association 
with regard to the exclusion of German machine 
tools would be made. The meeting was followed 
in the evening by the annual dinner, at which Sir 
Alfred Herbert presided. Viscount Wolmer, in re- 
sponding to the toast of ‘‘ His Majesty’s Ministers,” 
said that if reduction of taxation in the coming 
year seemed to be impossible, it was, perhaps, 
possible that no new burdens would be imposed to 
impede British trade. If that proved to be the 
case, the corner might be said to haye been turned. 
Sir Henry Fowler, K.B.E., replied to the toast of 
“The Guests ” proposed by Mr. L. T. Massey, and 
Mr. Bertram Austin, alluding to his recent experience 
in the United States, said that he knew of cases in 
Great Britain in which the number of machines 
tended by one man was 25 per cent. greater than 
in the former country. On the other hand, the 
tendency in Great Britain was to produce machines 
and types for which there was only a small market. 
About 80 per cent. of our machine-tool trade was of 
this character. Mr. Robert Young, proposing ‘‘ The 
Association,” said he was not a believer in restrict- 
ing machinery ; machines should relieve men of all 
the work possible. Mr. H. G. Williams, in an 
excellent speech in reply, issued a warning against 
the dangers of mass production which ultimately 
tended to over-standardisation and stagnation, 
from which it was very difficult to break away. He 
thought the production of the Ford car indicated 
the dangers of sucha policy. The available markets 
having apparently absorbed what they wanted, 
the works had been forced to go on short time. To 
ensure future prosperity, an ample flow of new 
capital was wanted. Machine tools actually repre- 
sented capital expenditure. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


A JOINT meeting of the Institution of Mechanical 
Engineers with the Society of Chemical Industry 
(Chemical Engineering Group) was held on Friday 
last, the 25th inst., at Storey’s-gate, Westminster, 
the chair being occupied by the President of the 
Institution of Mechanical Engineers, Sir Henry 
Fowler. 


MoLecuntarR ASPECTS OF LUBRICATION. 


The formal business having been despatched, a 
paper on “ Lubrication,” by Dr. W. R. Ormandy, 
was read and discussed. It is reproduced in abridged 
form on page 403. 

Mr. J. E. Southcombe, opening the discussion, 
said lubrication was one of the popular subjects 
lying on the border lines of many sciences. It 
touched mechanics, physics, chemistry, &c. Co- 
operation between the practitioners of all these 
sciences was therefore necessary. The paper was 
essentially a statement of facts and gave a concise 
account of the literature on the subject. There 
was little of a controversial nature in it, but he 
thought the statement that no means had yet been 
devised for the measurement of oiliness was rather 
surprising. 

He considered that oiliness was a definite 
phenomenon and no more a specific property of 
oil per se than wetness was a property of water. 
Oiliness was a phenomenon manifested when solid 
substances met certain liquids or plastic fluids and 
was essentially a property of the interface. An oily 
oil meant an oil possessing to an extreme degree 
certain latent properties which, being called into 
play at solid surfaces, markedly lowered the resist- 
ance to traction. It was a function of both oil and 
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the sliders of Langmuir, Hardy, and others appear 
to measure oiliness with accuracy. The profound 
effect of free fatty acids in mineral oils in reducing 
friction justified the description of these mixtures 
as oily oils. 

Recent work had demonstrated that the property 
of oiliness was dependent on a number of variables. 
P. Woog cited four dominating effects, viz., those 
due to :—(J) Adhesion of the molecules at the inter- 
face resulting from residual affinity and orientation. 
(2) The dimensions and shape of the molecules— 
anisotropy. (3) The grouping or wedging of the 
molecules in the surface and adjacent layers. This 
has been supported by the study of the molecular 
volumes of oils. (4) The molecular rigidity, sup- 
ported by the work of N. K. Adams and others on 
water-oil films. 

Views on the mechanism of the surface layer 
seemed fairly clear, but the depth of the boundary 
film still remained to be determined, as did also 
how far the field of force of the solid extended. In 
Stanton’s experiments true fluid lubrication occurred 
with a film of the order of 10-5 cm. thick, but there 
were indications that, at 10-® cm., the solid field 
would manifest itself. He did not consider elec- 
trical methods of measuring the thickness of the 
film satisfactory, and enquired of the author whether 
he had any information on the electrical properties 
of oil in such thin films. Were the ordinary laws 
of electrical capacity obeyed in all of them? That 
part of the paper on the influence of solid surfaces 
was very interesting. The author’s figure for the 
coefficient of friction between stee] and phosphor 
bronze was instructive when it was remembered 
that steel shafts running on phosphor bronze some- 
times gave trouble. He thought further study 
was needed on boundary effects in relation to their 
influence on true fluid lubrication. 

Sir William Hardy thought it was essential to 
know the history of the materials used right through 
to the atom, or it would be impossible to interpret 
results. His own results he attributed to the use 
of critically pure chemical substances. The palmitic 
paraffin referred to as a pure substance he considered 
a chemical mess. To attain chemical purity it was 
necessary to control the variables, such as the nature 
of the solids, the pressure, the chemical constitution 
of the lubricant, and the temperature. Every 
chemical substance added to the lubricant intro- 
duced a new variable, and the first variable to 
control was the chemical constitution of the lubri- 
cant. Incidentally, the impurities in the air of a 
room might influence the result by as much as 
60 per cent. to 70 per cent. By confining investi- 
gation to a single chemical variable, laws of extra- 
ordinary simplicity would be found. Dr. Ormandy 
had referred to the long chains of molecules. Taking 
a series of paraffins where the molecules went up to 
as many as 30, if the coefficient of friction was 
plotted vertically and the number of molecules in 
the chains plotted along the base line, the result 
would be a very simple curve, practically a straight 
line, running actually into the base line, at which 
point there was no static friction. The base line 
was comparatively easily reached with the higher 
members of the fatty acids. Taking the same series, 
with copper on copper the curve lay inside that of 
steel on steel, relative to the co-ordinates, while 
steel on copper gave a result exactly midway between 
the other two. 

The fundamental laws of lubrication were puzzling, 
and the mathematical analysis of them was puzzling 
by reason of their simplicity. The laws of average 
values in the world of atoms defied mathematical 
analysis. They could be dealt with in mass in 
getting certain results with regard to the thickness 
of the film, but in endeavouring to interpret them 
in terms of molecules they presented problems of 
extreme difficulty. Much could be learned by the 
study of adhesion relative to friction. The nature 
of the films could be examined by forming a film of 
a pure chemical substance in pure air at a known 
temperature. A cylinder was placed on a plate, end 
on, in air. Both surfaces were critically clean and opti- 
cally formed. The order of magnitude of the distance 
between the plate and cylinder was puzzling, and to 
determine it it had been necessary to obtain the help 
of the Metrology Department of the National Physi- 
cal Laboratory. The weight of the cylinder was 


5-668 grams, and the thickness of the layer of air 
on which it rested was 7p. The field of attraction 
was so strong that the air was drawn in by capillary 
attraction. When melted lubricant was run in, 
the temperature of the faces being standardised at 
18 deg. C., the adhesion was measured. When the 
cylinder was broken off there was a cake of palmitic 
acid quite visible. Plotting the results with the 
thickness of the film on the vertical scale and the 
pressure along the base line, a curve somewhat 
similar in appearance to an ordinary gas expansion 
curve was obtained, the highest value being denoted 
by the thickest film—namely, 7p at the commence- 
ment of the curve, where the pressure was 0-1 Ib. 
per square inch. The thickness of the film was 
least at the end of the curve, which was denoted by 
the highest pressure that the paraffin would bear, 
i.e., 250 lb. per square inch. Plotting the adhesion 
on the same diagram, the curve was reversed, the 
scales being, of course, modified. The force required 
to pull off the cylinder was least at the point of 
greatest thickness of the film. If the thickness of 
the film were limited below a certain amount, 
the curve flattened and the adhesion remained 
constant. 

The structure of the film could be worked out 
under the microscope. The thickness could be 
calculated from the Newtonian colours. The 
structure of the film was the same so far as could be 
judged, no matter how thick it was. When two 
steel faces were used there was a film of insensible 
thickness, probably one molecule thick, certainly 
very few molecules thick, attached to each of the 
faces. These were discontinuous with the central 
mass, which consisted of flat plate-like crystals. 
When approaching real chemical purity, these 
became very large, almost one crystal in size. The 
planes of discontinuity were the places where 
breakage occurred. The surface of breakage would 
also be the surface of slip. With steel surfaces, if 
perfect experimental method was obtained, breakage 
should occur at both surfaces. With surfaces of 
steel and copper, with the same lubricant, the adhe- 
sion for steel was greater than that for copper, and 
breaking invariably took place on the copper. There 
was a thickness of something of the order of 5,000 
molecules between the steel and the actual plane of 
breakage. The adhesion for copper and steel was 
just half the value for copper on copper, plus the 
value for steel on steel. Expressed mathematically, 


Cu Cu , Steel 

Steel — t [oe T Steel 

The law of a true mean was obtained—the curve 
was shifted half-way between. This was true of 
every one of such relations, whether adhesion or 
friction, it was the half-value rule. 

A remarkable result, which defied explanation, 
was that the steel was producing its effect in a plane 
near to the copper face, something like a thickness 
of 6,000 molecules away. By a process too long to 
describe, it was practicable to put a contaminating 
film on one of the surfaces underneath, say, a 
paraffin film. A rigidly pure chemical substance 
was necessary for this result. The contaminating 
film, of acid, would not be more than one molecule 
thick. The paraffin film would be something like 
7,000 molecules thick. The break would then occur 
on the clean surface, not on the layer of contamina- 
tion. These things were experimental facts, and 
were far beyond theory. 

Dr. B. P. Haigh considered that the fact that 
tensile and compressive forces existed on the oil in 
a bearing was important. Was it not possible that 
the blackening of oil in, say, a motor car crank case 
was due, either wholly or partly to a physical change 
induced by the mechanical alternating stresses, 

Mr. A. G. Marshall said he had been trying to 
interpret the properties of oil in actual performance. 
There were well-known ways of varying the proper- 
ties of oil, including oiliness. If oiliness, however, 
were changed, what would the user of the oil see ? 
Would it improve the power of his engine, reduce 
wear in the working parts, or introduce any sub- 
stantial improvement? He had not noticed any 
of the latter effects after several years’ work on the 
subject, and would go into this more fully on the 
meeting fixed for Friday, April 1. 

Dr. H. D. Watson stated that he had carried out 











a number of experiments on oil films with the 
dielectric constant method. It was remarkable that 
if a thin film of.oil was put on a surface and then 
wiped off, and a slider similar to that of Sir William 
Hardy employed, the molecular film left could stand 
a pressure of 100 volts. With either a liquid or 
solid, either oleic acid, or stearic acid, it was possible 
to get this enormous pressure. It would appear 
from this that it was impossible to get two surfaces 
in actual contact at any time. 

Dr. H. S. Hele-Shaw said it was the first time 
that the chemist, physicist and engineer had got 
together to consider the subject of lubrication, 
which was an important one to an engineer whose 
job was to move heavy things and keep them moving, 
He recalled the Beauchamp Tower experiments 
which were concerned with such questions as the 
distribution of pressure in a bearing, point of 
entrance of lubrication, &c. Such experiments 
were within the range of the engineer who stopped 
at things he could measure. He thought that 
engineers had not yet quite grasped the minuteness 
of the molecule. In other branches of science this 
was more familiar, and the question of lubrication 
was being studied from the less familiar end. He 
disagreed from Dr. Ormandy’s statement that there 
was, up to the present time, not even an adequate 
foundation of knowledge on the subject of lubri- 
cation. After all, engineers had been running 
machines with a good deal of success for quite a 
long time. At the same time, he thought that the 
chemist, physicist, oil-producer, and engineer could 
very well study the matter further jointly, and that 
the Institution of Mechanical Engineers would be 
justified in supporting such research. 

Dr. Ormandy replied that his paper had had to 
cover much ground, yet a great deal had been 
omitted or it would have been too long. Time did 
not permit him to deal with all the points raised, 
particularly those by Sir William Hardy. Dr. 
Haigh’s suggestion as to the ultimate destruction 
of a lubricating oil by pressure was startling. He 
thought the question ought to be investigated ; 
in any case, there was a good deal of experimental 
work to be done in many directions. It was not 
clear whether the blackening of oil arose from carbon 
or from bodies of an aspbaltic nature. He reminded 
Dr. Hele-Shaw that the consideration of the mole- 
cular aspect of lubrication might be compared to 
the discovery of the beneficial activities of vitamines 
in the working of the human machine. At all 
events, he was glad to hear from him that there was 
some prospect of a joint investigation being set 
on foot. 

The President then announced that a further 
joint meeting with the Society of Chemical Industry, 
Chemical Engineering Group, would be held in the 
Institution on Friday, April 1 (to-day), at 6 p.m., 
when a paper entitled ‘“ Lubricating Oils—Labora- 
tory Tests in Relation to Practical Results,” by 
Mr. A. G. Marshall and Mr. C. H. Barton, would be 
read and discussed. An extra general meeting 
would be held on Friday, April 8, at 6 p.m., the 
paper for reading and discussion being entitled 
“Internal Combustion Locomotives,” by Lt.-Col. 
E. Kitson Clark. The meeting then terminated. 





Propuction oF Pig Iron anp StEEL.—According to 
information supplied by the National Federation of 
Iron and Steel Manufacturers, Caxton House (East), 
Tothill-street, London, S.W.1, the number of furnaces 
in blast at the end of February was 162, this figure 
representing an increase of 10 since the beginning of the 
month. The furnaces in operation during April, 1926, 
numbered 147. The production of pig-iron during 
February amounted to 567,900 tons, compared with 
434,600 tons in January and 539,100 tons in April, 
1926. The output of steel ingots and castings totalled 
819,100 tons in February, 730,100 tons in January, and 
661,000 tons in April, 1926. 





NATIONAL ASSOCIATION OF SUPERVISING ELECTRICIANS. 
—As and from to-day, April 1, 1927, the name ot the 
National Association of Supervising Electricians will be 
changed to Association of Supervising Electrical 
Engineers. It is thought that the new name will more 
nearly reflect the qualifications and experience of the 
members and their duties. New rules are also to operate 
from April 1, under which the qualifications for member- 
ship are to be made more strict; subscriptions wil 
be reduced and will include the Association’s monthly 
journal. The address of the Association remains the 
same, namely, Chalmers House, 43 Russell-square, 
London, W.C.1. 
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The /Electricity (Supply) Act, 1926. Explained and 
annotated, with the text of the Electricity Supply 
Acts, 1919 and 1922 (as amended). By E. J. Rimmer, 
B.Sc., M.Eng., A.M.Inst.C.E., and G. Reap ALLEN, 
M.C., A.M.Inst.C.E., Barristers-at-Law. London : 
The Solicitors’ Law Stationery Society, Limited. 
[12s. 6d. net.] 

The New Electricity Act. A Popular Exposition. By 
W. 8S. Kennepvy, LL.B., Barrister-at-Law. London : 
Ernest Benn, Limited. [6s. net.] 

WueEn the Electricity Bill, 1926, came before the 

House of Lords for second reading, Lord Haldane, 

quoting the words of Lord Westbury in reference 

to a long-forgotten measure, said it was “ difficult 
to read, impossible to understand, and disgusting 
to touch.” This observation notwithstanding, the 

Bill was duly passed by their Lordships, and is now 

upon the Statute Book. All honour, then, to the 

authors, whose works are now before us, for making 
an attempt to explain and expound the measure. 

Before commenting upon these two works, it 
may be convenient to glance at the history of the 
law relating to the supply of electricity prior to the 
passing of the Act of 1926. The following facts 
emerge from the introduction which Mr. Rimmer 
and his colleague have printed in their book. 

An Act passed in 1882, enabled the Board of 
Trade, by provisional orders confirmed by Pazrlia- 
ment, to allow local authorities, companies and 
persons to supply electricity in certain districts 
and to obtain lands and easements for their works. 
With a view to securing that the right to supply 
should not remain for all time in the hands of any 
private company or person, it was provided in those 
early days that the local authority should, after 
a certain time, have the right to purchase the 
private undertaking. An Act, passed in 1899, set 
up a code which formed part of every provisional 
order. Down to the year 1909, however, there was 
nothing to prevent any private person from supply- 
ing electricity to anyone else on any terms he 
chose, provided he could obtain the necessary way- 
leaves. In that year, Parliament intervened almost 
wholly to prevent the private supply of electricity 
in any area covered by an “authorised under- 
taking.” But at this time a further step was taken. 
Provision was made for supply “in bulk” by any 
authorised undertaker, and one undertaker was 
empowered to take a supply in bulk from another. 
The formation of joint committees of local autho- 
rities to exercise all the functions of the Electric 
Lighting Acts was also provided for. 

It having been considered that the measures 
theretofore existing were not sufficient to promote 
the general supply of electricity, a committee was 
set up in 1918 “‘ to consider and report what steps 
should be taken by legislation or otherwise to ensure 
that there shall be an adequate and economical 
supply of electric power for all classes of consumers 
in the United Kingdom, particularly industries 
which depend upon the cheap supply of power for 
their development.” The report of this Committee 
formed the basis of the Act of 1919. It was passed 
to facilitate the granting of new and extended 
powers to undertakers, and to set up a body called 
the ‘‘ Electricity Commissioners,” to promote, regu- 
late and supervise the supply of electricity. Appli- 
cations for new and extended powers were to be 
made to this body, who had authority to make 
Special orders (in place of the old provisional orders) 
to promote schemes for establishing electricity 
districts and to establish a body known as a Joint 
Electricity Authority for each district. 

As pointed cut by Messrs. Rimmer and Allen, 
“the procedure laid down by the Act in regard to 
the promotion and coming into effect of schemes 
for creating electricity districts proved cumbersome 
and slow, and has now been repealed and a new 
procedure prescribed. So, historically, it is only 
necessary to say that up to March, 1926, eight 
electricity districts had been constituted.” 

Down to this date the legislature was holding its 
hand: the element of compulsion was not present 
many Act of Parliament. Under the older Acts 
nobody could be compelled to undertake the supply 
of electricity; by the Act of 1919 the Commis- 
‘loners have no power,to compel the transfer of 
any undertaking to a joint electricity authority 





without the consent of the owners. In the result 
only three joint electricity authorities have been 
constituted to date, and one of these has trans- 
ferred its chief duties to a power company. 

But certain other powers conferred on the Commis- 
sioners must not be lost sight of. They were 
enabled to require authorised undertakers to 
amend or alter the type of current; to prohibit 
the erection of new or the extension of old generat- 
ing stations or main transmission lines, without 
their consent; and to exclude from the area of 
any power company any area which in their view 
could better be served by a joint electricity 
authority. 

Since 1900 some twenty-eight power companies 
have come into existence. These bodies were given, 
and now have, power to supply undertakers in bulk. 
What was the verdict of those who have been 
advising the Government upon the effect of the Act 
of 1919? According to the Weir Report (May, 
1925) ‘Co-ordination has not been achieved. 
The advisory bodies created under the Act have 
agreed on technical schemes, but local interests 
have prevented the carrying out of these schemes. 
Delay and procrastination are widespread, and the 
policy of ‘suasion’ can only be written down as a 
failure.” The report further showed, in relation 
to consumption of electricity, price, load factor, 
and spare plant, that we are still to-day not 
generating, transmitting, or distributing electrical 
energy as cheaply as we might, neither are we 
consuming electrical energy to anything like the 
same extent as other highly civilised industrial 
countries, and the main recommendation was that 
all high-tension energy generated by authorised 
undertakers in this country should be generated 
under control in accordance with a technical scheme 
for the country, and sold through a board con- 
stituted by statute to all authorised undertakers 
at cost price. 

Suasion, as it is termed, having failed, resort 
is now to be had to compulsion, and the element 
of “compulsion” is to be found lurking in the 
provisions of the statute which our authors have 
essayed to expound. 

In their preface they say, quite rightly, “it is 
no part of their work to criticise the underlying 
features of the Act but only to explain and annotate 
the provisions as they are set forth in the text.” 
And they have performed their task in this manner. 
After reviewing the history of legislation, they give 
a summary of the main provisions of the Act and 
then print the text of the measure in extenso, 
embellishing many of the sections with useful ex- 
planatory notes. In an appendix, they set forth 
the Electricity (Supply) Acts of 1919 and 1922, 
showing (by means of italics) where and in what 
respect these measures have been amended and 
adding notes to the various sections. A very full 
index is appended to a work which should prove 
most useful to those who have really to understand 
and interpret these important measures. 

Mr. Kennedy, in his book, is not quite so 
ambitious. He has attempted a popular exposi- 
tion of the Act, and has devoted rather more than 
half of his little volume to the task. While it 
is impossible to summarise the Act so as to make 
it light reading, the author has given an extra- 
ordinarily clear account of its various provisions. 
For example, he thus summarises the duties of the 
new body created by the Act :—‘‘ The board’s duty 
is to supply electricity in the manner provided by 
the Act to authorised undertakers. The funda- 
mental idea of the Act is that the board acts 
in a sense as a clearing house. It buys electricity 
from authorised undertakers and sells it again. 
But since this will be done in bulk, and geogra- 
phical limitations as to where supply can be given 
by the board are abolished, the effect will ulti- 
mately be that electricity will be bought by the 
board from the sources where it can be most effici- 
ently generated and distributed in bulk to the 
districts which require it, erecting when necessary 
the connecting lines between station and station and 
district and district.” Having described the 
duties and powers of the board, he dwells upon the 
preparation of schemes by the Electricity Commis- 
sioners and the rules for determining cost of pro- 
duction. 





But Mr. Kennedy is not content merely to sum- 
marise the Act. He evinces, in his pages, a con- 
siderable knowledge of all that necessitated the 
passing of the Act, and of the economies which it 
is likely to effect. Thus he points out, on page 42, 
that “‘ the Act is based on the report of Lord Weir’s 
Committee, before which certain estimates of cost 
and of the saving to be effected by co-ordinated 
control and inter-connection were given. These 
savings, together with that which will result from 
the diversity factor between different districts, 
are assumed on good evidence to be more than 
sufficient to pay the capital charges on transmission, 
plus the administration expenses of the Board’s 
working. These items together are estimated to 
be about 0-03d. per unit or a total sum, when the 
scheme is in full swing, of 2,700,000/. It is not 
unreasonable to assume that the Board, by co-ordi- 
nation, &c., can save 10 per cent. on the whole 
revenue from eleciricity supply, and, under the 
same circumstances, this would represent some 
10,000,0007. The total cost of generating the whole 
of the electricity used in the kingdom will therefore 
be reduced. If this is not so—if this assumption is ill- 
founded—the whole scheme falls to the ground and 
the Act is a dead letter.” He also asserts, on page 59, 
** Looking only at the provisions of the Act there 
is nothing which should militate against the success 
of the general scheme ; there is no provision for a 
lavish expenditure of public money, and the 
Treasury guarantee, in a paradoxical sense, is the 
less likely to be called on simply because it exists.” 
His book concludes with the text of the Act set 
out in extenso. 

As we have seen, all the learned authors whose 
work is before us have refrained from criticism of the 
Act. To criticise was not their function. Whether 
it is our function or not is a question which need 
not arise, partly because of limitation of space, and 
partly because the time for criticism has gone by. 
The Act is on the book. ‘‘ Suasion,’? to use the 
word of Lord Weir’s Committee, has been tried and, 
according to their report, found wanting, to spread 
the supply of electricity all over the country. Will 
compulsion bring about the desired object ? Why 
did ‘‘suasion ” fail of its effect ? Was it because 
private enterprise in the matter of the supply of 
electricity has been steadily and relentlessly checked 
by the legislature for nearly twenty years? That 
is a question to which we should like a reasoned 
answer. If the great power companies had been 
left to do their own work in their own way un- 
hampered by legislative interference, by the Board 
of Trade and by the Electricity Commissioners, 
would they not have provided a cheap and abundant 
supply of electricity to all who wanted it? Political 
science, alas! is not one in which experiment can 
be tried with advantage. Your political scientist 
cannot go, like the chemist, into a laboratory and 
put his theory to experiment in the course of a few 
hours. He requires a few decades and a whole 
body politic, and having embarked upon one experi- 
mental course, he may be precluded from ever 
starting on another. The supply of electricity for 
lighting purposes was earmarked, from the first, 
as the property of the local authority. The private 
lighting company has always been threatened by 
the power of compulsory purchase. Similarly, but 
rather more remotely, the power company has 
always been threatened with state control, and, 
notwithstanding this, Lord Weir’s Committee was 
fain to confess that it would be unfair to ignore the 
fact that very valuable development has been 
achieved under their egis. All of them have taken 
big risks and few of them, according to the same 
authority, have yet attained the standard dividend. 
Note these last words! Will they succeed under 
the new regime ? Time alone can tell. 

There is one point about the new legislation, not 
specially commented upon by any of our authors, 
to which we should like to draw attention. One 
of the main features of the Act of 1919 was the 
establishment of the body known as the Electricity 
Commissioners. Although it was apparent from the 
first that this tribunal would have to exercise 
judicial functions, no lawyer could be named a 
commissioner. The fact that the commissioners 
in discharging some of their duties act judicially 
was clearly stated by Lord Justice Bankes in 
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The King v. The Electricity Commissioners (1924), 
1 K.B. 198. In that case, a scheme propounded 
by the Commissioners was declared to be ultra vires, 
and a writ of prohibition was issued prohibiting 
them from giving it further consideration. It is 
interesting to notice that although some further 
powers are conferred upon the Commissioners by the 
new Act (they are summarised on page 31 of Mr. 
Rimmer’s book), a number of other questions which 
may arise are to be referred to the arbitration of a 
barrister, who shall have power to summon to his 
aid one or more technical assessors. Panels of 
arbitrators are to be set up for England and Scotland. 
What will be the result ? It may be that numerous 
questions of general interest will fall to be deter- 
mined by different arbitrators in different parts of the 
country. Such a system is not likely to bring about 
that “ co-ordination of decision ” which is so desir- 
able in the interests of justice. And this multipli- 
cation of tribunals could probably have been got 
over by appointing a lawyer to be one of the 
Klectricity Commissioners. 


Gear-Train Design. By Witt1am H. Rascue, U.S.A. 
Virginia Polytechnic Institute, Engineering Experi- 
ment Station. Bulletin No. 2. Blacksburg, Virginia : 
Offices of the Institute. 

ENGINEERS acquiring this publication with the object 
of gaining a wealth of information on the subject 
of the title will be somewhat disappointed to find 
that it is almost wholly devoted to the mathematical 
proof and application of a new method of determining 
a suitable combination of tooth numbers for a gear 
train that will give any desired approximation to 
a velocity ratio which cannot be expressed exactly 
in a practical fractional form. Brocot’s table of 
decimal equivalents of proper fractions to base 100 
is a necessary adjunct, and occupies a large portion 
of the text. The explanations given are quite 
simple to follow, and compared with former ways 
of applying the tables, the new scheme certainly 
shows some improvement. In all of the examples 
chosen by way of illustration, however, the con- 
tinued-fraction method in vogue in this country 
could be applied to give similar results, and as the 
procedure is easy to remember and obviates the 
need for referring to special tables, the custom is 
not likely to change. No doubt, in these particular 
problems, the author’s method may be more rapidly 
applied, but the tolerances allowed have been 
specially narrowed down to emphasise the effective- 
ness of the tables, and if more practical figures are 
specified, the difference in time taken. if any, is 
inappreciable, assuming of course that the properties 
of continued fractions are thoroughly understood 
by the designer. 

The problems dealt with effectively introduce the 
features of the new system, which is sound in prin- 
ciple, but several inconsistencies appear in the 
working. For instance, in the screw-cutting ques- 
tions, the magnitude of the possible error in the 
lead screw is stated, but its influence is entirely 
ignored, and in one case the degree of accuracy of 
cutting called for is greater than exists, in proportion, 
on the lead screw. Moreover, no cognisance is 
taken of the possible errors in the teeth themselves. 
Two and a-half pages are devoted to finding a gear 
train suitable for cutting a thread of 1 mm. pitch 
with a lead screw having an even number of threads 
per inch, the result being obtainable by mental 
arithmetic from the well-known fact that there are 
25:4 mm. to the inch correct to one in a million, 
which immediately suggests the submultiple of 
254 as one of the numbers sought. For general 
engineering work it is frequently possible to avoid 
difficulties in determining change gears by making 
slight adjustments, as fer example, in the end 
milling process for helical years where the adoption 
of tan- x for the spiral angle is an advantage. In 
astronomical work, however, extreme accuracy 
may be required, and the problem dealing with the 
motion of the moon hand of a clock becomes of 
special interest. The treatment here, however, is 
also marred by discrepancies in the figuring. 
Working back from the gear ratios finally arrived 
at in each case, the mechanism is found to be 
very much more perfect than stipulated, due 
evidently to neglecting to multiply the daily error 
by the length of the lunar month at the outset. 





Much trial and error is involved before the final 
results are attained, and the use of factorising tables 
appears to be necessary. This bulletin will appeal 
more to mathematicians than to practical designers. 





Chemistry of the Oil Industries. By J. E. SourHcomsBeE, 
M.Sc. Second edition, revised and enlarged. London: 
Constable and Co., Limited. [Price 12s. 6d. net.] 

In this volume of 224 pages, which belongs to the 
series of Textbooks Introductory to the Chemistry 
of National Industries, edited by Dr. Guy D. 
Bengough, an attempt is made by Mr. Southcombe 
to indicate,in as elementary a manner as possible, the 
general principles of science in so far as they find 
application in the technology of the oils, fats and 
waxes. It will readily be conceded to him that it 
was impossible to deal in any way completely with 
the multitude of facts and theories relating to such 
an extensive subject, and the object of the work, to 
fill the gap between the elementary textbooks of 
pure chemistry and the numerous technical treatises 
and monographs of a highly-specialised character, is 
certainly commendable. But the book hardly reads 
like a second, revised and enlarged edition. 

A good deal of the two first chapters, consisting 
of introductory organic chemistry and outlines of 
the theory of the colloidal state, seems rather 
superfluous, at first sight, in view of the small 
space available. The author of a book of this kind 
must presume some chemical knowledge ; but it will 
be acknowledged that Mr. Southcombe bears his 
particular object well in mind. If afterwards, in 
discussing natural sources and methods of prepara- 
tion of fats, their impurities and the technical 
methods of their removal, he had added to his 
outlines information regarding further sources of 


practical information, the reader would have been | 


greatly assisted. We read, for instance, “according 
to Redwood,”’ but there is nothing to tell us where 
the statement is to be found. This is true even 
in connection with the addition of fatty acids to 
mineral oils for raising their lubricating value, which 
is coupled with the names of Southcombe and Wells. 
The best chapters are those on the composition 
and properties of oils and on analytical methods. 
Among the industrial applications no mention is 
made of the hardening of fats by hydrogenation, 
except in four lines of so-called Conclusions. The 
chapter on oil refining, also rather meagre, does 
not notice Edeleanu’s use of liquid sulphurous 
acid, and cracking is dismissed in a few words. In 
describing the determination of the iodine value, 
the Hiibl and Wijs tests are repeatedly referred 
to, but the names are always mis-spelt, Hubl and 
Wij. A few misprints in the formule are perhaps 
more excusable. The volume has its merits, but is 
disappointing, mainly because it might easily have 
been made much better. A more complete index 
would have been an improvement. 


LETTERS TO THE EDITOR. 


POWER PLANT PROGRESS 
To THE EpIToR OF ENGINEERING. 

Str,—The leading article on “‘ Power Plant Progress,” 
in your issue of January 28 makes me write as to how 
little assistance a British factory gets under the Trade 
Facilities Act as compared to that given to Hungary, 
and why we cannot give orders for new plant to the 
engineering trade. 

On the termination of the war we set about consi- 
dering how to bring our prime movers up to date and 
put in Stirling boilers, working at 250 lbs. pressure, 
equipped with the Atritor pulverised firing system, of 
Messrs. Alfred Herbert and Company, Limited of Coven- 
try, as described in ENGINEERING not so long ago. The 
coal strike and continuous heavy taxation prevented 
us completing the plant by putting in a steam extrac- 
tion engine. I may say we are paper makers requiring, 
say, 66 per cent. of our coal for process work, and 33 per 
cent. for power, so electrical schemes of central power 
stations are no good to us; but reading the other 
day that the Trade Facilities Committee had guaran- 
teed to electrical engineers a 1,200,000/. loan to export 
electrical machines to Hungary and so bring their 
plant up to date to compete in the world’s markets, I 
made an application too. Prompt came the answer 
that though the Act did not expire till the end of this 
month no further applications would be considered. 

Now, perhaps, a few figures may interest you. With 








old Lancashire boilers, at 60-80 lb. pressure, our consump- 
tion of coal was approximately 11,200 tons per annum. 
With the new plant it runs to 9,000 tons of the same 
calorific value, but finer than any grate will burn. The 
further anticipated saving with an extraction engine 
would be 33 per cent., and it is to be noted that, with 
a heavy rail carriage, this means a very big saving 
indeed. How many factories are in the same condition, 
especially those using process steam in quantity ? For 
all the Government cares, however, we must go on with 
grade ITI plant, incidentally producing smoke to poison 
our employees, and so make them grade III workers, 
too. Yours faithfully, 
THomas Tarr. 
Inverurie Mills, Inverurie, Aberdeenshire, 
March 16, 1927. 





THE PROTECTION OF GAS 
CYLINDERS. 


To THE EpitoR oF ENGINEERING. 

Srr,—I am directed by the Committee of the Privy 
Council for Scientific and Industrial Research to state 
that the Gas Cylinders Research Committee of this 
Department have recently had under consideration the 
question of protection for the valves of gas cylinders, 
and in this connection the wording of clause xx of the 
Summary of Recommendations in the First Report 
of the Commitiee (published by H.M. Stationery 
Office, 1921) has come under review. At present 
the clause reads as follows :— 

‘“‘xx. Provided that the valves are adequately 
protected by screwed-on caps, cylinders need 
not be protected by coir mats.” 

The committee have come to the conclusion that the 
wording of the clause requires alteration on the 
following grounds :— 

(a) It does not discriminate between compressed 
gases, such as oxygen, which are relatively 
harmless, and gases which are dangerous on 
account of their poisonous or inflammable 
properties. In the case of the latter, adequate 
valve protection is essential, but this is not so 
in the case of the former. 

(6) The wording bears a possible interpretation that 
a coir covering is regarded as being a suitable 
protection for the valve. This is not in accor- 
dance with the views of the committee. 


Accordingly, the committee have decided to make 

revised recommendations as follows :— 

xx (a) Each cylinder containing either a poisonous 
or inflammable gas should, when not in use, have 
its valve completely protected. In cases where 
the design of the cylinder does not provide for 
the valve lying wholly below the level of the 
cylinder body, a stout metal cap or metal cover 
securely attached to the cylinder body should be 
provided, the design being such that the cap is 
nowhere in close proximity to any part of the 
valve or valve body. 

(b) Cylinders need not be protected by coir mats. 


It is desired, therefore, that in the Swmmary of 
Recommendations in the First Report of the Committee— 
which, it is to be noted, dealt exclusively with the 
so-called permanent gases, the original clause xx 
should be replaced by xx (a) and (5), as above. The 
original clause also appears in page 22 of the report 
(paragraph 47 (iii)), so that page 22 should be regarded 
as amended in the same way. It is scarcely necessary 
specially to mention that the considerations which led 
the committee to adopt clause xx (a) apply with equal 
force whether the cylinder is made in accordance with 
the recommendations of their first report or in accor- 
dance with the recommendations of the Home Office 
1895 Committee. The clause should therefore be 
regarded as applying to both types of cylinder. It 
should be pointed out that the new wording is not 
intended to cover liquefiable gases generally. The 
question as it affects cylinders for liquefiable gases 
will be dealt with separately in the report on that 
subject, to the preparation of which the committee 
hope to be in a position to address themselves at an 
early date. os 

The committee of council would be glad if publicity 
could be given to this statement through the medium 
of your journal. 

I an, Sir, 
Your obedient servant, 
H. Frank Heatu, Secretary. 
Department of Scientific and Industrial Research, 
16, Old Queen-street, Westminster, S.W.1. 
March 28, 1927. 





THE CENTRAL Exrectricitry Boarp.—We understand 
that the Central Electricity Board, constituted under 
the Electricity (Supply) Act, 1926, has appointed Mr. 
Archibald Page, formerly one of the Electricity Com- 
missioners, as chief engineer and manager of the Board. 
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A COMPARATIVE EXPERIENCE WITH 
SINGLE-ACTING DIESEL AND STEAM 
MARINE ENGINES. 


From time to time comparisons are made of the 
relative economy of Diesel and steam engines in 
marine service. For some purposes such comparisons 
must be made on assumptions that embody the whole 
possibilities of each design, and the results may not 
necessarily be the same as those of actual experience, 
in which trade circumstances prevent one or other 
method from working at the full advantage of which 
it is capable. Comparisons of this sort are undoubtedly 
indispensable, and sometimes may be the best guide to 
a correct estimate of the performance to be expected 
from a ship. It is seldom, indeed, that two vessels 
can be found whose particulars and working circum- 
stances over a period of some length are sufficiently 
similar for a direct comparison between their results 
to be useful. Nevertheless, such comparisons, when 
such ships are found, not only have the authority that 
is derived from actual and unqualified practice, but 
may reveal unexpected effects of incidental circum- 
stances, which a priori estimates could not have 
predicted with any certainty. 

By the courtesy of a well-known shipping company 
we are able to publish the results of a comparison 
between the performances of two of their vessels, on 
which they were led to their present policy of adhering 
to steam for the equipment of their vessels. The 
records here in question terminated in 1921, and as they 
had extended over the seven previous years, they do 
not exhibit the results that might be expected from 
either method of propulsion, if designed with the 
benefit of the advances in practice that have been 
introduced since 1914. They are sufficient, however, 
to indicate by complete and authentic records some 
bases on which the standards of present performance 
would be judged if a modification of the policy dictated 
by them were under consideration. 

The ships compared are a steamship commissioned 
at the end of February, 1914, and a motor-ship 
commissioned at the beginning of November, 1914. 
Both vessels and their engines were constructed in 
Great Britain by the same builders. Their gross 
tonnages are respectively 4,697 tons and 4,738 tons, 
and net tonnages 2,949 tons and 2,936 tons. The 
steamship is driven by quadruple expansion four- 
cylinder engines, of 24}-in., 35-in., 50-in. and 73-in. 
diameter by 54-in. stroke. She was built to burn fuel 
oil, but for reasons of economy was converted to coal 
inJune, 1914, after hersecond voyage. The motor-ship 
was driven by single-acting Burmeister and Wain 
type Diesel engines, four-stroke cycle, with 12 cylinders 
26% in. in diameter and of 393 in. stroke. Their costs 
up to the middle of 1921 were respectively :— 











aa Diesel, Steam. 

A £ £ 
First Cost =... ne ae 121,600 112,725 
Additional First Cost os 3,700 2,425 
Conversion Account on _ 3,000 
4 per cent. Depreciation .. 35,100 32,250 
5 per cent. Capital on Cost 43,900 40,300 

Betterments ... oa se 44,700 = 
£ 249,000 190,700 











The respective earnings of these vessels, being the 
total of the net surpluses on the whole of their voyages 
in the seven years, were 371,7001. for the motor-ship 
and 385,300/. for the steamship, leaving net profits for 
the period of 122,700]. and 194,6001. respectively, 
after deducting first cost, interest and depreciation. 
The conversion of the steamship from oil to coal only 
occupied ten days, and had no appreciable effect on her 
earning period. The motor-ship on the other hand, 
was laid up refitting for eight months in 1917-18, 
and her earning ability was therefore decreased to that 
extent. It was thought, however, that as the necessity 
for this was due to the relatively more delicate character 
of the ship’s machinery, including in particular the 
auxiliary machinery, no allowance should be made 
for the difference of net earning periods in a com parison 
of the respective values of the ships to the owning 
company. 

An analysis of running and fuel costs showed that 
the motor-ship carries a crew of 43 in all, against 50 for 
the steamship, of whom on each ship 20 were deck 
officers and men. The motor-ship carried 7 stewards, 
a8 against 6 on the steamship. The engine-room of 
the steamship employed 17 firemen, donkeymen and 
trimmers, not, of course, required for the Diesel ship ; 
but the latter required 3 greasers as against 1 for the 
steamship, and 2 storekeepers against 1, and in addition 
carried 11 engineer officers against 4 in the steamship. 
The total wages cost for the motor-ship at sea was 
accordingly in 1921 28/. 10s. per day, against 28/. 
for the steamship, the saving due to oil-firing being 
fully absorbed in the extra strength of engineer officers. 


The victualling cost was a little less for the motor-ship 
than for the steamship, and the difference in victualling 
and wages together was therefore insignificant. On 
the other hand, the motor-ship, at the prices of 1922, 
cost about 11/1. per day more than the steamship for 
supplies and repairs, about 7/. of this being for repairs. 
In net total the average of sea and port costs at the 
prices of 1922 was, therefore, about 12/. per day higher 
for the motor-ship than for the steamship, and for an 
average round voyage of fifty days the motor-ship had 
accordingly to save or to carry extra cargo to the net 
value of 600/. per voyage in order to draw level with the 
steamship in earning value. The diagram shows for 
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each year the amounts spent on each vessel, calculated 
per gross ton per month, for running costs and fuel 
costs respectively. 

The actual net earnings depend, of course, on the 
extent and rates of freight offering, the accommoda- 
tion available (which will be affected by the space 
required for fuel bunkers), and the relative cost of 
oil and coal. Unless the cost per ton of oil is nearly 
four times as high as that of coal, the motorship costs 
less for fuel than the steamship. The actual! fuel used 
per round voyage was 349 tons of oil, or 1,304 tons of 
coal. Allowing a suitable safety margin, the oil 
required for a round voyage of fifty days, with thirty- 
two sea days at an average speed of 10-5 knots, is 
420 tons, as against 1,420 tons of coal for a round 
voyage of forty-nine days with thiry-one sea days at 
11 knots. If the vessels are fuelled most economically 
on one side—say, as hitherto has been usual, in the 
United States—the motor-ship would therefore have 
a greater capacity than the steamship of 1,000 tons 
on the east-bound voyage and 500 tons on the west- 
bound voyage. If the vessels could fuel economically 
on each side, so that they need carry only half the 
quantity required for the round voyage, the motor-ship 
would have a greater capacity of 500 tons on the voyage 
in each direction. At the average rates at the date in 
1922 when the investigation under notice was made, 
east-bound traffic was 25s. per ton and west-bound 
36s. per ton, giving the motor-ship a gain of 2,1501. 
if the vessels fuelled in the United States, and 1,525/. 
if on each side. These figures, however, are not con- 
sidered to be safe,guides, as if sufficient cargo was offer- 
ing to enable both vessels to be full, experience has 
shown that rates would necessariy be lower than 
when cargo was scarcer. 

In port, the fuel consumption of the motor-ship 
is only 0-7 tons, as against 5-25 tons for the steamship, 
which at the prices of oil and coal current at the 
date of the comparison meant 21. 10s., as against 81. 
A further apparent gain in the use of oil is that fuelling 
only took about 4 hours per round voyage, as against 
4 days for coaling. As a rule, however, this advantage 
disappears in cargo ships, which require at least a 
week in port for loading and discharging. 

The conclusion, to which the company was led 
on the above facts, was that the comparison of these 
ships over the seven years in question, showed the 








Diesel ship to be less suitable for the North Atlantic 


trade than the coal burner. The saving in the wages 
of firemen, greasers, and trimmers required for the 
steamship is balanced almost exactly by the extra pay 
of the engineer officers of the Diesel ship. The latter 
ship’s saving in bunker space requirements and in time 
at bunkering ports were in general neutralised by the 
freight situation, and her saving in fuel cost was more 
than counterbalanced by the lower first cost of the 
steamship and her much lower costs for repairs and 
supplies. This conclusion, however, would be affected 
by any great reduction in the cost of oil as compared 
with that of coal, which so long as it lasted might 
make the motor-ship the cheaper vessel to operate. 
It was recognised, moreover, that during the period 
in question the cargo situation deprived the motor- 
ship of any benefit from her larger cargo capacity, 
which is her chief advantage. As between the two 
systems a future comparison might also be affected 
by the fact that the engines of the steamship were 
built as the result of years of experience, whereas the 
Diesel ship was a pioneer. 

If these results as they stand were applied to other 
and longer voyages, it was also remarked that a 
different conclusion might be reached. On the China 
service, for example, where the length of the voyage 
is about 90 days, and at the date of the comparison the 
rate of freight was about 90s. per ton, the value of 
every extra ton carried for a year would be about double 
that returned on the North Atlantic service. The 
vessel could, moreover, bunker in England with oil at 
a lower rate per ton than the average cost of coal 
brought in, say, England, the Mediterranean, and 
China. As a fact, Diesel ships have become popular 
for the China trade ; and to the above considerations 
must be added the circumstance that bad weather is 
met for a considerably longer part of the year in the 
North Atlantic than in the Far Eastern trade, and is 
correspondingly harder on the relatively complex 
Diesel machinery. 

The considerable volume of experience in regard to 
Diesel ships that has been gained since the engines and 
machinery of this motor-ship were built, clearly makes 
the above results inapplicable to any similar comparison 
of recent vessels. It would be in the highest degree 
unlikely, for example, that such a vessel would in her 
fourth year have to be laid up for eight months, and 
incur the heavy expense that had to be borne by the 
particular ship under notice. Perhaps the chief present 
value of the results is to exhibit the attitude that a 
prudent line may feel bound to adopt in deciding on the 
adoption of new designs. The probability that Diesel 
ships built in 1922 would have been less costly in repairs 
than one completed in 1914 must have been as evident 
to the company then as it is now, but though this 
probability may have been strong, it would not have 
carried the conviction to be derived from actual experi- 
ence. The traditional preference of British transport 
companies for avoiding experimental designs on their 
own systems has, doubtless, contributed to the sureness 
and safety with which they run, even though at times 
it may have been an impediment to technical progress. 
Builders of plant for these services must in any case 
recognise and respect this preference, which at least 
gives them a longer continuity of demand for designs 
that have been actually adopted. 





THE ATTACK OF MOLTEN METALS 
ON CERTAIN NON-FERROUS METALS 
AND ALLOYS.* 

By Harotp J. Hartiey, M.Sc. 


Tue action of mercury in accelerating the breakdown 
of non-ferrous alloys liable to undergo season-cracking 
is well known. Attention has already been drawn to 
the failure of brasses and bronzes under the influence 
of molten solders by Dickenson.t Both agents induce 
inter-crystalline fractures in brasses and bronzes under 
relatively low stress in tension, and it would therefore 
appear that their action is largely the same. The 
embrittlement of brasses by mercury has been studied 
by numerous workers, among whom Rogers, Rawdon, 
Huntingdon, Desch, and Moore, Beckinsale and 
Mallinson, may be cited. 

Metallographic Examination of Unstressed Brasses 
Attacked by Molten Tin at 300 deg. C.—The materials 
used in the present investigation are shown in Table I. 
These materials were used in their original condition 
and also after annealing at 300 deg. C. for 3 hours, 
and the brass “ 4” was also annealed at 700 deg C. 
for 1 hour, when the 8 constituent disappeared leaving 
an «a brass showing well-marked twinning. The 
classification of rolled brasses as unstressed is considered 
to be justified by the work of Moore and Beckinsalet 





* Paper read before the Institute of Metals, London 
on March 10, 1927. Abridged. 

+ Dickenson, ENGINEERING, 1920, vol. cx, page 556. 

t Moore and Beckinsale, ENGINEERING, 1920, vol. cix, 





page 393. 
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on the release of internal stress by low-temperature 
annealing. At 300 deg. C., 20 minutes annealing 
is sufficient to render season-cracking impossible, 
and the internal stresses are reduced to about one-third 
of their initial value in 4 to 5 minutes. It was found 
that the rolled brasses examined immediately after 
tinning showed no signs of attack, retaining a smooth 
unbroken surface, hence the internal stress initially 
present in these materials was assumed to have a 
negligible effect on the rate of attack. 

Clean polished surfaces of these materials were 





Fic. 5. Tin Fissure 1N Mountz Merat at Rieut 
ANGLES TO ROLLING AND STRESSING. x 170. 





Fic. 7. Trst Prece oF 70: 30 Brass SHOWING 
PENETRATION BY SOLDER A. x 170. 


exposed to the action of molten tin at 300 deg. C. No 
flux was used. For examination the specimens were 
sectioned at right angles to the attacked surface, 














TABLE I. 
on ae 
| i. | 2. | 3. 4. | 5. 6. 
| Rolled | Rolled | Chill- | Rolled | Chill- | Chill- 
Bronze.) Brass. Cast | Brass. Cast Cast 
| Brass. | | Brass. | Brass. 
} | | 
| | | 
Micro- | | | } 
structure : a. | a. | af. | aj. | B. Y: 
| | 
) 
| per | per | per per per| 
|} cent, | cent. | cent. cent. | cent. 
Copper --| 91-21 | 72-17 | 62-70 | 53-20 | 47-98 
Zine ..| 0°86 | 28-01 | 37-30 46-80 | 52-02 
ae .-| 8°33] 0-03) — | —-};—- 
Iron -| 0-03; 0-13) — | —- — 





0:03 | 0-25; — | 
San “ey ae =_ 


Aluminium | 
2 a | 
Phosphorus | 0-01 | — —}/—-|/—|]-— 








polished and etched with a fresh solution of 40 c.c. 
ammonium persulphate, 10 per cent. solution, and 
10 c.c. concentrated ammonia solution, to which a 
few drops of hydrogen peroxide solution had been 








added. This reagent gave a brilliant etch, free from 
stain, but gave no contrast with «8 brasses. 

The results obtained may be summarised as follows : 
The bronze showed a smooth unbroken surface, whilst 
the « and the 8 brasses showed rather irregular surfaces 
after a few hours attack. None of these showed any 
signs of selective attack at the boundaries. The «8 
and the By brasses showed signs of selective attack, 
the phase of the higher zinc content appearing to be 
the more resistant. The By brasses showed signs 
of fairly deep penetration along the grain boundary, 





formula Cu,Sn. The brittle copper-zinc-tin alloy may 
therefore be regarded as being formed from y brags 
by the replacement of atoms of copper and of zinc 
by tin, atom by atom—in other words, as a solid 
solution of the two intermetallic compounds Cu.Zn 
and Cu Sn. pe 

Tensile Tests on Materials under Tin and Solder 
Attack.—Tests were originally carried out upon a small 
compound lever Avery vertical testing machine, using 
rolled strip Muntz metal. For purposes of comparison, 
tests were performed on plain test-pieces, and upon 
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Fig.10. wiRE TESTING APPARATUS . ENO VIEW. 










the 8 phase adjacent to a yefilled boundary becoming 
filled with a greyish-white material, consisting of 
small crystals, indistinguishable from the y phase of 
the brass when etched with ammoniacal persulphate, 
but remaining greyish-white, whilst the y brass was 
darkened by ammonia and hydrogen peroxide alone. 
This material was only found where the 7 boundary 
material was continuous. 

In the course of a prolonged attack by tin at 300 deg. 
C. upon «8 and By brasses, a brittle substance formed 
at the surface of the brass. This substance contained 
approximately 43 per cent. of copper, 45 per cent. of 
zinc, and 12 per cent. of tin. A number of alloys 
of approximately this composition were made up, and 
one of the composition :-— 


Per cent. 
Copper ... ose ose fox IRS 
Zine — sas eee os «=D 
Tin cae oe coe ns 9-8 


was found to be extremely brittle. It gave a Brineil 
hardness number of 449 when tested with a 1-mm. 
ball and 50-kg. load for 1 minute. It contained only 
one micrographic constituent. Its density was 8-260. 
It was thought that this might be an intermetallic 
compound. Dr. A. J. Bradley of the Physics Depart- 
ment, Manchester University, carried out an X-ray 
examination on this substance, and showed that it 

ssessed a structure similar to that of y brass and of 

tin. The former has been investigated by Bradley,* 
and shown to be an intermetallic compound of the 
formula Cu;Zn,, whilst the latter has been shown by 
Westgren and Phragmén} to be a compound of the 





* A. J. Bradley and J. Thewlis, Proc. Roy. Soc., 1926, 
[A], vol. 112, page 678. 

+ Westgren and Phragmén, Arkiv. Mat. Astron. 
Fysik, 1926, vol. 19 B, No. 12. 





6Teeth per Inch 


“ENGINEERING” 





"ENGINEERING 


Fig. TIN BATH. 
yew Hinch Wire 


i” 


—_ 


—B. Graphite 
Pot 


Hg Actual 
Size 















LC. Powdered 
Graphite 














D. {Whitworth 
Screw 


www, 


(SE) “ENGINEERING” 


test-pieces of which the central portion had been covered 
with a layer of tin. When attacked by a definitely 
fluid mass of tin, ensured by surrounding the central 
portion of the specimen with a bath of molten tin, 4 
considerable increase in the attacking power resulted, 
as will be seen from Table II :— 


TasBLe IT. 


i 
Rate of | Maxi- | Exten- Reduc- | 
Area | Loading Stress sion. | tionin | Des- 
Sq.in. | Lb. per Tons) Per cent.| Stress. | cription 
ons/ on 2 in. |Per cent. | 











minute. in.2 | 
| ; 
7 0-03024 20/1 23-03 14 a | Plain. 
8 0-03036 20/1 22-06 1l 4-32 | Tinned 
23 0-03100 20/1 15-55 + 30°42 | > 
natn. 














Since it was the author’s intention to test the effect 
of time upon the attack of molten tin and solders 
on brasses. it was decided to build up an apparatus 
specially designed for the purpose. The apparatus 
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consisted of six vertical electric furnaces 10 in. long, so 
wound as to give a temperature gradient of only 
10 deg. C. over the central length of 2-5 in. in a copper 
wire of 0-05 in. diameter when the maximum tempera- 
ture was 300 deg.C. The hottest point was found to be 
at the exact centre of the furnace. The furnaces were 
supported on a wooden base held by rigid iron frame- 
work, as seen in Fig. 9. The upper ends of the wires 
were soldered into brass cylinders and these were 
supported by the top piece of this framework, whilst the 
lower ends were attached to hangers which supported 
the load. 

The ends of the furnaces were closed by rubber bungs, 
the wires passing through a central hole 0-1 in. in 
diameter, the copper-Constantan thermocouple wires 
being passed through fireclay sheaths. In tests upon 
plain wires the junction of the thermocouple was looped 


Fig. 14. TENSILE TESTS ON COPPER WIRE AT 240°C. 





mately 5-75 in. from the top of the furnace. There was 
no temperature gradient in the tin baths. In order to 
secure thorough wetting of the test-piece by the attack- 
ing metal, the length to be immersed was always tinned 
with that metal by means of a soldering iron. Zinc 
chloride was used as a flux and thoroughly washed off 
before the bath was filled with molten metal. This was 
done with the thermocouple in position prior to intro- 
ducing the wire into the furnace. The bath was 
heated to the furnace temperature in a Bunsen flame 
and then rapidly introduced to the furnace. By this 
means chilling of the latter was avoided. 
Preliminary Expcriments.—Some experiments were 
carried out on soft copper wire and on hard-drawn 
brass wires. The former served to show that the 
coefficient of creep with temperature is large, whilst the 
latter showed that hard-drawn brass, the tensile 


duration diagrams on this material are shown in Fig. 15. 
Here it will be seen that tin attacks more readily than 
either solder, and that solder A, which has the 
higher tin content, attacks more readily than solder 
B. This is clearly shown by the figures recorded in 
Table IV. ; 

IV. Fully Annealed 64:36 Brass Wire.—This 
material again showed a greater resistance to attack 
by solder A than .to attack by tin. A specimen 
attacked at 4-1 tons per square inch was not broken 
after 7 days and endured 6-2 tons per square inch for a 
further 80 hours, whereas tin brought about fracture in 
5 hours at the lower stress. On rapid loading, tin 
brought about a reduction of 47 per cent. in strength, 
and 74 per cent. reduction for a 50 hours’ test. 

V. Fully Annealed 61:39 Brass Wire.—Stress- 
duration diagrams on this material are shown in Fig. 





Fig. 16. TENSILE TESTS ON 6/: 39 BRASS WIRE AT 240°C. 
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Fig. 715. TENSILE TESTS ON 70:30 BRASS WIRE AT 240°C. 
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strength of which exceeded 
20 tons per square inch at 
250 deg. C., fractured in less 





than half-an-hour at a stress 
of 3 tons per square inch 


° Fain. when attacked by molten tin. 
O Win. The latter were mostly found 
x = = es 4. to fracture at the same stress 


on immersion in mercurous 
nitrate solution in one minute. 
In order to eliminate the effect 
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——:|} of residual internal stresses 
due to work, the wires used 
in the final experiments were 
all subjected to half an hour’s 
annealing at from 590 to 600 
deg. C. The oxide film was 
removed by light pickling 
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round the wire at its hottest point. In the case of the 
attacked wires the thermocouples were protected by a 
layer of Purimachos cement and inserted in the 
bath of molten metal. A separate thermocouple was 
inserted in the regulator furnace and attached to a 
recording millivoltmeter. An autographic device was 
arranged to record both the duration of the tests and 
the extension of the specimen. It consisted of a board 
which travelled horizontally at a rate governed by a 
clock, the motive power being supplied by a weight 
(see Figs. 9 and 10). Soft pencils were directly attached 
to the wires by light holders. Slight torsion was applied 
to the wire between the pencil attachment and the 
hanger by a very light spring attached to the wall 
behind the apparatus. There was no torsion on the 
portion of the wire actually tested. With this recorder 
extensions could be measured correct to 0-05 in., re- 
presenting an accuracy of 0-25 per cent. The duration 
of tests could be estimated correct to 6 minutes, which 
Tepresents an accuracy of 5 to 10 per cent. on a duration 
. 2 rr The duration of shorter tests was observed 
irectly, 

The furnaces were wired in series, and each was pro- 
vided with a high-resistance shunt. By this means it 
was possible to obtain the same temperature, correct 
to + 0-1 deg. C., in each furnace. A thermostatic 
Tegulator was also incorporated in the apparatus, which 
maintained a constant temperature, correct to + 1 deg. 
C., in the furnaces. The tin baths, which were made 
from graphite rod, are shown in Fig. 11. The central 
construction was of the same diameter as the wires, 
viz., 0-05 in. The baths were firmly held to the wires 
and rendered leak-tight by graphite dust packed tightly 
by means of a brass screw through which a central hole 
js in. in diameter had been drilled. The baths were 
fixed on to the wires, so that the top of the bath was 
3 in. from the top of the furnace, and the lowest point 
in solder at the commencement of the tests was approxi- 














150 200 with 10 per cent. sulphuric 
“ENGINEERING” = acid. 
I. Fully Annealed Copper 
Wire.—Stress-duration dia- 
grams from this material are shown in Fig. 14. The 
two solders used, namely, solder A, tin 36-1 per 
cent., lead 58-7 per cent., and antimony 5-1 per cent. ; 
and solder B, tin 20 per cent., lead 40 per cent., and 
bismuth 40 per cent., attack this material to very nearly 
the same extent, and the results are shown on one curve. 
The curves given by solder and tin attack are steeper 
than that for the plain wire, but flatten out sooner. 
Tin attacks this material much more readily than 
solders, particularly at low stresses, as will be seen 
from Table ITI. 











TABLE III. 
Rapid Loading. 50-hours Test. 
-— Reduction Reduction 
Strength in Strength in 
Tons/in.2 | Strength | Tons/in.2 | Strength 
Per cent. Per cent. 
Plain wire a 11-0 54 
In solders A and 
B ae oe 9-5 13-6 5-0 7°4 
In tin .. a 8-0 28°3 3°6 33°3 

















Il. Fully Annealed 80:20 Brass Wire.-—Only one 
test was made using solder attack, and it was found that 
solder A did not bring about fracture in 7 days at a 
stress of 9-11 tons per square inch, at which stress a 
tin attacked specimen should fail in 100 hours. The 
solder attack test, however, lasted a further 118 hours 
at the increased stress of 11-4 tons per square inch, at 
which stress a tin attacked specimen fractured in about 
4hours. Hence, again,tin is far more active in attack. 
than solder A. The reduction in strength due to 
tin attack is about 40 to 45 per cent., except for the short 
tests, where the reduction is only about 25 per cent. 
Ill. Fully Annealed 70:30 Brass Wire.—Stress- 


TaBie IV. 








Rapid Loading. 50 -hours Test. 








—— Reduction Reduction 
Strength Strength. n 
Tons/in.2 | Strength. | Tons/in.2 | Strength. 
Per cent. Per cent. 
Plain wire oe 18-2 12-0 
In solder A $e 14-9 18-1 10-0 16-6 
In solder B ar 16-0 12-1 10-5 12-5 
Intin .. “ 8-0 56-0 56-0 83-0 

















16. Here, as in the case of soft copper, there is no 
marked difference in the attacking power of the two 
solders. Tin, however, produces a very much enhanced 
weakening of this material. This will be seen from the 
figures in Table V. 

















TABLE V. 
Rapid Loading. 50-hours Test. 
—— Reduction Reduction 
Strength. in Strength. in 
Tons/in.2 | Strength. | Tons/in.2 | Strength. 
Per cent. Per cent. 
Plain wire s 19-2 | oa 8-0 a 
In solders A and } 
B es éa 14-0 | 27-0 6-5 19-0 
Intin .. oa 10-0 48-0 2-4 70-0 





It will be seen that the results for the plain wire 
lie much more nearly on a rectangular hyperbola 
than do those of the other wires. In this case, though 
the apparent strength for rapid loading is very much 
higher than the strength for a 10 hours’ test, the 
curve then begins to flatten out. It is interesting to 
note that whereas the 61 : 39 wire has a greater apparent 
strength at 240 deg. C. than all the other wires, save 
the 80:20, yet, if tested at stresses at which the 
duration of the test is more than 2-5 hours, it is 
weaker than any wire save copper. 

Metallographic Examination—A number of the 
fractured test pieces and wires were examined 
metallographically. The test pieces and wires were 
always polished and examined longitudinally. The 
following general conclusions were drawn from the 
examination of the specimens, of which typical 
examples are shown in Figs. 5 and 7. (1) At a given 
temperature a number of cracks or fissures were 
produced, and the number of these fissures decreased 
as the rate of loading was increased, while their length 
increased. (In the case of wires tested under a constant 
load, the higher the load the fewer, but longer, were 
the fissures.) (2) Tin attacked all the materials far 
more rapidly and at much lower stresses than did 
_either solder used. It is, therefore, probable that so 
| soon as one intercrystalline weakness revealed itself, 
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the attack of the molten tin there would produce 
immediate fracture. This would explain the absence, 
so far as the author is aware, of tin fissures in all 
fractured wire specimens, with the exception of one 
61 : 39 brass wire attacked at 2-85 tons per square inch. 
(3) The cracks were always filled with a bluish-grey 
substance which possessed the same etching properties 
as the grey substance found at the edges of the speci- 
mens and in the fy brasses previously discussed. 





(4) The cracks were generally intercrystalline, but 
some cases where crystals had been cut through 
were observed. Probably the fissures found in copper 
and 80:20 brass wires were also intercrystalline in 
their inception, although owing to the fine grain-size 
of these materials it was impossible to prove this. 
(5) In a duplex brass, the cracks were wider where 
lying alongside an « crystal, but very thin where | 
confined by the 8 constituent only. (6) In an «8 brass, 
the tendency seemed to be for the fissures to follow | 
a path marking «-§ grain boundaries. (7) In the | 
wires, the cracks were almost invariably at right | 
angles to the length of the wire. Copper was a notable 
exception. In the Muntz metal strip, the majority of 
the cracks were transverse, but a few were longitudinal 
(i.e., parallel to the direction of rolling). 

General Conclusion.—The tin content of the solder 
seems of the greatest importance in determining its 
attacking power. In solaer attack, residual stresses 
are only likely to produce rupture when the temperature 
rise is sudden, since at 200 deg. C. internal stresses 
are rapidly released. Various explanations of the 
phenomenon of intercrystalline attack by molten 
metals have been made, none of which seem entirely 
satisfactory. Rhead* states that the attack follows 
a course which is indicated by the existence between | 
the crystals of the y solution. It is, however, difficult | 
to see how this can explain the attack of solders | 
upon fully annealed copper and 80:20 brass, or the 
occasional penetration through a crystal. The 





* E. L. Rhead, Metal Ind. (Lond.), 1921, vol. xviii, 
page 365. 
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amorphous cement theory offers a simple explanation 
of intercrystalline penetration, since the loosely-packed 
amorphous material may be supposed to be more 
readily soluble in molten metals than the crystalline 
material. It would, however, appear to fail in the 
case of severely cold-worked material, for such material 
is less readily attacked by mercury than is a soft or 
medium hard material. 

Andrews and Higgins* have suggested that free 
spaces, not large enough to permit of the entry of 
another atom, exist at the crystal boundaries, necessi- 
tating the existence of unsatisfied valences, and there- 
fore a separating phase will tend to migrate to the 
boundary (and there set up a similar state of affairs on 
itsown). They suggest that this explains why mercury, 
by permeating a crystalline solid, causes it to break 
down along the crystalline boundaries. The author 
feels that this theory leads to much the same impasse 
as the amorphous cement theory in dealing with the 
case of severely cold-worked materials, also that a space 
incapable of holding an atom of copper or zine will not 
open up naturally to admit an atem of tin which 
possesses a still larger atomic volume. The author 





* J. H. Andrews and R. Higgins, J. Inst. Metals, 
1922, vol. xxviii, page 185. 
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thinks that the explanation sought is not to be found in 
any theory of the normal conditions existing at the 
grain-boundaries, but with Desch* is of the opinion that 
even mercury or any other reagent can never produce 
an intercrystalline weakness which does not already 
exist. He is convinced that the explanation is to be 
found in abnormal conditions existing at certain grain 
boundaries, since the selection of points of attack is 
apparently haphazard. It is not an impossible con- 
jecture to suppose that no trace of impurity will be 
found in the majority of the grain boundaries, but some 
traces will be found in others, since even the purest 
materials contain some traces of impurity. If, then, 
the effect of the reagent on the surface tension of adja- 
cent grains, helped on by galvanic effects between the 
entering reagent and the metal, plays an important part 
in the mechanism of attack, the effects of an impurity 
in the grain boundary will be prominent. : 
Once started, the only condition for promoting 
further attack may possibly be high stress in tension, 
for it is clear that the entry of the reagent must further 
weaken a grain boundary already weak, thus causing 
high local stress (where there is already an imposed or 
internal stress in tension) at the grain boundary in 
advance of the penetrating reagent. If the entry of 
tin into a grain boundary is marked by the formation 
of a solution of two intermetallic compounds (which on 
account of its brittleness is incapable of bearing its 
share of the tensile stress in the specimen), it is clear 
that the ability of a metal to enter into combination 
with any of the metals constituting an alloy will, to 4 
large extent, determine the power of that metal to 





* ©. H. Desch, Trans. Faraday Soc., 1921, vol. XVii, 
pages 17-21. 
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attack that alloy. Assuming the analogy of the 
attack of molten tin and solders with that of mercury 
to hold, it is plain that a work-hardened material, free 
from internal stress, will resist the attack of these metals 
far more effectively than do the fully annealed brasses, 
yet considerable decrease in tensile strength may be 
expected even in these. 





THE BRITIMP METALLIC PACKING 


In the comments that we made on page 80 ante, 
on Dr. Telfer’s paper on “Ship Propulsion,” the 
influence of shaft friction on mechanical efficiency was 
referred to. Differences in speed of precisely similar 
reciprocating engines in similar steamships has been 
proved to be due to the tightness with which the engines 
had been “screwed up.” After piston ring friction and 
badly adjusted main bearings, the next biggest source 
of mechanical loss is often that of gland friction on the 
piston rods. 

We illustrate in Figs. 1 to 7, opposite a type of packing 
ring with which it is impossible to increase the pressure 
on the rod or shaft once it has been correctly adjusted 
and in which any want of alignment in the moving 
parts is automatically provided for. This packing is 
manufactured by Messrs. British Metallic Packings 
Co., Ltd., 7, Princess-street, S.W.1, the typical pattern 
being modified for different purposes. The figures 
show applications for two of these purposes only, 
namely, packing suitable for turbines and horizontal 
reciprocating steam engines such as the locomotive. 
The former is shown in Figs. 1 to 4, the latter in Figs. 5 
to 7. The same general principle underlies both. 
The packing consists of a number of units of one or 
two rings, each in three pieces circumferentially, and 
each kept in contact with the rod or shaft by means of 
a spring encircling it, the suitable pressure being 
determined initially. 

In Fig. 1 is shown a complete gland for a turbine 
and in Fig. 4 one packing unit for this. Each unit 
consists of two rings of carbon in three sections. The 
outer circumferential surfaces of the rings are conical 
and, together, form a shallow V-shaped groove, which 
is occupied by a light alloy metals hrouding, also in 
three sections, with a shallow groove on the outside. 
The metal sections are held together by a turn of wire 
round the groove attached in the manner shown 
in Fig. 4. The corrugated portion is a spring for 
maintaining the requisite degree of compression on 
the carbon rings, a screw and nuts on one end of the 
wire forming the means for regulating it. Each pair 
of rings with their shrouding, is carried in an L-shaped 
casing. These casings, when placed in the stuffing box 
form a series of grooves, as shown in Fig. 1, against’ the 
sides of which the carbon rings are forced by a com- 
ponent of the compressive force of the wire rings, the 
component in a radial direction being of course the 
pressure on the shaft. The weight of the rings is 
supported by the friction due to the first-mentioned 
component, while the contact pressure, thus remaining 
uniform, ensures steam-tightness and the minimum of 
wear, even should there be any want of alignment 
in the shaft. The casing rings are in halves so that 
the packing may be fitted while the shaft is in position. 
All the joints in the carbon, shrouding, and casing 
rings are staggered and the rings are prevented from 
turning relatively one to another by suitable stops. 
These are best seen in Figs. 2 and 3, which is an 
= of the packing as actually fitted to a marine 
turbine. 

Turning now to the glands for reciprocating engines, 
a normal ring is shown in Fig. 5. It is made of hard 
cast-iron having a considerable proportion of pearlite, 
and thus becomes highly polished, with a low coefficient 
of friction in consequence. Each ring is made in 
three pieces with a dovetail at the joints for half its 
depth, the pieces being held in place on the rod at the 
requisite pressure by a garter ring of stainless steel. 
As in the turbine shaft packing, the ring fits into a 
Tecess or groove, which it fits accurately. There is, 
however, an essential difference ; the housing for the 
reciprocating rod is made of a casting in halves, 
and bolted together. This housing is carried in the 
ordinary stuffing box. The number of rings fitted de- 
pends upon the pressure in the cylinder, and steam 
tightness is ensured by all the surfaces being ground. 

The packing can, it is clear, be fitted to an existing 
stuffing box, and when this is wide enough to afford 
proper room for the garter spring and dovetails between 
the rod and the housing, a single ring in each recess 
is all that is necessary. A narrower space round the 
rod may, however, sometimes be met with. In such a 
case two rings per recess are employed. The one 
furthest away from the cylinder of each pair, is known 
as the sealing ring, and, although it has a garter spring 
like the pressure ring it does not bear on the rod. 
It is made in halves, which have plain butt joints, 
Staggered with those of the pressure rings. Such 
@ gland is shown in its housing in Fig. 6. There 
are bolts at the top and bottom of the housing 











to join the two parts, and at the top there is also a pair 
of small holes for dowel pins. The jointing surface of 
both halves is ground, and, as steam is admitted to the 
annular space outside the housing and inside the stuffing 
box, they are kept together by its pressure and make a 
steam-tight joint without packing. 

In cases where the stuffing box is still narrower, one 
special ring per recess is fitted. The ring itself is 
constricted by a strip round its outer surface, which 
strip is cut away at one point between the joints 
to accommodate two short tension springs, as in 
Fig. 7. The packing in either of these forms is par- 
ticularly suitable for railway work. Asa matter of fact 
we understand that in the normal form it has been 
adopted as the standard packing for the German State 
Railways in all new engines, and its use is being 
extended to the old ones. A running life of 125,000 
miles without adjustment has been recorded, com- 
pared with 22,000 with white-metal packing. The only 
attention needed is occasional washing in paraffin to 
remove deposits of carbonised oil. A complete new 
packing can be fitted in place in about ten minutes, 
while the old one can be cleaned and adjusted at leisure. 
The packing for marine and other vertical steam engines 
is of the standard single-ring pattern, but the housing 
is provided at the bottom with an annular channel 
for the drainage of the condensate, which is, further, 
prevented from trickling down the rod by a couple of 
rings of soft packing. 

The packing for Diesel and other internal-combustion 
engines bears some resemblance to that used for a 
turbine, inasmuch as there is a pair of rings with 
conical backs in each recess of the casing. The rings 
are, however, of cast-iron instead of carbon, the 
shrouding rings are of strong construction, also of 
cast-iron, and each of the L-shaped segments of the 
casing is packed in the stuffing box by an ordinary 
Ramsbottom ring. The three pairs of rings nearest to 
the cylinder are, further, not coned, and put no pressure 
on the rod; they merely lie closely to it and absorb 
the heat. A ‘lubrication channel is provided between 
them and the packing proper. 

In addition to the packing described above, the 
firm manufactures an entirely different type for use 
with such high pressures as are met with in air, gas, 
ammonia, sulphuric acid, and carbonic acid com- 
pressors, hydraulic machinery, gun recoil chambers, 
&c. It consists of hollow rings of approximately 
square cross section, filled with finely-divided graphite. 
In the inner walls of the rings are drilled small holes 
through which the graphite issues and lubricates the 
surface of the rod. 





LUBRICATION.* 
By W. R. Ormanpy, D.Se., F.I.C. 


Some of the new discoveries relating to the chemistry 
of the atom and the molecule as bearing on the problem 
of lubrication open the paper. The wonderful and 
complicated happenings on the surface of a liquid or 
their bearing upon the practical problems of the day 
are commonly little considered, and still less easily 
is it realised that the apparently inert surface of a 
solid may be the site of great and important forces. 
Lubrication is essentially the problem of liquid and 
solid interfaces. The interfaces formed by contact 
of a bulk liquid with gaseous, liquid, and solid faces 
and the properties of the solid gas or liquid interface, 
are briefly considered. 

A liquid tends to take up its minimum surface, and 
the action is as though the surface of the liquid were 
covered with an elastic skin. The molecules in the 
bulk of the liquid are attracted more or less equally in all 
directions, but a molecule in the surface is being pulled 
back by the attraction of a hemisphere of molecules 
surrounding and below it. The amount of work neces- 
sary to bring all the molecules of a bulk of liquid into 
the surface layer may be one-half the latent heat of 
evaporation of the liquid, and in the case of molecules 
having no particularly pronounced chemical attraction 
in any direction, i.e., non-polar molecules, this is 
approximately the case; but if the molecules have 
chemically active groups at one end, such as the acids 
and alcohols, there is another possibility. Such a 
polar molecule reaching the surface and so orientated 
that the inert portion of the molecule points outwards, 
and the polar part is rooted into the bulk of the liquid 
suggests that the work done in tearing away such a 
molecule from the surface should be greater than the 
amount necessary to bring it into the surface. An 
assumption is, however, necessary, namely that the 
period of time during which such a molecule is in the 
surface is long in comparison with the natural period 
of the molecule. In the case of water at 20 deg. C., 
the life of a molecule on the surface is 10~’ second ; 





* Paper read at a joint meeting of the Institution of 
Mechanical Engineers with the Society of Chemical 
Industry (Chemical Engineering Group) on Friday, 
March 25, 1927. Abstracted. 








whereas the natural period of the molecule is of the 
order of 10-12 second, which leaves time for some 
degree of orientation. It would seem that the surface 
layer is largely influenced by the shape of the molecule 
and the presence in it of polar groups. 

Uni-Molecular Character of Surface Films.—Lang- 
muir produced thin films by dissolving solids in ether, 
pouring them on to a water surface and allowing 
the ether to evaporate. By this means he calculated 
what weight of the solid covered a given area, and 
devised apparatus for measuring the surface tension 
of the film in comparison with the surface tension of 
water. ‘ 
From these experiments he determined the cross- 
section of the molecules and also estimated the length 
of the molecule. The fatty acids occupied practically 
the same area but their chains varied in length. The 
glycerides occupy three times the area of the acids 
from which they are derived. As the distance calcu- 
lated between the carbon atoms was less than that 
found between adjacent carbon atoms in the diamond, 
in the long-chain compounds the carbon atoms may 
be either zig-zag or spirally arranged. This has direct 
relationship to the lubrication problem, for if there 
are forces on the surface of a metal like the forces on 
the surface of a water layer, then polar bodies might 
be expected to take up orientated itions on the 
metals. As the length of the chain increases and there 
is attraction between the chains the space occupied by 
the polar head becomes less. 

The work which has to be done to separate one 
portion of a liquid from another or to separate two 
liquids is of great interest. To separate a bar of water 
one square centimetre in section requires 145-8 ergs ; 
for octane 43-5 ergs are required ; for octane and water 
43-8 ergs; for octyl-alcohol, 55-1; and for octyl- 
alcohol water, 91-8. 

Surface Energy of Solids.—Very considerable forces 
are in action at the interfaces of liquids, and the 
chemical constitution of the molecules in question is 
all important in determining the eventual arrangement 
at the interface. The fact is perhaps not so widely 
known that solid surfaces exhibit similar properties 
and often in an even higher degree. 

That the atoms in a crystal are regularly disposed, 
is demonstrated by application of X-ray analysis. As 
the attraction between the atoms in the crystal is 
electrical or electro-magnetic, those atoms which are 
in the crystal face have fields of energy immediately 
above the face, and it would be expected that atoms 
placed at the edges of crystals would exert greater 
external action than those in the middle of a face. 
Thus one would expec tthat a micro-crystalline or 
amorphous material would exert greater action ex- 
ternally than would the centre of a crystalline face, 
and this is borne out in practice. Freshly split pieces 
of mica adhere with comparatively slight pressure, 
clean platinum faces weld below the melting tempera- 
ture of platinum, and optically polished glass faces 
also weld together. The actual energy of crystal faces 
varies in some way with the closeness of the packing 
of the atoms in the particular face and the distance 
from the next face. Not only is the surface energy 
different in the crystal face and at corners and edges, 
and is affected by the closeness of the packing in the 
face, but it may be affected by the presence of other 
solids. Such other solids added to a body which is 
causing a catalytic reaction are termed promotors. 
That metallic surfaces specially prepared for catalytic 
purposes are not equally active over-all is shown by 
experiments wherein traces of poisonous materials 
which inhibit the reaction are gradually admitted. 
Whereas on water insoluble fatty acids probably form 
mono-molecular layers, it seems equally probable that 
gases and vapours can be adsorbed on to a solid surface 
in layers many molecules thick. Whether it be that 
in the case of metals the external field is strong enough 
to be appreciable at several molecular diameters or 
whether the mutual action between the layers is in 
some way induced (like rows of filings on a magnet) 
is not determined, but the energy with which these 
second and further layers are held in position is very 
small compared with the energy with which the first 
layer is held. 

It is of interest to know whether polar bodies would 
be orientated on solids in the same way as on water. 
The X-ray work of Shearer shows this to be the case 
with fatty acids on mica. Bodies having no polar 
groups, ¢.g., saturated hydrocarbons (highly refined 
lubricating oils) are adsorbed on most solid surfaces, 
but on metals they are easily displaced by alcohols 
or fatty acids having strong polar groups, as shown by 
Hardy. 

All solid surfaces have sufficient free energy to cause 
them to adsorb either gases or liquids with great 
intensity. Oils which have a low surface tension will 
wet most solid surfaces, whilst water wets a limited 
variety of surfaces. This is made the basis of the ore 
flotation process, which has opened up to possible 
use millions of tons of low-grade ores which were 
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previously unusable. The oils employed displace 
the water from the surface of the metallic sulphides, 
but the water displaces the oil from the surface of the 
powdered gangue. 

Spreading on Solid Surfaces.—The spreading of 
fatty acids and higher alcohols on a water layer is 
aided by the thermal agitation. On a clean metallic 
surface spreading does not take place, but it will 
occur if the metallic surface is wetted in the first 
place. 

Work of Hardy.—Hardy and his co-workers have 
shown that if very thin layers of non-polar bodies are 
formed on optically true surfaces which are then 
brought into contact, such surfaces show a minimum 
coefficient of friction immediately, whereas when polar 
bodies are similarly employed there is a considerable 
time lag before the equilibrium state of minimum 
friction is attained. Another very interesting observa- 
tion of the same workers is the length of time which 
even the comparatively small plane surface takes to 
squeeze out the excess of intervening oil and to reach 
an equilibrium position. The oil between the plates, 
even when of a thickness of many molecules, behaves 
as though it possessed a much higher viscosity than 
attaches to the oil in bulk. It is also interesting to 
note that the frictional resistance when the final steady 
state has been attained is independent of the tempera- 
ture. Hardy has also shown that the coefficient of 
friction between the plane faces decreases as the load 
increases up to a certain pressure, beyond which the 
coefficient is independent of the load. 

In his studies in adhesion Hardy has experimented 
upon the force necessary to pull apart plane solid 
surfaces when these are separated from one another 
by liquid layers. In these experiments the nature of 
the solid employed is of great importance, for the 
adhesion, using any one liquid, was always greatest 
with glass, less with steel, and still less with copper. 

If two thoroughly clean plane metallic surfaces be 
brought into contact seizure occurs if an attempt be 
made to move the faces tangentially. Two such 
surfaces in contact will still offer great resistance to 
tangential movement even if a lubricant having a very 
low vapour pressure, such as oleic acid, be brought into 
contact with the edges of the plates; but the mere 
presence of the vapour of a polar liquid having an 
appreciable vapour pressure will cause the plates to 
slide over each other with little effort, the time necessary 
for this release being a function of the volatility of the 
lubricating vapour employed. 

The problem of lubrication involves the question of 
whether “ oiliness ”’ is a real specific property of bodies 
or not. Certainly no means has yet been devised for 
the measurement of “ oiliness.”” Yet two oils which 
possess a very similar measure of properties, such as 
viscosity and density may behave very differently as 
lubricants. Bingham instances the difference between 
lard oil and a mineral oil on the action of an Armstrong 
parting tool on a rod of soft steel 1} in. in diameter. 
Thirty discs were cut with lard oil, and the last was 
as good as the first. With mineral oil heating set in 
at once, and the tool lost its edge, failing completely 
to cut off a fourth disc. The oil in this case lubricates 
the chip along the tool, and the result shows that an 
oil having a high adhesion is necessary under such 
heavy duty. Adhesion is probably at the basis of the 
conception of oiliness, and assumes enormous import- 
ance when the lubricating film thickness falls to an 
extremely low value. Much work has been done in 
connection with lubricant films of mono-molecular 
thickness, which possess remarkable properties in 
reducing the friction between solid bodies. Possibly 
if the two surfaces were not contaminated by the layer 
of lubricant, welding would occur at once. In con- 
sidering * oiliness ” solid materials must not altogether 
be overlooked. The unctuous feel of boric acid, talc, 
clay, graphite, &c., indicates a very low coefficient of 
friction between their crystal planes. Of anti-friction 
materials the oldest is ice. 

It is stated that the laws governing the frictional 
resistance in a bearing vary from the laws of solid 
friction for a very imperfectly lubricated surface to the 
laws of viscous liquid flow when the lubrication is 
abundant. Experiments have usually been carried 
out so that the conditions for one or the other set of 
laws obtain to a prepond»rating extent. The work of 
Hardy deals chiefly with lubricating films of extreme 
tenuity, other workers develop films of considerable 
thickness and get steady results by immersing the 
bearing in a bath of the lubricating oil. Conditions of 
limiting lubrication very rarely occur in practice. 

Experiments on the motion of bodies in liquids of 
unlimited extent showed that if the viscous forces are 
large compared with those producing motion the 
viscous resistance is proportional to the velocity. The 
effect of the walls of the containing vessels is marked, 
and leads to the necessity of correction for the falling 
sphere viscometer. It is shown also in experiments 
in the sedimentation of precipitates. The rate of fall 
of spheres and discs through thin films of viscous fluid 








has been determined by Professor G. I. Taylor. Other 
experiments which were based on a method employing 
the measurement of the electrical capacity of the oil 
film were made. The low resistance of the film between 
the discs at the area of contact was surprising, and 
further experiments were made with paraffin wax. 
Apparently the film will pass current to any extent. 
Though Hardy’s work was carried out with optically 
true surfaces, it must be remembered that even this 


surface is very irregular compared with a mono- | 


molecular layer. There is some indication in Hardy’s 
work that the state of polish affects the end results. 

Viscosity.—The engineer designs his bearings to 
provide an oil film of adequate thickness. His success 
in bringing about complete separation of the metallic 
surfaces by lubrication media is evidenced by an exam- 
ination of the average lubricating oil from any bearing. 
Viscosity is very important, and oils with the flattest 
viscosity curve on change of temperature will be pre- 
ferred. Different as may be the viscosity of mineral 
lubricating oils at ordinary temperatures, the viscosity 
curves approach very closely as temperatures get higher. 
Generally, oils with a low specific gravity have flatter 
temperature viscosity curves than those of higher 
gravity. 

Volatility and Flashpoint.—Mere traces of volatile 
bodies affect the flashpoint of a lubricating oil greatly. 
Volatility, or loss on heating to a predetermined 
temperature, in conjunction with the nature of the 
residual oil, is a valuable test when the oil is subject 
to high temperatures under oxidising conditions. 

Resistance to Oxidisation.—All mineral lubricating 
oils adsorb oxygen, the rate varying with the nature 
of the oil, degree of refinement, temperature, and the 
presence of metallic bodies which act as catalysts. 
The crank-case of an internal-combustion engine is 
almost ideal for the rapid oxidisation of lubricating oil, 
from its high temperatures, constant renewal of he 
air, and oil in a finely-divided state. Damage due to 
defective lubrication often arises from the result of oil 
oxidisation. The oxidised oil loses little oiliness for 
a considerable time, but the products of oxidisation 
may be asphaltic-like bodies, insoluble in the oil, and 
leading to stoppage of the oil ducts. Or the production 
of acid bodies may cause the oil to form a thick 
emulsion with comparatively small quantities of water, 
which will not pass readily through the circulating 
system. In order to test an oil for behaviour under 
oxidisation, it is heated to a given temperature, and 
air or oxygen blown through for a given time. It is 
then tested for the amount of asphaltic matter formed, 
and in some countries the amount of acid bodies is 
determined also.. The temperatures employed are 
about 110 to 150 deg. C. in most cases, though much 
higher temperatures are used in certain specific tests. 
Moore observes that the sludge produced in oils he 
tested bears a close relationship to the sulphur 
content. Generally oils with high sludge became very 
viscous under oxidising conditions. There seemed to be 
some connection between the Air Board specification 
coke test and the sludge. Generally the asphaltic base 
oils contain the most sulphur, and are most amenable 
to attack by oxygen under sludging test conditions. 
The paraffin base oils, such as those of Pennsylvania 
and the Russian oils are more resistant. However 
valuable a sludge or high-temperature oxidisation 
test may be for transformer and crank-case oils, it is 
of little value with oils for use under conditions where 
the temperature is much above atmospheric. A vast 
amount of work remains to be done. Any crude 
lubricating oil, of paraffin or asphaltic base, can be so 
highly refined that paraffinum liquidum is obtained, 
which is a poor lubricant. Dunstan and Thole point 
out that the best lubricants are the bodies which can 
be removed by over-treatment with sulphuric acid in 
the refining process. It is possible to refine an oil to 
such a degree that blowing by oxygen at a high tem- 
perature will give practically no sludge, but the resulting 
oil may be heavily charged with acid bodies and per- 
oxides, and will immediately emulsify in contact with 
water. The acid bodies so produced will act corro- 
sively on many metals and on all textiles, and may 
tend also to the formation of insoluble resinous bodies. 

One-quarter of the lubricating oil production of the 
world is used in motor car crank-cases, and as the 
efficiency of the modern high-speed internal-combustion 
engine increases, demands upon the lubricating oil also 
increase. Hoblyn, in a paper before the Institution of 
Petroleum Technologists, showed that if small quan- 
tities of oils be heated to 250 deg. C. with entry of air, 
a time occurs when all the oils hitherto homogeneous 
under the microscope become heterogeneous, and 
gradually dark-coloured insoluble bodies separate. 
He claims that the period that elapses before the dark 
particles appear under the microscope is a measure of 
the suitability of the oil for crank-case use, and that 
laboratory results have been borne out in long road 
experience. The engines used by Mr. Hoblyn run 
very hot and are unusually highly stressed. 

Oil can be over-refined, and oxidization is more rapid 











with such than with those less highly treated. The 
rate of oxidisation is influenced by the vessel in which 
the test is carried out. Iron, copper, lead and zinc all 
influence the rate of oxidisation greatly, but in very 
different degree. Finely divided metals greatly 
increase the tendency of oils to oxidise, and continuous 
filtration of crank-case oils for the removal of metallic 
particles leads to greatly increased life of both oil and 
bearing. 

Are the characteristics of the oil conditioned by 
nature, or is it impossible by any sort of refining to 
get from, say, an asphaltic base oil a product which 
will replace another produced from a paraffin base oil ? 
Does sulphur in a lubricating oil, by its compounds, 
bring about easy oxidisation, or is sulphur an indication 
of the presence of other organic, readily oxidisable, 
bodies. How far should refinement be carried to get an 
optimum product, and what bodies, deleterious from 
their unstable chemical nature, have to be removed ? 
Is the sulphuric acid treatment the last word in oil 
refining ? Must an asphaltic base oil after refining 
still tend more towards the production of asphaltic 
bodies on oxidisation than paraffin base oils? Are 
some metals such active catalysers in the _finely- 
divided state that it would be well to eliminate them 
from bearing metals ? 

The foregoing remarks may point to directions in 
which investigations ought to’ be carried out before 
we can claim an adequate foundation of knowledge 
of lubrication. Further research on lubrication should 
be undertaken in such co-operation as may be possible 
with the Department of Scientific and Industrial 
Research. The Research Department appointed a 
Committee on the subject of lubrication, which made 
a very exhaustive report on the literature of the subject, 
a very valuable asset to anyone about to embark upon 
a research programme. This report led to that funda- 
mental work of Hardy referred to in the present paper. 
The industrial world requires all the lubricating oil 
which is available from all sorts of crudes. The 
producers are just as anxious as the user to improve 
their products and to know what constitutes a good 
lubricating oil, and would welcome any help which may 
lead to improved methods. From a purely economic 
standpoint the oils which will best withstand the most 
strenuous conditions of use, should be retained, but 
it is not suggested that it would be easy to convince 
the owners of highly asphaltic crude oils that as 
good a product cannot be produced from their material 
as that from some paraffin base crude, should this 
prove to be the case. It is certain that any real 
advance on the commercial and practical side of 
research work on lubrication must be done to some 
extent in conjunction with the oil producer. It is 
of no use to work upon unknown material ; its source 
and life-history are essential if fundamental results 
are aimed at. 





Tue Perkin MepAt AwarpD TO Mr. JOHN TEEPLE.— 
The Perkin Medal of the American Section of the Society 
of Chemical Industry was awarded in February to Mr. 
John Teeple, a consulting engineer of New York, chiefly 
for his share in the economic development of an American 
potassium industry near Searles Lake, California. When 
Mr. Teeple first saw the plant at Trona in 1919, it was 
producing 20 tons of potassium chloride per day, sold at 
a loss, in spite of very high prices. At present 400 tons 
of the chloride as well as borax and boric acid are the 
daily production, which are disposed of at a profit, 
though at lower prices, and the original mining camp 
has grown into the modern township of Trona with 1,000 
inhabitants. The works have become the largest borax 
plant and one of the four largest potash plants in the 
world. Although the quantity of water evaporated 
from the brine remains practically what it was, nearly 
10,000 lb. per minute, the boiler capacity has only been 
increased by 15 per cent., and the refrigerating com- 
pressors, the fuel-oil bill and the labour costs show very 
little increase. 





SELL’s TELEGRAPHIC ADDRESSES.—Founded by Mr. 
Henry Sell, over 40 years ago, ‘“‘Sell’s Directory of 
Registered Telegraphic Addresses,’’ for the year 1927, 
has just been published. Latterly, the contents of the 
volume were increasing to such an extent that the book 
was becoming heavy and somewhat inconvenient to 
use, in its old form. The compilers have, therefore, 
wisely recast the subject matter, with the result that the 
page of the present issue of the Directory has been 
widened and its thickness diminished by a third. All the 
old features have been retained and several additions, 
including a new section of American cable addresses, 
have been made. The volume contains some 100,000 
registered telegraphic addresses, together with the full 
postal address, trade, and telephone number of each 
firm; a list of 130,000 prominent British companies 
arranged under 3,500 different trade headings; and a 
special list of the leading firms engaged in the building 
and allied trades. A cross-indexing system, making it 
possible instantly to find the telegraphic address of 
any firm, or, alternatively, the firm owning any registered 
address, has been incorporated. The Directory 18 
published by Messrs. Business Dictionaries Limited, 
8 and 9, Johnson’s Court, Fleet-street, London, E.C.4. 
The price, including a supplementary edition issued 
during the summer, is 45s. net. 
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THE MECHANISM OF INVERSE 
SEGREGATION IN ALLOYS.* 
By R. GEenpeErs, M.B.E., M.Met., F.I.C. 

(Concluded from page 372.) 


A General Theory of Inverse Segregation.—A survey 
of the literature in which theories are proposed for the 
purpose of explaining wholly, or in part, the mechanism 
of inverse segregation, will show that the problem has 
been mainly considered, first as concerning the two- 
phase systems of binary alloys, and, secondly, from 
the hypothetical basis of a mass of liquid alloy from 





earlier stage the knowledge of conditions immediately 
prior to and during solidification, and to obtain evidence 
by the exploration of castings of a representative alloy, 
on which to base a tentative general theory. In view of 
the large number of factors capable of modifying the 
mechanism of inverse segregation, and the difficulty 
of dealing with them collectively in a clear manner, it 
is proposed first to put forward the essential points of 
the theory and later to describe separately the direc- 
tions in which the predicted results will be influenced 
by variations in the subsidiary factors. 

Solidification of a mass of liquid alloy, cooled rapidly 
at its surface by contact with a mould, commences 





Fig. 11. Bronze Incot ConTaInING 5 PER 
Cent. Tin. Curitt Cast. Tor Povurep. 
SEcTION SHOWING 6 CONSTITUENT, CAVITIES 
AND FISSURES IN SURFACE LAYER OF INGOT. 





Fic. 13. Top or Sanp-Cast Bar or PHosPpHoR- 
Bronze. MELTED AND Cast NORMALLY. 
APPROXIMATELY ACTUAL SIZE. 


the surface of which heat is rapidly extracted. Of the 
theories reviewed, none provides a general explanation 
of the phenomenon. The present work has suggested 
that, in order to be complete, the theory of inverse 
Segregation must consider many binary alloys as 
ternary systems, comprising two metals plus a gaseous 
constituent, and solidification as involving three phases. 
While this view opens up a large field for confirmation 
and systematic investigation, the practical aspect is 
simpler, since the behaviour of the industrial alloys 
during casting is known, and methods for the elimination 
of gases from the liquid metal are available. 

The intention of the experimental work carried out 
by the author has been to ascertain the nature of 
extreme cases of inverse segregation, to carry to an 





_* Communication from the Research Department, 
Woolwich, read before the Institute of Metals, London, 
on March 10, 1927. Abridged. 





Fie. 12. Same Ingor as Fia. 11, sHow- 
Ina CoRED &% STRUCTURE WITH MINUTE 
Specks or 6 CoNsTITUENT. 


Fie, 14. Tor oF Bar FROM SAME MELT AS THAT SHOWN 
IN Fic. 13. Cast AFTER SOLIDIFICATION IN CRUCIBLE 
APPROXI- 


AND REMELTING IN ELEcTRIC FURNACE. 
MATELY ACTUAL SIzzE. 


by the formation of crystal nuclei having various 
orientations. As further solidification proceeds, those 
orientated with a principal axis most nearly normal to 
the surface grow preferentially, and tend towards a 
columnar form. In an alloy having a range of solidi- 
fication, the crystals are not homogeneous, varying in 
composition from the axes outwards broadly, as 
indicated by the equilibrium diagram, taking into 
consideration the conditions of rapid cooling and a 
relatively slow rate of diffusion. Segregation will thus 
be in the normal direction, the boundaries of the 
dendrites consisting of concentrated alloy of low-melting 
point. Where the alloy has a small range of solidifica- 
tion, the difference in composition, and consequently in 
melting point between the cores and boundaries of the 
crystals, is correspondingly small. The inner surface 
of the wall of solid is serrated, the distance to which the 
serrations project into the liquid depending on the range 











of solid solidification of the alloy and the temperature 
gradient. If a gaseous constituent is present in the 
alloy it may be retained by the alloy in unstable solu- 
tion, or it may be partly or wholly evolved during 
solidification ; metal-gas systems are probably analo- 
gous to some metallic systems as regards critical rates 
of cooling, dispersion, &c. As solidification progresses, 
the rate of extraction of heat from the mass tends to 
fall as a consequence of the heating up of the mould, 
Any evolved gases may escape while the interior of the 
mass is liquid, but near the completion of solidification 
such escape is impeded by constriction and gas pressure 
is set up. 

The subsequent behaviour of the mass will depend 
upon the combined conditions existing at this stage. In 
one extreme case, where the volume of evolved gas is 
large and the alloy has a long range of solidification, 
the low melting-point liquid from the central region 
will be expelled between the projecting dendrites and 
along their boundaries, issuing at the surface of the 
mass either by propelling outwards the interdendritic 
liquid still existing in the surface layer or by rupturing 
the weak interdendritic boundaries.* In the opposite 
case, that of a pure metal, the inner face of the 
wall of solid will be smooth, the interdendritic bound- 
aries will be completely solid and strong, and the 
result of internal gas pressure will be the distortion 
of the mass, such as the rising of the surface where 
the metal entered the mould, or the formation of 
blisters. Between these two extremes are the cases in 
which inverse segregation gives no outward indication 
of its occurrence, but is detected by chemical analysis 
and possibly by microscopic examination. The bronze 
used in part of the present experimental work is 
an example of this kind, and the microscopical evidence 
obtained by examining transverse sections of the 
ingots provides strong confirmation of the theory 
outlined above. The photomicrographs Figs. 11 and 
12 are from the top-poured ingot. In the middle 
region, Fig. 12, the structure consisted of cored, roughly 
equiaxed, crystals in which only minute specks of the 
8 constituent could be detected. Towards the edge, 
Fig. 11, the areas of 8 increased in number and in 
size, and what appeared to be fine interconnecting 
fissures could be distinguished, some leading to the 
areas of 5 at or projecting from surface. This evidence 
is in line with that recently published by Price and 
Phillips, to which reference has already been made. 

In brief, the mechanism of inverse segre- 
gation may be regarded as involving three 
essential factors. These are: 

(a) Arange of temperature between the 
liquidus and solidus of the alloy. 

(6) The presence of dissolved gases. 

(c) An initially rapid rate of cooling, 
decreasing before complete solidification to 
below the critical rate necessary to retain 
the alloy as a supersaturated metal-gas 
solution. 

During the casting process various sub- 
sidiary factors may operate, modifying the 
course of inverse segregation by influencing 
the temperature gradients, the variations 
of composition of the liquid, and the con- 
ditions in the interior of the mass just prior 
to complete solidification. These are con- 
sidered separately below. 

Casting Temperature.—It may be con- 
sidered as a general rule that the solubility 
of gases in metals increases with increase of 
temperature, and the use of a high casting 
temperature would thus be predicted to 
have the effect of increasing the liability to 
inverse segregation. A low casting tem- 
perature would be expected to minimise 
inverse segregation in two directions— 
first, by minimising the gas content of the 
liquid metal ; and, secondly, by giving rise 
to a largely equiaxed structure from which 
gas would be evolved uniformly in a manner 
similar to that of the sand-cast bronze ingot. 

Rate of Cooling.—The rate of cooling is 
determined by the conductivity of the mould material, 
the thickness and temperature of the mould, and the 
casting temperature. Evolution of gas, and conse- 
quently inverse segregation, would probably be 
diminished by increase in the rate of cooling. 

Method of Pouring.—This factor must be considered 
in relation to those previously mentioned. The usual 
method of pouring into the top of the mould, by 
producing turbulence within the metal, probably has 
the effect of liberating a certain proportion of the 
evolved gases through the central region maintained in 
the liquid state by the penetration of the stream. At 
the completion of solidification, however, a long 
column of liquid extends down the middle of the ingot, 








* It is not assumed that interdendritic flow due to 
contraction, described by Phelps and others, does not 
occur. This is considered, however, to be an auxiliary 
rather than a primary factor. 
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so that the ultimate effect of this method of pouring 
may be in the direction of increasing inverse segregation. 
There will inevitably be irregularity in the degree of 
inverse segregation throughout the ingot. The 
method of pouring through a multiple-hole tundish, by 
reducing penetration, would be expected to decrease 
inverse segregation to some extent. A slow rate of 
pouting would have a similar result. In a short 
mould, where the stream may penetrate to the bottom 
during pouring, the lower end of the ingot will be 
inversely segregated, while in a long mould this region 
may be uniform. 

Form of Mould.—The only form of mould in which 
inverse segregation might be inhibited would be one 
having such a pronounced taper outwards towards 
the top that, despite the penetration of the stream, 
solidification would proceed regularly from the bottom 
upwards, permitting each layer of alloy to evolve its 
gases into liquid immediately above. 

Explanation of Representative Experimental Data.—It 
has been possible, by the theory just formed, to account 
for the behaviour of alloys, as regards inverse segrega- 
tion, where sufficient experimental data have been pub- 
lished. In the silver-copper alloys, the data given by 
Smith are explained by the outward movement of the 
eutectic resulting from the evolution of gases, probably 
largely oxygen. The action of manganese in inhibiting 
inverse segregation when added to silver-copper alloys 
would be anticipated in view of the deoxidising pro- 
perties of that element. Nickel, on the other hand, is 
a solvent for oxygen, and the accentuation of inverse 
segregation following its addition to silver-copper 
alloys is not surprising. Alloys which show a consider- 
able temperature range between liquidus and solidus 
appear to exhibit pronounced inverse segregation. 
The gold-platinum and copper-tin alloys are systems 
of this type. Their behaviour is in agreement with 
the present theory. Alloys such as those of copper 
and nickel show only a small freezing range, and do not 
exhibit any extensive variations in composition. The 
copper-zine alloys are of particular interest. Those 
containing about 15 per cent. copper were shown by 
Iokibe* both to rupture and to produce inverse segre- 
gation on solidification, the interior of the castings 
showing at the same time a considerable degree of un- 
soundness, This is an extreme case, similar to that 
of high-tin phosphor bronze and aluminium-iron alloys. 
The copper-rich brasses, although having a freezing 
range, show little tendency to inverse segregation. In 
this connection it is interesting to note that Carpenter 
and Elamt suggest that zinc may lower the solubility of 
gases in Admiralty bronze, and the same effect may 
account for the behaviour of the copper-rich brasses. 
The valuable work of the above authors on Admiralty 
bronze further clearly indicates that, in metal-gas 
systems, the gas may be evolved or may be held in 
unstable solution, according to the conditions under 
which the liquid solution is cooled. Finally, there is a 
large amount of available data dealing with steel in 
which the influence of gases and inverse segregation 
may be connected. The work of Stead might particu- 
larly be mentioned, Benedicks, in dealing with the 
Ludwig-Soret effect, quotes the results of Talbot, 
indicating that silicon considerably lessens inverse 
segregation in carbon steel. Silicon is known to 
increase the solubility of gases in solid steel, and the 
application of this fact constitutes the most common 
method for the industrial production of ingots free 
from gas cavities. 

The Avoidance of Inverse Segregation.—The practical 
importance of a solution to the problem of inverse 
segregation may be considerable in some connections, 
especially, perhaps, in the case of alloys of the precious 
metals. In some of the common industrial alloys it 





sinking of the low freezing-point liquid away from the 
copper-rich dendrites. At a later stage, however, 
breaking away of the top of the casting produced the 
phenomenon of sweating. This suggests that, as indi- 
cated previously, a metal-gas system not saturated 
with gas may deposit solid metal-gas solution of low 
gas concentration, leaving a liquid of high gas concen- 
tration which may produce some degree of inverse 
segregation at a certain stage of-solidification. By 
allowing the alloy to solidify completely, and re- 
melting in an electric furnace, exudation was entirely 
avoided. Figs. 13 and 14show, respectively, the exuded 
globule of high-tin alloy at the top of a sand-cast bar 
of phosphor-bronze (tin 10 per cent., phosphorus 1 
per cent.) melted and cast under ordinary conditions, 
and the normal piping, free from oxidation, in a similar 
bar cast from a portion of the same melt after soli- 
dification in the crucible and electrical remelting. 
Experiments with 5 per cent. bronze have shown that 
presolidification is not capable of eliminating inverse 
segregation in the alloy, but has the effect of decreasing 
the central zone of low tin content. 





AP PENDIX. 


THe AccURATE DETERMINATION OF COPPER IN 
BronzkE BY ELECTROLYSIS. 


By R. A. F, Hammonp, B.Sc., A.R.C.S., A.L.C. 


In view of the fact that many deductions drawn in 
the foregoing paper are based on small differences in 
composition, it is thought desirable to describe the 
method of analysis used. The method employed was 
that devised by A. T. Etheridge,* with some refinements 
which materially increase its accuracy. 

1. Weighing.—It was found that 2 gm. is the most 
suitable weight to be taken, and it is certain that 
having regard to the care taken, and the balance used, 
errors introduced at this stage could not exceed 
0-2 mg. (+ 0-005 per cent.). Forceps only were used 
for handling the sample, and by this means the inclusion 
of very small pieces in the sample was avoided. Hence 
any loss which occurred on transferring to the solution 
vessel would be instantly detected from the analysis. 

2. Solution.—It is at this stage that errors are most 
likely to occur. Solution is normally carried out in a 
covered beaker. By this method it was shown quite 
definitely that loss by spraying does occur, however 
moderate the reaction. This was ascertained by 
placing the beaker in a strong beam of light, when a 
continuous stream of escaping spray could be observed. 
As a means of overcoming this difficulty, solution was 
effected in a 600 c.c. conical flask, resting in the neck 
of which was a filter funnel. In the funnel was placed 
a small perforated porcelain disc, and a clock glass 
rested on the rim of the funnel. A mixture of 60 c.c. 
1:3 sulphuric acid and ‘l5c.c. nitric acid (specific 
gravity 1-42) was poured through the funnel. The 
flask was gently warmed on an asbestos pad on the 
hot plate to start the reaction. The flask was then 
removed, and the action allowed to proceed as far as 
possible without further heating. It is important to 
avoid overheating the solution, for hydrolysis of the tin 
readily occurs, with consequent clouding of the solution. 
The nitrous fumes, therefore, should not be boiled off 
as is sometimes recommended. 

When solution was complete, the funnel, disc, &c., 
were carefully washed with cold water, the washings 
being collected in the flask. The solution was then 
transferred to a squat beaker and the flask rinsed with 
a further 50 c.c. of 1:3 sulphuric acid. The solution 
was made up to 300c.c. by this and subsequent small 
washings. A volume of 300 c.c., though larger than 
that usually recommended, is made necessary by the 


would also be expected that uniformity in composition, | washing of the flask, but under the conditions of 
resulting from the absence of inverse segregation, would | acidity, &c., given above, deposition of the copper is 


increase the reliability of castings. If the theory | co 


advanced by the author is substantially sound, the way 
to the avoidance of inverse segregation has been 
partially cleared by the valuable work of Archbutt,} 
and of Edwards, in which originated the simple method 
of degasifying alloys by the process of ‘ presolidifica- 
tion,” or by the use of a stream of insoluble gas. It may 
alternatively be possible, as found by Carpenter and 
Elam, to define conditions for an alloy under which 
the minimum of gas is evclved, or to induce, by suitable 





mplete and no hydrolysis of the tin occurs. 

3. Electrolysis.—It is in this process that the second 
large source of error exists. Considerable spraying, 
due to gas evolution, takes place; by taking a solution 
of 10 gm. of copper this cause of loss is definitely 
established. Accordingly ‘split’ cover-glasses were 
made in order to minimise the area through which 
loss by spraying could occur. The slit of the glass 
was placed as remote as possible from the anode, where 
most of the gas was evolved, and care was taken to 


additions of other elements, the retention of gases by | avoid abrasion of the rotating cathode stem by the 


the solid alloy. 


es of the cover-glass. Electrolysis was continued 


Preliminary experiments which have been made con- | for 1} hours at 3 amps., after which }-gm. of urea was 
firm this view. A melt of copper-lead alloy, degasified | added and the cover-glass and sides of the beaker were 
by the addition of copper oxide, gave no indication of | washed, the current being reduced to 24amps. In 
“sweating” such as was found in the experiment | this manner, 0-5 amp. reductions of current and } grm. 
described above. Phosphor-bronze, allowed to cool | @dditions of urea were made every half-hour, down to 
until nearly completely solid, and then reheated and | @ final stage at lamp. Both sides of the cover-glass 
cast, showed a behaviour different from that observed | and the sides of the beaker were washed at each stage. 
in the normally melted alloy; the top surface of the | Finally, the beaker was lowered away from the cathode, 
casting did not remain flat, but showed clearly the | the latter being continually washed with water during 





* J. Inst. Metals, 1924, vol. xxxi, page 225. 
+ ENGINEERING, 1918, vol. ev., p. 351. 
¢ ENGINEERING, 1925, vol. cxix, p. 336. 


| the process, the cathode being then quickly rinsed with 


alcohol, dried at 80 deg. C., and weighed. Small 





* The Analyst, 1924, vol. xlix, pages 371-374. 








foil anodes and rotating gauze cathodes of platinum 
were used. 

(4) Copper Absent in the Electrolyte.—Electrolytes 
were tested after deposition of the copper by passing 
HS, and were found to be free from copper. " 

(5) Tin Absent in the Deposit.—The deposits were 
all carefully dissolved off the cathodes in 1-2 HNO. 
and the solutions evaporated to dryness, redissolved 
and allowed to stand overnight. In most cases a 
very minute trace of stannic oxide could be observed. 
Nine such solutions were combined, filtered through 
fine paper, washed and ignited. Each deposit was 
estimated to contain about 0-5 mg. of tin. 

(6) Results——A series of nine duplicate analyses 
serve to indicate that it is possible to estimate copper 
in bronze so that— 

(a) Comparative results to an accuracy of + 0-01 
per cent., and 

(b) Absolute results to an accuracy of about + 0-02 
per cent. may be regularly obtained. 





CATALOGUES. 


Tanks.—A folder illustrating many examples of 
welded storage and wagon tanks for petrol, oil, &c., is 
to hand from Messrs. Thompson Brothers (Bilston), 
Limited, Bradley, Bilston. , 

Air Filters——The Visco Engineering Company, 
Limited, 162, Grosvenor-road, London, W.1, have 
sent us a long list of firms who have installed their 
filters for exacting dust and moisture from air. 


Planing Machines.—We have received from the White 
Machine Tool Company, Limited, Halifax, illustrations 
of six types of their planing machines, including an open- 
sided machine and two types, of simple construction, for 
ordinary work. 


Steel Shelving, &c.—A folder illustrating the large 
variety of steel shelving, ledges, cupboards, tables, &c., 
which may be built up of standard unit parts, has come 
to hand from the Art Metal Construction Company, 
203, Buckingham Palace-road, London, S.W.1. 


Boiler-House Instruments.—A new catalogue , of 
instruments for measuring and recording water and 
steam in power houses, issued by the Lea Recorder 
Company, Limited, 28, Deansgate, Manchester, contains 
very full information on the subject, with practical 
advice on the application of the various instruments in 
the process of generation, consumption, and con- 
densation of steam. 


Lathes.—A catalogue of lathes specially constructed 
for railway-wheel work, has been issued by Messrs. Camp- 
bells and Hunter, Limited, Hunslet, Leeds. The lathes 
take wheels from 37 in. to 90 in. in diameter, and are 
fitted with multiple-tool rests, mechanical adjusting 
motions, and special lifting apparatus where required. 
Of the two standard types, one is for re-turning worn 
tyres, and the other for tyre boring, etc., in addition to 
turning. 


Gearing.—Messrs, David Brown and Sons (Hudders- 
field), Limited, Park Works, Lockwood, Huddersfield, 
have issued a volume dealing with double-helical gears 
on similar lines to their publication on worm gearing. 
The fullest practical and technical information is given, 
with methods of calculation and tables of reference data. 
Illustrations are added of reducing units and sets of 
double- and triple-helical gears made by the firm, including 
sets for marine turbines, mine hoists, pumps, and rolling 
mills. Copies are supplied by the firm at a charge 
of 1s. 


Oil-Well Boring.—A catalogue of equipment for oil- 
well drilling by the rotary-hydraulic system has been 
issued by Messrs. Vickers Limited, Broadway, West- 
minster, London, §.W.1. In addition to the steam 
engine or electric motor and pumps, the equipment 
consists of the lifting rig and a large number of tools 
or cutter bits. The parts are listed separately to facili- 
tate ordering new supplies. The catalogue, which extends 
to 150 pages, forms a complete handbook on the subject 
of supplies, and includes many practical notes on keeping 
the equipment in working order. 


Cranes.—The catalogue of cranes issued by Sir William 
Arrol and Company, Limited, Parkhead, Glasgow, deals 
mainly with cranes for heavy lifts and consequently 
with special, and often extensive, auxiliary structures 
to adapt them to particular requirements. The illustra- 
tions are mostly of cranes constructed by the firm and 
now at work in various parts of the world. A number 
of overhead travelling cranes are shown for lifts of 
5 tons to 200 tons, chiefly for foundries, steel works and 
engineering shops, as well as examples of all the usual 
types of dock, wharf, railway and shipyard cranes, and 
transporters. A series of steam shovels is also shown. 





Frencu Rattway Evectrirication.—The Commercial 
Counsellor at Paris has informed the Department of 
Overseas Trade, that, according to press reports, the 
suburban line of the French State Railways from Paris 
to St. Germain is now being worked electrically. Express 
trains cover the distance (13 miles) in 27 minutes, 
instead of 50 minutes, as formerly. Hitherto, only the 
section from Paris to Rueil has been operated electrically. 
On March 2, an electric train, drawn by a motor coach, 
and made up of four trailer coaches of the latest pattern, 
was tried on the section from Rueil to St. Germain. 
The trial was perfectly satisfactory, particularly in the 
St. Germain tunnel, where the gradient, of 1 in 33, 1s 
one of the steepest in France. 
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- ELASTIC DEFLECTION OF THICK 
|PLATES UNIFORMLY LOADED.* 
By G. M. Russett, B.Sc., Wh.Sch. A.R.C.Sce. 
(Concluded from page 345.) 

Discussion of Results ——The enormous excess of 
the measured deflections over the Grashof figure for 
the fixed edge plates when the thickness compared 
with the diameter is large, may well excite suspicion 
as to the accuracy of the experiments. The observa- 


| 

|from these experiments for the thinner plates is 
|that the deflections appear very close to those 
| calculated by Grashof—those for the thin fixed 
|edge plates being slightly greater, and for the 
thin supported plates slightly less, than predicted 
|by the formula. For the reasons (previously 
| given) for undertaking these experiments, more 
| attention has been given to the behaviour of the 
thicker plates, ¢.e., those whose thickness compared 
with diameter is greater than 1/30, and the diagram 





tions, however, were repeatedly and carefully | Fig. 10 shows curves giving the percentage defect 


checked, so that although a large part (probably | 
the greater part) of the divergence is due to mis- | 
applying the formula when used for plates of these | 
thicknesses, it must not be overlooked that the | 
mathematical conditions assumed in deriving the | 
formula may not be well satisfied in the experi- 
ments. Thus, some part of the excess may be| 
explained by the impossibility of reproducing in | 
practice the ideal boundary conditions assumed ; | 
for even with plates turned in one with the boundary 
ring the latter is of course locally strained by the 
couple at the edge of the plate, and the condition of 
tangency not maintained; and any process which 
aims at predicting the correct deflection as measured | 

















of a series of polynomials, and, on the other hand, 
series of hyperbolic and Bessel functions. In 
imposing the various boundary conditions assumed, 
the author makes use of Fourier-Bessel analysis 
and shows that, with certain simplifying approxi- 
mations, the deflection at the centre of free surface 
| will be given by 

4 2 4 6 
Slo ai p[ -+ As + Age a As AS | (1) 
where the constants involve o only, and are to 
be determined by the boundary conditions assumed. 
In determining these the author has aimed at 
applying boundary conditions which are as “‘ fixed ”’ 
as the solution permits and finds (on page 588 


of the ‘ Proceedings”) that A, = : — reject- 


51 
ing terms of higher orders of >. Results obtained 


with this are considerably nearer the mea- 
sured values than the uncorrected Grashof, but 
still show very considerable divergence. An 
explanation of this, at any rate in large part, is 
undoubtedly to be looked for in the impossibility, 
before referred to, of avoiding local boundary 





strain, so that the plate is no longer perpendicular 





“ENGINEERING” 











Fic. 9. 





(9902h) Deflections 


would have to be extended so as to include the 
boundary ring in the neighbourhood of the edge. 
With a view to discovering whether a very 
much extended boundary ring would affect the 
deflection, a plate 0-5 in. thick was turned in 
one with a very wide and deep boundary. See 
Figs. 8 and 9. Deflections measured with this 
plate are shown on Fig. 4B, and do not show any 
great difference from those measured with the 
0-5 in. plate made in form previously described. 
With the thinner plates (i.e., < 0-1 in.) the effect 
on the deflection of slight departures from planeness 
of the plate may be expected to be proportionately 
greater, as may also the effect of non-uniformity 
in thickness. Thin plane plates of uniform thickness 
seem very difficult to obtain, and liability to 
overstrain while in the lathe must not be over- 
looked. The results here given for plates of 
0-1 in. in thickness and less are for these reasons 
not very regular, and all that can be concluded 





_* Published by permission of the Director of Artillery, 
War Office. 
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or excess of the deflections as calculated by 
Grashof below or above those measured. It 
will be seen that for the fixed edge plates the 
Grashof deflection gives values which always 
underestimate the actual deflections by per- 
centages which are very small for the thinner 
plates and which rapidly increase as the thickness 
increases; while, for supported plates, the calcu- 
lated values overestimate the measured values for 
the smaller thicknesses, become correct at just 
below 0-5 in. thick, and, for plates thicker than 
this, underestimate the measured values to an 
increasing extent with increasing thickness. 

Apart from the discrepancies due to mechanical 
difficulties in satisfying the conditions, it is clear 
that the Grashof formula is not applicable to 
plates of the thickness required. In the paper 
by Clemmow, previously referred to, the author 
has shown that the theoretical deflections are very 
greatly influenced by the boundary conditions 
assumed to hold over the curved edge of the plate, 
and he has sought to reduce the discrepancies by a 
modification of the boundary conditions assumed 
in the theory of thin plates. 

The author attacks the problem ab initio, and, 
in discussing the several types of solution to the 
general equation, shows that the most satisfactory 
is that of mixed type consisting on the one hand 


Fig. 13. 


to the boundary when pressure is applied, the 
deflections from this cause being greater than 
expected. It is, in fact, impossible to provide 
a “fixed edge” plate in practice. With this in 
view, C. A. Clemmow and Captain W. E. Grimshaw 
have, since publication of the paper, obtained a 
result on the assumption that certain of the displace- 
ments do not vanish at the boundary, thus simu- 
lating to some extent the experimental boundary 
conditions. The result thus obtained for the 
deflection is 


3 r4 8 3—6o h2 - 
ep?) ee (2—o)(1 =a | (2) 
and the values of this in relation to the measured 
values are shown in Table III, the last column 
giving the percentage differences. See also curve 
in Fig. 10. 

That the results thus calculated are still some- 
what divergent from the experimental values is 
to be attributed partly to the fact that the exact 
experimental boundary conditions are not repro- 
duced in the calculation, and partly also that only 
the first two terms of the correcting series (1) are 
retained. It may, however, be suggested that the 
deflection in any given case may be predicted 
with fair accuracy by first calculating the value 
given by (2) and then applying the correction. 
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indicated in Fig. 10 for the particular * value. 


Use of an Overstrained Plateasa Measuring Device. 
—As has been mentioned in the early part of this 
paper, the principal object was to acquire infor- 
mation which would be of assistance in designing 
plates for use as elastic measuring devices for high 
pressures. The difficulty of obtaining a reasonably 
large deflection when the plate was thick enough 
to be sufficiently strong can be met in one or other 
of two ways :—(a) by making the plate of an alloy 
steel of high elastic limit; or (b) by the use of 
a considerably thinner plate which has had its limit 
of elastic deflection raised by overstrain. 

The diagram on Fig. 11 shows the results of an 
experiment with a plate 3 in. diameter by 0-1 in. 
thick. The pressure at elastic limit, before any 
permanent set has been given to the plate, was at 
about 240 lbs./sq. in. After the pressure has been 
carried up to 1,600 Ibs./sq. in., and relieved, it was 
found that the permanent set given was 0-136 in. 
The deformed plate (see Fig. 12) will now act per- 
fectly elastically (though with a greater _— 


ratio) up to 1,400 lbs. /sq. in.—.e., will now serve to 


TABLE III.—Fixep EpGe 





more than 2 or 3 per cent. of the diameter, the 
Grashof formula is not applicable, and gives results 
which, for fixed edge plates, are increasingly too 
small as the thickness increases, and for supported 
plates, are at first too large, and, later, increasingly 
too small; (b) The formula if used for thicker 
plates needs (as has been shown by Clemmow) a 
large correcting factor depending on the thickness ; 
(c) The deflection for a ‘‘ fixed edge” plate may be 
predicted by using Clemmow’s formula (2) and 
applying the correction given by the curve in Fig. 


10 for the particular © value; (d)A plate with 


mathematically “fixed edge’’ does not exist in 
practice since local boundary strain always occurs ; 
(e) In using deflected plates as pressure measuring 
devices the fact that the deflections are so much 
greater than would be gathered from a preliminary 
Grashof calculation is of advantage in that the scale 
of deflections against pressures is of a more open 
and practicable character than might have been 
anticipated ; (f) The range of pressures which a 
given plate may be used to measure may be very 
largely extended by slightly overstraining the plate ; 
or, a plate, if intended to measure up to a given 


Prates 3 IN. IN DIAMETER. 


























Measured values 
Thickness Clemmow Grashof x A (reduced to c-—-M. 
Grashof. multiplier 1,000 Ib. sq. in.) uC 100 
in. | (A). | (C). (M). 
| 
0-1 | 0-0298 1-02546 | 0-03056 0-03100 — 1-42 
0-2 0-003728 1-10184 0-004107 0-00443 — 7-29 
0-3 0-001105 1-22913 0-001358 0-001575 — 13-77 
0-4 | 0-000466 | 1-40734 0-0006558 0-00074 — 11-38 
0-5 | 0-000239 | 1-63647 0-0003911 0-000427 — 8-41 
0-5* 0020239 1-63647 0-0003911 0-000438 = 10-71 
0-6 | 0-000138 1-91652 0-0002645 0-000287 | — 7-84 
0-7 | 0-0000870 | 2+24749 | 0-0001955 0-000203 _ 3-70 
0-8 | 00000582 | 2.62937 | 00001530 0 -000150 | 4 20 
| 








measure pressures 5 or 6 times those which could 
be dealt with when the plate was plane. The 
elastic deflection for the overstrained plate is 0-0165 
for 1,400 Ibs./sq. in. The thickness of a plane 


1,400 


0-1 X — == 0-24 in. and the corresponding | 
| 


240 
deflection 0-00387 in. which is only about } that 
of the overstrained 0-1 in. plate. The scale of 
deflection, therefore, of the deformed thinner plate 
is 4 times that of the thicker plane plate used for the 
same maximum pressure. Since a much more open 
scale is thus obtained, the use of an overstrained 





plate to take 1,400 Ibs. /sq. in., elastically would be | 


* Plate with heavy boundary ring. 


pressure limit, may be made very much thinner, 
if use be made of the overstrained condition. This 
advantage is gained at a costofsome loss of frequency. 








COLD STORAGE PROBLEMS. 


ScIENTIFIC research may mean _ investigation 


| undertaken with no immediate end but the discovery 
lof new knowledge. It may mean the accurate 


| 


determination of data that are required in practice. 
It may also include the observation of practical 
processes with the object of ascertaining how they 
can be improved. All three kinds of research use 





thin plate is preferable, at any rate for steady loads. | the rules of scientific method. In other respects 
For quickly varying pressures the frequency of | they are different, and for the best results demand 


the measuring spring becomes important, and since, 
in the case considered 
Frequency of 0°1 plate _ 000387 x 0°24 a 
Frequency of 0°24 plate — 00165 x O01. 
it appears that the advantage is gained at a cost 
of 25 per cent. loss of frequency. 
A 0°5 in. plate which has been overstrained to the 


O75 


extent of giving it a permanent set of 0-024 in. by | 


a pressure of about 44 tons/sq. in. is shown on Fig. 
13. The elastic limit of this plate before overstrain 
was at about 1} tons/sq. in., pressure, so that the 
plate, deformed as shown, would serve to measure 
pressures about 3 times this amount. Such a plate 
would have the same advantage of providing a 
scale 2} times as open as that for a thicker plane 
plate to measure the same pressure. 

Poisson’ s Ratio for Steel Used for Plates.—Poisson’s 
ratio was determined in the usual manner by 
measurements of Young's and the rigidity moduli. 
Young’s modulus was determined by extensometer 
for a tensile test piece made of the steel used, and 
gave E = 29-55 by 108 lbs./sq. in. The rigidity 
modulus was found by timing the oscillations of a 
heavy bar under the torsional couple of a bar of the 
steel used, 9 in. long by 0-19 in. diameter. The 
M.I. of the vibrating bar was 7 - 623 lbs. by ft.2 and the 
time of a complete vibration was 0-822 secs. thus 
giving C = 11-67 by 108 lbs./sq. in. Poisson’s ratio 
was therefore taken to be 


E 
c= 2G —l=0 266, 
General Conclusions.—({a) For plates of thickness 


| 


| different qualifications in research workers. These 


| differences are recognised fairly well in respect to 
| the first two kinds, but are apt to escape notice in 
| the third. 

The conditions under which practical processes 
|have to be conducted include as a rule some 
that are not fully understood, and those who 
|investigate them should not only be of scientific 
| training, but should be familiar with the technique 
|of the art in question, including in particular its 
}empirical practice. That the work should be 
|done by such men has a double advantage. It 
|improves the chance of obtaining a positive result, 
| and it imposes any scientific analysis of the conditions 
| that is possible upon the men who already know 
| most about them. 
| When research of this third class is undertaken 
| in a laboratory, the desirability of these qualifications 
|is apt to be overlooked. We have had occasion 
| more than once to draw attention to recent investi- 
gations on industrial fatigue as examples of the 
|failure to appreciate this need. An _ instance, 
| apparently of the same order, is to be seen in two 
reports recently published by the Food Investigation 


| Board, dealing respectively with temperature con- 


| ditions in refrigerated holds carrying apples, and 
|with temperature conditions in small cold-storage 
|chambers containing fruit.* 


| The first of these reports describes the observations 





* Department of Scientific and Industrial Research : 


| Food Investigation; Special Report, No. 27. [ls. 6d. 
net]. And Special Report, No. 29. [ls. Od. net.] H.M. 
Stationery Office. 





on temperatures made during the now famous 
voyage of three vessels from Australia, in the course 
of which among other results the Board’s suggested 
remedy for the disease called ‘“‘ brown heart” in 
apples was verified, at a very large saving to the 
fruit growing and importing industry.* 

So far as concerned temperatures, the work to be 
done in the refrigerated holds was sufliciently 
complex. The apples were shipped without pre- 
liminary cooling, and therefore considerably hotter 
than was consistent with their keeping for anything 
like the period of the voyage. The refrigerating 
system had to remove this superfluous heat before 
the fruit had matured too far, and in addition the 
heat that it had been shown to generate in its normal 
process of respiration. The correct temperature 
was just a little above freezing point, but the apples 
would be spoilt if they got cooled below a certain 
limit. The temperature in the holds was far from 
being uniform. The three chief systems of dis- 
tributing cold air were represented in the three 
vessels, and the actual distribution of temperatures 
throughout the holds during the voyage was mapped 
out. The range was found too wide and irregular to 
be satisfactory. Tentative suggestions for improve- 
| ment were made, but with the admission that for 
satisfactory results the fruit should be cooled before 
being shipped, as is done with meat and other cargo. 

A similar set of problems was presented by the 
cold stores, except that the structures seem to have 
been more convenient for obtaining uniform tempera- 
tures, but the conditions of working involved the 
stoppage of the refrigerating machinery by night. 
Here, again, the temperatures were plotted at all 
parts of the chambers. Apparently, the circulation 
of cold air under mechanical impulse was much less 
effective in producing uniform temperatures than 
the flow induced by convection, and the actual 
working of the refrigerating plant invariably 
increased the inequalities of temperature. The 
range of temperatures was found not uncommonly 
to be greater than was safe. 

Speaking generally, the lower limit of temperature 
is that at which the fruit becomes seriously liable to 
what is called internal breakdown, and the upper 
limit is fixed by the rate at which the fruit matures 
and the period for which it has to be stored, the 
interval between these limits falling as the period 
of storage increases. Often, too, the range is limited 
by the fear of depositing moisture on the fruit, and 
so favouring the growth of moulds. In the case of 
stores, as in that of the holds, suggestions were made 
for improving the conditions, and presumably 
their results will be observed. 

The observations given in these reports appear 
to have been planned and made by an officer of the 
Low Temperature Research Station at Cambridge. 
They disclose conditions of which the existence 
could not have been assumed a priori and 
though they are voluminous, they do not seem to 
have been multiplied beyond what was necessary. 
Up to now, however, they appear to have led rather 
to a definition of the difficulties that had to be faced 
than to a solution of them. This may have been due 
to the fact that no solution is possible, but alter- 
natively, it may have been that the problem was not 
in the line of country of the workers by whom it was 
sought. The primary function of the Low Tempera- 
ture Research Station is understood to be to investi- 
gate the behaviour of materials at low temperatures. 
Those who conduct its researches doubtless know 
the results they expect to get with the plant that 
refrigerating engineers provide. It is not, however, 
their business to scheme the means by which such 
results can be obtained, and it seems undesirable 
that they should be asked to make it their business. 

If the means for attaining desired low-temperature 
conditions for a given purpose are such as refrigerat- 
ing engineers have used already in other connections, 
they are more likely to suggest a suitable application 
of them to the purposes in question than are workers 
whose business is to use rather than to produce them. 
If, on the other hand, known means are insufficient. 
it is desirable that the attention of refrigerating 
engineers should be called to the insufficiencies, 
and that they should be asked themselves to perfect 
their art to the necessary extent, rather than adopt 
suggestions from other professions. 








* See ENGINEERING, vol. cxvi, p. 180; vol. cxxii, p. 205 
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ALPHA-RAYS AND ATOMIC 
STRUCTURE.—II. 


On March 26th, Sir Ernest Rutherford, P.R.S.. 
delivered at the Royal Institution the second lecture 
of his course on the above subject. 

He said that on the last occasion he had given an 
account of some of the properties of «-rays, and in 
particular he had described an electric method of 
demonstrating that these rays had very definite 
and sharply defined ranges. He had shown how 
the ionisation produced by a pencil of « particles 
varied along the path, and had exhibited curves 
illustrating this. 

To deduce fully the meaning of such curves, it 
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Fig. 12. 


was necessary to have precise particulars about how 
the speed varied along the path, and also of the 
degree to which the rays were scattered in their 
passage through matter. 

At the last lecture he had exhibited a photograph 
obtained with a Wilson expansion chamber, which 
showed the tracks produced by the « particles shot 
out by Thorium C. This body was in some respects 


unique, since it broke up in two different ways, 

about two-thirds of the atoms, when they disin- 

tegrated, shot-out « particles having a range in air 

of 8-6 cm., Whilst the remainder, when they broke 

Ma —— particles having a range of only 5 cm. 
0 coll 


ect Thorium C, it was necessary to expose a 
plate or a wire to the thorium emanation ; a very 
thin “ active deposit’ was thus obtained on the 
plate or wire, and this deposit fired off two types of 
rays, as already explained. When the « rays shot 


method, the ionisation produced at various points 
of the path varied, as indicated in Fig. 6. The 
curve, it would be seen, had two maxima, that due 
to the long-range particles being found at about 
7-5 cm. from the source. As the distance from 
the source was diminished the ionisation fell off, 
until a point within the range of the second group of 
« particles wasreached. The curve then rose sharply 
to a second maximum, due to the combined effect 
of both groups of rays, and then diminished steadily 
as the distance from the source was still further 
decreased. 

A very important geological application of the 
fact that «-particles had perfectly definite ranges 








out from Thorium C were examined by the electrical 





had been made by Professor Joly, of Dublin. Long 
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ago geologists had noticed what they called helio- 
chroic halos in mica. There might be hundreds of 
them in a sheet of mica ; specimens were shown in 
Fig. 7, and a magnified specimen of one in Fig. 8. 
Joly suggested that these markings were of radio- 
active origin. Suppose that we had a minute inclusion 
of uranium in the mica. Even if we supposed that 
this inclusion was originally pure uranium, the 
latter would in the course of some hundreds of 
milleniums produce its complete family of radio- 
active descendants ranging from uranium, ionium, 
radium, radium F., and the emanation down to polo- 
nium, the lastin thelist. The range of the« particles 
emitted increased steadily with the order of descent 
until radium C was reached, after which came 
polonium, which emitted particles with a somewhat 
shorter range. Joly imagined that these rays might 
produce colorisation of the mica, and, if this were 
so, the depth of colour would be most marked 


wh ere the ionisation was greatest ; that was to say 
near the end of each range. We might thus expect 
to find a series of rings similar to those represented 
in Fig. 9 around the site of the original inclusion, 
the diameter being greater as the natural range of 
the particles increased. The complete family 
should give series of rings corresponding to the 
singular points of the curve reproduced in Fig. 10, 
where each maximum or hump corresponded to 
the definite range of some one of the eight radio- 
active members of the uranium group. Some of 
the rings in Fig. 8 were well marked, and that of 
the largest diameter was due toradiumC. Measure- 
ment of the diameter of these rings gave figures in 
good accord with the range in mica of the different 
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|a particles. This range was, however, always 
| expressed by its equivalent in centimetres of air. In 
| this way Joly was able to prove that, speaking 
| generally, the character of the radio-activity of the 
|uranium group had not changed in 100 million 
| or perhaps in 1,000 million years. He got, however, 
| evidence of ranges which were not known to-day. 
| These it was now thought were due to actinium, 
|included with the uranium, of which it was an 
| isotope. 

It is suggested that in far-off days actinium 
| gave off a-rays more strongly than to-day, but, 
whatever the reason, some of the halos measured 
did not fit in with the scheme just described. 
Professor Gudden had observed haloes also in blue 
fluorite. These differed a little in detail from those 
observed by Joly. 

The inclusions producing ‘these haloes were 
exceedingly small, and shot off only a few «-particles 
per year, yet in the course of time they produced 
the haloes shown. 

It was a matter of great importance to know if 
the velocity of an «-particle varied along its path, 
as this provided the best method of determining 
laws of governing the absorption of the rays. 

In 1903 the speaker made experiments in which 
the a-rays generated within a vacuous vessel were 
made to pass through different thicknesses of mica. 
Their remanent velocity was determined by the 
deflection they underwent in passing through a 
very strong magnetic field. He found he could 
follow the change in velocity until it fell to about 
0-4 of the maximum obtainable with the source 
used. 

At this limit, however, all evidence of the 
rays disappeared, although they were still moving 
at a very high speed. The full explanation of this 
anomaly had only been reached quite recently. It 
had now been shown that when these rays were 
slowed down to the limit stated they readily captured 
electrons. If a single electron were captured, the 
ray moved on with a single instead of a double 





positive charge, but in some cases two electrons 
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were captured, producing a neutral atom of helium. 
Hence, in passage through matter, the « particles 
were capable of picking up electrons. This had 
been demonstrated by Briggs in a research of 
which the results were only published last year. The 
apparatus used was represented in Fig. 11. A very 
fine source of the rays was mounted at A. At B, 
mica screens of different thicknesses could be 
mounted, and at C there was a screen with four very | 
fine slitsin it. 'The« particles, after passing through | 
these slits, impinged on a photographic plate at D, 

but by means of a magnetic field could be compelled | 
to follow the curved path indicated. A very high | 
vacuum was maintained in the apparatus. Some | 
of the photographs obtained were represented in 

Fig. 12. Here the lines on the left represented the | 
tracks left when the magnetic field was cut out, 
and those on the right the traces obtained when the 
magnetic field was in use. The mica screen was cut 
away, so that tracks on the screen were also obtained 
from rays which had not passed through the mica. 
These appeared as faint lines in the lower of the three 
photographs, and provided fiducial marks to which 
could be referred the traces made by the rays 
which had been slowed by passing through mica. 
By the same apparatus it was also possible to 
measure the range of the particles. 

By using a very high vacuum (a pressure of 
;}y mm. Hg. was sufficient to destroy the effect) 
Briggs showed that when the speed of these particles 
was reduced to a certain limit a second line appeared 
on his plates, faintly at first, but which became 
stronger as the limiting velocity was more closely 
approached. The position of this trace on the 
plate showed that the particles causing it had but 
one charge. As would be seen from Fig. 12, the 
greater the thickness of mica used the fuzzier the 
lines became, and it was possible by measurements 
made on these lines to determine the distribution 
of velocity. 

Other experiments bearing on this matter had 
been made by Kapitza, who had photographed the 
tracks of « particles when passing through a 
very strong magnetic field. The paths were then 
curved, as shown in Fig. 15, and with apparatus 
now in hand Kapitza hoped to bend the tracks into 
complete circles. 

As indicated in Fig. 14, the results obtained con- 
firmed the remarkable accuracy of the simple rule 
that the velocity of the « particles was proportional 
to the cube root of the range, but at low speeds 
there was a departure from this rule, and a much 
more complex expression was required to express 
the relationship between range and velocity. 

Sir Ernest next proceeded to discuss the character 
of the ionisation produced by « particles in their 
passage through matter. In gases the magnitude 
of the ionisation current produced varied with the 
nature of the gas, being greater with CO, and air 
than with hydrogen. Each high-speed « particle 
passed in its course through about 100,000 atoms 
before it lost its ionising powers. If in passing 
through an atom it came close to an electron, a 
very powerful force acted between the two, which 
was at times sufficient to dislodge the electron 
leaving the atom ionised. The momentum com- 
municated between attracting bodies depended, 
however, not only on the magnitude of the force 
but on the time during which it acted. Hence, 
the « particles near the commencement of their 
path, when they were moving very fast, were less 
effective as ionisers than when they had lost much 
of their speed. Since the a particle was about 
7,000 times as massive as the electron, it could be 
shown from the laws of interchange of momentum 
between attracting masses, that no electron could 
be ejected at a speed greater than twice that of the 
« particle acting on it. The speed might be much 
less than this, but could not by any chance be 
greater than this limit. The energy required to 
remove an electron from an atom was fixed by the 
ionising potential, which represented the voltage 
through which an electron moving in vacuum would 
have to fall in order to acquire the energy needed 
to move it from its atom. It differed with the 








position of the electron in the atom, but in the 
case of the outermost electron of oxygen was 
about 15 volts. 


converted it in a negative ion. 





Direct evidence that electrons were thus ejected 


was provided by the Wilson photographs taken with 
a low pressure in the expansion chamber. A typical 
example was shown in Fig. 13, where little blobs 
were visible all along the paths of the « particles. 
Some of these move a considerable distance, and by 
measuring this, the speed of the electron could be 
determined, and it had never been found to 
exceed twice the speed of the « particle which 
ejected it. 

The distance travelled by these 6 rays, as they had 
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been termed, varied as the fourth power of their 
velocity. 

The ends of some « tracks were represented in 
Fig. 16. It could be seen that they are quite smooth, 
the reason being that the velocity of the 6 rays 
produced by the slowed down «a particles was 
insufficient to carry them far enough away from the 
main track to be photographed. 

When shot out at high speeds these 8 rays 


could ionise other electrons from atoms, but they 


finally joined up to some inoffensive molecule and 
Just before this 
final consummation the ionising powers of the drays 


was very marked. 


THE SCIENTIFIC AND INDUSTRIAL 
RESEARCH DEPARTMENT. 


TuE Report of the Department of Scientific and 
Industria! Research for the year 1925-26 has recently 
been published,* together with the Report of its 
Advisory Council, and the usual summary reviewing 
work done by the Department’s research organisa- 
tions or with the assistance of its grants. With the 
year in question the Department has completed the 
first ten years of its work, and by expenditure and 
commitments has disposed of the fund of 1,000,000), 
originally placed at its disposal, for the special pur- 
pose of promoting the formation of industrial research 
associations and giving them such initial assis. 
tance as might be thought expedient. The utilisa- 
tion of this fund has taken considerably longer than 
the five years over which it was intended to be spent, 
and when ultimately its balance was drawing to an 
end, a committee of the Advisory Council was set 
up to survey the actual position of scientific and 
industrial research in the country, and to consider 
by what further means the Department could assist 
and encourage British industries. The result 
of these investigations have now been considered. 
and the present report has, therefore, the special 
interest of including both a retrospect of the work 
done since the institution of the Department in 
1915, and an outline of the policy intended to be 
pursued in the future. 

In the year under notice the Department’s net 
estimates for 1926-27 amounted to 442,877/., as 
compared with 380,263/. and 328,2811., respectively, 
for the two previous years. An analysis of the 
expenditure for 1925-26 shows that these figures 
are exclusive of grants out of the Million Fund and 
of various contributions by industry, which brought 
the total net expenditure up to, in round figures, 
500,000/. This total is in addition to a further sum 
of something over 100,000/. received from outside 
the Department, about seven-eighths of it in respect 
of researches, tests, etc. carried out for various bodies 
at the National Physical Laboratory. The total 
cost of headquarters’ administration is under 6 per 
cent. of the amount expended. 

The ultimate objective of all industrial research 
must be to yield practical results either directly or 
at a later stage. The choice between alternative 
problems must from the point of view of industrial 
iresearch, be settled by the prospects they respec- 
tively offer of leading to practical gains, and the 
decision will sometimes require investigations with 
an economical aspect, to which research workers may 
not hitherto have been led to give sufficient atten- 
tion. The scope of the Department is limited strictly 
by this practical objective, but is far from being 
co-extensive with it. Most researches are the busi- 
ness of some industry, and the Department’s func- 
tion is rather to stimulate than to replace private 
enterprise, with the large exception of problems in 
the solution of which either Government needs or 
the direct interests of large sections of the community 
are involved, such as those of food and fuel. 

The account of the Research Associations 
illustrates how the policy of encouragement has 
stimulated research by the industries themselves. 
Two new associations—preserved foods and paint, 
colour and varnish trades—have been formed and 
will receive grants. Of the existing associations 
a number have come to the end of their five-years 
grants, and the Department is renewing their grants 
fora further five years or less, upon a diminishing 
scale, to those that have done good work and seem 











likely to become self-supporting when times mend. 
|The British Motor Cycle and Cycle Car Research 
| Association, for instance, will receive diminishing 
| block grants for five years on a scale that, with an 
|increasing income from subscriptions, will allow an 
| expenditure of at least 2,000/. a year, and the British 
Silk Research Association similar grants to secure 
‘the expenditure of at least 3,500/. a year. ‘The 
| British Cast Iron Research Association, the trade 
of which includes many very small and technically 
backward foundries scattered throughout the 
country, has done useful work. It will therefore re- 
ceive pound for pound grants for three years and 10s. 
per pound grants for two years more. The Rubber 
and Tyre Manufacturers’ Association, which appears 
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to be intending to spend 7,000I. a year, is to receive 
block grants decreasing over five years from 2,0001. 
to 4001., and will have to withdraw 13,000. from its 
reserve fund during that period, in addition to raising 
its subscription income from 2,000/. to 5,100/. The 
Leather Manufacturers’ Association will receive 
pound for pound for two years, and have the 
prospect of becoming self-supporting with the help 
of diminishing block grants. 

The programme proposed by the Scottish Shale 
Oil Scientific and Industrial Research Associa- 
tion was, in the view of the independent experts 
by whom its operations had been reviewed, not 
only quite inadequate, but could be carried out on 
the association’s unaided resources without increa- 
sing the subscriptions of members, and the Depart- 
ment could therefore give no further grant. The 
Motor and Allied Manufacturers’ Association will 
receive block grants on a diminishing scale. The 
Cutlery Association, which is concerned rather with 
the invention of machines than with research, will 
receive a five-year grant of 1,000/.a yearconditionally 
on its raising at least that amount by subscriptions, 
and advances at the rate of 2,0001. a year repayable 
out of royalties. The British Refractories’ Research 
Association’s pound for pound grant is continued for 
another year. Through the depressed state of the 
industry the British Empire Sugar Research Associ- 
ation was unable to obtain from its constituents 
the subscriptions necessary to enable it to take 
up further grants from the Department, which had 
accordingly to be discontinued, in spite of much 
admirable research work already done. It is 
announced generally that the consideration of fresh 
applications from or for the formation of research 
associations must depend on the provision of further 
funds, the original fund, as stated above, being now 
practically exhausted. The work that appears to be 
held up on this ground includes in particular the 
problems of coal winning. The physical and 
chemical survey of the national coal resources and 
their utilisation are being dealt with by the Depart- 
ment, and the work on safety in mines is being 
carried out by a special board, financed out of the 
Miners’ Welfare Fund, but as yet no provision has 
been made for investigations into coal winning on 
the scale recommended by the Royal Commission, 
which must primarily be the concern of those 
responsible for the industry. 

Among the work undertaken by the Department 
itself, the Geological Survey continues to make 
satisfactory progress. The Food Investigation 
Board has been engaged actively and successfully 
at its own Low Temperature Research Station at 
Cambridge, a new laboratory in Covent Garden, 
and elsewhere : and its resources are to be increased 
substantially by the co-operation of the recently- 
established Empire Marketing Board. The Forest 
Products Research Laboratory, the work of which 
is being conducted mainly in temporary quarters 
at the Royal Aircraft Establishment, Farnborough, 
is expected to be opened during this year. The 
Building Research Station at Garston, near Watford, 
18 now at work. and is receiving a steadily increasing 
number of requests for special investigations. The 
trade association of terra-cotta makers, for instance, 
has offered a pound for pound contribution for 
two years towards the cost of investigations at 
the station, with the primary object of evolving 
satisfactory quick-ageing tests. 

The Committee appointed by the Department to 
report on the possibility of building a barrage 
across the Severn, has presented a report sufficiently 
favourable to show that the enquiry should be 
extended. Such extension will involve many 
problems that are not purely technical, and the 
Lord President (Lord Balfour) has therefore, de- 
cided to transfer its supervision to a sub-committee 
of the Committee of Civil Research, including 
members of the original Departmental Committee 
and representatives of interested Government 
Departments. 

A notable feature of the recent Imperial Con- 
ference was the attention paid to research as a 
means of developing the Empire. The Conference 
’ppointed a Research Special Sub-Committee, 
under the chairmanship of the Lord President, on 
which the Department was represented. The Sub- 
Committee arrived at a unanimous report, and the 


plenary Conference adopted a series of resolutions 
on the subject. The report, already referred to 
in these columns, proposed to extend the existing 
machinery for consultation between representatives 
of the official research organisations by adding 
representatives of the Empire overseas as and when 
their Governments may wish to nominate them. A 
system of “‘ opposite numbers”? was also proposed 
as between the organisations and officers in charge 
of the various broad fields of research in each part 
of the Empire. to facilitate intercommunication and 
the exchange of scientific information. 

The Report of the Advisory Council is devoted to a 
review of the situation in respect to research when 
the Department was created, the developments to 
which it has led, and some elements of future policy. 
At the beginning of last century, the country was 
passing through an industrial revolution, result- 
ing from a series of successful inventions, parti- 
cularly in industries based on the exploitation of 
coal. There must also have been much scientific 
and industrial research during and before this 
period, and in primary discovery the country was 
eminent and perhaps even pre-eminent. Whereas, 
however, the development and application of inven- 
tions became very rapidly and increasingly syste- 
matic, research continued to rely on the sporadic 
activities of individual men of genius. The work 
of such men was sufficient to enable the new indus- 
tries to become firmly and prosperously established. 
To make further advance and to develop the exist- 
ing situation fully and intensively, required also the 
concentrated and systematic work of a large number 
of scientific investigators. The German Govern- 
ment realised this, encouraged higher technical 
education on a large scale, and built up large schools 
of scientific research at their numerous universities. 
When, therefore, German men of business perceived 
opportunities of applying scientific restlts to the 
purposes of industry, they found the necessary per- 
sonnel ready to hand. 

It was with this German example and its con- 
sequences in mind that, in 1915, the Government 
created the Committee of the Privy Council for 
Scientific and Industrial Research, in order to meet 
the industrial situation that was expected to arise 
at the end of the war. Government support of 
research, however, is not confined to the Depart- 
ment. The Fighting Services, for example, have 
their own securely-established research services, 
and the Department’s co-ordinating boards, set up 
in 1920, link up Service research with its own, to 
the greater economy and efficiency of each. Medical 
research, again, receives a substantial annual grant 
from Parliament. Agricultural research is promoted 
and stimulated by the Government far more than 
it was before the war. The Government gives large 
annual grants to the universities towards the 
support of scientific institutions ; and the organisa- 
tion has recently been supplemented by a Committee 
of Civil Research, analogous in constitution to the 
Committee of Imperial Defence, to advise on broad 
questions of national policy involving scientific 
and economic research, and to co-ordinate work in 
which different Departments of State are concerned. 
National research organisations have also been set 
up in the principal Dominions overseas. 

A first question that the Department has had to 
decide is the extent to which it is justified in assist- 
ing pure scientific research, pursued for the mere 
advancement of knowledge. One essential element 
of the Department’s policy seems to have been— 
though it is not expressed in these terms—to do 
nothing in aid of pure science, or apparently of 
industrial science either, which could and would be 
done equally well without its assistance. That policy 
is supported both by the need for economising its 
resources and the advantages that flow from stimu- 
lating the interest of other bodies in the work, as 
it can be stimulated by inducing them to assist it. 
Research in pure science, moreover, is of all forms 
of research the least amenable to organisation, and 
stands in most need of unconditional grants, which 
can be given least properly by Government organisa- 
tions. The assistance the Department has thought 
itself justified in giving to research in pure science 
has, therefore, been confined within well-defined 
limits. At the outset, it instituted a system of two- 


supplement the educational grants to ex-service men 
made by the Board of Education and the post- 
graduate studentships available at Universities 
before the war. The circumstances that called for 
these allowances were at the outset temporary, 
arising out of the disturbances that the war had 
created. both in the provision of men with scientific 
training and in the educational arrangements of men 
who had been serving. How far present and pros- 
pective circumstances call for this system of allow- 
ances to be maintained is, as yet, undecided. Records 
dating from 1918-19, show that in seven years about 
150,000/7. has been so spent among about 700 students 
of whom 87 failed to continue scientific work as a 
profession. Of the 700 allowances, nearly 400 were 
given to students of chemistry, and it appears that 
very large numbers of applications are now received 
whenever a post for chemical research is advertised. 
On the other hand, the demand for men who com- 
bine training in chemistry with the study of other 
subjects, such as agriculture, biology, or botany, 
outstrips the supply. There is also a scarcity of men 
interested in and capable of applying general physics 
in industry. 

Another way in which the Department has 
assisted the development of pure science is in giving 
special assistance to research workers ; sometimes 
by allowing exceptionally promising young research 
workers to pursue their work for a limited period 
without seeking other employment, more often by 
providing men of greater achievement with the 
means of employing research and technical assistance 
or of buying apparatus. Finally, pure scientific 
research has been helped with great advantage 
during the 10 years under review, with the best 
personnel and material available in fields that border 
on practical questions. An organisation, for instance, 
has been set up for the purely scientific study of the 
corrosion of metals, for the explanation and preven- 
tion of which next to no scientific foundations have 
as yet been found. Recent organisations of the 
Department, indeed, are supplied with funds for 
purely scientific research in connection with their 
practical problems. Under the advice of a special 
committee, a general research fund at the National 
Physical Laboratory can be used for opening up new 
fields of scientific observation, in the hope that 
ultimately and incidentally some industrial applica- 
tion may emerge. Special funds similarly provide 
for researches on subjects such as the strength of 
metals at high temperatures and under fatigue 
stresses, which are strictly scientific in nature and 
object, and yet are closely related to industrial needs. 
Certain types of research may or must always 
be conducted by the State. Activities, for 
instance, which the State conducts must, as a mere 
matter of efficiency, conduct their own research, as 
has been shown by the rapid expansion of research 
in the Service Departments during the last few 
years. There are, again, matters of common 
interest to a number of industries, which cannot be 
left to private industry ; in particular, the main- 
tenance, application and improvement of standards. 
The determination of physical constants, an even 
more extensive business, may even be brought into 
the same class. Not one, but many, or all industries 
are interested essentially, for instance, in the supply 
of cheap power, and therefore in the properties of 
dielectrics, the properties of iron, steel and other 
alloys at high temperatures, the lubricating proper- 
ties of oil, the protective qualities of materials against 
X-rays, the thermal properties of heat insulators, 
and the mechanical properties of structural materials. 
It was for such purposes that the National Physical 
Laboratory was first founded in 1899, not indeed to 
supersede the researches of individual workers, but 
as a constant and necessary supplement to them. 
Finally, there are industries such as agriculture, fuel, 
forest products, building construction, and the 
preservation and transport of foodstuffs, of which 
both the character, the immense scope, and the 
national importance, make them particularly suit- 
able to national investigation. 

Individual industries of the last class vary widely 
in the extent to which they are already developed, 
and the co-ordination required between State and 
private work. In spite of the 50,000,000/.-worth of 
timber imported every year and the large propor- 
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and empirical methods of treatment, little has been 
done in this country to investigate the economies 
that users could make. The science of using timbers 
economically has been developed mainly in the 
great producing countries, and the Department has 
had to recruit a large proportion of the senior staff 
for forest products research from the Empire 
overseas. The position of fuel research is to a great 
extent different. Some sections of the industry 
have adopted a policy of active research with con- 
spicuous success, notably the steam turbine and 
gas industries. Every industry, however, has its 
own fuel problems. The average consumption of 
coal per ton of steel, for instance, is greatly in excess 
of the best practice, and must be contributing to the 
depression of the industry. Important and exten- 
sive though it is, the work of the Fuel Research 
Station can never touch more than the fringe of the 
field that should be explored by the industries of the 
country. 

The Building Research Station is equipped to 
test out new methods of construction and a variety 
of problems that arise in the industry. Most of all, 
however, it is intended to examine and perfect 
methods of building ordinary dwelling houses, so as 
to utilise whatever new materials are advantageous, 
and secure the maximum protection and comfort 
at the minimum cost. Water pollution and chemo- 
therapy are other fields of research on which the 
Department has recently entered or has in contem- 
plation. 

The industries that the Department assists without 
setting up national research organisation are far 
more numerous, and range from those such as the 
fine chemical, the scientific instruments, and the 
electrical industries, to those such as the manufacture 
of boots and shoes, which depend more on organisa- 
tion and the invention of labour-saving machinery. A 
notable example of an industry in which no research 
association has yet been formed is that of railway 
transport. The companies, indeed, view the prospect 
of one with favour, and with the assistance of a 
scientific committee of the Department, and a 
grant of half the direct cost have carried out co- 
operatively a series of experiments on the stresses 
in bridges set up by moving loads. 

The great advances in shipping are due mainly to 
the private researches of manufacturers of boiler 
plant and turbine machinery, and the British Non- 
Ferrous Metals and the British Electrical and Allied 
Industries Research Associations are collaborating 
with the Engineering Co-ordinating Research Board 
of the Department in investigations into the 
behaviour of existing alloys at high temperatures 
and the factors that determine it. The Froude 
Tank at the National Physical Laboratory enables 
the best shape of hulls and the efficiency of propellers 
to be determined, the industry contributing half 
the cost of the work. In addition, a number of 
investigations are proceeding, with the co-operation 
of the Admiralty, the Department’s Radio Research 
Board and other bodies, into various problems 
in transport and navigation. In air transport the 
Government, through the Air Ministry, have | 
accepted practically entire responsibility for the | 
necessary scientific research, its Aeronautical 
Research Committee co-operating with the Depart- 
ment in problems with more than aerodynamical | 
applications. 

The chemical industries depend mainly on 
their own resources for their research, but up 
till now their very considerable efforts seem to have 
been hampered by an absence of co-operation 
between individual works, which it may be hoped 
the recent fusion of prominent firms may help 
abate. The Council considers that the remarkable 
technical progress made by the industries of 
scientific instrument and optical glass manufactur- 
ing, coupled with their indirect importance to the 

nation, demands and deserves that they should 
continue to be treated as a key industry, and to 
receive the preferential assistance they have turned 





|low bogies, and afterwards drawing them out of the | 





to such good account. 








CONFERENCE ON Bituminous CoaL.—The first confer- 


ence on bituminous coal, held at the Carnegie Institute 
of Technology, Pittsburgh, U.S.A., in November 
last, was attended by 1,700 delegates, representing 
13 different countries, and was a very sucessful func- 
tion. It has been decided to hold a second conference 


in Pittsburgh in November, 1928. 








ELECTRO-HYDRAULIC LADLE TRANSPORTER. 
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Fig. 2. 





Motion. 


Travelling Movement. 


ELECTRO-HYDRAULIC LADLE 
TRANSPORTER. 

Tue type of transporter, or pouring crane, which is 
illustrated in Fig. 1 above, possesses features of value 
in ingot casting in steel works. The mechanism is a 
self-contained one running on rails on the floor of the 
foundry and commands a large area, the ladle of 
molten metal being carried directly on the horizontal 
jib. The arrangement has the advantage over some 
types of fixed pouring crane that there is no necessity 
to move the ingot moulds after they have been filled. 
Running-up the moulds while they are in position on | 





way by means of a locomotive or moving them by 
overhead crane is quite usual practice, but the travelling 
transporter which eliminates the necessity for this 
movement of the filled moulds has much to commend 
it, apart from the saving in time. The moving of the | 
moulds may, of course, be avoided by pouring from 
an overhead crane, but a machine of the type illustrated 
ensures greater rapidity and greater safety than can 
usually be secured by the use of a ladle of molten 
metal slung from an overhead traveller. 

The machine, which is illustrated in Fig. 1 is a 15-ton 
electrically and hydraulically operated ladle transporter 
constructed by Messrs. Ateliers de Constructions Elec- 
triques de Charleroi, of Charleroi, Belgium. Other 
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on this page, pages 413 and 4 
transporter has five main movements—t 
travelling as a whole on the works floor ; sl 
jib; racking the ladle along the jib; ee 
ladle for pouring; and lifting the jib as : W whe 
carrying the ladle with it, vertically upwart - Pi 
whole of these motions are carried out direct ‘ pe 
electric motors except the last. In this case a by ene 
ram is used, but the pressure pump and moto! a a 
it are mounted on the body of the crane So tha = 
whole machine forms & self-contained unit, the be: 
outside power connection being the electric mains. 
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the lifting cylinder by four 
inclined heavy plate mem- 
bers, two of which can be 
seen in Fig. 4. An under- 
standing of the arrangement 
will be facilitated by refer- 
ence to Fig. 18 on page 
414, which shows the lifting 
cylinder independently to- 
The electrical connections are shown in Fig. 2, from | gether with two of lugs cast on it to which the inclined 
which is will be seen that each operation is controlled | plate members are secured. The cylinder acts like an 
by a single motor except in the case of travelling for | accumulator ram, except that the pivot of the crane, 
which two are provided. We will have occasion to/ which in this case forms the ram, is fixed, and the 
refer to this diagram again when dealing with the | admission of pressure water above the pivot causes the 
details of the crane. | cylinder to lift, carrying with it the whole of the main 
In some ways the hydraulic lifting mechanism, of | partofthecrane. This attachment between the cylinder 
which a diagram is given in Fig. 3, is the most interest- | and longitudinals is naturally an important structural 
ing feature of the machine. Before referring to this in | feature of the machine, and a secure and steady con- 
detail, however, it will be well to say something of the | nection is assured by the use of mild steel fitted bolts 
general constructional features which are well shown in | in reamered holes. 
Figs. 4 to 60n Plate XXIII. As will beseen,thearrange-| Slewing is obtained by swinging the whole main 
ment consists of an eight-wheeled truck to which the | structure on the pivot. As the whole of the weight is 
pivot of the crane is secured. On this pivot the whole | carried on the pressure water, this movement requires 
of the main frame can rotate and lift. The frame con- | comparatively little power, the lade! and the machinery 
sists essentially of two longitudinal members which at} on the platform roughly balancing each other. As 
the front form the horizontal jib on which the ladle is | will be seen from Fig. 4, a horizontal circular rack, or 
carried and along which it can travel. At the other | gear wheel, is carried between the main frame and the 
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members and are plated over to form the main platform. | crane, being prevented from rotating, however, by 
The overall width of the platform is greater than the | two sliding keys. The crane is rotated by a pinion, 
distance over the longitudinals, and the overhanging | at the bottom of a vertical shaft, which gears with 
part is carried by brackets which are indicated in| the circular rack. It is clearly shown in Fig. 4. The 
Fig. 6, but of which the arrangement will best be under- | vertical shaft is driven from the slewing motor by 
stood from the general view given in Fig. 20 on page| worm and spur gearing, as shown in Figs. 4 and 5. 
422. On this platform are situated the hydraulic These figures also show the motor driving the three- 
pump and the whole of the electric motors except| throw pump through double-helical gearing. The 
those which serve to traverse the crane as a whole | pump draws from a sump formed below the deck of the 
and which are fixed on the truck. The arrangement | platform. The operation of the lifting motion is 
of the various pieces of apparatus on the platform will| carried out entirely by the electric controller. When 
be followed from Figs. 4 to 6. | the controller is moved into the “ lifting” position, 

The longitudinals, together with the platform and | the pump motor is started and the cylinder is supplied 
all the other material they carry, are suspended from | with pressure water. In the “ lowering” position the 
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motor is cut out of circuit, and the exhaust valve is 
handled directly by the electric controller, the rate of 
descent of the crane depending on the position of the 
controller handle. A safety device is incorporated in 
the arrangement to prevent over-lift. This is illus- 
trated diagrammatically in Fig. 3. A tail rod secured 
to the pivot ram projects, through a stuffing-box, 
from the top of the cylinder. This rod is shown in 
Fig. 18. It carries an adjustable stop, which at the 
top of the lift throws over a lever which closes a 
circuit, short circuiting the no-volt coil of the circuit 
breaker controlling the pump motor, causing it to open 
and stop the motor. In the event of any failure of 
these electrical arrangements, further motion of the 
crane causes the lever to open a relief valve, which 
| short circuits the pump on itself, so that although it 
may continue to run the movement of the crane is 
stopped. 

| The ladle, details of which are given in Figs. 16 and 
17, on this page, rests inside a ring carried by trunnions 
| on two two-wheeled bogies travelling on the horizontal 
jib. The bogies and trunnions are covered by guards 
protecting them from splashes of liquid metal, as shown 
in Fig. 20. The whole arrangement is traversed by 
two racks on the inner ends of two link rods pivoted 
to the side frames of the bogies, as shown in Figs. 4 
and 5. The racks are moved by pinions keyed to a 








end the longitudinal members are tied together by cross | truck. This wheel slides on the pivot and lifts with the | horizontal shaft which is driven through spur and worm 


| gearing by the motor to be seen at the lower right- 
| hand corner of the platform in Fig. 5. The tilting of 
the ladle for pouring is carried out by means of a worm 
gearing, the worm wheel being carried on the trunnion 
axis of the ladle, and the worm being carried and 
on driven by a horizontal shaft running the length of 
the jib. This is clearly shown in Figs. 19 and 20, on 
page 422. The outer end of the horizontal shaft is 
square, so that it drives the worm in any position of 
the ladle. The horizontal shaft is driven through 
worm and bevel gearing, and a vertical shaft from the 
motor to be seen in the upper left-hand corner of the 
platform in Fig. 5, 





The truck on which the transporter travels is well 
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shown in Figs. 4 and 6, while various details of its 
arrangement are given in Figs. 7 to 10. 


= 


‘As shown in Figs. 7 and 8, two equalising frames are 
carried at each end of the truck, each frame carrying 
two track wheels so that the whole truck is carried on 
eight wheels. One out of each pair of track wheels 
is carried by a common cross shaft, which is driven 
from a motor through an intermediate shaft and spur 
gearing. The intermediate shaft is carried by a pivoted 
sub-frame, which also carries the motor, the whole 
giving an elastic suspension allowing of easy travel 
even at a comparatively high speed. The dual 
arrangement of traversing motors allows the transporter 
to operate even in the event of breakdown of one of the 
motors, one alone being capable of moving the machine. 
The whole travelling truck is protected from metal 
splashes, and scale by an iron guard which is well 
shown in Figs. 19 and 20. The end sections of this 
are hinged, and when lifted give ready access to the 
track wheels, gearing and motors. 

The details of the current collecting and distributing 





It consists | 
essentially of two box-girder side frames connected | 
by plate cross members, the cast steel socket, which | 
carries the pivot, being built on to the framework. | 
As will be seen from Fig. 4, this socket is formed with | 
an internal tapered hole in which the pivot is secured. | 
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| CHARACTERISTIC ENERGY DIAGRAM \ | " 
FOR AN OIL ENGINE ; MARINE OIL = | . 


ENGINE TRIALS.* 
By Proressor W. E. Darsy, F.R.S. 

Tue following paper originated in an independent 
| study of the reports of the Marine Oil Engine Trials 
Committee appointed in 1922, and is in no sense 
official. I found that the principal data resulting 
|from the trials of a ship could be brought under the 
| eye in a single diagram, a diagram which I have called 
|the characteristic energy diagram for a marine oil 
}engine. It occurred to me that others studying these 
| valuable reports and interested in the performance of 
| the internal-combustion engine might find the diagram 
} useful. Part I of the paper is devoted to an exposition 
|of the principles on which the diagram is based. 
| Part II shows the application of the diagram to the 
| data given in the tables in the several reports of the 
|committee. Part III is a comparison of some of the 
|results. It will be apparent to the most casual reader 
|that the comparison is far from complete. The sea 
trials are not even touched upon. 


| 


| 
Part I. 
| The pages of tables, figures, and the diagrams which, 


arrangements of the transporterare illustratedin Figs.11 | of necessity, are used to record the results of an oil 
to 14 on Plate XXIII and page 413. As will be seen | engine trial require close study to extract from them 
from Figs. 4 and 5, collection is effected through a | the characteristics of the engine. It is with the object 
plough working in a slot between the running rails; | of assisting the study of such records that the author 
this collects from two trolley wires carried in a tunnel | has devised the characteristic energy diagram about to 


below the track. Current from the plough is carried 
up to the outer pair of six ring contacts which are 
mounted above the circular rack by which the trans- 
porter is slewed. The ring contacts are shown in 
detail in Figs. 13 and 14. As this circular rack lifts 
with the transporter, the connection is made with 
flexible cables as indicated in Fig. 11, the arrangement 
allowing of a displacement of 800 mm. between the 
upper and lower positions. Bronze brushes carried 
by cantilever arms from the framework of the machine 
bear on these collector rings, the arrangement being 
shown in Figs. 13 and 14. As indicated in the diagram 
of connections, Fig. 2, the brushes of the two outer 


collector rings are connected up to the main switch- | 


board of the machine, from which current is taken to 
the racking, slewing, tipping and lifting motors. The 
inner four rings serve for the connections to the 
traversing motors on the truck. An arrangement 
allowing for the lifting of the transporter is also required 
for these connections. 
of sliding rods working through collector shoes secured 


to the pivot, the rod rising up through the shoes as | 
Details of this arrangement for | 


the machine lifts. 
one of the rods are shown in Fig. 13. The electrical 
connections of which a complete diagram is given in 
Fig. 2, need not be referred to in detail. The usual 
current breakers and instruments are fitted. The 
racking, slewing, tipping 
operated by drum controllers, with resistances in the 
usual way, but in the case of the travelling motors, 
which are of 50 h.p. each, a contactor type controller 
is employed. 

Fig. 17 shows the relation of the track to the casting 
pit and ingot moulds, while the main dimensions of 
the machine are given in Figs. 4 to 6. As already 
stated, the maximum lift of the jib and ladle is 
800 mm. 


This is provided for by means | 


and lifting motors are | 


be described, and used in the sequel to present the 
results of the marine oil engine trialst in a form which 
co-ordinates the variable in one diagram. The variables 
|of an engine trial are: the brake horse-power, the 
| indicated horse-power, the fuel oil fed to the engine, 
| per minute, the air supply, the speed of the engine, 
and the external load, measured by the torque applied 
to the crankshaft by the brake. Of these, load and 
| speed are the independent variables. In general the 
| selected load is applied to the engine and fuel oil fed 
| to it until the speed is brought to the selected value, 
| the other quantities meanwhile ranging themselves in 
| co-ordination. 
To construct the diagram, draw axes at right angles, 
| Fig. 1. Scale the horizontal axis to the right of the 
| origin in “lbs. of fuel oil per minute,” and to the left 
}of the origin in “revolutions per minute.” Scale 
| the vertical axis above the origin in ‘‘ horse-power ”’ 
| and below the origin “‘ lbs. of air per minute.” 
Let T be the torque in lb.-ft. exerted by the engine at 
| a speed of » revolutions per minute. Then 
Horse-power = Pe ‘ «* iD 
5,250 
| The form of this equation shows that the second quad- 
| rant can be scaled for torque T by a family of straight 
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| lines radiating from the origin, and that a vertical torque | 


scale can be added anywhere to the left. 
|scale be set out on the ordinate passing through 
130 r.p.m. At 130 r.p.m. equation (1) shows that a 


| torque of 40,000 lb.-ft. corresponds to 990 h.p. This | 


| fixes the point q on the scale. Divide the distance 
| *™ Paper read at a meeting of the Institution of Naval 
Architects, April 7, 1927. Abridged. 








+ See ENGINEERING, vol. exviii, page 750; vol. exix, 
| page 397 ; 
page 767. 


vol. cxxi, pages 87 and 639; and vol. exxii, 
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130 q into four equal parts, and through the equally 
spaced points so obtained draw lines to the origin, 
and set up the scale above y as far as may be found 
necessary. Points on any one of the sloping lines are 
points of constant torque, and the value of the torque 
is given by the intersection of the sloping line with the 
vertical scale through 130 r.p.m. Any point taken at 
random in this quadrant defines a torque, a speed and 
a power. Let a be a point taken at random. From a 
draw a horizontal line of indefinite length to the right. 
It cuts the power scale at 540 h.p., but its end in the 
Ist quadrant is as yet undetermined. From a drop a 
perpendicular of indefinite length. It cuts the speed 
scale at 87 r.p.m., but its end in the 3rd quadrant is 
as yet undetermined. Draw a line from the origin 
through a to the torque scale. It cuts the scale at 
32,500 lb.-ft. The scales of the 2nd quadrant thus show 
that the point a corresponds to a horse-power of 540 
at a speed of 87 r.p.m., against a torque of 32,500 !b.-ft. 
So far the diagram has no relation to any particular 
engine. The 2nd quadrant is an arithmetical quadrant 
only. Its scales merely solve equation (1) for any 
given point within its area. 

The Co-ordinating Rectangle-—The next step is to 
find the length of the indefinite horizontal stretching 
into the lst quadrant, and the length of the indefinite 
perpendicular hanging into the 3rd quadrant. 
lengths depend upon the dimensions and the perform- 
ance of the engine under test. Run a trial and find 
the fuel oil required to drive the engine at 87 r.p.m. 
with a torque of 32,500 lb.-ft. on the brake. Let this 
be, say 4-35 lb. of oil per minute. Locate this at f 
(Fig. 2) on the fuel oil scale and through it draw a 
perpendicular to intersect the horizontal above it in A 
and of indefinite length downwards in the 4th quadrant. 
A is a point on the brake-horse-power-fuel curve. 
Next, set up from f the indicated horse-power, f B. 
From B draw a horizontal back into the 2nd quadrant 
to meet the speed vertical, through n = 87, in b. The 
intercept ab is proportional to the torque equivalent 
to the engine friction. A reference of ab to the torque 
scale by lines from the origin shows that this torque has 
the value 12,850 lb.-ft. Set down nD =ab, Then 
D is a point on a curve of frictional torque against 
speed. Set down fC = AB. Then C is a point on 4 
curve of frictional horse-power against fuel. We next 
proceed to determine the lengths of the perpendiculars 
hanging, the one in the 3rd quadrant, the other in the 
4th quadrant. To do this the weight of air drawn into 
the cylinders must be determined. Failing direct 
measurement, or inference from exhaust gas analysis, 
it may be calculated with negligible error from the 
expression 


These 


w = VSND (2) 
in which w is the weight of air drawn in by the engine, 
lb. per minute, V is the swept volume of one engine 
cylinder in the 4-stroke cycle or the swept volume to 
exhaust ports, plus the clearance volume in the 2-stroke 
cycle, S is the number of suction strokes per minute per 
cylinder = “ for a 4-stroke cycle, and n for a 2-stroke 


cycle, N is the number of cylinders, D is the density of 


air in the cylinder just at the beginning of compression. 
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The density D can be calculated from 
Py 
Desa: : 

in which P is the pressure within the cylinder at the 
beginning of compression in Ib. per square foot, 
T is the absolute temperature, Centigrade, of the air 
at the beginning of compression, commonly called 
the “suction temperature.”’ P can be obtained from 
a light-spring diagram. T requires special apparatus. 
For the purpose of this exposition of the diagram, 
assume P = 14-2 lb. per square inch, T = 70 deg. C. 
= 343 deg. abs. 'C. Then 


p = 14:2 x 144 _ 6.0695 Ib. per cub. ft. 
96 x 343 


Assume, further, that V = 10-4, that N = 6, and that 
the cycle is 4-stroke, so that S = po then 


n 


w= 10-4 x 3 x 6 x 0-:0625 = 1-94 n . (4) 


Therefore at 87 r.p.m., w = 168 lb. per minute. 





Find this value on the air scale, and through it draw a | 


from trials. The friction-fuel curve, passing through 
C, is derived from the brake horse-power and indicated 
horse-power curves. It is plotted from the intercepts 
between the curves. The frictional torque-speed 
curve, passing through D, is derived from intercepts 
between the brake horse-power and indicated horse- 
power curves. In general, there are several curves of 
this type, since the frictional torque is not as a rule 
constant but is a function of the torque itself and of 
the temperature of the oil. The air-speed curve 
through E is plotted from measured or estimated values 
of the charge density D, and from the engine dimensions. 
The air-fuel curve through F is derived from the air- 
speed curve, if it can be established, or from an exhaust- 
gas analysis. 

In general, there is a family of curves from a com- 
prehensive set of trials, because a straight line through 
F to the origin is the locus of points giving a constant 
mixture, and there would be many mixtures tried. 
Also, in general, constant torque corresponds to constant 
mixture with variable speed, so that, if the compre- 
hensive set of trials includes changes of torque, then 


there would probably be one curve in the fourth | 


and a can then be calculated from 


e@a= ee 


ne 
Substituting in (2) the value of T from (1) 
a 
5,250 


A curve of brake horse-power against speed can be 
plotted from this equation cutting across the family of 
torque lines radiating from the origin in the second 
quadrant of the diagram. The point of intersection of 
the curve with a torque line gives corresponding values 
of rule speed, brake horse-power and torque. 

The Characteristic Energy Diagram for One Engine 
of the M.S. “ Sycamore ” (Fig. 3). 2nd Quadrant.— 
The diagram is scaled to suit the size of the engine. 
The torque lines corresponding only to full, ?, $, and } 
fuli load, are shown in full because no other torques 
were applied in the trials. A torque scale is added on 
the ordinate from » = 150. The semi-circle struck 
from the origin cuts the speed scale at the lowest speed 
at which the engine wculd run. The declared full- 





load performance of 1,250 brake horse-power at 125 
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horizontal to cut the perpendicular through 1 in E, 
and the perpendicular through fin F. E is a point on 
the air-speed curve. F is a point on the mixture 
curve and, neglecting the air brought in with the fuel 
last, or assuming solid injection, it corresponds to a 


mixture of in = 38 Ib. of air to 1 Ib. of fuel. The 


diagram is now complete for one experiment. The 
rectangle Bb E F, with its bars Aa and C D, may be 
called the co-ordinating rectangle. It co-ordinates the 
Variables for one stable condition of running and can 
be drawn when appropriate data are given. 

The Curves in the Diagram.—The brake horse-power- 
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quadrant for all experiments at constant torque. 
The diagram, Fig. 2, is completed for a particular 
engine by adding to it the curves enumerated above. 
Complete characteristic energy diagrams are con- 
structed in the sequel for the engines tried by the 
Marine Oil Engine Committee from data recorded in 
their reports. The diagrams enable comparisons to be 
made and conclusions to be drawn, and give a compre- 
hensive view of the performances of the engines tested. 


Part II].—THe Marine Om EnaINeE TRIALS. 


Selection of the Loads and Speeds for the Trials 
Ashore.—At sea, the load on the propeller shaft increases 
automatically with the speed of the engine. The 
relation between the torque T on the propeller shaft, 
and the speed n, adopted by the Maring Oil Engine 
Trials Committee to express sea conditions is 

T=enr. 2 : « 1) 
in which a is a constant for a particular engine coupled 
to a particular propeller. Trials of all engines were 
run ashore at full load, ?, 4 and } full load at the rule 
speeds calculated from (1), and at a few revolutions 
above and below them. The trials ashore were thus 
related to the sea conditions. The scheme involved 
the making of at least 12 trials ashore on each engine, 
namely four trials at rule speeds, four at speeds slightly 
above the rule speeds, and four at speeds below. 
The constant a in equation (1) is found from the 
makers’ full-load declaration. Let brake horse power 
be the declared full load at the declared speed 
of n revolutions per minute, then the full-load torque 
is given by 











fuel curve, passing through A, and the indicated horse- 
power-fuel curve, passing through B, Fig. 2, are plotted | 


__ 5,250 B.H.P. 


xr (2) 


r.p.m. gives, from equation (2), a full-load torque of 
52,500 1b.-ft., and this, with n = 125 in (1), gives 
a = 3-36. Hence for this engine 
ee MS »« <«- ie 
1,564 

The curve corresponding to this equation is plotted 
in the 2nd Quadrant. It intersects the torque lines 
at the four points ringed. From these points, verticals 
to the speed scale fix the four rule speeds of the trial. 
These are full torque, 125 r.p.m. ; # torque, 108 r.p.m. ; 
4 torque, 87 r.p.m.; } torque, 63 r.p.m. Four trials 
were run at 15 r.p.m. above these rule speeds, and four 
at 15 r.p.m. below the rule speeds. The corresponding 
points are located by rings in the diagram. The two 
variables in the ashore trials are torque and speed. 
The brake being loaded to give a selected torque, fuel 
was fed to the engine to bring the engine to 15 r.p.m. 
below rule speed and a trial was made of sufficient 
duration to establish a temperature regime. These 
trials are throughout marked C. The speed was brought 
to rule speed and a longer trial made at the new tem- 
perature regime, and these trials throughout are marked 
A. Finally, a short trial was made at 15 r.p.m. 
above rule speed, and these trials are throughout 
marked B. The Committee state that the three trials 
at one torque could be made in one day. It should 
be emphasised that the lines and curve in the 2nd 
Quadrant tell nothing about the engine, except that it 
is expected to give 1,250 brake horse-power at 125 r.p.m., 
and that the Committee decided to make trials at 
torques of their own choosing but at speeds derived 
from a rule which they have adopted to bring the 
trials within sea conditions. The scales of the quadrant 





n 


merely do arithmetic. 
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lst Quadrant.—Brake horse-power fuel curve 1 ; 
indicated horse-power fuel curve, 2. These curves are 
plotted from data found in the report. The circled 
dots mark trials at rule speeds; the dots with no 
surrounding circles denote trials at the other speeds. 
The brake horse-power curve is drawn in through the 
rule speeds, since the data at these speeds are got from 
longer and more careful trials. Horizontals from the 
brake horse-power points on curve 1 cut the corre- 
sponding torque lines in the second quadrant at points 
from which verticals cut the speed scale at the speeds 
corresponding to the brake horse-power points. It 
will be noticed that the speeds found in this way are 
not the speeds aimed at by the Committee. They 
correspond, however, with the speeds actually achieved 
in the trials and recorded by the Committee (Table 8 
of the report). The difference between the speeds 
achieved and the speeds aimed at are of no consequence. 
The aim was to get trials within a range of conditions 
approximating to sea conditions, and this has been 
done. . 

3rd. Quadrant.—Air-speed curve 5. The engine 
charges itself with air, and the weight, w, drawn in 
per minute can be calculated from the equation already 
given, w = VSN D, where V is 10-4 cubic ft., S is 


A and N is 6, D the density at the beginning of com- 


pression, was not measured, but from other data I 
estimated the pressure and temperature to be 14-2 Ib. 
per square inch, and 343 deg. C. absolute, 70 deg. C., 
from which D = 60-0625. 

With these values 

w= 1-94n ° ° - (5) 
Line 5 is plotted from this equation. The density 
at N.T.P. is 0-0808 lb. per cubic foot. This gives 
w= 2-5n 

Line 7 is plotted from this. 

4th Quadrant.—In these trials the exhaust gas was 
analysed, and the weight of air in the charge per 
pound of fuel fed to the engine was deduced and 
recorded in Table XVIIsB of the report. From this 
table the co-ordinates of four points in the 4th 
quadrant can be found. The following Table I shows 
these co-ordinates, together with the mixture, in 
column 4, and in column 5 a weight of air per minute 
7 per cent. less than that derived from the analysis 
of the exhaust products. 


TABLE I.—Atr Supply and Mixture. ‘‘ Sycamore.” 








Air per > gens 
reer Minute . Air per 
Experi- " Fuel a 
ment ee per Mixture. en . 
Number. ixhaust Minute oS Fer 
Gas : Cent. of 
Analysis. Column 2. 
Lb. Lb. Lb. 
5 237 8-95 26-5tol 220 
7 254 7-09 35-8 tol 236 
9 138 3-23 42-7tol 128 
14 130 1-78 73 to 1 121 

















The points corresponding to the co-ordinates 
furnished by the second and third columns of Table I 
are plotted in quadrant 4, and the number of the 
trial is written against them. A line of constant 
mixture is a straight line through the origin. Line 8 
drawn to the origin through point 5 is the locus of 
all points of mixture, 26-5 to 1. Similarly all points 
on a line through 14 to the origin locate the corners 
of possible co-ordinating rectangles for experiments in 
which the mixture is 73 of air to 1 of fuel oil. The 
quadrant can be scaled for mixture if desired by 
a family of straight lines radiating from the origin. 
The co-ordinating rectangle for trial 5 is drawn on 
the diagram in chain-dotted lines with a break in 
the lower side to allow for the fact that the total air 
in the cylinder is the suction air plus the injection 
air. It is assumed that the suction air is 93 per cent. 
of the total air found from the exhaust-gas analysis, 
thus allowing 7 per cent. for injection air. The 
Committee did not determine directly the percentage 
of injection air. I have based my assumption on the 
relative value of the volume of the air compressor 
and the suction volume of the engine. The suction 
volume of the engine per revolution is 

vt AAs iso 9 
3 = 31-2 cub. ft. 

The free-air volume of the compressor is 3 cub. ft., 
as given in the report; approximately a ratio of 
10 to 1. Allowing for leaks and adjustments, a fair 
estimate on the average is about 7 per cent. The 
figures in the last column of the table are calculated 
on this basis. The co-ordinates of the point 5 in 


the 3rd quadrant are, therefore, the speed and the 
air weight per minute, 220 lb. The co-ordinating 
rectangle for trial 5 is, therefore, drawn in the following 
way :—Starting from the fuel point 8-95 on the fuel 
axis, draw a vertical to cut the horse-power curves. 


From 5 on the brake horse-power curve, draw a 
horizontal to cut the corresponding torque curve in 5, 
and from this point drop a perpendicular into the 
3rd quadrant. Finally plot the mixture point 5 in 
the 4th quadrant and draw from this point a horizontal 
to the air scale. Reduce the amount fixed by this 
horizontal by 7 per cent. and then continue the 
horizontal from this new value, to cut the speed 
vertical in 5. It will be seen that the corner of the 
rectangle in the 3rd quadrant so located does not 
fall quite on line 5. It is slightly above it. This 
indicates that I have assumed the suction temperature 
too low. Looking along the line, however, it will be 
seen that the point for trial 7 is practically on the 
line, that the point for trial 14 is practically on the 
line, and that the point for trial 9 is above the line. 
These results show that little error would have been 
made in determining the weight of air from the 
assumptions made, namely, a constant suction 
temperature of 70 deg. C. over the range of the 
experiments and a constant suction pressure of 
14-2 lb. per square inch, thus assuming data with 
which to plot line 5. The co-ordinating rectangle 
for trial 14 is also drawn in on the diagram in dotted 
lines. The oil used requires, theoretically, 13-9 lb. 
of air per pound of fuel fed to the engine. The line 
corresponding to this is plotted and numbered 6. 
Trial 5 is the full-load trial, and it is interesting to 
note that a mixture as weak as 26 to 1 is used. The 
weak mixtures used in the Diesel engine show what 
a large proportion of unused oxygen passed through 
the engine, even at full load, and therefore what a 





torque. It will be at once seen that the frictional 
torque is substantially constant over the range of 
trials from one-half to full load. 


TABLE I].—Frictional Torque. ‘* Sycamore.” 











o al 
Be | 
— ° 
Frictional Observed gs 
Trial | Horse-power, 8 mone Wg mae Le 
Number.| 1.H.P.— si De SS ein |* 
B.H.P. Revs. per Min. 2s sl 
es 
12 97 44-60 11,330 
} load 14 160 60 -03 15,700 
13 213 75-43 14,810 
{ 9 217 71-82 15,900 
4 load 11 241 85-37 14,840 
\} 10 286 101-37 16,050 
6 279 90-47 16,200 
2 load 8 345 105-20 17,200 
Mi 363 121-10 15,700 
3 313 104-68 15,700 
Full 5 339 118-81 15,500 
4 411 * 134-17 16,100 

















Table III reproduces the indicated horse-power, the 
brake horse-power, and the compressor horse-power 
recorded in the report. The speeds are derived by 
projection from the plotted brake horse-power and the 


TasBLe III.—Data From ‘‘ SyCAMORE,”’ 


From Committee’s Report, Tables 10, Li. 


From Committee’s Report, Table 13a. 














Air Com- Engine 
Experi- Masnaned. pressor. Friction. 

ment R.P.M. t. ~ 

Number. — 

I.H.P. B.H.P. F.H.P. ty to 

f} C12 209 112 97 47 10,800 20-6 2,300 8,500 
oT 3. A 14 310 150 160 63 13,320 30-0 2,500 10,820 
\ B 13 402 189 213 79 14,150 87°7 2,500 11,850 
(| ¢ 9 576 359 217 72 15,820 47-7 3,480 12,340 
Cee All 668 427 241 87 14,550 56-8 3,420 10,930 
ll B10 798 507 286 103 14,600 67:3 3,420 11,180 
f} © 6 957 678 279 91 16,100 63-8 3,680 12,420 
re A 8 1,134 789 345 108 16,750 74-4 3,620 13,130 
UB 7 1271 908 363 123 15,500 905 3,840 11,660 
sl, c3 1,360 1,047 313 106 15,500 71-0 3,520 11,980 
Ful... A 5 1,527 1,188 339 119 15,000 96-0 4,250 10,750 
ll Ba 1,753 1,342 411 135 16,000 112- 4,350 11,650 
































wide margin there is between the calorific intensity 
per cubic foot of charge and the calorific intensity 
possible. If means could be found to overcome the 
heating difficulties, and consequent distortion and 
cracking of parts, the calorific intensity per cubic foot 
could be increased with a resulting reduction in the 
power-weight ratio. 

The Frictional Horse-Power of the ‘‘ Sycamore” 
Engine.—Curve 3 is plotted from the intercepts of 
curves 1 and 2. The values corresponding to the 
actual experiments are indicated by dots near the 
curve. Except in the group of trials at the higher 
consumptions, there is considerable divergence from 
the linear law. The frictional torques corresponding 
to the actual trials are plotted in quadrant 3 below 
the axis. Here the plotted points fall with reasonable 
accuracy on a line except at low speeds. The inference 
is that the frictional torque of the engine, including 
the air compressor and its load, is roughly constant 
at the higher speeds, but becomes less as the speed 
and torque are reduced. The best line, numbered 4, 
corresponding to a torque of 15,000 lb.-ft., is drawn 
in amongst these points. The inference from this 
is that, for a given fuel consumption, there is one 
stable speed, and one stable speed only, in conditions 
corresponding to those in which the tests were made. 
It is found as follows:—Let the consumption be 
f; = 7-821b. per minute. From f, drop a perpendicular 
to the corresponding dot representing the ascertained 
frictional horse-power and draw a horizontal to cut 
the line 4 in 3. From 3 a vertical, upward, cuts the 
speed scale at 105 r.p.m. This is the stable speed. 
The committee deduce (Fig. 21 of the report) that 
the engine will run, at this consumption, at speeds 
varying from 90 r.p.m. to 120 r.p.m., with suitable 
alterations of torque. This I doubt. It would be 
found, I think, that at speeds deviating much from 
105 r.p.m. the fuel supply would require adjustment 
to get stable running. The Committee have doubtless 
arrived at their results after fairing the observations. 
I rather think, however, that it is preferable to rely 
upon the difference of indicated horse-power and 
brake horse-power as actually observed. 

Table II reproduces the data recorded in the first 





report, and from them I have calculated the frictional 











torque known to be on the brake, so that brake horse- 
power, torque, and speed are consistent according to 
the relation 5,250 brake horse-power = Tn. The 
frictional horse-power in the fourth column is the 
difference of the measured indicated horse-power and 
the measured brake horse-power. The indicated horse- 
power includes the power required to drive the air 
compressor. Deducting the air compressor power 
from the indicated horse-power gives a net horse- 
power which may be regarded as overcoming the 
frictional resistance of the engine and the brake load 
(and also the power required to drive the fuel 
pump). Column 6, therefore, gives the torque, ¢, 
equivalent to the total engine resistance, including 
the air compressor. Column 8 gives the torque, 4), 
equivalent to the drive on the air compressor, and 
Column 9 gives the torque, t,, equivalent to the engine 
friction including the fuel pump, because this cannot be 
separated. 

Mechanical Efficiency—The mechanical efficiency 
may be calculated in two ways; the first on the 
footing that the ratio is equal to the brake horse-power 
and the whole measured indicated horse-power ; and the 
second on the footing that the indicated horse-power 18 
reduced by the horse-power of the compressor. This 
second method gives a truer view of the loss against 
engine friction and is of technical interest. The calcu- 
lations, which have been restricted to the A trials, are 
shown in Table IV. 


TaBLE 1V.—Mechanical Efficiency. ‘‘ Sycamore.” 




















Measured. Mech- ier. Mech- 
Trial anical | less Com- | anical 
Number. Effici- pressor Efficl- 
I.H.P. | B.H.P. ency. H.P. ency. 

Per cent. Per cent. 
A 14 310 150 48-4 280 53-6 
All 668 427 64-0 611 70-0 
A 8 1,134 789 | 69-6 1,060 74-0 
A 5 1,527 1,188 77°8 1,431 83-0 





Exhaust-Gas Temperature.—This is plotted in curve 9 
in the Ist quadrant. The exhaust-gas temperature 
scale is to the right. The divisions are marked both 
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in Centrigrade and Fahrenheit units. The striking 
result is that the temperature is a linear function of the 
fuel oil fed to the engine up to about 7 lb. per minute. 
The observed temperatures, temperatures taken by 
electric pyrometers placed at the exits from each 
cylinder and averaged (Table 12 of the Report), are 
marked by crosses about the curve. The highest tem- 
perature recorded was 344 deg. C. (650 deg. F.) during 
trial 4. This corresponds to a mixture strength of 
about 27 to 1. Temperatures would increase with 
increase of mixture strength. I have measured 
temperatures of nearly 1,000 deg. C. in the exhaust 
manifold of a motor-car engine with a couple placed 
between the connections to the third and fourth 
cylinders. 

The Suction Temperature.—As a guide to the estima- 
tion of suction temperature, failing direct measurement, 
I reproduce in Fig. 4, a diagram from the 1914 Report 


Fig.4 DIRECTLY MEASURED SUCTION 










a 


Temperature 
Degrees Centigrade 
re & 
3 s & 


65 
5 6 7 8 9 10 
2.0) Mixture Air to Gas by Volume  jnecxesainc: 


of the Gaseous Explosions Committee of the British 
Association which I had the honour to present to the 
Association, Section G, at the Australian meeting in 
Sydney, 1914, as secretary to the committee. The 
diagram embodies the data from a prolonged series 
of researches to measure directly the suction tem- 
perature in a@ gas engine. The experiments were 
carried out by Mr. Begg, a research student, during 
the period 1912-1914. The method of direct measure- 
ment by means of a resistance thermometer having an 
effective length exposed to the gas of § in. of platinum 
wire, +;'5 Of an inch diameter, is fully described in a 
paper by Callendar and Dalby in the Proceedings of the 
Royal Society, A, vol. 1xxx, 1907, and also in the above- 
mentioned British Association Report. It is only 
necessary to refer here to the results depicted in the 
figure. It will be seen that there are two curves shown. 
The upper curve is the locus of all experiments at 
200 r.p.m., and the lower at 100 r.p.m. The mixture 
was varied from about 54 volumes of air to 1 of coal 
gas, to 10} volumes of air to 1 of coal gas. The figures 
written against the curves are the numbers of the 
several experiments. For instance, 75 against the 
lower line means that experiment No. 75 was run with 
a mixture of about 8 to 1 and at a speed of 100 r.p.m. 
Reference to the temperature scale on the left shows 
that the suction temperature, that is the temperature 
just at the beginning of compression, was about 73 deg. 
C. It will be seen that the suction temperature, with 
speed constant, goes up with the mixture, and if the 
speed is varied and the mixture is kept constant it 
goes up with the speed. The jacket temperature was 
kept at about 30 deg. C. (86 deg. F.) in all of the 
experiments. The jacket temperature in the Sycamore 
trials was about 110 deg. F. (43 deg. C.), so that it was 
higher than in my experiments. But remembering that 
the mixtures used in the Diesel engine are weak and the 
speed relatively low, I selected 70 deg. C. from the lower 
curve as a probable value of the suction temperature 
in the Sycamore. This selection is justified by the 
trials themselves, as explained above. Therefore, the 
curves in Fig. 4 may be of use in guiding to an estimate 
of these engines, different as they are in size, in con- 
struction, and in the fuel they use. 

|The Linear Relations.—A glance at the diagram, 
Fig. 3, shows that, to a first approximation, (1) the 
indicated horse-power is proportional to the fuel 
fed to the engine ; (2) the brake horse-power curve is 
linear over a wide range of fuel consumption, but it 
does not pass through the origin ; (3) the air per minute 
is 4 linear function of the speed over wide ranges of 
speed; (4) the frictional torque is constant over a 
wide range of fuel. These deductions enable useful 
general principles to be formulated. Expressed 
symbolically :— 


LELP. = Mf Z ‘ . -Q 
B.H.P. = m f a 5 ; : (2) 
F.H.P. = at rE: ’ ; 
Therefore (M —m)f+e (3) 
w=kn. ° 7 Rs (4) 


where f is the fuel consumption in lb. per minute, M, 
m, ¢ are constants determined from the curves and k 
's 8 constant calculated from an assumed (or measured) 
density of the charge at the beginning of compression. 





For the Sycamore trials, Fig. 3, the equations become 


LH.P. = 173f . : é . (5) 
BREE. = if 100 2 - (6) 
F.H.P. = 26 f -+- 100 . ae) 

w= 1-94n ‘ , . (8) 


The Relation Between Speed and Fuel Consumption. 
Let ¢ be the torque equivalent to the frictional 
resistances, including the air compressor. Then from 
equation (3) 

F.H.P. = (M — m) f + ¢ = 


from which 





nt . (9) 


5,250 


(= ms+35250 ay 
t 

which shows that if over any range of the brake horse- 
power and indicated horse-power lines, M, m and c 
are constant, and if it is also found or assumed that t 
is constant over the range, there is only one speed, 
n, corresponding to a given fuel consumption, f. In 
the Sycamore trials it will be noted that each group of 
trials at }, 4, 3, torque had a local linear law whose 
constants did not conform strictly to those of the general 
linear law found above, and that over this local range 
and local values of M, m, and c the value of ¢ deduced 
from the actual experiments before smoothing out was 
constant at about 15,000 lb.-ft. The inference is that 
for one value of f in all these ranges there is one value 
of n, and one only. 

(To be continued.) 
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LABOUR NOTES. 


Tue Government’s Trade Disputes and Trade 
Unions Bill has naturally drawn the fire of the Labour 
movement’s representative men, who are loud in 
expressions of their belief that it is an unwarranted 
attack on the working classes. The truth is that the 
proposed legislation is merely an expression of the 
community’s desire to protect itself, and the logical 
effect of organised Labour’s own extreme policy. We 
give a brief summary of the Bill on page 424 of this 
issue, reserving comment at greater length for a future 
occasion, 





The Ministry of Labour states that on March 28, 
1927, the number of unemployed persons on the registere 
of Employment Exchanges in Great Britain was 
1,081,700, of whom 878,300 were men, 26,800 boys, 
147,100 women, and 29,500 girls. Of the total number 
747,300 were wholly unemployed, 263,900 temporarily 
stopped, and 70,500 ‘‘ normally in casual employment.” 
On March 21, 1927, the number of unemployed persons 
was 1,078,530, of whom 875,206 were men, 27,713 boys, 
145,553 women, and 30,058 girls; and on March 29, 
1926, it was 1,013,609, of whom 804,783 were men, 
24,223 boys, 157,131 women, and 27,472 girls. 





Representatives of the Engineering and Allied Em- 
ployers’ National Federation and representatives of the 
forty odd trade unions which have members employed 
in the engineering industry are to meet in London on 
Tuesday for the purpose of discussing the wages question, 
So far, no conference has been arranged to deal with 
the suggestion of the Federation of Engineering and 
Shipbuilding Trades that a conference should be called 
by the Shipbuilding Employers’ Federation to discuss 
the question of a wages advance for shipyard workers ; 
but in all probability such a meeting will be arranged 
when the Easter holidays are over. 





The report of the British delegation, which recently 
visited Canada and the United States for the purpose of 
studyingindustrial conditions, contains much interesting 
matter, although practically none of it can be accurately 
described as new. That American wages are higher 
than British wages has been, for instance, common 
knowledge for some time. The delegation found 
in the industrial centres of the north that the weekly 
earnings of a labourer range from 20 dols. to 25 dols. 
a week, of a semi-skilled worker from 25 dols. to 
30 dols. a week, and of skilled workers from 30 dols. 
to 60 dols. a week and upwards. The _ best-paid 
industrial workers are engaged on the railroads, in 
building, printing, and anthracite coal mining. Highly- 
skilled men are much in demand, and there is a 
growing shortage of this class of workers, which tends to 
keep up the level of earnings. In this connection it is 
necessary to bear in mind, the delegation points out, 
that there is nothing in the United States to compare 
with our State provision for unemployment, sickness 
and old age. This absence of outside assistance for the 
worker unable to obtain employment, makes poverty 
in the United States a matter of extreme hardship. The 
cost of living, particularly in the matter of house-rents 
and clothing, is, moreover, higher than in Great Britain. 





According to the delegation, there is considerable 
variation in the number of hours worked as between 





different establishments in the same industry, or in the 
same district. In the large establishments in the 
north, and in trades covered by union agreements, the 
weekly hours are usually 44 to 48. Many plants work 
50, 55, and 60 hours a week, both on day and night shifts. 
Women in certain States work at night the same hours 
asmen. In one establishment a night shift of 62} hours 
per week was being worked. On the other hand, in 
another establishment where there are two day shifts, 
each shift works 44 hours per week, the turnon the after- 
noon shift being free for the week-end from Friday night 
until Monday afternoon. The hours in the South usually 
range from 50 to 60 per week. The average for the 
United States is a little over 50 hours per week. Pay- 
ment for overtime is not general, and it is usual for no 
extra payment to be made for nightwork. A five-day 
week appears to be a growing practice in preference to 
the Saturday half-holiday, which is not yet general, but 
is extending. 





The part of the delegation’s report which deals with 
the relations of employers and employees deserves the 
close study of the workers here, for its clear significance 
is that the road to industrial prosperity lies through the 
close co-operation of capital, management and labour. 
British Labour’s extremists do not, of course, believe 
that it does, and, judging from the kind of men whom 
they select for shop stewardships and other minor, but 
not unimportant offices, many of the rank and file 
appear to be of much the same mind. Shop stewards, 
who are chosen because they are distinguished students 
of Marx, rather than because they have sound know- 
ledge of their craft or calling, are unlikely to be keen 
advocates of co-operation, and co-operation is, as this 
report plainly indicates, the one thing necessary to 
restore economic buoyancy to British industry. A shop 
steward, armed with the stock repertoire of Communist 
slogans, cannot possibly be a successful negotiator, 
and that fact will have to be realised by the rank and 
file before much progress is made towards co-operation 
like that which exists on the other side of the Atlantic. 


Through the mediation of M. Tardieu, Minister of 
Public Works, a settlement was reached late last 
week of the wages question that had arisen in the 
Nord and Pas de Calais mining areas. Miners in receipt 
of the maximum wage are to suffer a reduction of 2-60 
francs a day, the decrease in the case of workers in 
other categories to be proportionate. The present 
difficulties of the French coal-mining industry were 
illustrated by M. Tardieu in the course of the speech 
which he made in the Chamber explaining the settle- 
ment. After the end of the British miners’ strike, he 
said, Britain threw 22,000,000 tons a month on to the 
market, and the French mine-owners were faced with 
severe competition. In February last there was an 
excess of 760,000 tons of French coal. Then the question 
of the selling price had to be considered. Markets had 
to be assured, and the Government tried to develop the 
transport of French coal to the west and the south- 
west. In the Loire, where a settlement on wages 
questions had still to be reached, the mines, which 
were in a difficult position, had asked for State aid, and 
had announced that a reduction of wages would be 
necessary. The difficulty of finding markets for the 
output, he added, was very grave, and a coal war was 
in progress. To achieve success the Government would 
use all legitimate weapons. The first thing to be done 
would be to reduce imports. Certain qualities of coal 
would be necessary for French industry, and there were 
certain points on the French coast where British coal 
would be in a better position than French. 


A strike of bituminous miners has taken. place in 
Pennsylvannia, Ohio, Indiana and Illinois in support 
of a demand by the American Mine-workers’ Union 
for the continuance for a further period of two years of 
the rate of wages granted under the Jacksonville 
Agreement of 1924. The owners insist that any new 
wages contract must be based upon a continuously 
competitive scale, so as to enable them to compete 
with the non-union mines of Kentucky and West 
Virginia. According to cabled news, the centre of the 
struggle is Pittsburgh, where the Great Terminal Coal 
Corporation has posted notices that it will “ go open 
shop” and pay 24s. a day for labourers, as compared 
with 30s. a day under the agreement which has just 
expired. 





Until the representatives of the Trades Union 
Congress General Council have reported to the’ body 
which appointed them, it will be difficult to put an 
exact value on the decisions of “the Anglo-Russian 
Committee ’’ which met in Berlin last week. According 
to the official report of the Conference, the subjects of 
discussion were :—(1) The present position in regard 
to international trade union unity ; (2) the constitution 
and methods of procedure of the Anglo-Russian Joint 
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Advisory Council; (3) a review of the two years’ 
work and experience of the A.-R.J.A.C. and an estimate 
of the outlook for its work in the future. Complete 
unanimity was reached, it was stated, on the resolutions 
which were adopted on all three points of the agenda, 
and which will be reported for ratification to the General 
Council of the Trades Union Congress and the Central 
Council of Trades Unions of the U.S.S.R.., respectively. 
The proceedings, which were cordial throughout, were 
marked, it was added, by an appreciation of the need 
for maintaining and still further strengthening the 
fraternal ties between the trade union movements of 
Great Britain and the U.S.S.R. 





The Geneva correspondent of the Manchester 
Guardian states that at Friday’s meeting of the 
Governing Body of the International Labour Office 
the British Government delegate, Mr. Wolfe, in reply 
to a question by Mr. Poulton, declared that the British 
Government is now very seriously examining the problem 
of the ratification of the Washington Eight Hours’ 
Convention. The leader of the workers’ group, M. 
Oudegeest (Holland), answered that the British Govern- 
ment had been studying this question for seven years, and 
added the observation that British officials did not seem 
to be very intelligent if they wanted such a long time for 
the examination. Upon this the chairman, M. Fontaine, 
requested M. Oudegeest to modify his words. During 
further discussion the British employers’ delegate, 
Mr. Forbes Watson, once again opposed ratification, 
denying especially the possibility of the uniform appli- 
cation of the convention. During the discussion it was 
announced that Viscount Cecil, who is president of 
the British Cabinet Commission for the examination of 
the ratification problem, some days ago had a confer- 
ence with Mr. Thomas, the Director. 





The executive council of the Ship Constructors’ and 
Shipwrights’ Association have been placed in a rather 
difficult position by a ballot of the members which it 
recently authorised. The organisation is affiliated to 
the Labour Party, nationally and locally, the Trades 
Union Congress, and the General Federation of Trade 
Unions, and the total amount of the affiliation fees is 
about 2,000/. per annum. In the opinion of the 
executive, the Association cannot, on the basis of 
current contributions, continue to pay so much, and, 
accordingly, it was proposed that individual members 
should pay the fees in addition to their contributions, 
at the rate of 8d. per annum for the Labour Party, 4d. 
per annum for the Trade Union Congress, and ls. per 
annum for the General Federation. The _ ballot 
resulted in the rejection of the proposals, so that the 
only alternative open to the executive appears to be 
withdrawal from the three national bodies. 





THe Iron anv Steet Instirute.—The annual 
meeting of the Iron and Steel Institute will be held on 
Thursday, May 5, and Friday, May 6, in the hall of the 
Institution of Civil Engineers, Great George-street, 
Westminster, S.W.1, the proceedings commencing each 
day at 10a.m. At the Thursday morning meeting, the 
newly elected President, Mr. F. W. Harbord, will be 
inducted into the Chair and will deliver his presidential 
address. Bessemer Gold Medals will be presented to 
Mr. Axel Wahlberg, and Professor C. Benedicks. The 
annual dinner will be held at the Connaught Rooms, 
Great Queen-street, W.C.2, on Thursday evening. The 
following papers have been presented for reading and 
discussion at the meeting :— “‘ The Acj Range in Special 
Steels,” by Prof. J. H. Andrew and Mr. H. A. Dickie ; 
‘* The Properties of Some Nickel-Chromium-Molybdenum 
Steels,” by Prof. J. H. Andrew and Drs. M.S. Fisher and J. 
M. Robertson ; “‘ The Drawing of Steel Wire,”’ by Mr. E. A. 
Atkins ; ‘‘ Theory of the Growth of Cast Iron Repeatedly 
Heated,” by Professor C. Benedicks and Mr. H. Lofquist ; 
** The Interactions of Gases and Ore in the Blast-Furnace,”’ 
by Professor W. A. Bone, Mr. L. Reeve and Mr. H. E. 
Saunders; ‘The Influence of Annealing Temperature 
on the Properties of Mild-Steet Sheets,” by Professor C. A. 
Edwards and Mr. J. C. Jones; ‘‘ The Metal Manganese 
and its Properties; also the Production of Ferro- 
Manganese and its History,”’ by Sir Robert Hadfield ; 
‘**Low-Carbon Alloys of Iron and Managanese,” by Sir 
Robert Hadfield ; ‘‘ Hest-Resisting Steels,” by Dr. W. 
H. Hatfield ; ‘‘ Alloys of Iron Research, Part VIII : The 
Constitution of Alloys of Iron and Phosphorus,’’ by Dr. 
J. L. Haughton; “A Further Investigation of the 
Indentation Hardness of Metals,” by Prof. K. Honda 
and Mr. K. Takahasi; ‘‘ The Phenomenon of Temper- 
Hardening in Steels,”” by Messrs. T. Matsushita and 
K. Nagasawa; ‘‘ The Heavy Metallurgical Industry of 
the East of France,’’ by Mr. J. Seigle; ‘‘ Some Notes 
on Cold-Rolled Strip Steel,’’ by Dr. T. Swinden and Mr. 
G. R. Bolsover; ‘‘ Notes on Pseudo-Twinning in Ferrite 
and on the Solubility of Carbon in Alpha Iron at the 
Ay Point,’’ by Mr. S. Tamura; ‘The Manufacture of 
Steel in India by the Duplex Process,’’ by Mr. B. Yaneske ; 
and “Alloys of Iron Research”: Introductory, by 


Dr. W. Rosenhain. Part V.—‘‘ Preparation of Pure 
Chromium,”’ by Mr. F. Adcock. Part VI.—‘‘ Preparation 
of Pure Manganese,” by Dr. M. L. V. Gayler, and 
Part VII.—‘* Preparation of High-Purity Silicon,’’ by 
Mr. N. P. Tucker. 
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CONSTANT-LUBRICATION VALVE FOR 
SUPERHEATED STEAM LOCOMO- 
TIVE CYLINDERS. 


THE adoption of superheated steam added certain 
complications to lubrication problems, especially in 
the case of locomotives on which the pipes connecting 
the oil pump with the points to be lubricated may 
be a good many feet in length, and at the same time 
exposed to the cooling action of currents of air. In 
order to prevent trouble from steam getting into the 
supply pipes and condensing, valves of various kinds 
have been introduced into these pipes near the delivery 
points, reliance being placed on a_ pressure being 
maintained in the lubricating system sufficiently high 
to overcome that in the steam chest and cylinders, and 
prevent oil being fed to these parts. Records of high 
steam consumption and of rapid wear of piston-rings 
have suggested, however, that lubrication has not been 
satisfactory, probably due to obstruction in the valves 
or pipes, the presence of water, &c. 

In order to study these problems, the Sachsische 
Armaturenfabrik, W. Michalk and Sohn, of Freital- 
Deuben, near Dresden, fitted glass tubes and pressure 
gauges at various points in the pipes of the lubricating 
system and also near the cylinders on locomotives, 
observations being made with piston valves in good 
condition and again after they had become worn in 
service. The diagram reproduced in Fig. 1, herewith, 
shows the kind of record obtained of a typical run on a 
local service on a line 72 km. in length with numerous 
stops. The vertical scale indicates pressure in the oil- 
supply pipe in kilograms per square centimetre. 
The horizontal scale gives distances in kilometres. 
Starting from the point A, the oil pressure gradually 
rises until the first stop is reached at C, and the pump 
stops working. This results in a drop in pressure G, 
which is made good-on re-starting, the pressure con- 
tinuing to rise thereafter until something in excess of 
steam-chest pressure is realised. At subsequent stops 
similar falls of pressure are recorded. The parts of the 
curve marked H indicate stretches on which the 
regulator was closed either prior to a station stop or 
drifting. Such operations involve reduction of steam- 
chest pressure, and therefore are accompanied by a 
considerable discharge of oil from the supply pipe. 
The discharge of oil to the steam chests is controlled 
usually by a valve held up to its seat by steam-chest 
pressure and a small spring. The oil pump has to 
raise the pressure in the oil system above the resultant 
value of these two. For this reason, at the commence- 
ment of a trip the locomotive may, indeed, run for 
some time before oil actually reaches the valves and 
cylinders. Any use of the regulator which results in a 
drop of pressure in the steam chest will be accompanied 
by a considerable discharge of oil. If the valves in the 












oil system wear, steam and water may find their way 
into the oil pipes. 

In order to make the supply more regular, the firm 
in question have produced the valve shown in section 
in Figs. 2 and 3, for use in the oil-delivery pipe, close 
to the steam chest. Oil enters this fitting by the 
passage a. The main part of the valve consists of a 
piston under the control of a spring only. It will be 
noticed that when the valve is in the closed position, 
as in Fig. 2, the passage 6, which leads past the check 
valve, shown in section in Fig, 3, is overrun by the 
valve body. Any pressure which may build up in 
due to leaks in the check valve does not affect the 
pressure required to move the valve. The pressure 
controlling this is regulated by the adjustable screwed 
plug on the right of Fig. 2, and the amount of com- 
pression imposed on the spring. The check valve is 
very similar in construction to the main valve, oil 
finally passing to the steam chest by the passage c. 
The thumb-screw cock s, Fig. 3, is a test cock, coupled 
by means of the passage d with a gauge glass. By 
unscrewing $ slightly, it is possible to test the correct 
working of the main valve. The position of this cock 
between the valve and the point to be lubricated, 
instead of between the check valve and the oil pump, 
is characteristic for the new device. 

The effect of the use of such a fitting is indicated 
by Curve II in the diagram, Fig. 1. After building 
up the requisite pressure to overcome the spring pressure 
above, the supply of lubricant is regularly maintained 
with only slight fluctuations, and is seen to be inde- 
pendent of the variable steam chest pressure, whether 
the engine was running under steam or drifting. 





LauncH or tHE §.S. ‘ Panup.”—On Tuesday, 
March 29, Messrs. The De Maas Shipbuilding Company 
launched from their yard at Slikkerveer, the 8.8. Pahud, 
the first of four vessels which they are building for the 
Royal Packet Company, Amsterdam. The main dimen- 
sions of the new vessel are length 299 ft. 10} in., breadth 
45 ft. 11 in. and depth 17 ft., while the displacement is 
3,340 tons and the deadweight 1,340 tons. The engines, 
which develop1,700 i.h.p., are designed to give the vessel 
a speed of 12 knots, and the boilers are being supplied 
by Messrs. Fyenoord, Rotterdam. 

LAUNCH OF THE S.S. ‘“ Kinepoc.”—On Saturday, 
April 2, Messrs. Swan, Hunter and Wigham Richardson, 
Limited, successfully launched from their Wallsend ya 
the single-screw steamer Kingdoc, which they are 
building for Messrs. Paterson Steam Ships, Limited, Fort 
William, Ontario, Canada. The vessel, which is specially 
designed for service on the Canadian lakes, canals and 
river St. Lawrence, is 253 ft. long, with a raised quarter- 
deck and a sunk forecastle. The main propelling 
machinery is to be situated aft, and is of the ordinary 
inverted marine type with three cranks, steam being 
supplied by two single-ended boilers. Both the engine 
and the boilers are being built at the company's Neptune 
Works, Walker-on-Tyne. 
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THE LATE MR. W. T. FOXLEE. 


Mr. Witu1AmM THEODORE FOXxLEE, whose death, we 
regret to state, occurred on March 27 last, at his home 
at Weybridge, was a civil engineer who throughout his 
long career was actively connected with railway, 
tramway, and dock works. Born on June 28, 1850, 
Mr. Foxlee became a pupil of Mr. C. H. Gough, civil 
engineer, of Whitehall, London, in March, 1870. 
After completing an apprenticeship of three years, he 
was appointed assistant engineer to Mr, W. Jacomb, 
M.Inst.C.E., engineer-in-chief of the London & South 
Western Railway Company, and was engaged upon the 
works in connection with the widening of the line at 
Battersea and the alteration and enlargement of 
Waterloo station. In November, 1874, the young 
engineer became a member of the staff of the London & 
North Western Railway Company, under the late 
Mr. W. Baker, M.Inst.C.E., and three years later was 
appointed resident engineer on the Aston and Stechford 
line. Subsequently he carried out the construction of 
branch lines to Windsor-street, Birmingham, and to 
Saltley. On the completion of these works, he was 
given charge of the Sutton Coldfield & Lichfield line, 
the project including the widening of a portion of 
the South Staffordshire Railway. Shortly after bring- 
ing this work to a satisfactory conclusion Mr. Foxlee 
joined the engineering staff of the Great Eastern 
Railway Company, and was employed for some years 
on the construction of a number of lines in Essex. 
In 1890, at the age of 40, he was appointed engineer- 
in-chief of the New South Wales Government Railways, 
a post which he held for five years. 

Upon his return to this country, Mr. Foxlee took up 
an appointment on the engineering staff of the Great 
Northern Railway Company, and was engaged on 
the design and construction of a large goods depot at 
Manchester. In 1898 he was granted leave of absence 
by his employers, the G.N.R. Company, and proceeded 
to Jamaica to report on the condition of the railways 
in the island, on behalf of the bondholders. Shortly 
after returning to England he joined once again the 
engineering staff of the London & South Western 
Railway as assistant engineer for new works, and was 
engaged upon the preparation of designs for the new 
station at Waterloo. Before the work was completed, 
however, he left the service of the company and began 
to practise as a consulting engineer, opening an office at 
53, Victoria-street, London, S.W.1, in 1905. He 
specialised in railway, tramway and dockwork, and 
was appointed consulting engineer to the Underground 
Railway Company; while in this capacity he acted as 
adviser to Mr. Yerkes. He was also engineer to the 
Plymouth, Devonport & South Western Junction 
Railway until the undertaking was taken over by the 
Southern Railway Company when the grouping of the 
railways took place recently. In 1922 Mr. Foxlee 
proceeded to Bermuda, on behalf of the Crown Agents 
for the Colonies, to report on various railway construc- 
tion schemes, 

In 1924 he was appointed engineer and managing 
director of the Hingston Down Quarry Company, 
Limited, which firm owns granite and stone quarries 
at Gunnislake, Cornwall. Mr. Foxlee remained in 
activity until the very end, and was in his office 
two days before his death. He became a student- 
member of the Institution of Civil Engineers on 
January 16, 1877, and was elected to full membership 
on May 27, 1884. 





THE LATE MR. E. R. CALTHROP. 


By the death of Everard Richard Calthrop, on 
March 30, at his home in Maida Hill, W.2, both the 
railway and the azronautical worlds have lost a 
well-known figure. Born in 1857, the earlier and greater 
portion of his life was devoted to the former service, 
or, after being educated at Uppingham Grammar 
School and an early engineering training at Messrs. 
Stephenson and Company’s works, Newcastle-on-Tyne, 
he became an apprentice, in 1874, at the Crewe works 
of the L. and N.W. railway, five years later entering the 
service of the Great Western railway at Swindon, where 
he was soon appointed inspector of stores and materials, 
and assistant manager at che carriage and wagon works. 
Very shortly, however, h’s interests took him further | 
afield, and, in 1882, he was appointed assistant loco- 
motive superintendent to the Great Indian Peninsula 
Railway. It was during the next few years, while 
serving in this capacity, that Mr. Calthrop became 
particularly interested in the subject of light railways 
as “‘feeders”? to main line systems, and by special 
permission of his Board he became the chairman of an 
Indian company whose sole object was this develop- 
ment. A few years later he turned his attention to the 
standardisation of railway plant and rolling stock in 
India, a subject which has, of course, since been carried 
to. considerable lengths. 

Before returning to England, after his retirentent 
from the G.I.P. railway in 1889, he spent some time on 


largely responsible for the success of the Barsi Light 
Railway, by means of which he demonstrated the 
advantages of the narrow gauge railway of heavy traffic 
capacity. 

In 1892 Mr. Calthrop commenced practice in England 
as consulting engineer, and, as such, carried out much 
survey work for, and reported on, projected light rail- 
ways both at home and abroad. It was not until the 
Great War period that he took up the study of aero- 
nautics, when, in 1916, he became the managing director 
and chairman of Messrs. E. R. Calthrop’s Aerial Patents, 
Limited, from which date he devoted the remainder of 
his life, until his death at the age of 70, to the study of 
life-saving appliances from aircraft in general. He 
was the inventor of the ‘‘ Guardian Angel” parachute, 
which proved so successful on the Italian front, that the 
King of Italy conferred upon him the order of St. 
Maurice and St. Lazarus. He became a member of 
both the Institutions of Mechanical and Civil Engineers 
in the year 1900. 
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Aligemeine Energiewirtschaft. By Hans von JiiPNER. 
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1921. Part X. The Great Basin. [Price 25 cents.] 
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J. Youne. With a Chapter on the Hematite Ores of 
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Ernest Benn, Limited. [Price 42s, net.] 

Artificial Fertilisers. Their Chemistry, Manufacture, and 
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Economic and Financial Conditions in Peru, October, 
1926. By J. P. Trant. London: His Majesty’s 
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PERSONAL.—The address of the Faraday Society, 
which has hitherto been 90, Great Russell-street, London, 
W.C.1, has now been changed to 13, South-square, 
Gray’s Inn, London, W.C.1.—Messrs. G. Dikkers and 
Company (England), Limited, have been appointed the 
sole agents in the British Isles for Messrs. Willem Smit 
and Company, Limited, Nymegen, Holland, for the sale 
of their transformers, filter presses, hot air driers, &c., 
and their London address has been moved from Effing- 
ham House, Arundel-street, Strand, W.C.2, to Avenue 
Chambers, Southampton-row, W.C.1.—Messrs. A. F. A. 
Accumulators, Limited, 120, Tottenham Court-road, 
W.1, have been’ appointed sole concessionaires in British 
Territory of the D.E.A.C. nickel-steel alkaline accumu- 
lators, as made by the Deutsche Edison Accumulator 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Sales of Cleveland pig iron 
are few and small. Second hands have next to no 
iron to dispose of, and makers are most reluctant to 
lower quotations, though customers are more pro- 
nounced than ever in the view that values are too 
high, and that prices will have to be reduced before 
any material expansion of transactions can be looked 
for. At the same time producers have not a great deal 
of iron to offer in the open market, and little expansion 
of requirements is needed to create ashortage. Recognised 
market rates remain: No. 1 quality, 82s. 6d.; No. 3 
g.m.b., 80s.; No. 4 foundry, 79s.; and No. 4 forge, 
78s. 6d. 

Hematite Iron.—The East Coast hematite branch of 
trade is very dull. Makers have to contend with the 
keen competition of West Coast firms for home orders, 
and with Continental producers in markets abroad, 
with the result that though they complain that current 
prices are unremunerative, they are prepared to give 
favourable consideration to offers of fairly substantial 
business at a little below recognised market figures. 
Nos. 1, 2 and 3 are 84s. 6d., and No. 1 is put at 85s. 


Manufactured Iron and Steel.—Sales of finished iron 
and steel are on a moderate scale only, but producers 
have good order books and are reluctant to lower 
recognised market rates. Common iron bars are 111: ds. ; 
iron rivets, 121. 5s.; packing (parallel), 87.; packing 
(tapered), 11l.; steel billets (soft), 77. 12s. 6d.; steel 
billets (medium), 8. 2s. 6d.; steel billets (hard), 
81. 12s. 6d.; steel rivets, 127. 10s.; steel ship plates, 
81. 7s. 6d.; steel angles, 7. 17s. 6d.; steel joists, 
71. 17s. 6d.; heavy steel rails, 81. 10s.; and galvanised 
corrugated sheets, 151. 5s. 

Imports of Iron and Steel.—Returns just issued of 
the imports of iron and steel to the Tees from Holland, 
Belgium, France, Norway, Sweden, India, Germany and 
coastwise for the five months ending March 31 last 
compared with the corresponding time a year ago, 
and the pre-war period of 1913-14, show that no less 
than 179,303 tons of material arrived to the end of 
last month as against 94,999 tons a year ago, and 
only 31,268 tons in the pre-war period. Unloadings 
of pig iron in the past five months reached 66,303 tons 
as against 30,000 tons a year ago, and 54 tons in the 
pre-war period ; crude sheet bars, billets, blooms and 
slabs imported to the end of last month totalled 87,682 
tons, as against 58,855 tons a year ago, and 19,907 tons 
in the pre-war period, and unloadings of plates, bars, 
angles, rails, sheets and joists for the past five months 
amounted to 25,318 tons, as against 16,144 tons a 
year ago, and 11,242 tons in the pre-war period, 


Shipments of Iron and Steel.—March shipments of 
iron and steel from the Tees totalled 93,479 tons, 
comprising 18,588 tons of pig iron, of which 6,995 tons 
went abroad and 11,593 tons coastwise; 7,462 tons 
of manufactured iron, of which 4,815 tons went to 
foreign destinations and 2,647 tons coastwise ; and 
67,429 tons of steel, of which 54,295 tons went overseas 
and 13,134 tons coastwise. As usual Scotland was the 
best customer for pig iron, taking 7,815 tons, while 
Wales received 2,500 tons, and Italy 2,305 tons. With 
imports of 1,399 tons and 1,150 tons respectively, the 
Federated States and the Cape were the largest buyers 
of manufactured iron. Principal importers of steel 
were: India, 19,395 tons; Australia, 8,769 tons; 
Egypt, 3,817 tons; and the Argentine, 3,595 tons. 

Foreign Ore.—Very little business in foreign ore is 
done; consumers have large stocks and are disinclined 
to negotiate for new contracts at present. Sellers still 
name up to 22s. éd, c.i.f. Tees for best rubio, but users 
intimate that their view of values is on a much lower 
basis. 

Blast-Furnace Coke.—Durham blast-furnace coke 
quotations vary considerably. Local consumers state 
they can purchase good average qualities at 24s. 
delivered, and regard that figure too high. On the 
other hand, sellers quote 26s. and upward. 





TeNDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—It is reported by His Majesty’s Consul at Callao, 
Peru, that schemes for new water supply and drainage 
systems are projected in Peru, which should be of interest 
to British manufacturers of pumping machinery, piping, 
filtering plant, etc. (Ref. No. AX 4486. )—There are psi 
separate calls from the South African Railways _ane 
Harbours: (1) for the supply of steel tyres for eng, 
tenders, carriages and wagons. Tenders to be presentet 
by May 19. Contract No. 968 (Ref. No. AX 4508).— 
(2) for the supply of three first-class reserved and = 
composite main line coaches, type G. 10. C., with wheels 
and axles complete. Tenders to be presented by May at. 
Contract No. 967. (Ref. No. AX 4509).—Tenders are 
invited by the Comision de Puertos de Chile for the supply 
and delivery at the Port of Corral of a new ———- 
dredger intended principally for removing as 
in the Port of Corral (Ref. No. AX 4503).—It is reporte 
from Wellington, New Zealand, that the Lyttleton ae 
bour Board is inviting tenders, to reach Christchuren 
before July 20, for the supply and erection, on the Glac 
stone Pier at Lyttleton, of four 5-ton electrically operate ( 
portal cranes and ten electrically-operated capstans: 








survey ‘work for projected light railways, and was 





Company. 





(Ref. No. AX 4532.) 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—Active conditions continue to 
prevail at the Scottish steel works, and the demand for 
deliveries is still of a pressing nature. The output is 
good overall, but not good enough for the shipbuilders 
who are in great need of both plates and sections. There 
is always a certain amount of material coming in from 
the Continent, and at the present time it is helping to 
eke out the searcity of home steel. The placing of 
fresh business is very slow, and old contracts are the 
main source of employment at the moment. Inquiries 
tend to show that buyers have some new work to place, 
but are hanging back as long as possible before fixing up 
in expectation of prices easing. In the black sheet 
trade the position has hardly changed, and a good 
demand exists for the lighter gauges. Quite a fair num- 
ber of fresh orders have lately been booked, and most of 
the makers are well provided with work for the next 
few months at least. There is little change in the 
matter of quotations. 

Malleable Iron Trade.—The malleable iron makers in 
the West of Scotland have not been booking much new 
work recently, not even since prices were reduced. The 
net result is that the different establishments are only 
being kept running with some difficulty, but producers 
are hopeful of an improvement before long. There is 
also a scarcity of business in the steel re-rolling depart- 
ments. The price of ‘Crown ” bars is unchanged from 
last week. 

Scottish Pig-Iron Trade.—Little or no change falls to 
be reported in connection with the pig-iron trade of 
Scotland. The production from the hematite furnaces 
is going rapidly into consumption, and buyers can 
scarcely get a sufficient tonnage for their requirements. 
Foundry grades are, however, quite ample for the 
demands of consumers. Prices are tending to be easier, 
chiefly for the foundry qualities. 


Scottish Pig-Iron Shipments——The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, April 2, only amounted to 484 tons. 
Of that total 375 tons ‘went overseas and 9 tons coast- 
wise. For the corresponding week of last year the 
shipments totalled 641 tons, of which 591 tons went to 
foreign destinations and 50 tons coastwise. 

Shipbuilding.—The shipbuilding industry is gradually 
improving, and although the output returns for the 
past month and for the three months to date are not 
very heavy, there is, nevertheless, an improvement. 
In addition, the number of new contracts on hand 
represent a fairly large tonnage. For the past month 
and for the quarter the figures are as follows :— 


March. Three Months. 
a or, 

Ves. Tons. Ves. Tons. 
The Clyde ‘iti ae ee 30,915 26 44,132 
The Forth rem ane 7 820 11 3,627 
The Tay ... re aes 1 500 2 3,500 
The Dee and Moray Firth 1 20 38 1,295 








ToraLs er veo, 0 32,255 . 42 52,554 


The Clyde figures are rather less than those for the 
corresponding month of last year, andthe three months’ 
total is the poorest output for the first quarter of the 
year in recent times—indeed, for well over twenty years 
at least. Compared with the record year of 1921, when 
the total was 62 vessels, of 149,841 tons, this year shows 
up very badly. Judging from the number of new orders 
placed during the past month—about a dozen—it would 
appear that shipowners are taking a more hopeful view 
of the prospects of trade in general. One difficulty which 
the shipbuilders have to contend with at the present time 
is the great trouble experienced in getting supplies of 
material from the steel works. If deliveries were on a 
larger scale there would be greater activity in the yards, 
but matters are certainly improving, and employment 
is slowly increasing. 





Tue Port or Lonpon.—The seventeenth annual 
report of the Port of London Authority was issued 
recently ; it shows that the net register and deck cargo 
tonnage of shipping entering and leaving the Port of 
London and paying river tonnage dues, during the year 
ending March 31, 1926, amounted to 35,852,020 tons. 
This represents an increase over the previous year of 
7305,65 / tons, composed of 867,879 tons in the foreign, 
and 527,778 tons in the coastwise trade. A number of 
rag works have been completed during the year. At 
C) Surrey Commercial Docks, the new Quebec Dock, 
5 acres in extent, has been finished, and communication 
with the Canada Dock has been established by means of a 
i passage, 80 ft. wide. Tobacco warehouses at the Royal 
ictoria Dock, which had been destroyed by fire, have 
“ reconstructed and brought into use. The new 
= on the north side of the tidal basin at the same dock, 
pe epee: and equipment for the handling and despatch- 
ne - c uilled meat, is approaching completion. During 
rsh a; Saaneee cubic yards of material were dredged 
yell "4 og in order to maintain and deepen the 
ee om Z he quantity of mud removed from the docks 
ms ea 41 cubic yards. The improvement of the 
an _ ia and Millwall Docks has been authorised, 
rte wham cost of 1,030,0000. The scheme will include 
joey ne of two communication passages 80 ft. wide, 
pit — ing 350 ft. wide, between various docks, and 
por tance lock, 550 ft. long, 80 ft. wide and 35 ft. 
110 tt pa ony entrance to Tilbury Docks, 1,000 ft. long, 
Tilbury, : ~~ 45} ft. deep, in @ position north of 
meen as been decided upon. This, with the 
chont 2, 500,00 ti dock, will involve an expenditure of 


NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Exports of coal from South Wales 
in the past week were on a heavier scale than in any 
similar period since the termination of the seven months’ 
strike. The total of 576,310 tons compares with 
406,540 tons in the preceding week and 347,230 tons 
in the corresponding period of last year, when shipments 
were restricted by the intervention of the Easter holidays. 
Compared with a week ago, exports from Cardiff were 
increased from 274,690 tons to 352,680 tons, at Newport 
from 47,550 tons to 116,440 tons, at Swansea from 
38,350 tons to 49,020 tons, at Port Talbot from 30,440 
tons to 51,190 tons, and at Llanelly from 2,160 tons to 
6,980 tons. At present, new business is quiet, as buyers 
generally have covered their requirements over the 
holidays. Admiralty and Black Vein large coals 
are, however, fully booked up and steady in price, 
the former from 22s. 6d. to 24s. and the latter from 
21s. 6d. to 22s. Other classes of large, however, are in 
adequate supply and neglected on the basis of 19s. 6d. 
to 20s. for Eastern Valleys, and 20s. to 20s. 6d. for 
Western Valleys, with drys from 20s. to 21s. 6d., but a 
better demand is expected owing to the tightness of the 
superior descriptions. Sized coals are steady, but smalls 
are rather more freely available, with prices patchy at 
14s, 6d. to 14s. 9d. for best bunker smalls, and 13s. to 
13s. 6d. for cargo classes. 


Pitwood Importers.—The annual meeting of the Cardiff 
and Bristol Channel Pitwood Importers’ Association 
is to be held at Cardiff on Tuesday next, when the officers 
for the ensuing year will be elected as follows :—Chair- 
man: Mr. J. Cumming Evans (Swansea) ; Vice- 
Chairman: Mr. W. H. Williams (Cardiff); Executive 
Committee: Messrs. David Lewis, H. S. Kelly, J. C. 
Morgan, Edward O’Sullivan, D. Rupert Phillips, Percy 
I. Scott and W. Huntley Thomas. At present, pitwood 
is scarce and prices are steady at 39s. to 40s. for mixed 
sizes. 


Iron and Steel.—Exports of iron and steel goods in the 
past week amounted to 30,122 tons, which is the highest 
weekly total for this year. Shipments of tinplates and 
terneplates were increased from 6,502 tons to 11,270 tons, 
galvanised sheets from 1,123 tons to 9,915 tons, and other 
iron and steel goods from 4,364 tons to 17,498 tons, 
but blackplates and sheets were reduced from 1,935 tons 
to 1,439 tons. 


Cardiff Chamber of Commerce.—Mr. T. B. Humphries, 
principal of the Globe and Hazelwood Shipping Companies 
has been elected President of the Cardiff Chamber of 
Commerce for the ensuing year, with Mr. T. H. Mordey, 
of Williams and Mordey, manager of the Severn Seas 
Shipping Company, Limited, and Mr. Reginald N. Jones, 
secretary and sales agent of the Lewis Merthyr Con- 
solidated Collieries, Limited, as vice-presidents. 





Contracts.—The Corporation of Port Elizabeth, 
Cape Province, South Africa, recently awarded their 
contract for cast-iron pipes, the value of which is 76,9911., 
to Messrs. Guest, Sykes and Chapman, Limited, Johannes- 
burg, the South African house of Messrs. Guest and 
Thorne, Chapman, Limited, 81, Gracechurch-street, 
London, E.C.3. The pipes are being manufactured by 
Messrs. Cochrane and Company, Limited, of Middles- 
brough. 





InstiTUTION OF NAvAL ArcuitTecTs.—The summer 
meeting of the Institution of Naval Architects will be 
held at Cambridge from July 12 to 15 next. The 
meeting will open in the Senate House on July 12, 
when papers will be read and discussed; an evening 
reception will be held by the Vice-Chancellor of the 
University. The second day, July 13, will be devoted 
to an all-day visit to Bedford and Cardington, and an 
evening reception will be held in the engineering labora- 
tories of Cambridge University. The reading and dis- 
cussion of papers will be continued on the morning 
of July 14, and visits to the Colleges will be paid in the 
afternoon; a garden party will take place in King’s 
College. A banquet, given by the Institution, will be 
held in the Hall of Trinity College on the evening of 
Thursday, July 14. The last day of the meeting, 
July 15, will be devoted to an all-day visit to 
Ipswich and the neighbourhood. Further details will 
be circulated at a later date, when members will be 
asked to send in their names if they wish to attend the 
meeting. 





STANDARD SPECIFICATION FOR ELECTRICAL PROTECTIVE 
Retays.—A further addition has been made by the 
British Engineering Standards Association to the series 
of specifications for electrical apparatus, by the publica- 
tion of the new issue, No. 142—1927, for electrical pro- 
tective relays. This should prove of interest to power 
station engineers and other users of protective relays, 
as, although concise, it deals with the classification and 
performance of relays in a comprehensive manner. The 
new edition contains 26 clauses, the first nine of which are 
definitions of the various types of relays, which are classi- 
fied both as regards the functions that they perform and 
also according to the constructional principles involved. 
The remaining seventeen clauses constitute the specifica- 
tion proper, and deal with the limits of current, voltage, 
time settings, the rating of the contacts, limits of error,” 
insulation and voltage tests, &c.; they also include 
particulars and tables of the volt-ampere consumption 
of the relays. Copies of this new specification may 
be obtained from the B.E.S.A. Publications Department, 





28, Victoria-street, S.W.1, at a cost of 2s, 2d. post free. 


NOTICES OF MEETINGS. 


THE InstrruTION OF MECHANICAL ENGINEERS.- 
To-night at 6 p.m., at Storey’s Gate, Westminster, 8.W.1. 
** Internal-Combustion Locomotives,” by Lieut.-Colonel 
E. Kitson Clark. 

THE Junior INSTITUTION OF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1.  ‘‘ Electrical 
Osmosis,” by Mr. E. Ambrose. Saturday, April 9, at 
2.30 p.m. Visit to Works of Messrs. 8S. G. Brown, 
Limited, Acton. 

Tue Roya InstitutTion.—To-night at 9 p.m., at 
Albemarle-street, W.1. ‘“‘ Early Days in Radio-Activity,” 
by Sir Ernest Rutherford. Saturday, April 9, at 3 p.m. 
‘“The Alpha Rays and Atomic Structure ’’ (Lecture IV), 
by Sir Ernest Rutherford. 

THe Institute or British FOUNDRYMEN: LAN- 
CASHIRE BraNncH. JUNIOR SectTion.—Saturday, April 9, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester. Annual General Meeting. Discussion of 
1926 Examination Paper for “‘ John Wilkinson ”’ Medal. 


Tue Ratiway Crus.—Monday, April 11, at 7.30 p.m., 
at 25, Tothill-street, S.W.1. ‘The Importance of 
Secondary Train Services,’ by Mr. J. F. Gairns. 


THe Braprorp ENGINEERING Socrety.—Monday, 
April 11, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. Annual General Meeting. 

THE InstitTuTION oF CriviL ENGINEERS.—Tuesday> 
April 12, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. Further discussion on “ The Enlarge- 
ment of the City and South London Railway Tunnels,” 
by Mr. I. J. Jones and Mr. G. Curry. 


Tue InstTiTuTE or MARINE ENGINEERS.— Tuesday, 
April 12, at 6.30 p.m., at 85/88, The Minories, Tower 
Hill, E.1., ‘‘ The Recovery and Utilisation of Heat from 
the Exhaust Gases of Marine Internal-Combustion 
Engines,” by Mr. T. Clarkson. 


THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTLanD.—Tuesday, April 12, at 7.30 p.m., at 39, 
Elmbank-crescent, Glasgow. ‘“‘ Latest Developments 
in Underfeed Stoker Practice in the United States,” by 
Mr. J. G. Worker. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: Scor- 
TISH CENTRE.—Tuesday, April 12, at 7.30 p.m., at the 
Royal Technical College, George-street, Glasgow. ‘‘ The 
Application of Machinery at the Coal Face,” by Mr. Sam 

avor, 

THE LIVERPOOL ENGINEERING Society..-Wednesday, 
April 13, at 6 p.m., at 9, The Temple, Dale Street, 
Liverpool. ‘“‘ The Shannon Power Development Scheme,” 
by Mr. 8S. W. Perrott. 

Tue INSTITUTION OF ELECTRICAL ENGINEERS: SOUTH 
MIpLaAND CENTRE.—Wednesday, April 13, at 7 p.m., at 
the University, Edmund-street, Birmingham. “ The 
Applications of Electricity in Warships,” by Mr. W. 
McClelland. 

THE INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednes- 
day, April 13, at 7.30 p.m., at St. Bride Institute, Bride- 
lane, Fleet-street, E.C.4. ‘‘ The Development of Power 
Transmission by Chain,’’ by Mr. E, E. Bradbury. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—While prevailing conditions are still 
of an unsatisfactory nature, there is a general expecta- 
tion of improvement after the Easter holidays. Orders 
for most classes of iron and steel products continue 
scarce, but the increased number of inquiries make the 
position more hopeful. In the raw and semi-finished 
iron and steel trades the amount of business done shows 
a decline. Prices of British manufacture remain high, 
while a considerable amount of business is being done in 
the better qualities of Continental products. There is no 
doubt that the latter business reached its summit during 
the coal stoppage, but considerable tonnages are still 
being delivered in this district under contract, in order 
to cover forward business. In the finished steel trades a 
similar state of affairs exists. Feelers are being received 
more regularly, but owing to high cost of production 
selling prices generally are not sufficiently attractive. 
Makers of railway rolling stock and furnishings are 
experiencing a lull both in requirements of home and of 
overseas users. It is felt, however, that this is only a 
passing phase, and an improvement is anticipated in 
the near future. Makers of various descriptions of 
machinery maintain a moderate output, while electrical 
apparatus is in good demand both in this country and 
abroad. The lighter trades report a slight improvement. 
Demand for files and saws has increased. Engineers’ 
tools also occupy a stronger position. Light foundries 
are finding builders good customers in respect of iron- 
work and general ironmongery. 


South Yorkshire Coal Trade.—Business continues to 
be comewhat restricted, despite the fact that quotations 
show reductions. The unsatisfactory condition pre- 
vailing in the steel industry is reflected in the poor demand 
for industrial fuel, while overseas requirements are well 
below normal. Blast-furnace coke continues scarce and 
dear. Housecoal merchants report no improvement, 
though it is believed that when values reach a lower 
level the demand may increase. Gas coke is firm 
both on home and export account, while furnace coke is 
in strong request. Quotations: Best branch hand- 
picked, 34s.; best house coal, 278. to 29s. ; screened 
house coal, 238. to 25s.; screened house nuts, 19s. to 
2ls.: Yorkshire hards, 18s. to 20s.; Derbyshire hards. 
18s. to 20s.; rough slacks, 11s. to 12s.; nutty slacks, 
8s. to 9s. ; smalls, 3s. to 5s. 6d. 
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AMERICAN INDUSTRY. 


EXAMPLE is better than precept. Neither one 
nor the other is much use unless it be fitted to 
the circumstances for which it is sought, and 
a common practice among those who do not wish 
to follow unwelcome advice is to say that it is 
based on circumstances other than those of the 
party for whose benefit it is offered. The circum- 
stances of American manufacturing industries 
are in some essentials, however, sufficiently similar 
to those of this country to make a comparison 
attractive, and all the more so because, while our 
own industries have been going through a bad time 
for some years past, those of America appear to 
have been prospering in every possible respect. 
At the beginning of last year the Prime Minister 
suggested impressively that no trade union leader 
could do a better service to his cause than by 
investigating closely the methods that enable 
American workmen to have higher wages, produce 
more, and live better than any other working people 
in the world. By the enterprise of the Daily Mail, 
a representative party of trade union leaders was 
sent out with a free hand to see and report exactly 
what they chose. A little later, and quite 
independently, Mr. Bertram Austin followed up 
his service to his country during the war by under- 
taking, in conjunction with a brother engineer, 
Mr. W. Francis Lloyd, a tour of investigation in the 
United States with the object of discovering the 
secret of high wages. The reports that resulted from 
these patriotic and disinterested expeditions were 
noticed in these columns at the time,* and may be 
compared instructively with the report of the 
Delegation appointed by the Minister of Labour, 
which has just been published.f 

The reference to this Delegation was that they 
should study industrial conditions in Canada and 
the United States, “‘ with special reference to the 
relations between employers and employed, in their 








* See ENGINEERING, vol. cxxi, pages 174, 532. 

} Report of the Delegation appointed to study Industrial 
Conditions in Canada and the United States of America. 
Cmd. 2833. H.M. Stationery Office. [ls. 6d. net.] 





bearing upon industrial conditions in Great Britain,”’ 
and report thereon. There was accordingly no 
attempt to shirk the possibility that the industrial 
position in the United States may be due in a sub- 
stantial measure to employers and employed in 
that country having found a better way of conducting 
their mutual relations than we have. The con- 
stitution of the Delegation was such as to make sure 
that each of the parties to industry was represented 
on the mission by experienced men of their 
respective sides, supplemented by independent 
persons of recognised experience and impartiality. 
Sir William Mackenzie, K.C., the chairman, presided 
over the Industrial Court of Arbitration for some 
eight years and over the Railway National Wages 
Board for six years. He was associated on the 
Delegation with two officers of the Ministry of 
Labour. Further, no more typical representatives 
of the British trade union movement could have 
been chosen than Mr. Bevin, the General Secretary 
of the Transport and General Workers’ Union and 
a member of the General Council of the Trades 
Union Congress, and Mr. J. Kaylor, a member of 
the Executive Council of the Amalgamated Engineer- 
ing Union. The employers were represented by 
Mr. M. B. Dewar, of the Metropolitan Carriage, 
Wagon and Finance Company, and Mr. C. Randolph 
Smith, of Messrs. Barclay, Curle and Company. 
The party spent three clear months in Canada and 
the United States, during which time they visited 
68 towns in most parts of the Continent, and, 
to at least such extent as they cared to ask it, 
the guidance of apparently every officer, institution 
and association in each country, state and city, 
seems to have been placed at their disposal with 
unbounded pains, kindness and hospitality. Under 
these auspices they investigated the subject of their 
mission by discussion with individuals and officials 
of every kind, visits to works as well as to work- 
people in their homes, and attendance at several 
conventions of trade unions, management, and 
employers’ organisations. Having happily survived 
these formidable experiences, they have produced 
three months later an unanimous report, containing 
many details that will be fresh to English readers. 
In one respect, however, and that by far the most 
important, they have strictly confirmed what had 
been reported by the missions of last year. As 
between labour and management, the chief charac- 
teristic found by all three missions has been that the 
efforts of both sides are directed, without reserve 
or restriction either of person, job, or quantity, to 
obtaining the utmost possible production for a 
given expense of energy, and neither party seeks 
directly or.indirectly to deter any man from doing 
any work he is competent to do, from being paid 
on whatever basis he can earn most, and from 
undertaking a new class of work as and when he may 
choose. At the same time, the standard of living 
has improved considerably, and in the manufactur- 
ing industries is far higher than it is in this country. 

The particulars given in the body and the appen- 
dices of the latest report make this disposition even 
more striking than it appeared as presented by the 
earlier missions, even though it could not have 
been more emphatic. Of the genuinely industrial 
reasons that seem to commend the fallacies of 
restricted output and of demarcation, by far the 
most important is the fear of unemployment, and 
in earlier days this led American workmen to 
adhere to these doctrines with even fiercer determi- 
nation than has been shown in this country. Their 
conversion appears to have come about not because 
the unions are weaker in the United States than they 
are here, but because at least the preponderating 
majority of the labour movement has become 
firmly convinced that the restrictive practices are 
detrimental to workmen who adopt them. This 
conclusion, however, was reached under very 
different conditions from those of this country. Over 
here, the disaster of unemployment is mitigated by 
the provisions of the’ Unemployment Insurance 
Act, which enable a man, without incurring the 
stigma of pauperism, to be assured at least of 
subsistence while he is unemployed. In some 
instances, indeed, the provision goes so far that 
men have been known to refuse work because it 
resulted in less than the unemployment allow- 
ance. In the United States, on the other hand, it 
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appears there is absolutely no institution of the 
sort. If a man who is unemployed cannot support 
himself out of his own savings, and is unable to 
obtain relief from the relatively small charitable 
funds that are available, he has either to become a 
pauper or to starve. Unemployment, moreover, 
appears to be far more common in the United States 
than it is here. The Commissioner of Labour 
Statistics stated in 1924 that in any year there 
would ordinarily be unemployment to the extent 
of 1,500,000 to 1,750,000 among industrial workers 
engaged in manufacturing, not including those 
unemployed for short periods or through sickness, 
accidents, &c. The Detroit Manufacturers’ Associa- 
tion stated, apparently to the Delegation, that in 
respect of workers in the automobile industry in 
that important centre, the average unemployment 
would be about 15 per cent. at any time. 

The abandonment, therefore, of restrictive prac- 
tices by American workmen is not due to their having 
been through a period of prosperity that relieved 
them from the fear of unemployment. Even in the 
best times they must feel that apprehension to a 
much greater extent than in this country, and, 
except in so far as they have been able to provide for 
themselves, its immediate consequences are much 
more severe. The present attitude is the result of 
sheer conviction that any measures which restrict 
the country’s output or limit the use that can be 
made of its man-power tend to impoverish it, 
reducing the earnings of those who are at work, 
and ultimately increasing the volume of unemploy- 
ment. The details of organisations that have been 
found possible upon the development of this common 
ground between employers and employed may 
well be studied in the original, together with 
the methods of co-operation between all parties to 
industry, such as standardisation, simplification, 
interchange of information, and much else. Far 
more explicitly than is usual with us, they regard 
management as an entity in industry separate 
alike from ownership and from labour, and have a 
practice of promotion strictly according to merit, 
which is thought not to be as common in this country. 
Even now the number of works which have special 
schemes for promoting the co-operation of all 
parties in industry is very far from being a majority, 
but the schemes have been drawn with a remark- 
able variety of detail, and, according to the report, 
are meeting with success whenever they are 
administered in good faith on both sides. The 
trade unions recognise the paramount need that 
co-operation should begin within the individual 
works, and often it stops there and is sufficient. 
Many unions decline to have any political side to 
their activities, and at least one, the Brotherhood of 
Locomotive Engineers, declines to engage in sympa- 
thetic strikes or to forbid their men to work with 
substitutes for strikers. 

The findings of fact by the Delegation confirm 
those of the unofficial missions, so far as they do 
not extend them, and the cost of the investigation 
will have been well spent if its results receive the 
consideration they deserve. Its official character, 
the boundless facilities it enjoyed, and its combina- 
tion of experienced and disinterested onlookers 
of industry with pronounced advocates of each party, 
have ensured that the facts have been disclosed 
fully, and regarded from each of the three possible 
points of view. The Delegation was, in fact, a 
challenge to the findings submitted by the previous 
missions and otherwise present in the minds of many 
industrial economists, and has subjected them to 
criticism from the separate points of view of the 
community, the workmen, and the employers in any 
respect in which they might be thought impracticable 
or open to doubt. No tribunal could well be 
imagined more likely to detect any latent fallacy 
in the apparent effect of the evidence. Had the 
reported facts been open to more constructions 
than what they ostensibly suggest, the fearless 
and outspoken representatives of the trade unions, 
as well as of the employers, would quite rightly 
have expressed them. The unanimous findings 
embodied in the report are sufficient evidence that 
they must be taken as conclusive to all parties. 
It remains for the good sense of the industries, and 
in particular of those who lead the workmen, to 
see that effect is given to them. In principle they 








do not go much beyond what was reported by the 
delegates to the shipbuilding conference, except 
that they record accomplished facts instead of the 
pious resolutions that have remained so long without 
result. They show. in fact, that American industry, 
as well in its trade unions as in its other institutions, 
has now organised its common interests, instead of 
concentrating on mechanisms of internal conflict. 
That must be the next step of British industry if it 
wishes to emulate American prosperity. 








THE DEVELOPMENT AND PROGRESS 
OF PALESTINE. 

Ir is totally unnecessary nowadays to direct 
attention, by means of historical examples, to the 
beneficent effects of British administration in the 
distant parts of the world, which have become 
prosperous components of the Empire. There is, 
however. satisfaction to be derived from the fact 
that the qualities which caused them have not 
been lost to the race. The Mandated Territory 
of Palestine affords a recent example of this, and 
the immediate results of British control there must 
be accepted as an augury for the well-being of the 
inhabitants and the future prosperity of a hitherto 
undeveloped country. Historic Palestine, the 
region west of the Jordan, extends to an area of 
roughly 9,000 square miles, and it is this territory 
for which Great Britain was given the mandate 
at the formulation of the Treaty of Versailles. 
Essentially an agricultural country, Palestine has 
had to rely on outside supplies for any industrial 
products that were required. Only after the British 
occupation was any attempt made to develop 
industries within the land, and already there is 
a clear indication that Palestine will become, in 
the future, the home of a prosperous and contented 
people. 

Immigrants, entering the territory since the 
British occupation, have established factories for 
the production of a variety of goods, such as soap, 
textiles, leather, cement and silicate bricks, and 
a total sum of over 2,500,000/. has been invested 
already in these enterprises. There are many 
difficulties to contend with in such pioneer 
developments, due to high costs of living and the 
indifferent transport facilities. The Government 
has, however, decided upon the policy of granting 
exemption from Customs duties for raw materials, 
and the railways and roads are being improved, 
which actions must have marked effects in 
accelerating progress. From a recent ‘‘ Report on 
the Economic and Financial Situation of Palestine,”’ 
prepared by Mr. K. W. Stead for the Department 
of Overseas Trade, and published by His Majesty’s 
Stationery Office at 1s. net, we are afforded 
evidence of the improvement of transport facilities, 
amongst other matters. Substantial progress has 
been made by the Palestine railways in the tonnage 
handled, the passengers carried, and also in the 
length of line operated. The railway adminis- 
tration operates four sections of line—the Palestine 
railways with a total of 473 km. of open line and 
sidings, the Sinai military railway extending to 
243 km., and the Hejaz railway with 243 km. of 
track in Palestine and 447 km. in Transjordania. 
The two first-mentioned lines use the standard 
gauge, but the Hejaz railway has adopted a gauge 
of 105 cm. At the present time the line between 
Jaffa and Jerusalem is being widened to a maximum 
extent of 1} in. over the normal, to reduce the 
tractive efforts necessary on the curves of 150 m. 
radius and on the 2 per cent. grades. Improvements 
are being made throughout the railway systems 
by the installation of modern instruments and 
working appliances. As the country is subject 
to drought, arrangements have been made for the 
carriage of water to Jerusalem by railway, and 
six trains have been used for the purpose, trans- 
porting from 75,000 to 120,000 gallons daily from 
Lydda. 

Motor transport, unknown before the Great War, 
has made much progress. There are now registered 
with the Government 1,169 touring cars, 295 motor 
‘buses, 111 commercial vehicles and 146 motor- 
cycles. The position of Great Britain, as a country 
of origin of motor vehicles, seems to be exceedingly 
unsatisfactory. In the year 1925 no less than 








805 motor-cars were imported to Palestine, as 
compared with 204 in the previous year. Of these, 
the United States of America supplied 738, in 
comparison with 15 from the British Empire, of 
which 11 came from Canada and four from Great 
Britain. Now that the growth of application of 
motor transport is proceeding at a rapid rate, this 
new market seems to deserve more interest than it 
is receiving from British producers. The metalled 
roads, of which the total length is approximately 
600 kw., are being resurfaced and repaired, and 
many new ones are under construction. In addition 
to well-made roads, there are hundreds of miles of 
tracks, which are usable by wheeled vehicles in the 
dry weather. Another transport restriction on 
the development of trade is the absence of good 
facilities for the loading and unloading of steamers. 
There is an entire absence of good harbour accom- 
modation, the two best ports, Jaffa and Haifa, 
being merely open roadsteads. Attention is being 
given to this subject by the Government, and it is 
hoped to build a modern harbour at Haifa and a 
quay at Jaffa. In the meantime, a temporary 
sea-wall has been made at Jaffa, with the use of 
sheet-steel piling, and some land has thus been 
reclaimed to increase the accommodation for goods. 
Cheap power is as essential as cheap transport to 
industrial progress, and is being provided by the 
Palestine Electrical Company, Limited, who have 
now got three power stations, at Tel-Aviv, Haifa 
and Tiberias. The first-mentioned station supplies 
Jaffa, and the demands on it have so increased that 
the original two sets of 500 h.p. each, had to be 
supplemented by one of 250 h.p., and later by one 
of 1,000h.p. The Jordanis to be used for an hydro- 
electric scheme, in which the first installation of 
plant will be capable of developing 24,000 h.p. 
Extension will be possible in the future until the 
maximum of 300,000 h.p. is available. 

Great Britain supplied goods to Palestine in the 
year 1925, to the value of 1,083,156/. Egyptian, 
or 14-5 per cent. of the total. The increase in 
imports was from 5,266,349/. in 1924 to 7,338,491 
the following year. Australia was responsible for 
3-5 per cent., and India for 3-0 per cent., so that 
the entire importation from the British Empire 
was in that year but 21-0 per cent. of the total. 
These figures, while they are in aggregate more 
than the contribution of any other country, could 
be increased with considerable advantage to our 
export trade. It is also a matter of concern that 
the increase of importation from Germany, France, 
Austria, the United States of America, Italy, 
Roumania and Syria is proceeding at a more rapid 
rate than is the case with Great Britain. The 
principal articles obtained from the United Kingdom 
are the various types of textiles, and the competition, 
which has increased considerably, comes mainly 
from Italy. In machinery, the first place is held 
by Germany, which sends to Palestine goods of 
this type, not including electrical machinery, to 
a value of three times what is obtained from the 
United Kingdom, and almost one-half of the total 
of 231,622. This is another field to which our 
manufacturers and merchant shippers should devote 
more attention. 





TRADE UNION LAW REFORM. 


A Butt to amend the law relating to trades unions 
was formally introduced by the Attorney-General 
on Monday last. It is to be discussed in Parliament 
after Easter. On the present occasion we shall 
content ourselves with summarising its leading fea- 
tures, reserving criticism for a later date. Clause 1 
roundly declares a strike to be illegal if (1) it has 
any object in addition to the furtherance of a trade 
dispute within the trade concerned, and (2) it is 
calculated to coerce the Government or to intimidate 
the community or any substantial portion of it. 
This section is, in part. declatory of the existing 
law as stated by Mr. Justice Astbury in a case 
heard by him during the general strike, and by 
Sir John Simon in the House of Commons about 
the same time. But they were dealing witha 
general strike; the mere “sympathetic strike 
may now be declared illegal. Clause 1 goes on 
to institute penalties for those who take part in, 
or “declare or instigate,” an illegal strike—the 
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most conspicuous of these being that which 
deprives a person of the immunity imposed by the 
Trade Disputes Act, 1906. 

Clause 2 seeks to protect those who refuse to 
take part in an illegal strike by declaring their 
expulsion from a union, or deprivation of benefit, 
illegal. It also gives the Court power to order 
a man so deprived to be compensated from the 
union funds, and, enables him to sue the union 
for that purpose. With regard to intimidation, 
it is proposed to alter the existing law as to 
picketing. Thus the Bill declares it to be unlawful 
for one or more persons, notwithstanding that 
they may be acting in furtherance of a trade 
dispute, to attend near the house of any person 
if they attend in such number or in such manner 
as is calculated to intimidate any person therein, 
to obstruct the approach or to lead to a breach 
of the peace. To “intimidate” is to cause in the 
mind of a person a reasonable apprehension of 
injury to him or to any member of his family, 
or damage to his property. To picket the home 
of a worker is declared to be a criminal offence. 

With regard to the political levy, it is proposed 
to alter the law by making him who desires to 
contribute take some active step, eg., he must 
deliver to the office of the trade union a notice 
of his desire to contribute. As the law now stands, 
the levy is imposed upon all; the man who desires 
to be exempted must take some active step. It is 
also to be provided that the levy must be exacted 
separately from any contribution to the other funds, 
and that no asset of the union is to be carried to 
the political fund. 

The fifth clause prevents any civil servant from 
belonging to any trade union unless that body is 
confined to persons employed under the Crown, 
and is independent of any outside trade union 
or federation of trades unions. Clause 6 makes it 
unlawful for any local authority to insist that a 
person employed by them shall be a member of a 
trade union. It also provides that a local govern- 
ment employee shall be guilty of a criminal offence 
if he breaks his contract of service having reasonable 
cause to believe that the probable consequence will 
be to hinder the authority in the discharge of its 
functions. Clause 7 enables the Attorney-General, 
as well as parties interested, to apply to the Courts 
for an injunction to restrain any application of the 
funds of a trade union in contravention of the 
provisions of the Bill. 

Having outlined the main features of the Bill, 
it is important, in view of the extraordinary state- 
ments regarding it which have appeared in the 
daily papers, to point out what it does not do. 
First and foremost, it does not repeal the Trades 
Disputes Act. The immunity of those who engage 
in a lawful trade dispute can still be enjoyed by 
them. The union funds may properly be applied 
to further the objects of a lawful strike. Again, 
the Bill does not prevent a levy for political 
purposes ; it merely provides for ‘“‘ contracting in ” 
instead of “ contracting out.” It does not prevent 
peaceful picketing, nor does it provide for anything 
in the nature of a peaceful secret ballot. It is 
clear, none the less, that the consideration of the 
Bill in Parliament will occasion a large amount of 
vehement controversy. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

THE second of the two joint meetings of the 
Institution of Mechanical Engineers and the Society 
of Chemical Industry (Chemical Engineering Group) 
was held on Friday last, the Ist inst., at Storey’s 
Gate, Westminster, the chairman of the Chemical 
Engineering Group, Mr. F. H. Rogers, presiding. 


Testing or Lusricatine Ons. 


‘The paper read and discussed was “ Lubricating 
Oils Laboratory Tests in Relation to Practical 
Results.” by Mr. A. G. Marshall and Mr. C. H. Barton. 
It is reproduced in abridged form onpage 435. 

The discussion was opened by Dr. W. R. Ormandy, 
who observed that the statement had been made 
that there was less relation between science and 
Practice in lubrication than might be. The paper 
Seemed to him scientific as regards method, but 





hardly so as to deductions. He gathered that the 
authors considered the oiliness of an oil as of small 
moment. He thought hundreds of examples 
could be instanced to show that this did matter. 
He would ask why, in the experiments on oiliness, 
materials like whale oil and so forth had been used, 
seeing that the material which gave oiliness was 
a fatty body, oleic acid, and the results might have 
been obtained by the addition of a small amount 
of this polar body. The figures given as to the 
effect of oxidation he considered confirmed the 
scientific view. An oil which gave a bad asphalt 
test (Hoblyn test) was an oil which would give 
trouble in a short time. As a user of an engine he 
would choose an oil that showed little oxidation. 
He differed from the authors in preferring a flat 
viscosity curve. and he thought wear was due to a 
shortage of oil. He recognised the difficulty of 
carrying out experiments in a laboratory on a 
level with actual work, but he felt that the results 
given in the paper did not justify the conclusions 
drawn from them. 

Mr. H. M. Martin spoke next. He thought the 
paper was a model of what an industrial research 
paper should be, and regretted there was not time 
to discuss it more fully. Taking it with the previous 
paper he wished to refer to a paper published in 
Natu-e for February 10, 1923, in which Sir William 
Hardy described an experiment made with Heptoic 
acid. With a plate and slider both coated with a 
film of this material, the coefficient of friction was 
0-51 if the test were made immediately after 
putting the slider in place, but it fell to 0-40 if 
the test were deferred until the two had been in 
contact for 40 mins. No diminution of friction 
occurred if the two surfaces were left to themselves 
for an equal period of time before being put in 
contact. Sir William Hardy explained this curious 
phenomenon on the hypothesis that it took this 
great length of time for the molecules to orientate 
themselves. The molecules, in these experiments, 
were, owing to thermal agitation, being jumped up 
and down some 5,000 million times per second. 
Engineers would hardly believe that orientation 
required so long a time under these conditions. 
The hypothesis seemed opposed to common sense. 

His own explanation, Mr. Martin continued, 
was that it was due to the fact that it was impossible 
to produce two absolutely flat surfaces. Even 
nominally flat surfaces made contact only at certain 
high points. There was a surplus of lubricant on 
the opposing surfaces. Surface tension would tend 
to accumulate this round the high points. Irregular 
as the nominally flat surfaces were, however, the 
passages through which the surplus oil had to make 
its way were very small, and as the viscosity of the 
lubricant was high, it was easy to understand that 
a considerable time might elapse before the oil 
succeeded in distributing itself to the best advantage. 
No physicist, would deny that accumulation round the 
high points must occur, and no mathematician would 
dispute the fact that given time for the oil to distribute 
itself, hydrodynamic lubrication would occur when 
the one surface moved relatively to the other. 

A breakdown would occur, with consequent 
abrasion, if the bond uniting the molecules of the 
lubricant to the bearing surfaces was not strong 
enough to stand the very high shearing stresses 
developed when the film was very thin. This argu- 
ment provided an explanation of Mr. Deeley’s 
discovery of the great importance of the adhesion 
of the oil to opposing surfaces when lubrication 
was scanty. It was evident that high points must 
exist in the apparatus in use at the National 
Physical Laboratory for experiments on so-called 
boundary friction. It followed that hydrodynamic 
lubrication must be present, and there was, he 
thought, every indication that the hypothesis of 
boundary lubrication was a myth. 

He had submitted this alternative explanation 
to Nature shortly after the appearance of the 
paper above referred to, but his communication had 
not been published. Although this was a matter 
of little moment perhaps he felt that certain work 
of Mr. J. M. Macaulay, a very able young physicist, 
should have received greater attention than has been 
accorded to it. Professor James Muir, of Glasgow, 
had, some two years ago, set Mr. Macaulay to study 
the problem of the effect of gases, vapours, and 





liquids on solid friction. Mr. Macaulay had experi- 
mented with sliders, and obtained conclusive proof 
that surface tension played a predominant part in 
many of Sir William Hardy’s experiments. He 
developed, moreover, a rational physical theory 
which went far to explain the fact that in so-called 
solid friction the resistance was commonly more or 
less directly proportional to the total load carried. 
Mr. Macaulay had also showed that when the 
surface tension of the liquids used was known, he 
was able, on the basis of his physical theory, to 
calculate with remarkable precision the actual 
figures observed in Sir William Hardy’s experi- 
ments.* It was important to bear in mind that 
Mr. Macaulay had developed a definite physical 
theory, not a mere formula of interpolation. This 
paper had been sent to the Philosophical Magazine 
by Professor Muir, but had unfortunately not been 
accepted. He, Mr. Martin, considered that in the 
interests of science, the publication of an alternative 
explanation was desirable in cases where one had 
been soundly worked out. 

Mr. J. H. Hyde said he disagreed from the first 
part of the paper relating to laboratory and practical 
tests, and thought the tests described were them- 
selves laboratory tests. ‘The mechanism was driven 
electrically, and the conditions of supply of lubri- 
cation load, &c., were all readily controllable. If 
such a machine as a motor ’bus were considered, the 
conditions were very variable. In this connection 
he would refer to Mr. Nickinson’s experiments with 
Messrs. Tilling’s motor ’bus engines, which experi- 
ments should be more widely known. When 
different oils were tried, the diameter of the cylinder 
seemed to be affected by wear and not the bearings. 
The conclusion was reached that an oily oil was 
desirable. The nature of the oiliness was not appa- 
rent in the authors’ experiments, the pressures were 
small and there was plenty of lubrication. With 
heavily loaded mechanisms the surfaces were forced 
together. When sliding first took place contact 
would be between metal surfaces. He was unable 
to imagine a perfect film of oil existing in a heavily 
loaded bearing such as that of a stationary loco- 
motive. He might mention some experiments made 
with the Lanchester machine in which there were 
losses of power from friction of from 3 per cent. to 
12 per cent., and even up to 15 per cent. according 
to the quality of oil used. 

Mr. Harold Moore said he thought the authors 
statement that the bad oxidation results of the oils 
referred to as E and H in the paper hardly affected 
the engine trials, and that carbonisation would not 
be found in running conditions, was due to the short- 
ness of the trials which approximated to laboratory 
tests. He thought that if the oils were used in a 
crank-case under high temperature for four to six 
months asphaltic effects would show themselves. 
He would like to know the sources of the oils. 

Mr. C. H. Barton said that since the paper had 
been completed tests on some other oils had been 
carried out, from which the following figures were 
obtained :— 








Mineral Oil. | Oil S. | Oil T. 
Specific gravity at 15deg.C.  .-. az 0-896 0-937 
Red 1 a 70 a. ¥. i a .| 3,340 sec. | 6,960 sec. 
» 140deg.F. .. + cet Sa 330 ,, 
»  200deg.F.  .. e ae 8 5, 83 ,, 
Coke (Ramsbottom) percent. .. Py 0-44 0-21 





After oxidation at 200 deg. C. for 12 hrs., under Air Board 





conditions. 

atio Viscosity at 100 deg. F. after oxida- 
es — oe - “ aa 1-52 2-9 
Asphalt per cent. (insoluble in petrol ether) Nil. 5-0 
Coke, Ramsbottom, percent. .. oe 1-25 2-58 
Increase in coke value... ne aa 0-81 2-37 
Acidity, as oleic acid, per cent. .. +e 0-9 0-9 
Engine Results :— 
Carbon on piston head, grammes “a 1-01 0-51 
Sludge separated by centrifuge, grammes 

(less ash) ae za a ae 0-56 0-23 
Ring wear, grammes, top ee re 0-024 0-019 

“* pal bottom .. a 0-031 0-331 











Mr. E. R. Redgrove said that oiliness existed, 
but he doubted whether it was a desirable feature in 
an internal combustion engine where conditions 
were highly favourable to oxidation. He had made 





* See ENGINEERING, vol. cxxii, p. 654. 
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experiments with an asphaltic base oil, which, when 
oxidised under Air Board conditions, showed an 
increase of viscosity ratio from 1 to 3-6, asphalt 
ratio from 0 to 2-8, and coke ratio from 0-2 to 2-0. 
Repeating the tests in the presence of copper the 
figures became, viscosity 11-9, asphalt 5-0 and 
coke 3-6. Aluminium made little difference. With 
the addition of 1 per cent. oleic acid, the figures were 
respectively 13-2, 8-1 and 4-1, and with 5 per cent. 
of lard oil 12-4, 7-6 and 3-6, showing an increase 
in the presence of fatty bodies. He wondered 
whether oiliness was worth while when thus pur- 
chased at the cost of increased asphalt. &c. He was 
not so much concerned with deposits of carbon on 
the pistons as these rarely led to serious breakdowns. 
The more pressing danger was at the big end of the 
connecting rod. The oil seemed to thicken to such 
an extent that it would not pass through the oil 
channels. The ideal conditions for oxidation in the 
crank-case caused this thickening. 

Mr. T. H. Adams agreed with the authors regard- 
ing the divergence of present theory and practice. 
The latter, as regards lubrication, was based mainly 
upon specifications, and specifications were drawn 
up on the physical and chemical examination of 
oils satisfactory in practice. By such specifications 
it was possible to prevent the use of an oil differing 
materially in properties from those hitherto used 
for a specific purpose. As there was no actual 
pressure on the friction surfaces the results given in 
Table I (page 435) were not really surprising. All 
that was being measured was the shear of the oil 
film, and not necessarily the friction between the 
interface of metal and oil. He wished to know if 
any record had been taken of the temperatures 
reached during the different tests ?. The deceleration 
test of Table II showed that with the mineral oil 
alone the conditions of the working surfaces varied 
from time to time, the repeat tests with flooded 
lubrication differing as much as 29 revolutions. 
Too much importance should not be attached to 
column 4 of that table, as the figures for mineral 
oil alone varied so much. He had made many 
experiments on a Thurston machine, his experience 
being that the slightest suggestion of faulty lubri- 
cation involving metallic contact necessitated a 
long period of careful running before normal results 
could again be obtained with the same oil under the 
same conditions of temperature, pressure and oil 
feed. This applied largely to the results quoted in 
Table III. There did not appear to be much to be 
learned from these results, seeing that the sub- 
stitution of compounded oil for straight mineral 
oil sometimes caused more wear and sometimes 
less. 

On a practical scale, compounding, and increase 
of amount of compounding, had shown very 
beneficial results. In his own experience a group 
of engines of one particular design had frequent 
hot boxes when using their standard compounded 
oil containing about 7} per cent. of fixed oil. The 
Redwood viscosities of this oil were about 
1,570 seconds at 70 deg. F., and about 149 seconds 
at 140 deg. F. A trial was then made with a more 
heavily compounded oil having a Redwood viscosity 
of about 1,300 seconds at 70 deg. F., and about 
155 seconds at 140 deg. F., the compounding 
agent being about 25 per cent. of blown oil. 
Satisfactory results were obtained, and for that 
class of engine the heavily compounded oil had 
been adopted as standard. The ordinary standard 
oil first mentioned was still used for all other 
classes of locomotives. He asked the authors on 
this point (1) What was the special virtue, if any, 
of compounding with blown oil ? (2) Was it better 
to thicken a relatively thin mineral oil with a 
heavily blown oil or to thin a heavy mineral oil 
by means of a lightly blown or unblown oil, the 
final compounded oils having to agree within 
narrow limits in viscosity at 70 deg. F. and 
140 deg. F. ? 

Specifications which could only be met by the 
use of an oil prepared from paraffin base crude, 
were based on old and satisfactory practice. 
The more recent discoveries of asphaltic and 
mixed base crudes had brought on to the market 
lubricating oils, prepared from them, at highly 
competitive prices. The question had arisen of 


lubrication. He would like to ask the authors 
if they knew of any reason why asphaltic base oils 
should not lubricate equally as well as paraffin base 
oils. 

Referring to Tables IV, V and VI of the paper, 
illustrating the oxidation of mineral oils by blowing 
air through them for six hours at 200 deg. C., 
were the authors really satisfied that oxidation 
did cause a change in viscosity, or did they not 
think it was much more likely that the change 
was mainly due to volatilisation of some fraction 
of the oil? He agreed, to a great extent, that the 
only guide of lubricating quality at present was 
actual trial under conditions of service. He had 
maintained his specifications because they were 
based on such experience. 

Mr. F. W. Thorne, referring more particularly to 
Dr. Ormandy’s paper, enquired whether lubrication 
was a statistical problem in molecules or a question 
of individual molecules ? The difficulty of preparing 
surfaces to deal with molecules was admitted. 
A section of a such surface would show an irregularly 
serrated outline in the hollows of which would be 
pools of lubricant. Even surfaces in contact could 
not be absolutely plane to one molecular diameter. 
The pools would contain hundreds of the polar- 
headed bodies referred to. How far would their 
influence extend in a standard oil ? In Dr. Stanton’s 
Hawksley lecture of 1922 the nearest approach was 
of the order of 10,000 molecules. Dr. Ormandy 
had stated that the first layer was held with con- 
siderable force, which died away very quickly, 
the force holding the second and further layers 
being very small. Would the statistical problem 
of the oil come in beyond the field of force ? Would 
there then be the Osborne Reynolds type of lubri- 
cation in a journal ? 

Turning to the flat viscosity curve. If, as the 
temperature increased the viscosity decreased the 
surfaces would presumably come into contact at 
some temperature, and abrasion with subsequent 
seizure would occur. He had heard of surfaces 
coming into contact when allowed time. Taking 
a block of 2 in. in diameter and imposing a load of 
700 lb., the pressure per square inch would be about 
2201b. Placing this on a layer of castor oil at 
about 165 deg. F. on another surface presumably 
flat, it would take about 34 hours for the block to 
approach to within a wave-length of light to it, by 
the oil becoming squeezed out. Dr. Ormandy’s 
conclusions seemed to bear out the fact that the 
few polar bodies scattered about the rather serrated 
surface did not affect the operation of the lubricant. 
As Dr. Stanton had said, the Osborne Reynolds 
type of lubrication seemed to hold right up to the 
point of the seizure. Then something happened 
very quickly; what it was was unknown, and it 
was in this direction that research was needed. 
The assumption, in the case of Osborne Reynold’s 
lubrication was that the fluid in contact with the 
solid body moved with the solid body. 

Mr. H. D. Nickinson said he advocated some years 
ago, against adverse criticism, the testing of lubri- 
cants for motor-bus engines under actual working 
conditions. He was glad to see the authors were 
endeavouring to reproduce working conditions, but 
test bench runs still remained unsatisfactory, as 
the variables were eliminated in a manner impossible 
in practice. In actual use speed and temperatures 
constantly fluctuated ; some engines had cast-iron 
pistons, some aluminium; there was pressure oil 
feed, and splash trough feed, and so forth. He 
had found no beneficial results in his own fleet when 
using oils with free fatty acids, but some tests 
carried out at the National Physical Laboratory 
showed that the addition of free fatty acids to his 
oil improved the Deeley value. The average 
coefficient of friction under a pressure of 20 Ib. 
to 120 lb. per sq. in., in the case of an unused oil 
was reduced from 0-102 to 0-090, but tests on the 
Lanchester worm gear only showed an increase in 
efficiency of from 93-8 per cent. to 93-97 per cent., 
a difference within the range of experimental error. 
The results from the Conradson or Ramsbottom 
methods as regards carbonisation were not generally 
borne out in his practice. The more cylinder 
stock in the oil the higher the coke value and usually 
the more carbon on the pistons, but in distilled oils 





their suitability for relatively low temperature 





with no stock the coke value was no guide, many of 


them producing an enormous amount of carbon in 
use. Cast-iron pistons gave more carbon on the 
top than aluminium ones. As to oxidation tests 
he thought they failed, as no allowance was made 
for dilution by unburnt fuel. His experience of 
crank case oils was that their viscosity was actually 
lower after use owing to such dilution. The oxida- 
tion test seemed to predict correctly the amount of 
sludge possible. Thus in Table IX of the paper the 
oils E and H showed 7-2 per cent. and 10-1 per 
cent. sediment after oxidation, and the same two 
oils after use gave 0-157 per cent. and 0-395 per 
cent. That was something to work on, as from his 
experience oils like E and H and many straight run 
distillates usually gave a greater amount of sludge 
and deposit in the engine than oils like F and G. 

He thought the way to judge a viscosity curve 
was to work back from the normal working tem- 
perature of the oil. The average oil temperature 
on his motor ’buses was about 70 deg. F. above 
air temperature, or a summer reading of about 
140 deg. F. The oil used had a viscosity of about 
130 secs. at 140 deg. F. He did not see much object 
in using an oil with this viscosity, and 1,800 sec. at 
70 deg. F., when it could be obtained with only 
1,250 sec. at 70 deg. F. He thought there would 
be more oil friction with the 1,800 sec. oil, and 
greater difficulty in circulating it during warming 
up. Most of the cases of seized pistons and run 
bearings happened first thing in the morning on 
starting up. In the table of viscosities of oils 
M and N, these should be the same at 50 deg. C., 
and not 20 deg. C. 

He wished to ask the authors whether oils pro- 
duced in modern high-vacuum stills were as stable in 
use as those produced under a lower vacuum. 
Perhaps this accounted for oils E and H showing 
bad oxidation results. If they had been produced 
in stills with a relatively low vacuum, would there 
be more decomposition in the stills and less liability 
to be affected by oxygen? Also, when oils were 
produced under high vacuum what was the effect 
on them of the pressures and temperatures of the 
modern high-compression engine ; would they not 
show up better under medium vacuum production ? 
Had the authors any data as to the effect of sulphur ? 
He believed sulphur was to be avoided. 

Mr. W. Lee pointed out that the Air Board tests 
were specially designed to meet aeroplane oil 
requirements, and he thought the temperatures, 
&c., were rather severe. No notice was taken of 
the amount of oil distilled off. As regards practice 
versus tests, he had found a close relation between 
oxidation and coking results and practice. 

Professor Haigh said the discussion and paper 
both confirmed the view that viscosity lay at the 
bottom of all problems of lubrication. A model 
he exhibited illustrated the peculiarities, of the 
flow of a lubricant in a bearing, due to viscosity. 
It consisted of a circular bearing, closed at each 
end, containing glycerine, the ends of the tank thus 
formed being of glass. A drum representing a 
portion of a shaft was rotated in the bearing, and 
when it was situated eccentrically to the bearing 
it was seen that while a certain layer of the glycerine 
was carried round with the shaft, another portion 
merely circulated in a crescent-shaped path in the 
wider clearance space caused by the eccentricity 
of the two parts. ; 

Mr. A. G. Marshall, replying to the discussion, 
said that Dr. Ormandy had wondered why some of 
the oils tested, were used in preference to oleic 
acid. They had, however, tried the latter, and 
found that it had, on two occasions, given increased 
friction. No selection had been made of the results 
presented, and they had been confirmed by large- 
scale experiments on engines of vehicles. The 
large number of isolated points to which reply 
was necessary would be better dealt with in @ 
written communication to the Proceedings. The 
meeting then terminated with a vote of thanks to 
Mr. Marshall and Mr. Barton. 





TRiaL TRIP OF THE S.S. ‘“‘ CasTILLA.”—On Wednesday, 
March 30, Messrs. Workman, Clark and Company, 
Limited, carried out successful trials of the S.S. C astilla, 
the first of three finely modelled vessels which they = 
building to the order of the United Fruit Company ° 
Boston. A description of this vessel will be found on 








page 325, ante, written on the occasion of her launch. 





a a a a re oe a ee 


— 


the 
Sts 
ide 


lly 
da- 
the 
per 
wo 


his 


ts 
oil 


el 


ApRIL 8, 1927.] 


ENGINEERING. 


427 








NOTES. 


THE ELEctRIcAL INDUSTRY IN 1926. 


In the speech which he delivered at the recent 
Annual Meeting of the British Electrical and Allied 
Manufacturers Association, Colonel R. K. Morcom, 
the Chairman of the Council, did not allow himself 
to be too optimistic. Though the electrical indus- 
try had prospered, he seemed to imply that there 
was no particular reason why it should not have done 
a good deal worse. For while at the beginning of 
1926 there were considerable grounds for optimism, 
the situation in our own coalfields and the artificial 
stimulus given to German industries by the Dawes 
scheme, were something more than clouds on a 
fair sky ; and it appeared that nothing but a rapid 
increase in world demand could possibly prevent a 
serious over-production crisis. In the event, the coal 
strike so reduced our production that Europe was 
saved from this catastrophe and did not more than 
balance its accounts. Colonel Morcom went a step 
further and argued that the strike was, in fact, bene- 
ficial to the electrical industry, in that the shortage 
of fuel brought into great prominence the efficiency 
and economy of electrification. But it may be 
doubted whether a part can thus be separated from 
the whole, and whether the electrical industry has 
not yet to feel the full effect of last year’s disastrous 
events. The passing of the Electricity Supply Act, 
to the good features of which Colonel Morcom rightly 
drew attention, may act as a set off to this, especially 
as the increasing availability of electricity supply, 
which will result from the work of the Central Board, 
will mean a greater demand for all classes of plant. 
Even under present conditions there is considerable 
leeway to make up. Our industries employ no more 
than 5,000,000 h.p. of electric motors, compared with 
13,000,000 h.p. in Germany. The natural conclu- 
sion, therefore, is that this country is not spending 
enough on electrical development. A high-class 
commodity to sell, and abundant markets in which 
to sell it, would not seem to be a prospect entirely 
without its attractions, yet, in considering the future 
Colonel Morcom did not allow himself to be other 
than pessimistic. He could see no indications of 
a general trade expansion. A financial combination 
between America and Germany would make competi- 
tion keener, and morestable financial conditions would 
increase unemployment on the Continent. Many 
markets too, were suffering from depression, and 
unless prices moved upward the export trade was 
likely to be slack. Then again there was the Dawes 
plan. This had resulted in a closer co-operation 
between France, Germany and the United States with 
a view to dominating the world’s markets. To 
counteract these tendencies the solution was to 
strengthen and develop our home market, especially 
the demand for industrial motors. This is looking 
on a very dark side of the picture, and when we 
examine such results as were published in Enat- 
NEERING of January 14, 1927, we wonder whether 
Colonel Morcom does not make too great a use 
of the minor key. Even in 1926 the electrical 
industry did well; there seems no reason why, in 
1927, it should not do better. 


THE FLow oF THE River SEVERN. 


Under the leadership of Professor S. M. Dixon, 
a research on the flow of the River Severn, at 
Bewdley, Worcestershire, is being conducted by 
the Civil Engineering Department of the City 
and Guilds (Engineering) College, Exhibition-road, 
London, S.W.7. Operations commenced in 1921, 
when a water-level scale was erected on the quay 
wall in the town; this is read daily by the scholars 
of Bewdley Council School, under the guidance of 
one of the masters. Daily records of rainfall are also 
kept. Another water-level scale and a continuous 
water-level recorder have also been installed at the 
Severn bridge of the Birmingham Waterworks, 
about 3 miles above Bewdley. The water-level 
recorder is operated by a float working in a concrete 
well on the river bank ; a continuous record of the 
water level is traced on a chart, which is changed 
every week. The accuracy of the record is checked 
by daily readings of the fixed water-level scale, and 
ri eg uge observations are alsotaken. These water- 
evel readings show the variations in the surface 
level of the river only, and, in order to convert 





them into records of the quantities of water dis- 
charged, numerous discharge measurements have 
to be effected. These are made at various 
stages of the flow of the river and cover the whole 
range from low water to flood. At Bewdley, dis- 
charge measurements are made, by means of current 
meters, on a specially selected portion of the river, 
located about half a mile above the town. The 
majority of the measurements have been made 
with Price meters, but Amsler, Ott, and Stoppani 
meters have also been utilised. The Price meter is 
ordinarily operated by means of cable suspension, 
and a special gear has been developed to enable 
gaugings to be carried out expeditiously and accu- 
rately. Up till December, 1926, 48 discharge measure- 
ments had been made. It is necessary, however, 
that the work should be continued because it has 
been ascertained that the relation between water 
level and discharge changes from time to time. 
It was at first thought that these changes were 
seasonal, and attributable to the clogging effect of 
weed-growth in the channel; later observations, 
however, do not confirm this view. The Department 
of Scientific and Industrial Research is giving 
assistance, and further discharge measurements are 
being made, in the hope of discovering the cause 
of the variations in the stage-discharge relation. 
The catchment area of the Severn, above Bewdley, 
is about 1,630 square miles, and the average annual 
rainfall in the district is approximately 34-5 in. 
During the period from March, 1921 to October, 
1926, the maximum discharge was about 17,500 
cusecs and the minimum 200 cusecs, representing 
10-8 and 0-12 cusecs per square mile, respectively. 
It should be noted, however, that these figures 
refer to the actual flow in the river, as modified by 
the Vyrnwy Works of the Liverpool Corporation. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 


THE spring meetings of the Institution of Naval 
Architects commenced on Wednesday morning last, 
in the hall of the Royal Society of Arts, John- 
street, Adelphi, W.C.2, and will be concluded 
to-day. There were nine papers on the programme 
for reading and discussion, and these were dealt 
with in six sessions held on the morning of Wednes- 
day, the morning, afternoon and evening of Thurs- 
day, and the morning and afternoon of Friday 
(to-day). The annual dinner took place as usual on 
the Wednesday evening, being held in the Grand 
Hall of the Connaught Rooms, Great Queen-street, 
W.C.2. At the opening meeting on Wednesday, 
the chair was taken by His Grace the Duke of 
Northumberland, the President of the Institution, 
and the first item on the agenda was the presenta- 
tion of the annual report of the Council. This was 
read by Mr. R. W. Dana, the secretary of the 
Institution. 

REPORT OF THE COUNCIL. 


The report first referred to the severe depression 
in the shipbuilding and engineering industries, 
which had resulted in a smaller number of candidates 
than usual presenting themselves for admission to 
the Institution. Sympathetic reference was made 
to the death, during the past year, of several 
prominent members, including Mr. Stevenson 
Taylor, Sir James Kemnal, and Mr. Benson Taylor. 
The announcement was made that His Grace the 
Duke of Northumberland had consented to act for 
another year as president, and that Mr. A. E. 
Seaton had been elected an honorary vice-president. 
Honorary membership had been conferred on 
H.M. the King of the Belgians and on Admiral 
Sir Reginald Custance. A reference was made 
to the summer meeting held in Belgium last June, 
and duly reported in our columns at the time. 
It was also stated that arrangements had been 
made to hold the summer meeting this year at 
Cambridge. Acting in conjunction with the Board 
of Education and the Worshipful Company of 
Shipwrights, the Council had set up committees for 
dealing with the award of National Certificates in 
Naval Architecture in England and Scotland, respec- 
tively, and the names of the members and secre- 
taries of these committees were given in the report. 
The names of members elected during the year to 


represent the Institution on various other bodies 
were also mentioned. We referred, on page 543 
of our last volume, to the award of the Kelvin 
Medal to the Hon. Sir Charles A. Parsons, the award 
being made by a joint committee of the principal 
engineering institutions, including, of course, the 
Institution of Naval Architects. A brief reference 
to the award was made in the report. 

The Council expressed regret at the resignation 
of Sir William Smith from the chairmanship of the 
Advisory Committee of the William Froude National 
Tank, and recorded their appreciation of his services 
in that capacity since the formation of the com- 
mittee in 1909. Sir Eustace d’Eyncourt, the 
report stated, had been elected by the board of the 
National Physical Laboratory as Sir William Smith’s 
successor. The Institution’s Gold Medal for the year 
had been awarded to Mr. R. Sulzer for his paper on 
“Temperature Variations and Heat Stresses in 
Diesel Engines,” which was reprinted on page 447 
of our 121st volume. The award was announced 
in the report, and the presentation was actually 
made to Mr. Sulzer at a later stage in the proceedings, 
as recorded below. The British Marine Engineering 
Design and Construction Committee, constituted in 
1917 under the chairmanship of Mr. A. E. Seaton, 
had now been dissolved, its work having been 
completed by the publication of reports in 1921-22. 
The following scholarships had been awarded during 
the year:—The Martell Scholarship in Naval 
Architecture to Mr. J. H. Lamble, of H.M. Dockyard, 
Devonport; the Yarrow Scholarship in Marine 
Engineering to Mr. John McKissack, of Messrs. 
G. and J. Weir, Limited; and post-graduate 
research scholarships to Mr. J. H. Todd, of Armstrong 
College, Newcastle-on-Tyne, and Mr. T. W. F. 
Brown, of the Royal Technical College, Glasgow. 
The report concluded with a statement of accounts . 
of the Institution, and of the various scholarship, 
research and benevolent funds, for the year. In 
connection with the benevolent fund, it was 
mentioned that Sir Eustace d’Eyncourt, Rear- 
Admiral Sir Douglas Brownrigg, and Sir Archibald 
Denny had been re-elected to the committee. 

The Chairman moved the adoption of the report, 
which was duly carried. 


ELECTION OF OFFICERS AND PRESENTATIONS. 


The next business was the election of officers, 
and the Chairman first read the names of sixteen 
vice-presidents who would continue to serve in that 
capacity, and afterwards a list including the names 
of a vice-president, a number of members of council 
and associate members of council elected as a result 
of a ballot by the members. The new vice-president 
was Engineer Vice-Admiral Sir Robert Dixon, and 
the new members of council :—Mr. John Austin, 
Mr. W. J. Willett-Bruce, Mr. A. E. Doxford, Mr. 
P. D. Ewing, Engineer-Commander C. J. Hawkes, 
Professor P. A. Hillhouse, Mr. C. F. Munday, 
Sir Archibald Ross, and Mr. F. J. Stephen. The 
following gentlemen were elected as associate 
members of council .—Rear Admiral Sir Douglas 
Brownrigg, Mr. W. L. Hichens and the Rt. Hon. 
Walter Runciman, M.P. 

The election of these officers having been duly 
confirmed by the meeting, the Chairman said his 
next duty was to present the diploma of honorary 
membership to Admiral Sir Reginald Custance, 
in recognition both of his distinguished career as 
a naval officer and of his services to the Institution 
during the past fifty years. In addition to his 
services to the community, Sir Reginald, the 
Chairman remarked, had done much valuable work 
by his writings on the subject of naval science, 
many of which had been contributed to the Institu- 
tion. In his reply, Admiral Custance expressed 
his deep appreciation of the honour conferred upon 
him, and recalled the names of Sir E. J. Reed, 
Sir Nathaniel Barnaby and Sir William White, 
who had also taken a prominent part in the affairs 
of the Institution in the early days. As mentioned 
above in the report, the Institution’s Gold Medal 
was then presented to Mr. R. Sulzer, and, in doing 
so, the Chairman congratulated Mr. Sulzer on his 
paper and on the excellent work he was doing in 
the development of the Diesel engine. In expressing 
thanks, Mr. Sulzer remarked that he regarded the 





honour conferred on him as an appreciation of the 
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work of his firm and of the engineers associated with 
him. 
PRESIDENTIAL ADDRESS. 

His Grace the Duke of Northumberland then 
delivered his presidential address, in which he 
first thanked the Royal Society of Arts for having 
again placed their hall at the disposal of the Institu- 
tion for the meeting. He referred briefly to the 
coming summer meeting at Cambridge, remarking 
that while there were no shipbuilding or marine- 
engineering works to be visited in Cambridge, 
there was a great school of engineering from which 
a large number of well-trained engineers, including 
many members of the Institution, had been added 
to the ranks of the profession. It was at Cam- 
bridge, he added, that the first experiments on the 
steam turbine had been made by Sir Charles Parsons. 
Referring to the depression in the shipbuilding 
industry, he remarked that the present outlook 
appeared to be more hopeful, since much of the 
useless shipping had been absorbed or scrapped, 
and shipping companies had begun to place orders 
for new tonnage. The shipbuilders’ difficulties had 
been greatly increased by the fact that the reduction 
in warship building had coincided with the decline 
in the demand for merchant tonnage. One result 
of the reduction in naval construction had been the 
discharge of a large number of dockyard operatives, 
including not only skilled men but also apprentices. 
The discharge of the latter was particularly dis- 
astrous and far reaching, as it diverted from the 
shipbuilding trade and profession a number of 
skilled and partly-trained young men who drifted 
into other occupations, or into unemployment, at 
an age when they should be completing their train- 
ing and becoming fitted to fill the vacancies which 
time would create in the older ranks. The falling 
off in the numbers of student members of the 
' Institution, and of applicants for scholarships and 
certificates, as well as the reluctance of parents for 
their sons to enter on a shipyard career, were 
unmistakable signs of the evil effect of this policy. 
Shipbuilding was one of our key industries, and 
should be prevented at all costs from losing its 
future supply of skilled operatives. 

Another matter referred to in the address was 
the proposed Bill for the registration of engineers. 
The proposal, His Grace remarked, had met with 
unanimous opposition from all the leading societies, 
and had, he thought, no possible chance of becoming 
law. An indirect result of the steps taken to 
oppose it, however, had been to show how un- 
organised the engineering profession was in the 
matter of representation in the legislature. The 
number of members of the House of Commons who 
had been trained as naval architects or marine 
engineers was absurdly small in comparison with 
the importance of those industries. It was to be 
hoped that, in the future, engineering, in its broadest 
sense, might be more strongly represented and better 
organised to advance the interests of the profession. 
In conclusion, His Grace remarked that industrial 
prosperity could only be restored by whole-hearted 
co-operation between all sections of the com- 
munity, and by economy on the part of the Govern- 
ment. Taxation and rates were now throttling 
our industries, and expenditure must be reduced 
if prosperity was to be restored, but one of the most 
serious factors in the situation was the apparent 
powerlessness of the House of Commons to provide 
any effective check on the squandering of public 
money. We still had great resources in materials, 
as well as in man power and brain power, but 
unless public opinion could be roused to our present 
dangers, the cherished hopes of a trade revival 
were not likely to be realised. 


Erosion OF CONDENSER TUBES. 


The Chairman then called upon Sir Charles 
Parsons to read his contribution, ‘Some Investi- 
gations into the Cause of Erosion of the Tubes of 
Surface Condensers.” We reproduce this paper 
on page 433 of the present issue. After delivering 
his paper, Sir Charles, exhibited a kinematograph 
film, which depicted the various pieces of apparatus 
used in the course of his research, and also some of 
the actual experiments in progress. 

The discussion was opened by Engineer Vice- 
Admiral Sir Robert B. Dixon, who stated that Sir 





Charles had undoubtedly proved that one. of the 
causes of the failure of condenser tubes was cavita- 
tion or erosion due to water hammer. He, himself, 
did not think that this was a main cause of the 
failure, or indeed, a major cause; he still thought 
that corrosion had to be contended with. The author 
had suggested various remedies for the trouble. 
Like all remedies, however, they had disadvantages 
and, speaking from a naval point of view, some of 
these disadvantages were serious. The author had 
suggested first, that a grid should be fitted at the 
inlet end of the tubes. While this would no doubt 
remedy the vortex action, it would add to the 
weight of the condenser, and would also affect the 
time occupied in detecting and plugging a defective 
tube. At the present time, a defective tube could 
be found and plugged in from half-an-hour to one 
and a-half hours. If grids were fitted that period 
would be lengthened to a very material extent. 
The second remedy, suggested by Sir Charles, 
consisted in reducing the velocity of the water inlet. 
The drawback of this procedure, from a naval 
point of view, was that it would add materially to 
the weight of the condenser. Assuming that the 
problem of erosion could be effectively dealt with, 
the corrosion question was still present. 

The number of condenser tubes, for main and 
auxiliary purposes, in all the naval vessels in 
commission during the six months ending December 
31, last, was 2,890,000. During that period only 80 
tubes failed; this represented 0-0028 per cent. 
of the total number. It would, therefore, seem 
that the condenser-tube difficulty had been exag- 
gerated. The fact that a condenser tube might 
give out on service might, however, mean the loss 
of a ship, and it was, therefore, imperative that the 
condenser tube problem should be elucidated. The 
Corrosion Research Committee had carried out 
valuable work on the causes and prevention of 
corrosion. They had also suggested a reduction 
in the velocity of the water passing through the 
condenser tubes. The remedy for the trouble they 
were discussing lay, in his opinion, in utilising some 
other material for the manufacture of the tubes. 
Tube makers were actively engaged in trying other 
alloys, particularly those of copper with nickel. The 
Admiralty were carrying out tests on different 
materials for the manufacture of condenser tubes 
and, so far, interesting and satisfactory results 
had been obtained. It was, however, too early 
to say definitely whether any of the various alloys 
examined were really better for condenser tubes 
than the material which had come to be known as 
Admiralty metal. 

Mr. 8S. B. Freeman said that the financial loss 
occasioned by condenser-tube failure was extremely 
serious, and had been brought to the front, some 
3 or 4 years ago, when higher water speeds had 
been introduced. The material damage was also 
considerable ; it was quite clear that trouble with 
condenser tubes meant subsequent trouble with 
superheater tubes. The nature of the attack on 
tubes often differed considerably. Sometimes ero- 
sion caused the formation of a single hole and the 
remainder of the material was sound. At other 
times, dezincification was produced and a copper 
sponge was formed round the hole. The reason 
why tubes eroded was by no means clear; he 
could not see how water hammer could produce 
dezincification. He could conceive of very tiny 
bubbles, permeating the circulating water, but could 
not see how any hydrodynamic effect could cause a 
tube to change colour. Mr. Freeman then gave 
particulars of the renewals of the condenser tubes of 
a ship which had left the builders in November, 
1924. After experiencing severe trouble, the tubes 
were sprayed with Bitumastic solution in February, 
1925. At this time, 3 tubes had failed in the upper, 
and 45 in the lower box. In April, 1925, the chief 
engineer of the vessel fitted a perforated mild-steel 
plate, g-in. thick, in the lower box at the after, i.e., 
inlet end, and no further spraying with Bitumastic 
solution wasdone. Between June, 1925, and March, 
1927, the renewals had been lessened very conside- 
rably. 

In the sandy waters of the Suez Canal and of the 
various rivers through which the ship had to pass, 
the Bitumastic coating usually remained intact 
little more than a year. It seemed, therefore, 





that the grid was doing good work. The theory 
underlying its use was that the dissolved air in 
the water was thrown out by contact withthe 
grid and escaped through the air hole provided, 
Sir Charles had indicated that the grid should be of 
considerable depth, and this modification would 
make an interesting experiment. As far as he 
could see, corrosion was due to combined me- 
chanical and chemical action, and the controlling 
factor was air. The difficulty was to design an 
apparatus which would give the best results in the 
crowded engine room. In conclusion, he thought 
no more useful paper could have been given to the 
Institution at the present juncture, and he hoped 
that the Navy and the Mercantile Marine would 
get rid of a recurrent nightmare by Sir Charles’ 
beneficent help. 

Dr. G. D. Bengough, who was the next speaker, 
stated that he thought Sir Charles had overlooked 
a paper read by Mr. R. May and himself before the 
Institute of Metals in 1924.* They had come to 
the same conclusion as the present author with 
regard to the influence of vortex action in producing 
local corrosion, They had stated, in their conclu- 
sions, for instance, that the nature of the vortex 
motion in the water-box would depend upon its 
size and shape, the nature of obstructions, such as 
steel or zinc blocks, the speed and type of flow 
of the water entering it, the arrangement of the 
inlet piping, and, no doubt, other factors, 
Further, the effect might cause violent impingement 
at the inlet ends of the tubes with the possibility 
of erosion, and might also cause a rotary motion 
for some distance down the tubes. Mr. May and 
he had arrived at these conclusions by methods 
different from those employed by Sir Charles, 
They had, however, not been able to produce the 
cone effect obtained by the present author. The 
photographs reproduced in their paper were very 
similar to those depicted in Fig. 4a of the present 
contribution. They had, moreover, succeeded in 
getting the form of attack they were discussing to 
extend 2 ft. into the tube, farther down than had 
been the case in the present investigation. 

Chemical workers considered erosion to be the 
mechanical cutting away of the metal. Corrosion, 
on the other hand, was the result of chemical or 
electrochemical attack. He gathered from the 
paper that the author considered the action to be 
entirely due to the mechanical cutting away of 
metal. With Mr. May, he had come to the con- 
clusion that the vortex action cut away the film of 
corrosion; the metal then corroded again and 
the film was again removed. The action of the 
vortex consisted in the continual cutting away of 
the corroded film ; it was a case of the erosion of the 
protective scale rather than the erosion of the metal 
itself. He would like to add that the causes of 
dezincification were well understood and no engineer 
need now have trouble with this form of corrosion. 
He thought that the action of these vortices was 
partly chemical and partly mechanical ; the matter 
was fully described in the paper to which he had 
referred. 

Turning now to the fitting of a grid in front of the 
condenser tubes, it was interesting to find that Mr. 
L. J. Kettle, electrical engineer of the City of Dublin, 
had experimented with this some time ago. Mr. 
Kettle had, however, put in a grid in an endeavour 
to give his tubes a certain amount of electro-chemical 
protection. The experiment had not proved a 
success. The real trouble had been proved to be 
due to the presence of sulphuretted hydrogen in the 
sea water and not to vortex effect. He would like 
to emphasise that there were a number of different 
agencies which set up corrosion in condenser tubes. 
and it was not likely that one single remedy would 
be efficient in all cases. The fact that a grid failed 
in Dublin, however, did not mean that it would not 
prove successful in other cases. The author had 
hardly been fair to the large number of workers in 
England, the United States, Germany, and other 
countries, who had carried out researches on corro- 
sion. The theory of corrosion had been placed 
on a sound basis in recent years, and the statement, 
made in the opening paragraph of the paper, which 





* Seventh Report to the Corrosion Research -—rr" 
Journal Inst. Metals, 1924, vol. xxxii, page 81. See 





ENGINEERING, 1924, vol. cxviii, page 378. 
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was to the effect that it was not really known how 
corrosion arose, might have been true some few 
years ago, but it was not true at the present time. 

” Mr. Carnegie, who spoke next, said that the paper 
read before the Institution in 1919, by Sir Charles 
and Mr. S. S. Cook, had made it clear that the erosion 
of propellers was due to purely mechanical action. 
It might possibly be proved that the perforation of 
condenser tubes was due to a similar cause. The 
experiments on the “ water syren,” which had led 
Sir Charles to design the water-hammer cone, 
showed that the addition of a short pipe, only {-in. 
long, caused the cavities to collapse against the 
metal of the rotor and produce on it severe mechan- 
ical erosion. Further increase in the length of the 
pipe caused the cavities to collapse at a lower level, 
so that the collapse took place in water and did no 
harm. All the experiments showed that the condi- 
tions under which the cavities collapsed were very 
critical, and that very small changes would produce 
markedly different results. A case of cavitation 
had come to his notice recently in a centrifugal 
pump, in which the cavitation was apparently caused 
by a multiple-flap, non-return valve, fitted in the 
suction pipe, immediately adjacent to the suction 
inlet branch of the pump. 

It appeared that the wake formed in the water 
by the framework of the valve plate caused the 
water to enter the pump in such a state of distur- 
bance that severe cavitation was set up, and was 
the cause of great damage to the inner tips of 
the pump vanes. The presence of the cavities in 
the water also appeared to reduce the duty of the 
pump by over 20 per cent., and it was expected 
that when the valve was removed the cavitation 
would cease and the duty of the pump would become 
normal. It was interesting to note that, in the 
author’s experiments, the discharge through the 
condenser tubes was greatly reduced when cavita- 
tion occurred. The appearance of the eroded 
metal of the pump impeller vanes was very similar 
to that of an eroded ship’s propeller. The erosion, 
which was frequently observable on the leading 
edge of the last row of moving blades of a steam 
turbine, was now recognised to be due to cavitation. 

Mr. K. L, Fraser thought that the paper deserved 
the thanks not only of tube users but also of tube 
makers. The author had shown that failure was a 
question of conditions of service rather than of the 
material from which the tubes were made. In 
the past much valuable time had been lost in 
looking to tube material to remedy the troubles 
experienced, and some very peculiar alloys for tube 
manufacture had been put forward. He regretted 
that more attention had not been given in the 
paper to the question of getting rid of the air in the 
circulating water. He suggested that the vortices 
were not vacua but contained air and gas; any 
vacua formed would become filled with air or gas 
from the water. The author had stated that the 
erosive action was greatest at the entry ends of 
the tubes, frequently extending only a few feet 
from the mouth. While this might be correct in 
the majority of cases, he had had instances in 
which the trouble had occurred throughout the 
tube. Returning to the effect of air, he would 
like to know if the trouble they were discussing 
would be transferred to the grid if this were installed. 

Mr, W, W. Marriner stated that every engineer 
had, at some time or other, conducted experiments 
on condenser tubes. Many years ago Sir Alfred 
Yarrow had, among other experiments, investigated 
the effect of the velocity of the flow of the circulating 
water. The shape of condensers at that time was 
different from that of the modern type. Single-flow 
condensers, with conical ends, were then employed, 
and the flow of the water was uniform. Probably 
the principal effect of the vortices was the prepara- 
tion of the tube-surface for the action of gases. 
There was no doubt that gases set free from solution 
by the heating effect of the condenser were much 
more active than when in the form of visible bubbles. 
Increasing the pressure in condensers in order to 
increase the solubility of gases and so prevent their 
ge was one of the remedies which had been 
onl He would like to suggest that condenser- 

roubles were due to many and various causes, 
— of which were accidental or were even masked 
y other conditions, Sir Charles’ work had covered 





some of the ground and his explanation of the action 
of erosion was of the greatest value. The next 
speaker, Mr. W. H. Martin, said that a statement 
to the effect that the cause of condenser-tube 
erosion was hydro-dynamical rather than electrical 
or chemical, had been made in the paper. He 
would like to suggest that there might also be other 
factors at work, one of which might be molecular 
friction. brought about by vibration. He wished 
to refer to the case of two turbine steamers ; 
in one of these vessels a great deal of trouble had 
been experienced with condenser tubes, in the other 
no such trouble had occurred. Nevertheless, the 
conditions in both steamers were apparently similar. 
He would like to suggest, therefore, that in one of 
the vessels, vibration, particularly in the region 
of the condenser tubes, had set up molecular friction 
within them, thus hastening failure. 

Mr. J. Austin, stated that, when steam contained 
particles of salt water, entering by way of leaky 
condenser tubes, trouble was experienced with the 
superheaters because hydrochloric acid was gener- 
ated from the magnesium chloride contained in the 
sea water. Theconclusion of the author, which stated 
that possibly one of the chief causes of the erosion of 
condenser tubes lay in the turbulent motion of the 
water in the water-box of the condenser, was 
worthy of the closest attention. Much of the trouble 
with condenser tubes was, in his opinion, due to 
local corrosion ; it seemed hardly conceivable that 
erosion could commence on a smooth tube. The 
results of a series of experiments in which various 
alloys had been used, including copper-nickel, 
copper-tin and 70:30 brass, had given interesting 
results. The 70:30 brass had appeared to be the 
most unsatisfactory material, and an alloy containing 
no zine seemed to withstand corrosion or erosion 
better than one in which zinc was present. The 
author had stated that the coating of tubes was a 
palliative rather than a remedy, but this method of 
protection had been the only solution available at a 
time of great stress. The tinning of tubes, provided 
that the layer of tin was not too thin, had also given 
satisfactory results in some cases. He would like 
to know what would be the result of the grid, 
suggested by the author, becoming choked with 
marine growth and foreign matter. 

In the course of a brief reply, Sir Charles Parsons 
said that there was nothing in the paper which 
indicated that erosion was thought to be entirely 
mechanical. He quite agreed that it might be caused 
by gases. It was well known that water contained 
gases which were capable of being evolved under 
certain conditions. He also agreed that, in some 
cases, of condenser-tube corrosion a copper sponge 
was produced by the dissolution of the zinc contained 
in the brass, He regretted not having referred to 
Dr. Bengough’s work in his paper, but, on the 
other hand, this did not profess to cover the whole 
subject of condenser-tube corrosion ; it merely gave 
an account of a few experiments, He wished to 
add that the grid he had suggested might be made 
of any metal in order to render it suitable for various 
working conditions. He would like Mr. S. S. Cook 
to say a word about the mathematical side of 
vortices. On being called upon by the Chairman, 
Mr. Cook stated that he had taken the opportunity 
of making calculations in connection with the present 
research, the results of which calculations he 
proposed to submit in writing as a contribution to 
the discussion. He had established formule in 
regard to the momentum of the water in the tube, 
the force required to arrest flow, and the pressure 
at any part of the vortex. With a velocity of water, 
at the periphery, of 8 ft. per second, and a pressure 
of 20 lb., the radius of the core of the vortex was 
about one-seventh of the radius of the periphery. 
In the experiments, however, the vortex-thread 
was smaller than this, so that a good deal had been 
lost in shock and friction. The conditions of opera- 
tion were very varied, and much work would have 
to be carried out before all the conditions could be 
covered by mathematical expressions. 

The Chairman then expressed the thanks of the 
members to Sir Charles Parsons for his paper, and 
adjourned the meeting until 11 a.m. on Thursday 
morning, April 7. 


(To be continued.) 








ENGINEERING TRAINING AND 
EDUCATION. 

The Institution of Mechanical Engineers.—In view 
of the experience gained during the past five years, 
the Council of the Institution of Mechanical Engineers 
has decided on further co-ordination of the Institution 
qualifying examinations and those held by it in con- 
junction with the Board of Education, the Scottish 
Education Department, and the Ministry of Education, 
Northern Ireland. Candidates for election as students, 
graduates, or associate members of the Institution, 
provided they are able to satisfy the Council as to their 
eligibility in respect of occupation and practical train- 
ing will be exempted from certain subjects as set forth 
below, if they hold a qualification in the National 
Certificate examinations, 

(1) An Ordinary National Certificate in Mechanical 
Engineering will exempt from the papers in ‘* Elemen- 
tary Mathematics” and ‘‘ Elementary Mechanics ” in 
the studentship examination. 

(2) An Ordinary National Diploma in Mechanical 
Engineering exempts from such subjects of the student- 
ship examination as, in the opinion of the Council, 
correspond to the subjects of final examination named 
thereon. 

(3) The holder of a Higher National Certificate or 
a Higher Diploma, who also holds an Ordinary National 
Certificate or Ordinary Diploma, will be exempted 
from such subjects of Section A of the Associate 
Membership Examination as in the opinion of the 
Council correspond to the subjects of the final examina- 
tion for his Ordinary Certificate or Ordinary Diploma, 

Institution of Chemical Engineers Examinations for 
admission to associate membership of the Institution 
of Chemical Engineers will be held this summer. A 
paper will be set to be worked at home during June, 
and four other papers will be worked in London, 
under normal examination conditions, on July 14 
and 15. The examiners will also take an opportunity 
of interviewing the candidates. Forms of application 
are obtainable from the Hon. Registrar, Institution 
of Chemical Engineers, Abbey House, Westminster, 
London, S.W.1, and are returnable not later than 
May 1 next. 

Royal Scholarships, Free Studentships, and Whitworth 
Scholarships.—In our issue of February 25 last, on 
page 230, we gave particulars of the award of Royal 
Scholarships and Free Studentships, tenable at the 
Imperial College of Science and Technology, London, 
and of Whitworth Scholarships in mechanical science, 
The Board of Education, Whitehall; London, S.W.1, 
now announces that candidates intending to sit for 
the 1928 science scholarships examination or for the 
1928 Whitworth competition must make application 
on the prescribed form, which may be obtained from 
the board, not later than January 15, 1928. 





NOTES ON NEW BOOKS. 


STRUCTURAL engineers, so far as is practicable, avoid 
the discussion of forces in three dimensional space, and, 
in fact, can nearly always reduce their problems to a 
two-dimensional form. This is particularly true in 
the case of stresses in elastic structures, owing to the 
fact that since the internal stresses are linear functions 
of the external loads, the final result is the same whether 
we deal with these as a whole or treat their components 
separately, and then add together the two sets of results. 
There are, however, cases in which either this rule fails 
to hold good, or in which the direct three-dimensional 
solutions are the simpler. These form the subject of an 
“* Introduction « la Statique graphique des Systemes de 
espace, which has been recently published by the 
Librairie Payot et Cie Lausanne. [Price 4 francs.] 
The author is Professor Benjamin Mavor, of the Ecole 
d’Ingenieurs at the University of Lausanne. The 
author makes much use of the geometric principle of 
duality, and shows that his methods provide a fairly 
simple solution of the problem of the stress distribution 
of a Schwedler cupola, the strength of which depends 
on asteel frame work symmetrical about an axis. The 
problems involved are not easily solved by the ordinary 
methods, especially in cases where the loading is 
asymmetrical. 





The seventh edition of vol. i of Mr. P. M. Heldt’s 
well-known work in four volumes on “ The Gasoline 
Automobile”? has lately been published by Messrs. 
lliffe and Sons, Limited, 20, Tudor Street, E.C.1, at 
the price of 40s. net. The title of this volume has 
been changed from ‘“‘ Gasoline Motor” to “ Engine,” 
bringing it into line with the standard nomenclature 
and terminology of the Society of Automotive 
Engineers (U.S.A.). Nearly 300 of some 450. illus- 
trations, as well as a number of whole-page plates 
of engines in sectional elevation, are new. The section 
descriptive of methods of output on batch lines, 
which, though very brief, was one of the most 
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interesting in the earlier editions, has been extended, 
and the lucidity of the text happily atones for the 
somewhat blurred reproductions of photographs 
illustrating shop processes. Vol. i—which alone is 
referred to here—may be taken as typical of the work, 
and of the wide knowledge of motor vehicle engineering 
developments of the author, who is engineering editor 
of Automotive Industries. It numbers 26 chapters, 
aggregating 640 pages of text, and with the usual index, 
appendix, and plates, 728 pages. The first five chapters 
deal briefly with the theory and science of the internal- 
combustion motor. Chapters VI to XIX describe | 
the components and their functions, methods of manu- 

facture, and a variety of matters concerned with power 

output and power tests. The remaining chapters | 
discuss less normal types of engines, including the | 
Diesel and its associated group; air and water cooling, | 
and the stages of assembling, running in, and testing 
engines. Much of the value of this volume centres in 
the concise and comprehensive treatment of the 
vehicle engine’s evolution from the foundry to the test 
bench. The numerous editions of the work have 
served to sift and eliminate some superfluous matter, 
so that the student is given a co-ordinated work covering 
the vehicle chassis in its entirely. Though American 
types and methods predominate, there are numerous 
references to European construction, so that the com- 
prehensive character of the work gives it an interest for 
English-speaking motor engineers and teachers. In 
the chapter on ‘‘ Engine Lubrication,” the section on 
oil filters and distillation, we have not seen any reference 
to the Renault centrifugal separator as fitted for the 
last year or two to the large car and commercial vehicle 
engines of that make; and referring to the Skinner 
gravity oil rectifier and recovery apparatus as fitted to 
the Packard, we believe that in the 1926-27 form the 
special piston feature is replaced by another means of 
collecting the oil. In the section on valves and valve 
gears we find no reference to attempts (more or less 
recent) to substitute positive valve closing in lieu of 
springs. In the list of less normal types of liquid-fuel 
engines, though now only of historic account, mention 
is due to the efforts in Europe, by Diesel among others 
(1895-97) on behalf of the compound system. Details 
are given of the centrifugal process of babbiting con- 
necting-rod big-end bearings and of die-cast iron pistons, 
but only bare mention is made of the centrifugal process 
of casting, which is being used here increasingly for 
piston rings, sleeves, and liners and valve guides, for 
repetition parts hitherto mostly limited to wrought 
metal. The other volumes of the series deal respectively 
with: Vol. II, ‘Transmission and Control” (fourth 
edition); Vol. III, ‘Electrical Equipment” (second 
edition) ; and Vol. IV, ‘‘ Fuels and Carburettors ”’ (first 
edition). 





There are some law books which are looked upon by 
members of the legal profession as classics. Of these, 
“ Wills Law Relating to Electric Lighting’’ is certainly 
one, The fact that the fifth edition, under the editor- 
ship of Mr. Dalton, maintained the high level attained 
by the original work, justifies the assumption that the 
same writer will be a sound exponent of the Electricity 
Act, 1926. His Electricity (Supply) Act, 1926, anno- 
tated and explained with an introduction (London: 
Butterworth and Company. Price 10s. 6d. net.) proves 
that the assumption is correct. In an introduction he 
states, quite briefly, the scope and extent of the Act; 
sets forth the material points of the Weir report, and 
describes the powers, etc., of the Central Electricity 
Board. In Chapter IV he deals with the schemes 
which are to be prepared by the Commissioners and 
submitted to the Central Electricity Board for their 
approval. The greater part of the work is, however, 
devoted to the text of the Act itself, illustrated by a 
number of useful notes in which various decided cases 
are referred to. An admirable index concludes a work 
which should be of the greatest value, not only to the 
lawyer, but to all who will be responsible for carrying 
out the general scheme of the Act. 





Under the title of “‘ Centrifugal Pumps, Their Design, 
Operation and Testing,’ Messrs. Crosby, Lockwood 
and Sons have recently published a short treatise 
written by Mr. George H’ggins, M.Inst.C.E. The price 
of the work is 9s. 6d. net. The author was, at one time, 
lecturer on civil engineering at Melbourne University, 
and has several years of experience in designing, 
operating and testing pumps ranging from a few 
inches up to 10 ft. in diameter. The distinctive 
feature of his book is the progressive discussion of 
successive steps in design, every important detail being 
dealt with in turn. These preliminary studies are 
supplemented by a complete design for a pump to 
raise 5 cubic ft. of water per second to a height of 
200 ft. Most of the text relates to pumps without 
guide vanes, since much of the author’s experience has 
been gained with pumps for suction dredgers: where 
guide vanes are inadmissible. The theory of the 





pump is discussed along the usual lines in the opening 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “fine foreign” and “standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 


plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 


The pig-iron 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 1b. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 


lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each, 








chapters of the volume. As is common knowledge, 
this theory as it stands to-day is somewhat inadequate, 
and computed figures require large empirical correc- 
tions. In an appendix to the volume, the author 
describes experiments made to determine these correc- 
tions in the hydraulic laboratory of Melbourne Univer- 
sity. On the Continent much experimental work 
of a somewhat more fundamental kind is now in 
rogress, since it is hoped that by mapping out the 
ines of flow for the case of a fluid free from turbu- 
lence, to discover the forms of blading and passages 
which will reduce this turbulence to a minimum. 
The text of Mr. Higgins treatise is illustrated by numer- 
ous diagrams and by a number of folding plates. 
The work will be found very useful both by the student 
and the draughtsman. 








A handbook of the approved utility, reliability and 
convenience, the “ Tables of Physical and Chemical 
Constants, and Some Mathematical Functions,” by 
Dr. G. W. C. Kaye, M.A., and Dr. T. H. Laby, M.A. 
[fifth edition; London: Longmans, Green and Co., 
Limited; price 14s. net] does not need any recom- 
mendation beyond stating that the revision of the new 
edition has been combined with the addition of new 
matter, notably on isotopes, taken from Aston’s book 
on isotopes, and on the mechanical equivalent of heat. 
Both the authors continue to work in their special 
fields of activity, Dr. Kaye as Superintendent of the 
Physics Department of the National Physical Labora- 
tory, and Dr. Laby as Professor of Natural Philosophy 
in the University of Melbourne. The size of the 
volume is unchanged from earlier editions. 
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THE WOLLASTON PRODUCER-BOILER. 
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THE WOLLASTON PRODUCER-BOILER 


Iy a note on a meeting of the Institution of Fuel 
Economy Engineers, on page 49 of this volume, we 
recorded an expression of opinion that Mr. T. Roland 
Wollaston appeared to have evolved a commercially 
possible method of firing boilers direct with producer 
gas. We are now able to give an account of some 
interesting tests recently made with this invention 
by the Manchester Corporation Electricity Department 
at the Hyde Road Tramways Depot. 

In this depot, there are four Cochran vertical multi- 
tubular boilers, each 8 ft. 6 in. in diameter by 18 ft. 
high and with a heating surface of 1,000 sq. ft. “Two of 
the boilers are fitted with a grate of about the same 
area as that of the standard Cochran boiler of this dia- 
meter, namely 41 sq.ft. The8 ft. 6in. diameter standard 
boilers are rated by the makers as capable of giving 
4 maximum evaporation of 6,600 Ib. of steam per hour 
from feed-water at a temperature of 50 deg. F., when 
burning 1,004 lb. of good coal per hour, the normal 
rating being 4,960 lb. per hour under the same con- 
ditions, with a consumption of 602 1b. of coal per hour. 
Beyond giving the above figures as a basis of com- 
parison, we are, however, not concerned at the moment 
with the standard boiler, nor indeed with the pair in 
the present installation which have grates on somewhat 
standard lines. It is with the remaining two, which 
are fitted with the Wollaston producer furnace that we 
propose to deal. 

These are shown in Figs. 1 to 3, and from the first 
figure it will be gathered that the boilers are of the 
well-known Cochran type except that the tubes are 
divided into two nests, the gases issuing from the lower 
hest being passed back through the upper one on their 
Meg to the chimney. There is, of course, no grate in 
the ordinary sense, and the boiler stands upon a steel 
extension containing the producer furnace. The con- 
oe of this furnace will be clear from Fig. 2. A 
firebrick chamber, roofed in by a shallow dome opening 
— the boiler furnace and closed in at the bottom with 
pecs grate and a water seat, is built with an annular 
ar between it and the shell. The floor of the 
: _ ritu nace, formed by the top of the producer dome, 
“ty eet The centre is occupied by a large circular 
wn abe which the fuel descends to the producer. 
This hee fed through the ordinary boiler fire-doors. 
ally o . bard be closed by a damper, which was origin- 
“tes af for the purpose of preventing the exit of 
a ween the intervals of firing. In practice, 
itself “ad it was found unnecessary as the raw fuel 

» by filling the hole and covering it in a heap, 


formed an effective seal, 


Round the central opening, as shown in Fig. 3, are 
arranged seven smaller holes through which the pro- 
ducer gas passes to the boiler furnace, meeting, just 
at the surface of the cone, with a stream of hot air 
from the secondary air space. These air streams are 
made to inpinge effectively on the gas streams by their 
passage through ports arranged at an acute angle to 
the latter and clearly shown in Fig. 2. Clearing decors 
for the removal of accumulated dust are arranged 
at their lower ends. Four poke holes in the positions 
indicated in Fig. 3, afford access to the main mass 
of the ignited fuel. The primary air is introduced 
through the basket grate which occupies a separate 
chamber distinct from the ashpit and the producer 
proper. Both the primary and secondary air supplies 
are obtained from a fan driven by a 3 h.p. motor. The 
arrangement of this fan and its ducts is sufficiently 
clear in the figures to require no further description. 
The ashpit is, of course, kept filled with water, and the 
ashes are withdrawn up ramps diametrically opposite 
to one another. 

Before passing on to the tests themselves, a brief 
survey of the principles underlying the producer boiler 
may be made. It may be taken for granted that every 
one interested in combustion accepts gas as the ideal 
fuel. « Designers of oil burners have long been attempting 
to atomise this fuel into as nearly a gaseous condition 
volumetrically as they can, and in the more recent 
development of pulverised fuel similar imitative methods 
are employed. Neither method of firing, however, can 
approach the perfection of combustion attained in a 
gas, for the simple reason that no mechanical process 
will reduce either a solid or a liquid fuel into its con- 
stituent molecules. Firing with town gas, highly 
efficient in a thermal sense as it may be, is, except in 
a few special applications, not a commercial proposi- 
tion, and the benefits of the application of the ordinary 
producer, situated generally some distance away from 
the boiler, are neutralised by heavy radiation losses. 

An alternative is to make the boiler itself a gas 
producer, and this again is, in effect, often done with a 
horizontal grate by special arrangements of the air 
supply, especially in cases where very small and inferior 
fuels are used. It is clear, however, that a thick fuel 
bed is necessary to effectively reduce the CO, first 
formed to CO, and this is generally impracticable, or, 
if possible, is rendered prohibitive by the increased 
labour involved. The Wollaston producer furnace is 
designed to reduce radiation loss by placing the seat 
of combustion in the boiler itself, to ensure an ample 
supply of burnable gas by providing a very deep fuel 
bed, and to reduce labour costs by removing the 
| necessity for levelling, clinkering, frequent stoking, 
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and other operations consequent on the employment 
of a thin fire. From the production of a volume of gas 
which is regulated in the manner of a Bunsen burner, 
there follow the advantages of smokelessness without 
the employment of a heavy draught from a fan or tall 
chimney and the suppression of the emission of dust, 
which is sometimes urged as one of the drawbacks of 
the burning of pulverised fuel. 

How far these claims are borne out must be judged 
from a consideration of the test results, which we now 
set forth below. One of the advantages of the producer 
furnace is its ability to burn very inferior fuels, and 
those containing a high percentage of moisture; the 
latter class cannot be used in a pulverised-fuel plant with- 
out pre-drying. Thefuel used in the test wasa coke breeze 
containing 17-04 per cent. of moisture, only 4-5 per 
cent. of volatile matter, and 15-4 per cent. of ash, the 
calorific value, as fired, being 9,950 B.Th.U. per lb. The 
combustion was thorough, the ash analysis showing 89-6 
per cent. of absolute ash. The test lasted for a period 
of 6 hours 40 minutes, both boilers, Nos. 3 and 4, 
being coupled together and steamed as one unit. The 
evaporation aimed at was that of the normal rating of 
the boilers with good coal, which, as stated above, is 
4,960 Ib. per boiler per hour at 100 lb. per square inch 
from feed water at 50 deg. F. Boilers Nos. 1 and 2, 
with grates, were not under steam, but proper precau- 
tions were observed to see that the feed-check valves 
were tight. 

The total evaporation obtained from the two boilers 
tested, viz. Nos. 3 and 4, varied between 11,600 lb. and 
8,250 lb. per hour, and was recorded by an Electroflo 
steam meter. The readings were checked by the 
calculated delivery of the feed pumps, for which the 
makers had given a slip of 5 per cent. There was a 
difference of 6-09 per cent. between the two sets of 
figures, the meter evaporation being 4,982 lb. per hour 
per boiler, and the pump readings being 4,654 Ib. 
The average feed temperature was 108-5 deg. F., 
and the average steam pressure 55-4 lb. per square inch. 
The steam was delivered into the heating mains of 
the depot. The consumption of coke per hour per 
boiler averaged 641 lb. Taking the smaller of the 
two evaporation figures given above, namely, 4,654 Ib. 
per hour, the evaporation per pound of fuel from and 
at 212 deg. F. is 8-22 1b. This, from fuel of a calorific 
value of 9,950 B.Th. U. per lb., compares very favourably 
with the normal rating of the boiler, which works 
out to 9-93 lb. from and at 212 deg. F., with coal of 
good quality. This somewhat indeterminate phrase 
may be taken to mean a calorific value of about 14,000 
B.Th.U. per lb., that is, about 40 per cent. higher than that 
of the coke breeze actually used. It should beremembered, 
































[APRIL 8, 1927, 





























































































































Jo quorum aoyy brgnutty 


4g sdojg 2qusnipy 

















XO@ YFL oh 
(quosy S509) LOT X09 YFLVM TIGOW IO LNINFIONVUYY 9 ae Wee Soe 




































































So) 
Zz 
—_ 
cA 
ea) 
mu 
A 
O 
Zz 
re 








. 2AM JO UOMSOT 
Gumospuoy sey puny 
































































































































on LZ Guat Z OGRE 
(2 Agromqas) ssqny ams = x 
A) LOQUIDY) Z7LNO 



































‘SI9NL YISNIONOD JO NOISOUF AYLNI FBNL LY NOILOW XILYOA 
ONILVOILSIANI 404 SN.LVSVddY CAT ILVALSNOWIT 4OI SNLVA VAY | OL] 























(‘abog apsoddo aas ‘uowydisosayy 407) 


‘SHdOL AASNHCNOO-AOVANNS AO NOISOUR AHL 




















j 
i 
i 








ENGIN ERRING™ 


‘Glass 


‘Rubber 











APRIL 8, 1927. ] 





ENGINEERING. 











THE EROSION OF 


ENDVIEW. SECTIONATA.A Fas DETAIL OF MODEL WATER BOX 








N 














SIDE VIEW. SE\ CyawA TB.B. 


STI Lise is 
GMStact aa GL ess77e- J 


Cail 


0 
ST! 








—| 
= 
= 














tithemeadath 











wet a 
4 Z Le Roo ho pee 
SMITE PATA MM — AVILA TERE CABRABAS 














TWAS 
ASS 


USS 











(50.€) B 


however, that in the standard boiler the tubes are 
arranged in one nest. 

The overall efficiency, excluding producer steam, is 
80-1 per cent. The steam supplied to the producer 
was estimated at 640 Ib. per hour, and allowing for 
this the efficiency becomes 74-58 per cent. As, 
however, the fan is a necessary part of the producer 
furnace, the power consumed by it must also 
taken into account to arrive at a strictly net value 
for the efficiency. A fair allowance for this power 
would be 0-74 per cent., and the net efficiency of the 
producer and boiler would thus be about 73-84 per cent. 

The fan was so regulated that the pressure in the 
furnace was normally neutral. This necessitates only 
a very slight chimney draught, and there is no inrush 
of cold air when the fire door is opened for stoking. 
Incidentally, it may be mentioned that the total time 
occupied in stoking is about one-third that with an 
ordinary grate, and it is possible to stop steam-raising 
by switching off the fan, while full steam can be 
raised in something like fifteen minutes, even after 
the boiler has stood for four or five days, by switching 
the fan on again. In the test, the average primary air 
pressure was 1-69 in. of water, and the secondary 
air pressure 1-88 in. The latter was heated to 
74 deg. F. by its passage through the producer brick- 
work. The temperature of the flue gases was high. 
In No. 3 boiler it was 577 deg. F., and in No. 4 
552 deg. F. This is inherent to the vertical 'boiler, 
and would appear to indicate that the fitting of an 
economiser to lower the exit temperature to about 
350 deg. F. would increase the thermal efficiency of 
the plant by something like 5 per cent. to 6 per cent. 

The combustion in these tests was very complete ; 
no smoke was observed, and the CO, is given as 
15-7 per cent. for No. 3 boiler and 17-5 per cent. 
for No. 4, with 3-6 per cent. and 2-1 per cent. of free 
oxygen, respectively, and no CO. In this direction, 
an even more interesting result was obtained with a 
somewhat smaller boiler at the last Smoke Abatement 
Exhibition, Birmingham, the average CO, being 17-5 
per cent. to 18 per cent. throughout the whole of each 
eight-hour shift. There was no CO, and the draught 
was balanced to within 0-04 in. of water. In this 
case, however, the producer was water-jacketed, which 
efiected a further economy, the water being used as 
boiler feed and the vapour from it to saturate the 
blast. With the jacketed producer, formation of 
clinker is effectively prevented. We understand that 
® producer furnace of this type is being fitted by the 
Department of Scientific and Industrial Research to 
the Cochran boiler at His Majesty’s Fuel Research 
Station, Greenwich, for purposes of research. The 
producer furnace has also been fitted to locomotive- 
type boilers in which the shape of the firebox is 
particularly suitable. It might be expected to give 
good results under large water-tube boilers, but has 
limitations in the direction of Cornish and Lancashire 
boilers. The makers of the producers are Messrs, 
Wollaston Gas Producers (Manchester), Limited, Bank 
of England Chambers, Tib Lane, Manchester. 





: LAauncH OF THE M.S. “ Latanpta.’’—Constructed at 
the Nakskov Shipyard, Nakskov, Denmark, for the East 
Asiatic Company, Limited, Copenhagen, the motorship 
Lalandia was launched recently. The vessel has a 
ength, between perpendiculars, of 390 ft., a breadth, 
moulded, of 53 ft., and a depth, to main deck, of 36 ft. 


She has a deadweight carrying capacity of about 7,500 
tons, and is built to the highest class of Lloyd’s Register 
with shelterdeck and forecastle, houses amidships and 
aft, and double bottom. The vessel has five hatches 
5 ved by 16 derricks, one of which has a lift of 40 tons. 
“lectric winches, to the number of 14, an electric warp- 
ing winch, and an electric windlass have been installed. 


Tho Lalandia is intended for the owners’ Bangkok 
plead and will have accommodation for 24 passengers. 

ne propelling machinery will consist of two Burmeister 
and Wain Diesel engines, developing 5,000 i.h.p. together, 
and capable of giving the vessel a speed of 13 knots 
when fully loaded. 











EROSION OF SURFACE-CONDENSER 


TUBES.* 
By The Hon. Sir!Cuartes A. Parsons,:} 
1948 K.C.B., D.Se., F.R.S. oh. ee 


THE problem of the failure of the tubes of surface 
condensers is so well known that it seems only necessary 
here to allude to a few of the salient facts bearing upon 
the question. Whilst no adequate explanation has as 
yet been assigned for such failure, many attempts 
have been made to overcome it. On the theory that 
it is caused by electrolytic corrosion, counter-electro- 
motive force has been applied to neutralise the action ; 
on the theory that it arises from chemical action, such 
means as coating the inside of the tubes with a bitu- 
minous paint or with a protective scale of oxide have 
been tried. None of these measures has proved to be 
more than palliative in its effects, and sometimes not 
even that. In a few cases more expensive metals are 
being adopted for the tubes, such as cupro-nickel or 
Monel metal. For many years bell-shaped mouths 
have been fitted to the inlet ends of condenser tubes 
to produce a smooth stream-line flow into the tubes,f 
and this is claimed to prevent the formation of a vena 
contracta by the sharp square entrance to the tube and 
the liberation of oxygen and other occluded gases from 
the water which cause corrosive action at the tube 
entrance.t In most cases of failure it has been observed 
that certain of the tubes are eroded, corroded, pitted, 
and eventually holed, but always, or nearly always, 
from the water side, that is to say, from the inside 
surface. The action is usually confined to tubes in 
certain regions of the condenser tube-plate, and if 
such tubes are replaced from the common batch they 
have usually failed just as quickly, whilst in other 
positions in the tube-plate the original tubes have 
remained immune, so that there appear to be distinctive 
areas in which the conditions favour corrosion or erosion. 
Further, it appears that the action is greatest at the 
entry ends of the tubes, frequently extending only a 
few feet from the mouth. These facts seem to suggest 
that the cause may be hydro-dynamical rather than 
electrical or chemical, and, in the light of the experi- 
ments now described, seem to indicate that these areas 
of erosion or corrosion are associated with regions of 
turbulent motion of the water in the water box. 

The object of the present paper is to give an account 
of some experimental investigations which have been 
designed to throw light upon the actual conditions 
attending such regional disturbances in the water 
box, and the manner in which they affect the character of 
the flow through the tubes in their vicinity, also to 
investigate the possibility that the pitting of condenser 
tubes may in reality be due to water-hammer of collaps- 
ing vortices, which is known to be a potent cause of 
erosion of screw propellers and of the impellers of 
centrifugal pumps and water turbines. A paper was 
read before the Institution in 1919 by the present 
author and Mr. Stanley S. Cook on the “ Cause of 
Erosion of Propellers.”§ The paper recounted the 
investigations carried out by the Propeller Erosion 
or Corrosion Committee of the Board of Invention and 
Research. In that paper, experiments with a water- 
hammer cone were described, in which it was shown 
that by concentrated collapse of a vacuous cavity in 
water under atmospheric pressure small holes could be 
punched through brass discs, demonstrating the pro- 
duction by this means of shock pressures as high as 
150 tons per square inch. The conclusions of the 





* Paper read before the Institution of Naval Architects, 
London, on April 6, 1927. 

+ Vide P. C. Parker’s remarks in the discussion on 
Dr. Bengough’s paper, Transactions of the North-East 
Coast Institution of Engineers and Shipbuilders. Vol. xi, 
Part 2, 1923. 

ft Vide Serial Report of the Prime Movers Committee, 
1926-7. The National Electric Light Association of 
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Committee were that the powerful and, erratic 
erosion experienced with propellers was due to vacuous 
cavities in the water arising from eddies caused by 
struts or bossing, or by excessive slip of the propeller 
itself, which cavities, collapsing on the surface of the 
propeller blade, caused repeated blows and erosion of 
the metal. 

The first of the present experiments was designed 

so that the behaviour of the water in the water box, and 
also in the tubes, could be observed and, if desired, 
photographed. The apparatus shown in Fig. 1, on the 
opposite page, consists of a small wooden water box, 
the front being of plate glass, with a brass tube-plate 
for ten tubes. To facilitate observation, the first 3 ft. 
of the four tubes of the central vertical row were made 
of glass also. The tubes of the side rows were omitted, 
and instead retarding plugs were fitted giving the same 
discharge as a 15 ft., length of condenser tube. The 
discharge from these side holes was led into a separate 
chamber immediately behind the tube plate. The 
four central glass tubes passed through the back of this 
chamber, and were joined at their ends, by clamped 
rubber-tube couplings, to brass tubes 12 ft. long, making 
a total tube length of 15 ft. They were also surrounded 
by a rectangular water tank with plate glass sides so 
that, the refractive index of glass and water being 
nearly the same, the water inside the tube could be 
seen without appreciable refraction. The discharge 
from the long tubes was taken into a measuring tank 
with a glass front, so that the trajectory of the water 
issuing from the tubes could be observed. Closely 
fitting between the front plate glass of the water 
box and the tube plate, an inner and movable water 
box of circular shape was fitted, into which the water 
was led tangentially through a socket fitting. This 
inner water box was moved by a lever passed through 
a stuffing box, guides and stops as shown in Fig. 2 
controlling its motion, so that it could be moved up and 
down across the face of the tube plate. An air vesse | 
on the water supply to the box maintained a steady 
pressure of about 10 lb. per square inch. With water 
entering the water box at a speed of 8 ft. per second, 
which was also the speed of the water through the tubes, 
a vortex filament was observable near the centre of the 
circular inner box, extending across from the glass 
plate to the tube plate. By moving the box, this vortex 
could be brought over the mouths of tubes Nos. 2 and 
3 of the four central tubes, the tubes No. 1 and No. 4, 
top and bottom, being only presented to the outer zones 
of the vortex filament. 
The following results were observed when a vortex 
filament was, in this way, brought over the mouth of a 
tube, through which, up to that moment, the water had 
been flowing with a speed of 8 ft. per second. 

1. The vortex was drawn into the mouth of the tube. 

2. The flow in that tube was partially arrested, the 
discharge being reduced in a fraction of a second to 
about one-fifth of its previous quantity. 

3. The vacuum at the core of the vortex brought over 
the tube mouth was momentarily intensified by the 
arrest of momentum of the water already in the tube. 

4. A vacuous thread extended momentarily into 
the tube for about half the length of the glass portion, 
and then collapsed irregularly at various points. 

5. Silvery looking fringes appeared momentarily 
on the entry edges of all the four tubes, whether under 
or near the vortex. 

6. It was observed that, at the instant when the 
vortex was brought over the tubes 2 and 3, it developed 
a momentary bifurcation into the neighbouring tubes 
1 and 4, the bifurcation being of such shert duration 
as to be difficult to see. : 








The apparatus was next modified for continuous 
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working, in order to ascertain if pitting of the tubes 
could actually be produced in this manner. The arrange- 
ment of the apparatus is illustrated in Fig. 3, page 432. 
The glass tubes were replaced by tubes of brass, 
continuous for the first 12 ft. of their length, and then 
extended to 15 ft. by attaching 3-ft. lengths of similar 
brass tube. A solenoid, with a make-and-break relay, 
was fitted to operate the lever to oscillate the inner 
water box, at a rate of about 15 cycles per minute, and 
a motor-driven centrifugal pump and drain tank 
maintained a continuous circulation, the system being 
filled with brackish water from the river Tyne. The 
solenoid-operated lever was adjusted, by guides and 
stops, so as to bring the vortex filament alternately over 
the mouths of the second and third of the four central 
tubes, so that a comparison of these tubes afterwards 
with the first and fourth, which were not subjected to 
the action of the central part of the vortex filament, 
would enable any difference in effect to be definitely 
attributed to this action. The apparatus was run for 
1,450 hours, or about two months’ continuous work, 
after which the four tubes were taken out and the 
first 3 ft. of each sawn in two for examination. Pitting 
was observed at the entry of all the four tubes extending 
from about } in. to a few inches along the several tubes ; 
beyond this the tubes were apparently unaffected. 
Fig. 4 and Fig. 4a, opposite, show the tubes after 
the experiment. In one of the tubes, several pits 
penetrated about half-way through the thickness of the 
tube. There appeared to be very little difference in 
the amount of pitting in the two tubes subjected to 
the vortex filament, and those subjected only to the 
rapid transverse flow of water across their mouths. 
The experiments will, however, be continued with 
varied conditions, including transfer of heat across the 
tubes to the water as in ordinary condenser practice, 
and it is hoped that these may throw further light upon 
the subject, and produce experimentally the erosion of 
the tubes in the central portions of their length. 

In order to investigate the character of the regional 
disturbances occurring in a water box of usual type, a 
further experiment was made. A model'water box, Fig. 5, 
page 433, was constructed, about a quarter full size of 
an actual condenser box, with a tube plate for 100 tubes 
of §-in. diameter. These tubes were bent and spread 
out in groups, as shown in Fig. 6, on page 432, so 
that the discharge from each tube could be observed. 
The water box was fitted with a glass front. Town 
water was used, which was circulated by a centrifugal 
pump. The velocity in the tubes was about the same 
as in an ordinary condenser, 7.e., about 8 ft. per second. 
The tubes being of different lengths, retarders were 
fitted near their mouths to give a discharge equivalent 
to tubes of 15 ft. length, and to maintain the standard 
velocity in all the tubes. Regions of strong turbulence 
were distinctly observed in the water box, and the 
vortex centres were seen to move about from tube to 
tube over certain areas, The discharge from some of 
the tubes was found to show sudden variation; this 
variation corresponded, as regards the tube positions, 
with the vortex motion in the box, although the sudden 
drop of velocity was only about one-half that observed 
in the previous experiments with the circular water 
box. It must be borne in mind, however, that the 
vortices, in relation to the size of tubes, would only be 
of about one-quarter the size they would be in an 
average full-sized condenser, and also smaller than the 
single vortex in the circular water-box experiments. 

In conclusion, it is suggested that the experiments, 
as far as they have been carried out, seem to lead 
towards the view that one of the chief causes of the 
erosion of condenser tubes may lie in the turbulent 
motion of the water in the water box of the condenser, 
and that this cause could be mitigated by enlarging the 
area of the inlet passages so as to reduce the velocity 
of the water as much as possible before entering the box, 
or entirely removed by arranging in the water box a grid 
of suitable mesh and with passages of depth somewhat 
greater than their width. Fig. 7, page 433, shows such 
& proposal, By the passage of the water through this 
grid, turbulence is practically destroyed. Grids of 
this kind have been tried in conjunction with the 
experimental apparatus of Fig. 1, and it is found that 
with such a grid, when the whirl chamber is moved 
across the tube plate exactly as before, the velocity at 
the discharge end of the tubes remains perfectly steady, 
and no vortex motion is visible in the box either behind 
or in front of the grid. 








Launcn or THe s.s. “ HEDGEHOPE.”—Built to the 
order of the Medomsley Steam Shipping Company, 
Limited (Messrs. F. Carrick and Company, Limited, 
managing owners), of Newcastle-on-Tyne, the steamer 
mneehope was recently launched from the Hebburn 
C ipyard of Messrs, Palmers Shipbuilding and Iron 
” ens Limited. The vessel will carry a deadweight 
th about 8,000 tons on a moderate draught ; she is of 

© single-deck type, with long bridge, poop and fore- 
— _ She has been built under Lloyd’s special survey 

their 100 Al class, and will be fitted with triple- 
€xpansion engines, steam being supplied by three boilers. 





LUBRICATING OILS; LABORATORY 
TESTS IN RELATION TO PRACTICAL 
RESULTS.* 

By A. G. Marsuaty, M.A., M.Inst.P.T., and C. H. 

Barton, M.A., A.I.C. 

Ir is always difficult in discussing lubrication to know 
whether to describe it as a science or an art. The fact 
is that it is both a science and an art, and that the two 
have very little to do with each other. A great deal of 
research work is being done on surface phenomena and 
the like, which can be called the science of the subject. 
Practically, the lubrication of machinery is carried on in 
complete independence of the theories that are being 
put forward. The theories are very excellent in their 
own way, and different substances are clearly shown by 
special experiments to differ in their powers to lubricate 
under special conditions. The engines also run excel- 
lently, and are quite indifferent to the question of 
** quality ” of the oil, as judged by the criteria that are 
put forward from the scientific side. There is a logical 
gap between the two sides of the subject. There is a 
similar position in regard to the question, which 
really is important, of the formation of harmful residues 
in engine use. Laboratory coking and oxidation tests 
are developed. These tests have to be carried out under 
extreme conditions, in order to get measurable changes 
in a short time. Oils are found to differ under these 
special conditions, and specifications are drawn up on 
the belief that the same differences will be shown in 
practice. 

The writers have been privileged to be engaged for 
some years on an extended investigation in which the 
laboratory properties of lubricating oils have been 
closely studied, but have been checked all the time by 
actual trial under operating conditions. The ultimate 
appeal has always been to the engine or bearing, and 
if the engine has not shown the results which would 
have been prophesied from the laboratory test, so 
much the worse for the laboratory test ; its conditions 
evidently do not correspond with practical requirements. 

Oiliness.—This is the property which comes first to 
the mind in discussing lubrication, and no research on 
lubrication could be considered to have made any 
progress without an examination of the question. It is 
sufficient here to say that certain tests have been put 
forward by means of which an improved “ oiliness ” 
is shown to be conferred on a mineral oil by the addition 
of fatty oil. Various means of measuring static 
friction have also been described. The oiliness test 
which is best known to the writers is that carried out 
by means of the Deeley machine. The surfaces 
between which the friction was measured were cast 
iron on cast iron, and the results obtained may be 
summarised as follows :— 

Mineral oils were found to give coefficients of friction 
varying from 0-15 to 0-18 depending on the source and 
the grade of the oil. The degree of refining also has an 
influence on the Deeley value, the most highly refined 
oils having the highest values, 7.e., the lowest “‘ oiliness ”” 
Fatty oils give values of the order of 0-10, and mixtures 
of mineral oils and fatty oils have lower values than 
those of mineral oil, the value rapidly approaching that 
of the straight fatty oil, as comparatively small propor- 
tions of fatty oil are added. 


The following is a typical series of results :— 
Deeley value. 

600 Red .... need a ate ise 0-155 
600 Red plus | per cent. sperm oil __.... 0-145 
600 Red plus 5 per cent. sperm oil _.... 0-133 
600 Red plus 10 per cent. sperm oil .... 0-115 
600 Red plus 20 per cent. sperm oil .... 0-102 
Sperm oil... ae ae ¥ 0-098 


Increased oiliness is clearly conferred on a mineral 
oil by the addition of a small proportion of fatty oil. 
A great deal of experimental work was carried out in 
the attempt to determine the effect of this increased 
oiliness on practical performance. The effect on piston 
lubrication was examined by means of tests on a 
special piston testing machine, Fig. 1, page 436. This 
consisted of a single cylinder engine without valves 
or sparking plug, the crank being driven by means 
of an external motor fitted with a swinging field and 
the friction measured by means of the torque required. 
A measure of the piston friction was also obtained by 
noting the rise of temperature in the water jacket which 
was so arranged as to be in effect a heat insulated 
calorimeter. The results obtained showed no difference 
between straight mineral oil and oil of the same viscosity, 
but compounded with 10 per cent. or even 20 per cent. 
of fatty oil. 

Similar results were obtained from friction tests on a 
variety of actual engines under normal running con- 
ditions. Thus a mineral oil and a compounded oil of 
equal viscosities (126 sec. Redwood 1 at 140 deg. F.) 





* Paper read at a joint meeting of the Society of 
Chemical Industry (Chemical Engineering Group), and 
the Institution of Mechanical Engineers, on Friday, 
April 1, 1927. Abridged. 











were tested in a small sleeve valve single cylinder 
engine (2-89 in. bore and 3-25 in. stroke, compression 
ration 6:1) at speeds from 800 to 2,400 r.p.m. The 
results shown in Table I were obtained : 

















TABLE I. 
| 
Oil A. (Compounded) | Oil B. (Mineral). 
; | 
Speed, ; eng ee eae Ee 
| 
R.P.M. B.M.E.P. Friction | B.M.E.P. | Friction 
Lb./In2 BMEP).| Lb./In.2 | (B.M.E.P.) 
| 
' 
850 4 98-9 | — | 98-0 | a 
>. i | 5 deo 
1,000 m 102 0 oe | (MOUS — 

i ne 6:8 21-3 106°6 | 21-3 
1,600 ..{ 107-1 23-2 | 108-5 | 23-4 
1,800 ..| 105-8 25-0 | 106-3 24-8 
2,200 91-3 28-7 | = 91-3 29-0 
2;400 io 85-5 30-6 | 84-5 30-6 








Under normal lubrication conditions the differences 
in power and friction are negligible and within the 
range of experimental error. 

Attempts were then made to find engine conditions 
under which the effect of the addition of fatty oil could 
be shown, and it was found that it was possible to do so 
only by reducing the lubrication of the cylinder practi- 
cally to vanishing point. A single-cylinder stationary 
engine, 5-9 h.p., was fitted with baffles across the 
cylinder mouth ; tests were run under three conditions : 
(a) Full lubrication with no baffles and with full oil 
pressure. The rate of consumption under this condition 
was in the neighbourhood of 1 pint in 6 hours. (6) 
Reduced lubrication with baffles in position and full oil 
pressure. The rate of consumption under these condi- 
tions was about halved, (c) With baffles in position 
and substantially reduced oil pressure. This was 
found to reduce the oil consumption to a negligible 
figure in the period of the test (6 hours). 

The friction was measured by means of what was 
called for want of a better word, a deceleration test. 
The load was removed and simultaneously the action 
of the engine was stopped by withdrawing a rocking 
lever which is normally interposed between the cam 
and the inlet tappet. The number of revolutions which 
the engine takes to come to rest is a measure of the 
piston friction, and gives the best indication that can 
be got of the piston friction under actual running 
conditions, since, owing to the continual fall in the 
rate of rotation of the engine parts, there is the minimum 
amount of replacement of the oil on the cylinder walls 
by fresh oil thrown up from the crankcase. 

The results given in Table II were obtained for a 
typical series consisting of a mineral oil of viscosity 
235 secs. Redwood 1 at 140 deg. F., and the same oil 
compounded in every case with 2-5 per cent. of fatty 
oil. The engine was fitted with an aluminium piston. 





























TABLE IT. 
Average Deceleration (Revs. 
to Stop from 900 r.p.m.). Differ- 
Lubrication ence 
Condition. A—C. 
A. B. Cc. 
Flooded. |Moderate.| Starved. 
Mineral oil .. ae 406 405 389 17 
Mineral oil + 2-5 per 
cent.— 
Lard oil .. ef 407 401 369 38 
Wool grease ‘ea 417 412 417 0 
Sperm aa oa 419 411 413 6 
Rape a .-| 416 417 410 6 
Coconut .. me 417 415 399 18 
Whale ee wa 419 416 371 43 
Mineral oil (repeat). . 410 416 400 10 
2-5 per cent. 
coconut. . <s 405 410 399 6 
+ 2+5 per cent. 
ground nut =r 407 408 401 6 
Mineral oil (repeat). . 435 425 407 28 
+ 2-5 per cent. red 
fish as aa 421 417 404 17 
+ 2-5 per cent. lard 426 420 393 33 
Mineral oil (repeat). . 426 422 401 25 





Notr.—The figures in the final column are obtained by sub- 
tracting those in the third column from those in the first. 

The results show that there is practically no difference 
of friction between condition A and condition B, that 
is to say, the oiliness effect does not begin to come in 
under conditions of lubrication which are as economical 
as most practical engineers would care to use. Under 
the conditions of almost complete starvation of the 
cylinders differences are shown. Mineral oil shows an 
average difference A—C of 20 revolutions: good fatty 
oil blends show a corresponding figure of six revolutions 
or less. Some fatty oils show a greater increase of 
friction under starved conditions than the pure mineral 
oil. This is ascribed to decomposition of the fatty oil. 
Gummy material is evidently produced on the cylinder 
wall, which increases the friction, the supply of fresh 
lubricating oil under these conditions being not great 
enough to remove the decomposed material. 

It became clear from the above experiments that for 
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Fig. 


cylinder lubrication in ordinary water-cooled engines, | the metal, that surface might have its mechanical 


the advantage of increased oiliness in the lubricant 
could only be shown under conditions of supply of 
lubricating oil which could not be tolerated in practice, 
and that if such conditions did arise there was only a 
limited number of fatty oils which would give any 
benefit, since others by their decomposition caused an 
increase of friction and tended to hasten the breakdown 
which they were intended to avert. 

The water jackets in the above experiments were 
maintained at a uniform temperature of 45 deg. C., 
and it was thought that the effect of improved oiliness 
might be shown under conditions which actually arise 
in practice by raising the temperature of the cylinder 
walls. For this purpose, a special cylinder was fitted 
to one of the stationary engines, with a very short 
water jacket (Fig. 2). The cylinder was in effect an 
air-cooled trunk with only the overhead valves and the 
upper part of the combustion space water-cooled. By 
this means the cylinder wall temperature, as measured 
by a pyrometer embedded in the upper part of the 
uncooled portion, could be raised as high as 200 deg. C. 
Many tests were run under quite economical conditions 
of supply of lubricant to the cylinder walls (about 1 pint 
of oil consumed in 50 hours, the power output being | 
5-9h.p.). Inorder ‘o examine the effect of composition 
of the oil upon perfcrmance in the engine, the friction | 
was periodically observed by means of deceleration | 
tests, and it was found that the best performance of all 
was given by straight mineral oil. In the case of certain | 
popular lubricants containing fatty oil, the engine 
failed to finish the complete test of 50 hours, seizure | 
occurring and so stopping the test. In fairness to the | 
oiliness test, it is necessary to say that these failures | 
were due chiefly to decomposition of the oil. A thick | 
film of carbon was found to have built up on the trunk | 
of the piston, and it was evident that this reduced the 
clearance available for the expansion of the piston on 
increase of temperature, and that seizure occurred for 
this reason. The increased oiliness of the oil was much 
more than offset by the increased carbonisation. Castor 
oil, which friction tests show to be one of the oiliest: 
lubricants, was one of the worst oils tested. 

The effect of oiliness upon wear is another matter to 
which consideration has been given. It might be 
thought on general grounds that an oil of improved 
lubricating value would give reduced wear, owing to the 
greater power of the lubrication film to prevent contact 
between metals, and, therefore, abrasion. On the 
other hand, it seemed to be at any rate conceivable 
that if the oiliness film was established through some 
kind of chemical attack of the oil upon the surface of 











properties altered and be more easily abraded. Many 
tests were made on a number of specially constructed 
bearings in which the rubbing pieces of metal were 
sufficiently small to be weighed on a chemical balance 
at the conclusion of 10,000,000 revolutions (see Figs. 3 
and 4). This method of measurement is about 100 times 
more sensitive than any micrometer method, and it was 
possible to get a wear value in about a fortnight’s 
running. The results obtained showed a decreasing 
wear with time, due, of course, to the way in which 
the bearings became run in, but the course of the wear 
curves was not affected by interchanging mineral oil 
and compounded oil of the same viscosity. Table III 
gives the results. The figures represent the total loss 
of weight in grams of both parts of the bearing after 
10,000,000 revolutions per test. The oils were of 
identical viscosity, about 120 sec. Redwood 1 at 
140 deg. F., and the compounded oil results are italicised. 


TaBLe III. 





. 
Test | Test 


Rig.| Test Test 
oO. No. 3. | No. 4. | No. 5. 


N No. 2. 














| ' 
0-1414] 0-0476| 0-0286! 
0-0614| 0-0398) 0-0227) 
0-1434| 0-0506] 0-0223 
0-0410) 0-0271| 


*0224| 9:0238)| 0-0390| 0-0329 
0288) 9:0295| 0-0327) 0-0380 
0-0201| 00295) 0-0440 
-0328) 0-0578) 0-0478) 0-0389 
0-1113) 0-0475 -0147| 0-0369) 0-0316) 0-0433 
0-0758} 0-0462 +0642 — 
0 -0662) 0-0602) 0 -0287) — —_ 
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that is to say, oiliness will help out a machine in which 
the lubricating system is not satisfactory. An oiliness 
measurement cannot be relied upon as an indication of 
the general practical value of oil. The property has 
no influence on behaviour in engines in any respect of 
friction or wear, and substances which are frequently 
added to mineral oil in order to confer increased oili- 
ness can do more harm than good by producing 
dangerous deposits in use. 

Carbonisation.—According to all the experience 
gained, the most important criterion of value of a 
lubricating oil is the tendency of the oil to give carbon 
deposits in service. 

Laboratory tests of various kinds have been proposed 
to determine this tendency. They take two forms: 
coking tests, in which the coke residue on rapid heating 
in absence of air is determined ; and oxidation tests, in 
which the oil is subjected to an oxidation treatment at 
high temperatures. None of these tests, however, has 
been found to give any indication of the results to be 
expected from engines. The laboratory conditions 
laid down do not correspond to engine conditions. 

This is illustrated by tests which were run on the 
air-cooled single-cylinder bench unit, in which the 
temperatures were maintained at 
185 deg. C. to 200 deg. C. (Fig. 2). Two oils, both 
mineral oils, were tested, on which the laboratory 
results shown in Table IV were obtained, when tested 
by methods similar to those of the Air Board specifi- 
cation. 





In Nos. 1 to 4 the journal was aluminium and the 
bearing bronze. In Nos. 5 to 7 the journal was bronze 
and the bearing white metal. 

An unusually good opportunity arose of examining 
the same question of wear on an actual engine, when a 
sleeve valve engine of a new type was being subjected 
to long-period tests. A test of 500 hours’ duration was 
originally run on a well-known compounded oil, and 
was subsequently repeated on a mineral oil of somewhat 
the same viscosity specification. The wear in both 
cases was found to be negligible, so that here again it was 
not found that a pure mineral oil is improved from the 
point of view of wear in a well-designed engine by 
having anything added to it to increase oiliness. 

The evidence collected on the practical value of 
adding fatty oil to mineral oil to improve the oiliness 
has almost entirely been of a negative nature. There 
have been certain cases in practice where advantages 
have been shown for a compounded oil. Such cases 





arise where a bearing is scantily supplied with oil; 





TABLE IV. 
— | Oil C. Oil D. 
Specific gravity at 15deg.C.  .. 0-911 0-938 
Viscosity Redwood 1 at 100 deg. F. 907 secs. | 931 secs. 
9 ~ 200 deg. F. ..| 81 ,, 77 
Coke test (Ramsbottom) .. ae BK 1°3 0-8 


The oils were oxidised by blowing air through 40 c.c. 
of oil at 200 deg. C. for six hours, at the rate of 15 litres 
perhour. The oxidised oils had the properties indicated 
in Table V :— 








TABLE V. 
Viscosity Redwood 1 at 100 deg. F. 1063 secs. | 1219 secs. 
Ratio of increase .. ae “a 1- 1°3 
Coke test (Ramsbottom) .. 1-4 1-1 
Increase of coke value... a on 0-1 0-3 
Asphalt percentage os $4 | ‘< 


Acidity as oleic, per cent. Me : + 


| 





T he oils were also oxidised under the same conditions 
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as before, except that iron gauze and copper foil, each 
in the proportion of 5 per cent. of the oil by weight, 
were present. The oxidised oils now had the properties 
shown in Table VI :— 


TABLE VI. 





| 


Viscosity Redwood 1 at 100 deg. FF... ‘| 1380 secs. 
Ratio of increase .. ee cA val 1-5 
Coke test (Ramsbottom) . . oe : .| 2-2 
Increase of coke value ee «.| O-9 
Asphalt, per cent. as ee on 1-6 
Acidity as oleic, per cent. ak ..| 0°86 


1685 secs. 
1 . 


O-101w 


2 
l- 
3° 
0- 


5 





On laboratory tests, oil D would be judged the 
inferior oil. The only oxidation characteristic on 
which it is definitely superior is that of acid formation. 

The oils were tested for 50 hours, covering eight days 
in one case and seven in the other, at cylinder-wall 
temperatures of 200 deg. C. The increase of friction 
due to: decomposition on the piston is well shown by 
the average for each day of the hourly readings for 





| disturbed in use, especi- 


| improved oiliness, delete- 


| invite this danger, and the 





deceleration on each oil. These were as*given in 
Table VII :— 








TABLE VII. 

— | Oil C. Oil D. | 

| 

Ist day, average deceleration .. a3 454 449 | 
2nd 23 (Sale) .. (458) 454 

3rd ; 5s Sy tae 1. 448 (462) | 

ith is 3 Ke A so) 438 457 | 

ith =, <— we Ue ne 
6th ‘ 3 a “e .. + 456 455 

ith * ‘A i .. 449 456 

8th 3 * yes | 44 - | 





The figures given in brackets are averages of three | 
decelerations or less, the runs having been short ones | 
on these particular days. It will be noted that oil C 
showed a recovery on the sixth day, for no obvious 
Teason, unless there was a disturbance of the carbon 
half-way through the test. The procedure in testing 
is to drain off, measure, and make up the oil at the 
stage shown by the horizontal line. Apart from this, 
the increase of friction on oil C with time is most marked. 
Oil D showed a well-maintained performance, and is 
clearly the more suitable oil for the lubrication of a 
high-temperature cylinder. Some light is thrown on | 
the superior performance of oil D by the carbonisation | 
figures given in Table VIII :— 


Taste VIII. 


= | Oil C. | Oil D. 








Oil consumption, pints 


" ee 0- 
Carbon on piston, grams .. | 0: 


| 
a 


_ Ttisn t suggested that the carbon on the piston head 
's Tesponsible for the increase of engine friction, but 
ip gg of the piston after the tests showed clearly 
a at the carbon formed on the piston walls was the 
ecisive factor. A direct measurement of this carbon 


no@ 


0-6 
5 0-08 








cannot be made, owing to the way in which it is 











ally when seizure or partial 
seizure has taken place. 
In the effort to obtain 


rious substances are liable 
to be incorporated in the 
oil. Specifications involv- 
ing oxidation tests also 


whole of the above results 
are explained by the fact 
that oil C contained 44 per 
cent. of residual filtered 
cylinder stock, whereas oil 
D contained none, being a 
pure refined high-viscosity 
distillate. The use of cylinder stock in motor oils 
must be carefully controlled, especially in the case of 
oils for air-cooled engines: it flattens the viscosity 
curve, reduces the oxidation figure, and generally 





| improves” the oil from the popular specification 


point of view, but in service produces carbon, and can 
even lead to lubrication failure. 

The tests just described were carried out with an 
air-cooled engine to examine the question of deposits 
on piston walls. Another way in which deposits can 
do harm is by accumulating in oil passages, and stopping 


the supply of oil to vital bearings such as big ends. | 
| Tests have been run on a water-cooled, single-cylinder | 
unit to investigate this question (see Fig. 5). The | 
|engine used is a 5-9 h.p. single-cylinder stationary 
| engine, running at 900 r.p.m. with jacket temperature 


controlled to 45 deg. C. at the outlet. It is fitted with 
an arrangement by means of which the lubricating oil 
from the crank-case is circulated whilst the engine is 
running, through a small centrifuge rotating at 4,500 


| r.p.m., shown in Figs. 6and7. The tests were run chiefly 


with the object of investigating the formation of the 
sludge deposits which are sometimes found in hollow 
crank-pins, and are due evidently to decomposition 
products of the oil being thrown out by centrifugal 
action. Such products collect in cups at the ends of 
the centrifugal arms, and their amount is measured by 
washing out with a standard volume of aromatic-free 
spirit and weighing the insoluble sludge on a Gooch 
filter. In addition to the examination of the material 
separated by the centrifuge from each oil tested, the 
carbon on the cast-iron piston was weighed. 

As a research question, a series of unmixed oils was 
first examined, having the properties indicated in 
Table IX, when examined along the lines of the Air 
Board specification tests, 

On these tests, oil F would probably be judged the 
best of the series of oils from the point of view of 
stability, and oil G would be considered practically 
equal to it. The actual choice between them would 
depend on the relative weights given to coke test and 
oxidation test respectively. Oil E and, still more, 
oil H would be judged inferior, oil E being the better 
of the two, 

The same series of oils, examined in the sludge-testing 
engine, gave the results shown in Table X, page 438. 
Considering the sludge test results, the relationship 























Fia. 5. 


TABLE IX. 


oil E. | Oi F. | oil G. | 


Oil H. 





Unoxidised Oil. 


Specific gravity at 15 
deg. C. 


0-937 0-878 0-911 0-949 


| 
ae al 
Viscosity Redwood 1 at | 
100 deg. F. .. ..| 442 secs. | 369 secs.| 383 secs.) 458 secs. 
Coke test (Ramsbot- 


| 
| 
| 
Acidity as oleic acid, | 


tom), per cent. 0-17 0-33 0-12 0-29 
per cent... «| sil nil nil nil 


Oxidised Oil (oiltemp. | 
200 deg. C.) | 
Viscosity Redwood 1 at | 














100 deg. F. .. .| 1993 sees.| 453 secs. 575 secs.| 2785 secs. 
Ratio of increase of | 

viscosity i oe] 4°95 1-2 1°5 6-1 
Coke test (Ramsbot- | 

tom), per cent. ea 3°75 | 1-3 1:1 | 4-0 
Increase of coke value 3°58 | 0-97 0-98 3°71 
Sediment, per cent. (in- | 

sol. in petroleum | 

ether) as we 7:2 nil 1:9 10-1 
Acidity as oleic acid, | 

per cent. a wal 1-41 0-84 | 0-95 1-82 





between F and G is the reverse of what would be 
expected from the oxidation results. The relationship 
between F, E, and H is in line with the laboratory 
results, but it is obvious that the oxidation tests 
enormously exaggerate the differences between the 
oils. The laboratory predicts marked differences 
between the oils, whereas the engine shows differences 
which require careful measurement to detect, and 
would probably never be found under practical running 
conditions. Considering now the question of piston 
carbonisation, the coke test would place the oils either 
in the order G, E, H, F or F, G, E, H, according to 
whether the coke test of the original oil or the increase 
of coke test on oxidation is considered, Oils G, E, H 
are placed in the same order by both methods of 
evaluation, but by the first method F is the worst oil, 
and by the second F is the best oil. The engine places 
the oils in the order H, G, E, F, which does not agree 
with either of the laboratory methods of evaluation. 
For oil F, the coke value of the original oil agrees with 
the engine carbonisation result, in making this oil 
the worst. Oil G is good in both engine and labora- 
tory tests. The carbonising quality of oil H would, 
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TABLE X. 
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Oil 
consumption. 
Pints in 
50 hrs. 


| 
Vise. Red. 1 | 
ek Oe at 140 deg. F. 
Test No. (unused oil). 
Secs. 


Carbon on 
piston head. 


Carbon on 
piston head. 
Grams per 
pint oil 
consumed. 


Sediment 
in used oil. 
Per cent. 
(less ash). 


Centrifuge 
sludge 
Grams. 


Grams. (less ash). 





136 : 
140 
130 
136 
136 


.] 


mem pobor 
Carscor 


on 








E 
(repeat) 





0-157 
0-111 
0-116 
0-395 
0-164 


0-84 
0-60 
0-51 
0-86 
0-81 


0-155 
0-26 
0-09 
0-08 
0-195 


0-34 
0-59 
0-21 
0-14 
0-38 

















however, be entirely misjudged by the laboratory 
coke tests. 

The figures given in the final column of Table X 
are the percentages of material precipitated by an 
aromatic-free solvent from the oil after the engine test. 
They are reported as a matter of interest, since this 
method of judging an oil after use is commonly adopted. 
It will be seen that the figures are in line with the 
laboratory oxidation results, and similarly fail to 
indicate the centrifuge sludge. There is a factor of 
solubility of oxidation products in the oil which is not 
taken into account when using a precipitation method 
for sludge. 

The following experiments on three mineral aero oils 
are additional evidence on the question of the relation 
between laboratory and engine results. The oils, 
examined on Air Board lines, gave the results shown 
in Table XI. 


| | 


Oil K. 


TABLE XI. 


| ols. | Oil L. 


Specific gravity at 15 deg. C. | 0-935 0-940 


Viscosity Redwood 1 at 100 | 


deg. F. ce Ae .-| 1033 secs. | 1177 secs. | 1394 secs. 
Coke tests (Ramsbottom), | 
per cent. me 1 ee 0-94 | 0-34 


After oxidaticn (oil-bath temperature 200 deg. C.- 
average oil temperature 194 deg. C.) the following 
results were obtained :— 

TaBLeE XIa. 


OK. | 


| 
| Oil J. Oil L. 
Viscosity Redwood 1 at 100 | | 
deg. F. e Re ..| 1554 sees, | 2566 secs. | 2733 secs. 
Vise. at 100 deg. F. | 
Rati after oxidation | 
ani Vise. at 100 deg. F. | 1-5 2°15 1:95 
before oxidatior 
Asphalt, per cent. (insol. in | 
pet. ether) me ban 1-68 3-19 3-14 
Coke test (Ramsbottom), per | 
cent. .s a ae 2-55 3-2 | 2-2 
Increase of coke value 1-25 | 2-26 | 1-86 


Acidity as oleic acid, per | 
cent. : a 0-55 | 0-6 0-9 
On the oxidation tests, oil J would be considered 

superior to both the other oils. The results of the 

engine tests, however, were as shown in Table XIs. 


TABLE XIB. 





Oil J. Oil L. 


‘73 
46 
| 








Oil consumption, pints in 
50 hrs. _ os as 
Carbon on _ piston head, 
grams e ae ae 
Carbon on piston head, 
grams per pint of oil con- | 
sumed . ae ee 0-2 
Sludge separated by centri- | 
fuge, grams (less ash) -.| 0- 


o = 





- 
‘ 


53 








the original unused oils, but oil J, although it shows 
the best oxidation result in the laboratory, definitely 
gives the greatest amount of sludge in the engine. 

The problem of finding a means of subjecting oils 
to a rapid treatment in the laboratory which will 
give the same result as treatment in an engine must 
surely be capable of solution, but, at the moment, 
test methods are being employed which not only 
enormously exaggerate the differences between oils 
in cases where they put them in the right order of 
merit, but actually cannot be relied upon to indicate 
the correct order of merit. Even with unblended oils 
the laboratory can be dangerously misleading. But 
when we come to consider blends, we have to find a 
means of overcoming a very fundamental difficulty. 
Cylinder oils commonly used in blending act in one 
direction on laboratory tests, ‘improving’ the 
oxidation results, and in the other direction on engine 
| performance, increasing the danger due to deposits. 
We are only able to point out the misleading nature 
of existing criteria, and to say that in the present 
state of knowledge the only guide of lubricating-oil 





| quality is actual trial under engine conditions as near 


| as possible to conditions of service. 

| Other Tests—For the sake of completeness, certain 
| other tests which are commonly applied to lubricating 
| oil ought to be mentioned. These tests are specific 
| gravity, flash point and viscosity. Specific gravity 
}and flash point have nothing to do with lubricating 
| quality, and are only indications of the origin of the 
| oil. An oil of low specific gravity and high flash point 
| is likely to give a low result on a laboratory oxidation 
| test, but as has been seen above it is more likely 
|than not to give increased danger due to carbon 
| deposits in engine use. 

| With regard to viscosity there is nothing distinctive 
about the actual grade of viscosity that is laid down. 


It will here be seen that oil L is easily superior to the | That is to say, a given viscosity at one temperature 
other two in the amount of sludge separated, and, | can be obtained with oil from most sources. The only 
incidentally, in the amount of piston carbon formed. | danger in laying down a viscosity above a certain low 
The piston carbon is in line with the coke tests on| limit, combined with a low specific gravity, is that 








sie 
SSNS 


SS 






Z 
Uy LBS 
ZG CII. 
4 if 


we LL 


Wa 
n/p 


ESSSSsssssso 


WN 
{ 


SSS 






Y ZZ 


“ENGINEERING” 


Y 





oils of medium and high viscosity from crudes of 
low specific gravity are not necessarily pure refined 
distillates, but are generally blends of distillate with 
refined residual oils, and will, as shown above, give 
more carbon than corresponding oils from high gravity 
crudes from which viscous oils are prepared as 
unblended distillates. 

Viscosity is, however, frequently used in a restrictive 
way by laying down viscosity curve requirements, 
The viscosity is required not to be above a certain 
figure, at say 70 deg. F., and not to be below a certain 
figure at a high temperature, such as 200 deg. F. 
Sweeping statements are also sometimes made that the 
flatter the viscosity curve the better the oil, and that 
the ideal oil would have an unchanging viscosity 
with rise of temperature. 

It is the common practice to grade lubricating oils 
in accordance with their viscosity at a medium 
temperature, such as 100 deg. F. or 140 deg. F. This 
practice is perfectly sound, as this range of temperature 
covers ordinary crankcase conditions. Definition of 
viscosity grade in this way will ensure the maintenance 
of the necessary supply of oil in crankcase bearings 
independently of the origin of the oil. It has also 
been found that oil consumption in an engine is a 
function of the viscosity at crankcase temperatures, 
since this controls the rate of supply of oil to the 
cylinder walls. Thus oils of different viscosity curves, 
matches at 100 deg. F. to 140 deg. F., will be found 
to give equal oil consumption figures. In what ways 
will such oils be found to differ in other items of 
performance ? 

The engine friction will be found to be lower on 
the oil of steeper viscosity curve due to its lower 
viscosity at cylinder wall temperatures. No observation 
has been made of lubrication failure of a piston due 
to lack of viscosity of the oil, so that the question of 
this danger does not arise. The difference of piston 
friction and power output on oils of different viscosity 
curves is not easy to demonstrate under normal 
conditions, since the differences of viscosity between 
oils of the same grade but of different origins are, 
after all, quite small in a practical sense, but by 
choosing extreme cases, and preparing oils to have 
equal viscosity af lower temperatures than usual, 
sufficient divergence of viscosity at working tem- 
peratures has been obtained to enable a difference in 
performance to be observed. The power output and 
friction of the small single-cylinder sleeve-valve engine 








mentioned above (compression ratio 6:1) were 
measured, using oils of the following viscosity 
eurves :— 
— Oil M. Oil N. 
Viscosity deg. E. at 20 deg. C. 46 | 46-0 
ye ay rH 


aa 0 
50 deg.C. ..} 5-8 | 8:2 
100 deg. C. 7 : 
| 





The water jacket temperature was maintained at 
50 deg. C. + 1 deg. C. at the outlet throughout the 
tests. 

The comparative power and friction measurements 
at speeds from 700 r.p.m. to 2,400 r.p.m. are given 
in the Table XII, opposite. This table shows that 
there is a practically constant advantage of 2 per 
cent. in maximum power in favour of the oil of steep 
viscosity curve. The friction curves show an almost 
exactly corresponding advantage of 2 lb. per square 
inch in terms of brake mean-effective-pressure for 
the same oil. Ree 

It may be feared that the oil of steeper viscosity 
curve will give increased wear of the cylinder due te 
the lower viscosity at cylinder temperatures. This is 
a point on which it has not yet been found possible . 
obtain conclusive evidence. One of the researc 
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engines has been run for 500 hours on spindle oil, 
which is the least viscous oil produced as a lubricant, 
and the cyiinder wear during that period was found to 
be negligible. Attempts are being made to examine 
the question of bearing wear with oils of different 
viscosity. and the only result obtained so far has been 
that a mineral oil of about double the viscosity of the 
oils on which the tests given in Table IIT were run 
(200 seconds Redwood 1 at 140 deg. F.), gave about 
double the wear on these bearings instead of the 
expected reduction. There must, of course, be some 
explanation of this, such as that the supply of the more 
viscous oil was inadequate or that the more viscous 
oil retained accidental abrasive material in suspension 


TABLE XII. 

















f 
Oil M. | Oil N. 
an | 
| B.M.E.P. Friction, | B.M.E.P. Friction, 
| Lb. /in.?. B.M.E.P. | Lb. /in.2. B.M.E.P. 
<a | a 
700 r.p.m.| 100-0 —_ 97-8 _ 
900, | 104-6 15-7 | 102-5 17-5 
1,200 ,, 108-4 18-5 | 106-7 20-3 
1,600 ,, 108-3 22-3 | 106-6 24-1 
2,000 a 100-6 26:5 | 98-8 28-2 
2400 =, 86-5 30-3) | 85-0 31-8 
| 





in a way that the less viscous oil did not. This matter 
is still under examination, but it seems very unlikely 
that it will be possible to show any difference of wear 
of either a cylinder or a bearing when comparing two 
oils of the same viscosity at 100 to 140 deg. F., but 
differing in viscosity curve. 

Coming now to the behaviour of oil at temperatures 
below the matching temperatures, the oil of steeper 
viscosity curve will, of course, have a higher viscosity in 
this range of temperature, and at first sight increased 
difficulties in the starting of engines might be expected. 
This is an aspect of the question which is also under 
experimental examination, but it must be confessed 
that no great hopes are entertained of getting conclusive 
engine results. The change of viscosity with tempera- 
ture of any oil at low temperatures is so great, and the 
difficulty of controlling exactly the cylinder wall 
temperature of an engine is also such that the experi- 
mental accuracy of the determination is never likely to 
be great. From the purely laboratory point of view, 
however, it can be shown that judgment of oils by their 
viscosity relationships between 70 deg. F. and 200 deg. F. 
can be very misleading. It is the general rule that 
oils of flat viscosity curve, being derived from paraffin 
base crudes, have high pour tests, whereas oils of steep 
viscosity curve, derived from wax-free crudes, remain 
fluid down to very low temperatures. The viscosity 
curve should always be considered in relation to the 
pour test. The following case arose recently, for 
instance :—Two oils were examined whose ordinary 
analysis figure were as shown in Table XIII. 


TABLE XIII. 





ane | Oil O. | Oil P. 





Specific gravity at 15 deg.C. .. ..| 0-910 0-938 
Pour test, A.S.T.M. aa ss ..| 40 deg. F.| 10 deg. F. 
Viscosity Redwood 1 at 70 deg. F. 2290 secs.| 3430 secs. 
” “ 140 deg. F. 215 ,, 235 ,, 
», 200 deg. F. 1, || 7-5, 
| 





_ A superficial examination of the above figures might 
indicate that oil O would give easier starting in an 
engine. It is, however, clear that since this oil is 
“set” under A.S.T.M. conditions at 40 deg. F., where- 
as oil P will pour down to 10 deg. F., the viscosity 
curves must cross at some temperature below 70 deg. F. 
Viscosity measurements were made on these two oils, 
using the Redwood II instrument, from 32 deg. F. 
upwards, and the following results were obtained — 


TABLE XIV. 





— | Oil O. | Oil P. 





Viscosity Redwood II at 50 deg. F. 
” pe » 40 deg. F. 
2 deg. F. 


690 secs.| 1010 secs. 
600 ,, 18 ” 
Oil not 3700 ,, 
fluid. 


_Oil O is shown by the viscometer to have a measurable 
viscosity at 40 deg. F., i.e., at the temperature at which 
the A.S.T.M. test states it to be “ set,” but the figure 
is much above that of oil P at the same temperature, 
oreven at 32deg. F. The crossing point of the viscosity 
curves of the two oils is about 47 deg. F., and on a 
consideration of viscosity alone it would be expected 
that the oil P would give easier starting than oil O 
at temperatures from, say, 45 deg. F. downwards, in 
spite of the unfavourable impression that would be 
obtained from the curves over the conventional tempera- 
ture range. Since, for the question of starting in cold 








weather the range of temperatures below 45 deg. F. 
is of enormously greater practical importance than 
temperatures above 45 deg. F., at which the viscosity 
in either case is not excessive, it is evident that the 
conventional viscosity analyses of the oils give quite a 
misleading picture of their relationship in this respect. 
The following case has also been examined, of two 
oils both of viscosity 140 seconds Redwood I at 140 deg. 
F., but one having a pour test of 35 deg. F. and the 
other a pour test of ‘- 10 deg. F. The following table 
shows the viscosity of these oils in absolute units :— 


TaBLe XV. 








Temperature. | Oil Q. | Oil R. 
: | 
| Centipoises. | Centipoises. 
20 deg. F. scl AS 11,130 
30 deg. F. --| 10,870 4,585 
40deg.F... ie re ..| 2,230 2,100 
60 deg. F. ee me a aa 832 1,052 
60deg.F. .. oe ee ool 464 567 
70 deg. F. --| 293 349 
100 deg. F. | 95-5 107-5 
140 deg. F oa 32-5 33 
200 deg. F wal 11:5 9°5 
| 








It will be seen that the viscosity curves cross at 
40 deg. F. as well as at 140 deg. F. 

Examination of the statement “the flatter the 
viscosity curve the better the oil” has shown already 
that as a criterion of starting effort it is incomplete, 
and that on the questions of power and friction it is 
definitely misleading. 

Conclusions.—It has been shown by research into the 
practical meaning of common laboratory tests for 
lubricating oils:—l. That there is no substantial 
benefit to be derived from compounding oil to improve 
the ‘‘oiliness.” 2. That although the formation of 
decomposition products in service is undoubtedly an 
important factor in lubricating oil quality, the labora- 
tory tests at present applied do not evaluate that 
factor correctly. 3. That no justification is apparent 
for the judging of oil by viscosity changes above 
70 deg. F. 





THE MANUFACTURE AND PRO- 
PERTIES OF HAIRSPRINGS.* 


By H. Moore, O.B.E., D.Sc., and 8. BEcKINSALE, 
B.Sce., A.I.C. 

Some investigation has been necessary, at the 
Research Department, Woolwich, into the manufac- 
ture and properties of several types of hairsprings for 
instruments. Related work, mainly of a metallurgical 
nature, has also been carried out on small springs used 
for other purposes. The following notes were prepared 
for the information of the British Electrical and Allied 
Industries Research Association, and are published, 
with the approval of the Army Council, at the instance 
of the Engineering Research Board, Department of 
Scientific and Industrial Research. 

The function of hairsprings and control springs is 
to control the rate of oscillation of a balance, as in 
watches and chronometers, or the deflection of a 
suspended part submitted to a torque, as in galvano- 
meters, &c. The form, dimensions, and modulus 
of elasticity, determine the strength of the spring. In 
addition, the qualities required in a hairspring are 
perfect elasticity throughout the maximum range of 
deflection applied; permanence and invariability of 
elastic properties, and of form and dimensions when 
unconstrained or under a given torque ; and resistance 
to corrosion. Thus the effect of processes of manufac- 
ture and assembly on the elastic properties of hair- 
springs is of great importance. Some confusion as to the 
properties required is occasionally encountered. Cases 
have indeed come to notice in which, when a weaker 
spring (i.¢., one giving a larger deflection under a given 
torque) was required, a softer material with a lower 
elastic limit was used, although it is obvious that the 
desired effect should have been obtained by an alteration 
of dimensions. The risk of permanent set and alteration 
of zero is increased by using a softer material. 

There are three main types of hairspring: (a) the 
straight or torsion type used as suspensions in galvano- 
meters and other electrical instruments, 400-day clocks, 
&e., and the straight type found in certain time- 
measuring instruments having escapements with a very 
high rate of oscillation ; (6) the flat coiled (spiral) type 
used in watches; and (c) the helical type used in 
chronometers and in certain other scientific instruments. 
Hairsprings of any type may be made from plain 
carbon steel, alloy steels, and other ferrous alloys, in- 
cluding Invar and Elinvar; the non-ferrous alloys 
known as phosphor bronze, silicon-bronze and nickel- 
silver, silver alloys and palladium alloys; other 
materials have also been used. It is possible to use 





*Communication from the Research Department, 
Woolwich, read before the Institute of Metals, London, 
on March 10, 1927. 





any metal or alloy capable of being worked into thin 
wire or strip with a high elastic limit and fatigue range. 

Methods of Ha:dening.—All the materials mentioned, 
when in the soft or annealed condition, have too low 
an elastic limit for satisfactory use as hairsprings, 
and must have their elastic range increased by treat- 
ment. Steel may be hardened either by heat-treatment 
(quenching from above the critical range, with or 
without a subsequent tempering), or by cold-work. 
Non-ferrous metals or alloys can only be hardened 
sufficiently by cold-work. Steel hardened by quench- 
ing and having apparently a high elastic Jimit is not 
necessarily perfectly elastic up to that limit. A study 
of the stress-strain relations by more refined methods 
may show a slight curvature of the load-extension 
diagram, hysteresis loops on loading and unloading, 
and slight permanent set after application of nioderate 
tension. It is difficult to study these effects in strip 
having the sma!l cross-section of hairsprings, but they 
may be investigated in rod of larger section treated in 
the same way. Elasticity may be largely restored 
by tempering at suitable temperatures, which may 
involve some softening. Quenched strip appreciably 
softened by tempering (/.e. having a lower tensiie 
strength) may, however, have a longer range of perfect 
elasticity. 

Departure from perfect elasticity is still more marked 
in steel and in non-ferrous alloys hardened by cold-work. 
The impairment of elasticity by cold-working operations 
(cold-rolling, drawing, &c.) and the restoration of 
elasticity by subsequent treatment have been exten- 
sively studied.* Briefly, permanent deformation of 
any metal or alloy in the cold, produced by any means, 
tends to lower the ratio of the true elastic limit to the 
tensile strength, which is raised. In general, the greater 
the amount of deformation, the more is the elastic 
limit lowered and the greater is the curvature of the 
load-extension diagram, although the tensile strength 
may steadily increase. The characteristics of severely 
cold-drawn material are a high tensile strength, a very 
low true limit of proportionality, a load-extension 
diagram showing a gradually increasing curvature as 
the stress increases, and a pronounced hysteresis loop 
on loading and unloading. Such material is obviously 
unsuitable for hairsprings. Some recovery of elasticity 
occurs on standing at ordinary temperatures, and may 
be nearly complete in very mild steel and in some non- 
ferrous materials. Recovery of elasticity may be 
brought about in all cold-worked metals and alloys 
by heat-treatment at temperatures usually between 
100 deg. and 300 deg. ©. The treatment required 
depends on the composition of the material and on the 
nature and extent of the cold-working operations. 
Suitable treatments have been determined experi- 
mentally for various steels and non-ferrous materials 
cold-worked to different extents. It may be pointed 
out that though straight hairspring strip may have 
been so treated as to be perfectly elastic, bending to a 
coiled form, or any other operation involving perma- 
nent deformation in the cold, again impairs its elasticity 
unless some recovery treatment (low-temperature heat- 
treatment) is applied after the spring is brought to its 
final form. Some of the materials used for hairsprings 
are considered separately below. 

Carbon Steel.—Carbon steel is probably the material 
most frequently employed. Swedish steel of high 
quality, containing from 1 to 1-3 per cent. of carbon 
and very low in sulphur and phosphorus, is commonly 
used. Quenching in oil from 750 deg. C. has been 
found to be a suitable hardening treatment and gives 
a Brinell hardness over 650, which may be reduced 
to any desired extent by subsequent tempering. 
Tempering at a temperature between 300 deg. and 
350 deg. C. gives a Brinell hardness number usually 
between 520 and 400, covering the range generally 
suitable for hairsprings. The same high-carbon steel 
may also be hardened to the required degree by cold- 
work; it is drawn into wire of circular or elliptical 
section, and, if required in the form of strip, it is drawn to 
a size which on rolling will produce strip of the requisite 
width and thickness. Small variations in the wire 
sometimes give a rolled ribbon which is not straight, 
and this is then rectified by drawing through a die. 
Wire or strip with a general lateral curvature, or not of 
uniform dimensions, is not suitable for hairsprings. 

The chief disadvantage of plain carbon steel for 
hairsprings is its liability to corrosion. General 
corrosion weakens the hairspring by reduction of its 
effective thickness, but more frequent and troublesome 
are small rust spots, which may start fracture, particu- 
larly in springs used in rapidly moving escapements. 
The thin continuous oxide coating usually left after 
tempering tends to retard corrosion, and the use of a 
film of good watch oil, applied by wiping or by dipping 
the springs into oil or into a solution of the oil in benzene, 





*See, for example, R. H. Greaves, ‘‘Gun Wire,” 
Research Department, Woolwich, R.D. Report, No. 60 
(H.M. Stationery Office, 1924), and previous publica- 
tions to which reference is made in that report. 
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has been found effective in preventing corrosion, 
provided the coating is continuous. Cold-drawn and 
tempered steel hairspring strip, containing 1-2 per 
cent. of carbon, has been used successfully in the form of 
straight hairsprings in escapements giving more than 
80 beats per second. Table I shows the effect of low- 
temperature heat-treatment or tempering on maximum 
load in tension. The effect on elastic limit is much 
greater, but cannot be shown in tensile tests on such 
thin strip. Since the strip was required in the straight 
form for the hairsprings and tensile tests, it was clamped 
during treatment between plane steel taces, which 
allowed expansion in a longitudinal direction but 
prevented bending. 

Ferrous Alloys.—Certain steels containing high per- 
centages of nickel, or both nickel and chromium, offer 
special advantages for use as hairsprings. They resist 
corrosion, some to a very remarkable extent, and a 
number are non-magnetic. The alloys of French 
origin, Invar and Elinvar, are the best known of these, 


TABLE J.—Heat-Treatment of Cold-Drawn Steel Strip 
containing 1-2 per cent. of Carbon. 0-0028 in. thick 
by 0-0148 in. wide. 

















Treatment. | Average Breaking Load.* 
Temperature. Time. On Section. " 2 
ds. 0. Minutes. Lb. Tons /in*. 
| 

As drawn _ | 7-80 | 84-1 

2 15 8-42 90-7 

30 8-58 92-4 

250 15 8-44 90-9 

30 8-47 91-2 

275 15 8-59 92-6 

30 8-87 95-5 

300 15 8-81 94-9 

30 8-85 95°3 

350 15 8-54 92-0 

30 8-49 91°5 








* Each result is the average of at least 4 tests. 


alloys are commonly more resistant to corrosion than 
most of the steels used for hairsprings. Hairsprings 
made of non-ferrous metals, pure or approximately 
pure, would, insome cases, havea lowelectrical resistance, 
a decided advantage in some types of electrical instru- 
ment. Even when severely cold-worked, the commoner 
non-ferrous metals are, however, too soft for use as 
hairsprings, with the possible exception of some forms 
of galvanometer strip suspensions. 

Phosphor-bronze and nickel-silver have been much 
used for hairsprings, but the former appears to have 
largely replaced the latter, prohably because of 
the greater uniformity in composition that can te 
obtained with phosphor-bronze, which, when of suit- 
able composition, has the further advantage of being 
practically free from the liability to season-crack and 
fire-crack. Silver alloys have also been used to a 
limited extent in certain instruments. Phosphor- 
bronze free from zinc, and containing not more than 
6 per cent. of tin and 0-2 per cent. of phosphorus, is 
commonly used. In tests made in the Research 
Department, the phosphor-bronze was cold-drawn into 
| wire of circular section, which was then rolled and 
| finally drawn to the desired width and thickness; the 
resulting properties are shown in Table II. The 
| rolling and drawing processes must be of a type which 
| will not produce cracks or irregularities of any kind 
lin the edge of the strip, since such defects tend to 
produce fractures in hairsprings, particularly in those 
| of fast-moving escapements. The higher tin contents 
|confer an initially higher elastic limit and hardness. 
In trials of straight hairsprings of phosphor-bronze 
| containing 6-5 per cent. tin in an escapement giving 
| more than 80 beats per second, much better timing was 
| obtained after the hairsprings had been given a low- 
| temperature heat-treatment of 30 minutes at 200 deg. C. 
| in an oil-bath, the strip being clamped between plane 
| steel faces which allowed expansion and contraction in 
longitudinal and lateral directions, but prevented bend- 
ling or other -deflection. Experimental treatments of 
| this strip at 100 deg., 150 deg., 200 deg., 250 deg., and 





TABLE II.—PRorerties OF PHOSPHOR-BRONZE HAIRSPRING STRIP, 









































anne Dimensions. Average 
Composition. Inch. Breaking Load. 
Method of sacieiscaeeied 
Manufacture, ‘ On Sects 
‘opper. Tin, Phosphorus. in n Section. 2 
Per cent. Per cent, Per cent. Thickness. Width. Lb. Tons/in?. 
| | | 
/ 95-2 | 4:4 | oO-19 | 0-0041 0-0170 10-18 65:2 
| 94-5 =| «653 | 015 S| Ss 0 0038 0-0160 10-05 73:8 
Strip made in oe pana 93-3 6-4 0-20 | 00042 0-0167 11-42 72°7 
draw-benches and rolls i 93°2 | 6-6 | 0-14 0-0038 0-0159 10-15 75°0 
| 93°3 | 6°5 | 0-18 | 0-0038 0-0147 10-18 81-3 
93°5 6°3 0-12 0 -0032 0-0150 8-63 80°3 
Strip made in power draw- / o2 6©| «655)~—(| «S20 | ~Ss(0 0088 00160 9-89 72°6 
benches and rolls - 92-8 | 6°3 | 0-19 | 0-0042 0-0157 9-09 61-6* 
\} 93-0 | 66 86| 0-20 | 0-0038 0-0147 10-27 82-0 











* Less severely cold-worked than the other samples, 


and both have been used for hairsprings. Invar con- 
tains 36 per cent. of nickel, and has a temperature 
coefficient of linear expansion of only 0-009 x 10-4 per 
deg. C. (compared with 0-105 to 0-116 x 10~ for 


ordinary steel) over the range of temperatures in the | 


neighbourhood of 20 deg. C. Elinvar, the more 
recently developed alloy, contains about 12 per cent. 
of chromium and 36 per cent. of nickel, and, after 
suitable treatment, has a practically constant elastic 
modulus over a range of temperatures between --50 deg. 
and +- 100 deg. C.; this property is regarded as being 


300 deg. C., showed that the tensile strength after 
treatment remained approximately constant at 74 to 
75 tons/in.2 until 250 deg. C. was reached; after 
300 deg. C. it fell to about 65 tons/in.? The most 
suitable temperature for restoration of elasticity appears 
to be about 200 deg. C. It is probable that phosphor- 
bronzes containing 8 to 10 per cent. of tin and not 
more than 0-2 per cent. of phosphorus would repay 
investigation, and might prove to be more suitable 
for some purposes than those of lower tin content. The 


| use of copper-nickel alloys and other nickel alloys for 





more important than low coefficient of expansion in | hairsprings might also be considered. 


hairsprings. The mcdulus of elasticity, KE, of Elinvar 


Palladium Alloys.—The use of palladium alloys 


is given as 11,400 to 12,000 tons/in.*, compared with | for hairsprings appears to be restricted to chronometers. 
13,400 tons/in.* for high-carbon steel of the type used| The high cost of this metal would probably prevent 


in hairsprings. Elinvar can hardly be regarded as a| 
steel, and like non-ferrous alloys can only be hardened | 
by cold-working operations. The requisite properties | 
before cold-working are secured by air cooling or 
quenching from 800 deg. C. In order to restore the 
elastic properties impaired by the cold-working opera- 
tions, the hairsprings should be heated to temperatures 
between 350 deg. and 60) deg. ©. The appropriate 
temperature and time of treatment depend on the 
degree to which the Elinvar has been cold-worked. 
Elinvar is highly resistant to corrosion. 

Non-Ferrous Alloys.—The main advantage of steel, 
when of suitable composition and treatment, is the 
much longer range of perfect elasticity (i.e., the much 
higher elastic limit), in comparison with non-ferrous 
alloys. The difference is so considerable that it is 
rarely necessary to use steel in the hardest possible 
condition, while non-ferrous alloys have usually to be 
hardened by cold-work nearly to the maximum extent. 
One consequence of this is that steel, or ferrous alloy, 
hairsprings may be both harder and tougher than non- 
ferrous springs, and may therefore be less liable to 
local injury (as in assembling into instruments) or to 
failure by fracture if local injury occurs. Non-ferrous 











its general use in instruments. Its advantages of 
incorrodibility combined with a high elastic limit are 
now obtainable in much cheaper materials. 

Alloys of Low Electrical Resistance.—Owing to the 
incompatibility of low electrical resistance and high 
elastic limit, it is desirable to avoid, as far as possible, 
the necessity for low electrical resistance in hairsprings. 
It is understood that, in some cases in which the current 
passes through the hairspring, hard-drawn phosphor- 
bronze containing from 1 to 2 per cent. of tin has been 
used, Small percentages of cadmium* (up to 2 per 
cent.) raise the hardness and elastic limit of copper 
considerably, but raise its electrical resistance to a much 
smaller extent than the equivalent amounts of any 
other alloying metal commonly employed. The 
copper-cadmium alloys are readily drawn into wire, 
and their use for low-resistance springs appears to be 
worth considering. In the case of low-tin bronze (tin 
not exceeding 2 per cent.), copper-cadmium alloys, 
and certain other possible alloys, further experimental 





* W. C. Smith, ‘‘ Copper-Cadmium Wire for Electrical 
Transmission,’’ Chem. and Met. Eng., 1921, vol. xxv, 


work is required to determine the most suitable com. 
position, method of manufacture, and heat-treatment 
to give serviceable hairsprings. 

Coiled Springs—The manufacture of coiled hair. 
springs usually involves coiling operations after the 
requisite hardness and elastic properties have been 
obtained, although steel helical springs for chrono- 
meters are commonly coiled to the desired form before 
hardening and tempering. In the case of non-ferrous 
springs, any coiling required must be done after the 
strip has been fully hardened by cold-drawing or 
rolling; this applies equally to cold-drawn steel 
springs, and sometimes to steel springs hardened by 
quenching and tempering, if these operations precede 
coiling. The wire or strip is coiled on mandrels. The 
size of the mandrel is determined by experiment, since 
the coil opens out partially when the winding pressure 
or tension is released. As the amount of springing 
out depends on the dimensions and properties of the 
strip, accurate control and uniformity of these properties 
are necessary to give springs of uniform dimensions, 
It has already been pointed out that elasticity is 
seriously impaired by the permanent deformation in- 
volved in coiling. It appears, however, to be fairly 
general practice to leave a cold-coiled spring in this 
condition. The imperfect elasticity may result in a 
decrease in the distance between coils during use, and 
in alterations in zero readings. The use of low- 
temperature heat-treatments after coiling, for pre- 
venting such troubles by restoring elasticity, has been 
indicated above, and has been successfully adopted for 
phosphor-bronze and other springs. 

The Testing of Hairspring Strip—The uniformity 
of strip, especially cold-worked strip, is most con- 
veniently tested by determining the tensile strength. 
A simple dead-loading device, in which weights or shot 
are loaded into a scale pan hung on the strip, has been 
found convenient. Some precautions are necessary, 
owing to the very small area of cross-section. The 
grips are carefully radiused on the edges, and the 
hairspring wire or strip is clamped between smooth 
steel faces. Twisting of the strip and any form of 
impact loading must be avoided. In another form of 
the apparatus the pull is applied by means of a screw 
through a suitably calibrated spring balance. This 
type of apparatus eliminates the danger of impact 
loading, and can be arranged to avoid torsion stresses, 
a@ common trouble in the testing of thin strip. In 
order to obtain true breaking loads on fine wire and 
strip, the pull must be axial, and the specimen under 
test must be free from kinks. The Brinell hardness 
test, made with a ball of 0-8 or 1 mm. diameter and a 
suitable load, which can be readily determined, will 
give useful indications of the hardness of strip if it is 
not too thin or narrow. Even if true Brinell hardness 
numbers are not obtained, useful comparative figures 
are secured when the conditions governing the tests 
are carefully standardised. 





LauncH oF THE S.S. “City or HEREFoRD.”—On 
Tuesday, March 22, Messrs. Barclay, Curle and Company, 
Limited, successfully launched from their West Ship- 
building Yard, Scotstoun, the single-screw steamer City 
of Hereford, which they are building for the Ellerman 
Lines. 'The vessel, the main dimensions of which are, 
length, 398 ft. 6 in., breadth, 51 ft. 6 in., and depth, 
32 ft. 8 in., has a gross tonnage of 5,100 tons with a 
deadweight of 8,500 tons, and is a thoroughly up-to-date 
cargo carrier, with large open hatches served by an 
ample number of steam winches and derricks to ensure 
rapid loading and discharge of cargo. The propelling 
machinery consists of one set of triple-expansion engines, 
having cylinders 24 in., 41} in., 724 in., by 48-in. stroke, 
steam being supplied by three single-ended boilers fitted 
with superheaters and Howdens’ latest type of Ljung- 
strém air preheaters. 





Tue WATER-SUPPLY AND SEWERAGE OF PertH, WES- 
TERN AUSTRALIA.—The output of water from the water- 
works serving Perth, Fremantle, and the neighbouring 
localities in Western Australia amounted to 3,131 million 
gallons during the year ending June 30, 1926. The 
average daily output was 8,578,477 gallons, and the 
estimated population served, 184,000. The new works in 
connection with the Hills Water-Supply Scheme are 
progressing favourably, and 300 men are at present 
engaged on the construction of the dam at Churchman’s 
Brook, a branch of the Canning River. Apart from 
mains laid in connection with the Hills Scheme, nearly 
14 miles of water mains, varying from 1 in. to 24 in. 
in diameter, have been laid during the year. The total 
length of mains, varying from 1 in. to 36 in. in diameter, 
controlled by the Metropolitan Water-Supply, Sewerage 
and Drainage Department of Western Australia, is now 
700 miles. The total length of sewers under the juris- 
diction of the Department is about 148 miles. The 
Perth septic tanks dealt with 649,000,000 gallons of 
sewage during the year under review, and 176,000,000 
gallons were treated at the Fremantle sewage works. =~ 
twenty-eighth annual report and balance sheet —— 
recently by the Department, shows that the fina 
operations of the year resulted in a net loss of 22,620!. 
There was a deficit on the water-supply account ol 
39,059/., and surpluses on sewerage of 9,766i/., and on 





page 1178. N. F. Budgen, Cadmium (Griffin), p. 203. 








storm-water drainage of 6,6671. 
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THE FLOOD PROTECTION WORKS OF | the stones and lumps of clay too large to pass through 
THE MIAMI VALLEY, OHIO, U.S.A. | a. The — a Me = —_— was 
|a slightly sloping cylinder of boiler plate 4} ft. in 
By B. W. Lane, M-Am.Soo.C.E. | aianeler with 64 in. holes, sheer poets. by an 
(Concluded from page 378.) /electric motor. This was mounted directly over 
Hydraulic Fill Method of Dam Construction.— | the pump sump, and the materials flowing in at the 
The earth dams for the retarding basins, comprising | higher end all fell through the holes into the sump, 
more than 7,000,000 cub. yards, were made by the except the oversize which was gradually worked 
hydraulic fill method. Two forms of hydraulic | to the lower end of the cylinder and discharged into 
fill are common in America. In the one, the true | buckets. These were lifted by derricks on to cars 
hydraulic fill, the materials are brought to and and hauled away, the rock being used in paving and 
placed in the embankment in such a manner that |Tiprap. The excavation methods used at German- 
the fine material is deposited within a predetermined | town and Huffman were very similar to those at 
section to form an impervious core. In the second, | Englewood, except that on account of the smaller 
or semi-hydraulic fill, the materials are put into the | quantity involved, only about half as much equip- 
embankment by mechanical means, and are then | ment was used. 
worked over and manipulated by means of water; At the Taylorsville dam the site of the outlet 
jets, so as to get sufficient fine material into a} work was overlaid with material suitable for dam 
predetermined section to form an impervious core. | construction and it was, therefore, used in the dam. 
Fig. 13, page 250 ante, shows a cross-section of the | It was on a hillside and the hydraulic method of 
dams built by the Miami Conservancy District, | excavating was used. The earth was glacial till 
and indicates the position and extent of the im-|and clay, and powerful streams of water were 
pervious material. The width of this core at any | necessary to wash it down. Two streams of water 
elevation is equal to one-third the height of the| were used, one of 3,500 gallons per minute under 
dam above that elevation. This is narrower than | 175 lb. pressure, and a second of 2,800 gallons per 
is frequently used, allowing more room for stable} minute under 115 lb. pressure. In addition, a 
material to support the core on the sides, and thus | stream of 2,100 gallons per minute was allowed to 
reducing the likelihood of their being pushed out. | fall over the face of the bank to aid in softening the 
These dams were all built by the true hydraulic; bank and to supply the remainder of the water 
fill process, but a variety of methods was used, | required to transport the material dislodged by the 
due to the different conditions at the dam sites. At/| high pressure streams. It was also found econo- 
the Taylorsville and Lockington dams, the earth | mical to drill and dynamite the earth prior to attack- 
was washed down from the hills by large hydraulic | ing it with water. About ? lb. of 40 per cent. 


100,000 cubic yards. Manganese steel runners were 
tried and gave better satisfaction, but the form of 
manganese steel runner, shown in Figs. 41 and 42, 
page 442, was ultimately developed, having remov- 
able shoes on the vanes of the impeller. These 
took the wear and could be replaced when worn out. 
By varying the length of these shoes the effective: 
diameter could be varied to secure greater pressure. 

Manganese steel casings were also used for the 
pumps, but on account of the shrinkage strains, 
they could only be made about 2} in. thick. Several 
pump casings of hard white iron were tried. They 
were made with a thickness of 4 in. to 5} in., and 
with heavy reinforcing ribs, as shown in Fig. 53, 
Plate XXIV, as the casing when partly worn through 
tended to split apart on account of the pressure. 
One of these pump casings handled about 560,000 
cub. yards, and was then only about half-way worn 
through. This casting was so hard that there was 
difficulty in machining it. Others were later made 
rather softer to improve the machining qualities, 
but this reduced the durability. 

The first pipe lines were of standard mild-steel 
riveted dredger pipe, but this was worn out by 
only 100,000 c. yds. to 150,000 c. yds. of material, and 
a high carbon steel was substituted which lasted 
about three times as long. Where frequent moving 
was necessary, the pipe was 15 in. in diameter, 
and of No. 8 to No. 10 gauge. It was made in 16-ft. 
lengths with stove-pipe joints which were held 
together by wire between lugs on the ends of the 
sections. Where necessary, shingles were driven 
into the joints to make them tight. It was found 








monitors, to pumps which forced the water and| dynamite per cubic yard was used. Although under 


TABLE V.—MECHANICAL ANALYSIS OF MATERIAL IN CORES 


very advantageous to keep the pipe lines as straight 


OF EARTH DAMS. 





Taylorsville. Huffman. 
































Bureau of Soils Standard Sizing. | Germantown. | Englewood. | Lockington. | | Average. 
| 
| | | | | | | | | 
Fine gravel, 2 to 1 mm. percent... oe | 0 0 0 0 | 0; 0 0 0 | 0-3) O 0 0 0 0 0 0 0 0 | 0 | O Of o) 0 
Coarse sand, 1 to 0-5 mm. per cent. 1 8 0 0 0-4) O | 0 0 0 | 0-9) 0 0 0 0 0 0 0 oO | 0-21} 0 | O 1-1} 0-7) 0-1 
Medium sand, 0-5 to 0-25 mm. per cent. 0-1) O 0 0-3} 0-2} O 0 0-5) 0-7) O 0 0-5) O-1) O 0 0 O | 0-2; O | 1-8 0-8 0-8) 0-3 
Fine sand, 0-25 to 0-10 mm. per cent. .. | 1:5] 4-2) 2-1] 4-6) 1-6] 3-6) 0-5 2-6) 8-6) 1-0) 1-5) 3-1) 1-9) 0-5) 2-0] 0-4) 0-1) 3-5) 2-8) 13-7 2-9) 6-2! 3-0 
Very fine sand, 0-10 to 0-05 mm. percent. | 14-0) 17-3) 21-2) 19-6) 16-8) 19-3) 12-4) 5-4) 12-6) 10-1) 33-2 He 18-1) 19-7} 13-9) 2-3) 4-2) 24-6 15-0} 25-4) 31-4) 23-0) 18:2 
Silt, 0-05 to 0-005 mm. per cent. oe 64-2) 56°0|] 55-2) 52-7) 57-7! 55-2) 72-0) 60-5) 52-6] 59-3) 55-8 40-4) 50-7) 60-8) 61-8 62-9) 62-1) 50-2) D2 +5 46-2) 50-2 49-2) 55-9 
Clay, 0-005 to 0 mm. per cent. 20-3) 22-5) 21-5) 22-6 23-9 —— 15-2] 31-0} 24-8) 29-3} 9-5 alia soni 19-1} 22-3 alia 33-7) 21-4! wai 12-9) 13-7 side 22-2 
' | 

















suspended earth to the place of deposit on the | these adverse conditions the excavation was expen- 
dam. At the Germantown, Englewood and Huff- | sive, the methods used were probably the cheapest 
man dams, most of the earth was excavated by drag | that could be used. After being broken by the water 
line scrapers, loaded on cars and hauled to the | jets, the earth was carried down a channel to the 
dam, where it was dumped into a “ hog box” or| pumps, which forced it on to the dam. As there 
hopper and washed down into the pumps with water | were very few large stones, only an iron grating was 
jets. At one stage of the construction of the| necessary to prevent them from going into the 
Germantown dam, clay was washed from the! pump. 
hillside directly to the pumps, which it entered) At the Lockington dam much the same process 
along with the material hauled in on the cars. At) was used as at Taylorsville. Here the material was 
the Huffman dam some clay was washed from the | largely sand and gravel, although a bank of clay 
hillside through pipe lines on to the dam. This was | supplied any deficiency of fine material. The water 
done to remedy a deficiency of fine material in the | supply and nozzles were very similar to those at 
main borrow pits. Taylorsville. In order to get sufficient material to 
The Englewood dam was the largest of the five, | the pumps, it was necessary to lay out the ditch 
containing about 3,500,000 cub. yards of earth. It} leading to the pump from the bank on flat grades. 
had a maximum height of 110 ft. and a length of | 4 per cent. grades were usually used, but with care, 
4,700 ft. Material suitable for the dam existed in| grades of 2} to 3 per cent. could be employed. 
the river valley up-stream and consisted of river! At the Taylorsville and Lockington dams, the 
gravel, sand and loam, a large part of which was | earth was brought to the pumps by the water which 
below river level. This was excavated by two drag | flowed into a hopper shaped concrete sump. From 


as possible, as this reduced the wear and the power 
required. Most of the wear occurred at the bottom 
third of the pipe and to make this even the pipes 
were turned a third of the way around each time 
they were relaid. 

The pressure required to force the earth and 
water through the pipe varied with the nature of 
the material and the velocity used. Where the 
proportion of clay was rather large, the loss was 
about 4 ft. of head per 100 ft. of pipe. Where 
gravel predominated, the loss ran from 7 ft. to 10 ft. 
per hundred. These losses were for the usual 
velocities of up to 12 ft. per second. At Englewood, 
where the velocities ran as high as 15 ft. per second, 
the friction losses were 10 ft. to 14 ft. per hundred. 
At the Germantown dam, to increase the core 
material, a jet was installed which washed clay 
from the hillside to the dredge pump sump, where 
it was mixed with the gravel and pumped into the 
dam. The usual amount of gravel was used and the: 
additional clay was pumped into place in the dam 








line excavators with 85 ft. booms and 4} cub. yard | this is was drawn up by suction and pumped on to 
buckets. Six trains of five 12-yard cars were used to | the dam. An improvement on this was developed, 
haul the material to the hog box. Hereit wasdumped | the pump being placed level with the bottom of the 
as shown in Fig. 51, Plate XXIV, and washed down}/sump and connected to it by a short length of 
into the pump screen by large monitors. These | straight pipe. Directly opposite the intake of this 
appliances consist of a long nozzle with a ball and | pipe from the bottom of the sump was introduced 
socket joint, and at the end a tip with a similar| a low pressure supply of water, since the nozzles 
joint. Fig. 52 shows one in use. To the tip, a | did not supply enough water to transport the earth 
lever is attached by which it may be deflected. | through the pumps and pipe lines. This arrange- 
When water is being discharged, deflection of the | ment greatly reduced the suction lift, eliminated 
lever and tip sets up a reaction which causes the | the necessity of priming, and reduced the clogging 
nozzle to slew over in the opposite direction from that | in the suction pipe. 

in which the tip is deflected, the force of the water | The pumps used to force the water containing 
itself being used to move the nozzle in the desired | the earth to its place on the dam were of the type 
direction. The weight of the nozzles were usually | used in hydraulic dredging. Nearly all were of 
counterbalanced by a box of stones. The nozzles | 15-in. intake and discharge, but a few 14-in. were 
shown in Figs. 51 and 52, Plate XXIV, are smaller | also used. They were driven by motors of from 
than those used in excavating directly from the bank, | 250 h.p. to 500 h.p., with variable-speed control. 
having 2} in. to 3 in. tips and operating with water | For the first pump casings and runners, cast-iron 
at 60 Ib. pressure supplied by electrically-driven | was used, but it was found that the runners required 
centrifugal pumps. Before reaching the pumps the | replacing after pumping only about 10,000 cubic 
material passed through screens which removed! yards, and the pump casings would stand only about 





without any increase in power used, on account of 
its lubricating effect in the pipe line. 

The earth was carried to the dams through pipe 
lines and was deposited near the outer edges. The 
heavier material, consisting usually of course gravel, 
was deposited near the end of the pipe and finer 
material flowed toward the axis of the dam, where 
a pool of water was formed in which the fine material 
settled, forming the impervious core. The material 
deposited from the pipe formed a flat low beach, 
sloping down at the rate of one foot in ten to one 
in fifteen, from the edges of the dam to the core pool 
in the centre as shown in Fig. 43. The dam was 
carefully built up in layers of from 2 ft. to 4 ft. im 
height, extending at the same elevation across the 
valley as shown in Fig. 54, Plate XXIV. Where the 
material was fine, so that it formed a flat slope, the 
lifts were lower, so that the raising of the water to 
the required height for the next lift would not cause 
it to run too far back on the beach. To deflect the 
stream of water from the edge of the dam, and toform 
accurately the side slopes, a small levee was thrown 
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up at the outside of the dam as shown in the cross- 
section, Fig. 43. Several methods were used in 
forming these levees. In some cases they were placed 
by hand or with teams. In others dragline excava- 
tors were used. The most efficient machine for this 
service, however, was a trench backfilling machine 
mounted on caterpillar treads and operated by a 
petrol engine. 

By keeping the layers in which the material was 
deposited, level in the direction of the axis of the 
dam, and regulating the elevation of the water in 
the core pool by means of gates in the overflow, 
it was possible closely to control the width of the 
pool throughout the length of thedam. The ability 
to accomplish this result is the measure of the skill 
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CROSS SECTION OF OUTLET CONDUITS AT 
GERMANTOWN DAM. 
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of the builder of the hydraulic fill dam. In case 
the flow down the beach from the dredge pipe 
concentrates in one channel, it may erode some of the 
material already deposited and carry it out in a long 
tongue into the pool. Should this occur, there is 
danger that such a tongue, meeting one from the 
opposite side, would form a pervious channel through 
the dam and thus endanger its stability. To break 
up the stream from the dredge pipe, baffle boards, 
as shown in Fig. 54, Plate XXIV, were used near 
the end of the pipe line and floated at the edge 
of the pool. It was also necessary to keep the 
core pool well filled up with fine material, in 
order to prevent the beaches from extending 
out into the space reserved for the core. For 
the best results, a sirplus of fine material is 
required of about 20 per cent. more than that 
indicated by the limits of the core. The excess 
material may be wasted if necessary through the 
core pool spillway. In the dams with combined 
conduit and spillway structure, these spillways were 
formed in the back of the spillway structure wall. 
A vertical groove was formed in the back of the 
wall when it was poured, with an opening leading 
from the bottom of the groove through the wall to 
the conduits. This groove formed one side of the 
wasteway conduit, the other being formed of arch 
shaped blocks, 6 in. thick, which were laid up as the 
pool elevation rose, the pool discharging into the 
conduit thus formed behind it. Where wasteways 










at the spillway structure walls were not available. 
double strength vitrified pipe was brought up with 
carefully laid mortar joints through the porous 
outer section of the dam to near the core section. 
The upper end was encased in a wooden box filled 
with gravel. One side of it was formed with movable 
slats to form a spillway whose height could be varied 
to suit the height required for the pool. When 
the fill was complete the upper part of the box was 
removed and the pipe filled with fine gravel. The 
pipe could not be brought up in the core pool for 
there was always some movement in this mass. 
There was a surplus of fine material at the Taylors- 
ville dam and a considerable amount had to be 
wasted. At the Germantown and Huffman dams, the 
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Fig.44. CROSS SECTION OF DAM 
SHOWING ONE TOWER. 


the core was obtained by means of the Goldbeck 
pressure cells, the application of which is illustrated 
by Figs. 44 to 48. These cells consist of a hollow 
iron disc, 5$ in. in diameter and about 1} in. 
thick. One face is supported by a brass diaphragm 
which allows a very slight in and out movement. 
Behind this diaphragm is a contact with electrical 
connections by which contact is indicated. The 
cells were buried in the core at known locations, 
either in a horizontal or vertical position, with a 
pipe connected with the interior of the cell; electrical 
connections were also made with the contact point. 
To determine the pressure of the material in the core, 
air was slowly forced into the cell through the pipe 
until the pressure of the soil on the diaphragm was 
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Spillway Bridge 
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Fig.50 METHOD OF PROVIDING FOR FLOW OF STILLWATER RIVER DURING 


CONSTRUCTION OF THE ENGLEWOOD DAM 
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proportioning. 


therefore gave no indication of the process of solidi 


dams. 








Distances along Centre Line of Dam. in Feet. 


fication at the lower parts of the dam. The resistance | taining air and electrical connection with the 
offered to forcing down a }-inch pipe was also used | in the core material, on account of the se \ 
as a measure of solidification. This gave indi- | movement of the consolidating material. On this 
cations at greater depths than the ball test and also | account, the first installations were only partially 
indicated the presence of gravel in the core, but as | satisfactory, but when the method indicated in Figs. 
the forcing was done by hand the results were | 44 to 48 was somewhat improve 
qualitative only and not comparable between the | later points, excellent results were obtained. 
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the dam at the same time to secure the correct | just overbalanced and the diaphragm moved enough 


| to break the contact. The air pressure required was 


Solidification of, and Pressures within, the Core of |measured by a gauge. The pressure was then 


| 


theDams.—Several tests were used to determine how reduced until contact was again established and the 
fast the core material consolidated. One of these | pressure read again. 
was by means of a 6-in. cast-iron ball which was | diaphragm required to break the contact is less than 
allowed to settle into the core, its penetration being |0-0001 in., and no appreciable difference existed 
a measure of the consolidation of the material. The | between the pressure required to break and remake 
ball was not heavy enough, however, to sink in any | the contact, it is evident that the gauges give an 
but very slightly consolidated material, and it| accurate indication of the pressure in the core. 


Since the movement of the 
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ceus 


ttling and 


d upon in work at 
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| gauges which were placed horizontally indicated the 


The most reliable data on internal pressure of | vertical pressure, and those placed vertically gave the 
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horizontal pressure. The difference between the 
horizontal and vertical pressures at a given point 
indicated the degree of consolidation of the material 
surrounding the cell, since the core material when 
first deposited, being nearly a perfect fluid, would 
give equal vertical and horizontal pressures. The 
results indicated that the material consolidated 
rapidly after being deposited, and when it reached a 
permanent condition gave a horizontal pressure of 
from 40 to 50 per cent. of the vertical pressure. 

The rapid consolidation of the cores was further 
confirmed by examination of the core itself at 
several of the dams. At one it was necessary to 
excavate into the coré material, and at two others 
the core pool overflowed, washing out the supporting 
material on one side of the dam for a short distance. 
If the core material had failed to consolidate, the 
latter accidents would have been disastrous, but 
the consolidation had proceeded so rapidly that 
the material stood in nearly vertical slopes and very 
little core material was lost, although unsupported 
for heights as great as 30 ft. much of it having 
only recently been deposited. Samples taken of 
the undisturbed core material exposed in these 
breaks had a weight of about 120 lb. per cubic foot 
and showed less than 25 per cent. of moisture. 
Samples of core material were taken at all the dams 
from time to time and subjected to mechanical 
analysis. Table V gives the results of these tests. 

The small percentage of moisture in the sample of 
comparatively newly deposited core material, taken 
at the break caused by the overflowing of the core 
pool, is another proof of the rapid consolidation. 
Part of the water from the core material probably 
passes out laterally through the fill, but the most of 
it rises in minute streams of water and unites with 
the semi-liquid mass at the top. - 

When the dams reached such a height that the 
width at the top was less than 100 ft. it was difficult 
to maintain the core pool. This was about spillway 
level, above which a high degree of impervious- 
ness was not soimportant. For those dams in which 
the material was sufficiently impervious, a single 
line of pipe was laid in the middle of the dam, and 
the material for the remaining part of the dam 
deposited from it, with careful watching to ensure 
that no segregation occurred. In this process, 
care was required to prevent overflow. Where the 
material was not so impervious, a ditch was dug 
along the centre of the dam and the material 
removed was deposited along the sides to fourm 
levees, care being taken to secure an impervious 
mass. The centre was then pumped full of material 
which was selected to obtain as great an amount as 
up to 50 per cent., of clay. 

To prevent the dams from gullying from rain 
water, experiment showed that the best results were 
obtained by planting the slopes with sweet clover 
and Japanese honeysuckle. After these had grown 
several years, it was possible to grow alfalfa. The 
outer portion of the dams was too porous to supply 
sufficient moisture for grass. At the Lockington 
dam a great many cobble-stones and small boulders 
occurred in the fill material, and these were placed 
on the outside of the dam in a layer about 1 ft. in 
thickness. Measurements of settlement about a year 
and a half after completion showed a uniform per- 
centage of settlement at different heights of the dams, 
which ranged from 32 ft. to 101 ft., of less than 
one-half of 1 per cent. 

Rolled fill was used to a limited extent in the dams. 
This was usually adopted for the construction of 
the end dams for stream control during construction, 
4s will be described later. This method of building 
dam embankments is so well known that it will 
not be described further. 

An unusual form of puddled fill was used for 
small portions of one of the dams. The material 
Was deposited in a layer about 5 ft. thick and 
consolidated by injecting water through a }-in. 
Pipe thrust into the fill at frequent intervals. With 
a little practice just the right consistency to make a 
compact fill could be secured. In one case where 
It Was desired to place the fill beyond the reach of 
the dragline making it, the material from the borrow 
pit Was placed in rows and water injections made 
. the side toward which the flow was desired. 
a material was added on top, causing the plastic 

erial to move in the desired direction. The 


upper material was then supplied with water and 
more material added. The earth travelled with 
a slow, glacier-like motion a few feet a day, perfectly 
under control, and was stopped at the desired limit 
by ceasing to inject the water. Excavations into 
the material placed in this manner showed a very 
desirable condition of compacting. The material 
used with this process was glacial till, composed of 
rock fragments, rock flour, and a considerable 
amount of clay. It absorbed moisture, but drained 
out slowly and was not sticky. The same method 
was tried at another dam, where the clay was sticky 
and gave up water very slowly. It was not success- 
ful here, for the material remained plastic too 
long. 

Stream Control during Construction.—The building 
of earth dams across streams of considerable 
discharge and subject to sudden flood flows necessi- 
tates careful planning. Since the dams in this 
scheme were built above populous cities, the sudden 
release of a large quantity of water would be disas- 
trous. At the dams using the combined spillway 
and conduit outlets the problem was relatively 
simple. The side walls and floor of this outlet 
structure was built first and the river diverted 
through the partially completed structure, after 
which the dam could be built across the previous 
channel of the river and the remainder of the valley 
without interruption. After the earth fill was 
finished, the ogee spillway section between the side 
walls was built, completing the structure. 

Where long tunnel-like conduits were used, the 
solution was not so simple. Since the conduits, 
in their final form, would not carry even an ordinary 
flood, their capacity was enlarged by constructing 
them as shown in Fig. 49, and after the dam was 
completed, the lower part of the conduit was filled 
with gravel and the final conduit bottom poured 
on top of it. 

The volume of the Germantown dam was small, 
and it was possible to place enough between flood 
seasons to raise the dam so high that it would 
safely have stood even the 1913 flood without over- 
topping, with the temporarily enlarged conduit 
outlets. Because of the large size of the Englewood 
dam, a different procedure was necessary. During 
the first season, the dam was built on only one side 
of the river, as shown in Fig. 50, a cross dam being 
built at the river bank to retain the hydraulic 
fill. The ends of the cross dam were of porous 
gravel, placed hydraulically, at the same time as the 
sides of the main dam were constructed. The middle 
of the cross dam, which eventually became part of the 
core of the main dam, was built of selected earth, 
placed in layers and rolled to make it impervious. 
During this season the enlarged conduits were built. 
During the second season, the fill in the river was 
made and a second cross dam built near the opposite 
bank, a temporary spillway being constructed 
beyond this end of the dam to take care of floods 
in excess of those which could be taken care of by 
the enlarged conduits. During the third season, 
the remainder of the dam was built, and, as soon as 
sufficient height was reached, the lower part of the 
conduits were filled and the permanent floor 
installed. 

Concrete Construction.—Because of the high 
price of labour in America, stone masonry has largely 
gone out of use, and, therefore, only concrete was 
used in the construction of the Miami River flood 
prevention works. The cement used was all care- 
fully tested to American Society for Testing 
Materials standards. Good supplies of river gravel 
were available near all the dams and river improve- 
ments, and as investigations showed that it made 
excellent concrete, it was used throughout the 
project. The gravel was carefully washed and 
screened to size before using. At the dams it was 
excavated with small dragline excavators, loaded 
on to cars and hauled to the gravel plant. Here it 
was dumped into a hopper from which it was ele- 
vated on an inclined belt conveyor to the washing 
and screening plant, where it was washed and the 
sand and gravel separated to be stored in bins. The 
mixers were located below the bins. From the 
mixing plant the concrete was hauled to the desired 
location by a petrol-driven narrow-gauge loco- 
motive. Where used in the barrel conduits it was 


forms. For the outlets of the box type, the concrete 
was hauled in bottom dump buckets on flat cars 
from the mixing plant to the site, the buckets 
being then lifted by electrically-operated stiff-leg 
derricks to the forms. 

Sectional wooden forms were used for the conduits 
as shown in Fig. 58 and 59. The inside forms were 
moved along on castors, and the top forms on a 
gantry crane spanning the conduits. Two-inch 
wooden lagging, sheathed with steel was used to 
form the inside of the conduit, special care being 
taken to secure a smooth dense surface. An especi- 
ally rich concrete mixture was used to ensure great 
durability and resistance to wear. For the box 
type of outlets, cantilever wooden panels were used 
as shown in Fig. 56, Plate XXV, and were handled 
by the derricks used in depositing the concrete. The 
exposed surfaces of the walls and floor of the outlet 
and spillway pool were formed with a richer mixture 
of concrete than where not exposed. 

Foundations for Outlet Works.—The outlet works 

and spillways of all the dams were founded on rock 
which in all cases, except at Lockington, was of the 
Cincinnatian formation, consisting of horizontal, 
usually thin, layers of limestone. The rock was 
excavated by blasting and dragline excavators. 
For some of the dams this involved large quantities 
as shown in Fig. 55, Plate XXV. Except at the 
Lockington dam, the rock foundations were im- 
pervious and free from seams and cavities, but at 
Lockington it was necessary to grout extensively. 
In all, about 150 holes were driven and an average 
of about two barrels of cement were forced into each 
hole. 
The sites of the Taylorsville and Huffman dams 
were crossed by important railroad lines, and 
extensive relocations were necessary. Due to the 
proximity of Dayton and the extensive yard 
facilities to the dam sites, it was impractical to 
raise the railroads to the height of the crest of 
the dams where they crossed the dam site, and 
they were, therefore, carried below this elevation 
and leveed from the dam to the point where the 
grade reached the elevation of the top of the 
dam. 

Channel Improvement at the Cities —The con- 
struction of the improved channel in Dayton 
involved the removal of about 2,150,000 cubic yards 
of earth, mostly river gravel, the construction of a 
number of walls and changes in existing public 
services, such as water pipes and sewers. Nearly all 
of the excavation was done with dragline excavators, 
the greater part by two electrically-driven machines 
with 125 ft. to 135 ft. booms and 34 cubic yards to 
43 cubic yards buckets. The situation was such 
that hauling the spoil by rail was not economical, 
and this method was used for only about 5 per 
cent. of the material. The greater part was placed 
in the levees or spoil banks by the dragline machines. 
This frequently involved handling the same material 
twice, and occasionally three times, even three 
handlings being about as economical as hauling 
it out in cars. From the upper part of the channel 
about 350,000 cubic yards were excavated by a 
dragline machine mounted on a scow, as shown in 
Fig. 65, Plate XX VII, loading on to scows which were 
pulled by a steam tug to the spoil areas, where they 
were unloaded by another dragline. A considerable 
amount of gravel from the river bed was washed, 
screened and sold. A temporary dam was con- 
structed to hold the water up in the channel to 
float the dredging equipment. 

The improvement at Hamilton was similar to 
that at Dayton, and involved about 2,230,000 
cubic yards. It was necessary to haul most of the 
excavated material to the spoil areas 4,000 ft. to 
5,000 ft. away. Dragline excavators were used, 
and loaded into 12 cub. yd. 4 ft. 8} in. gauge, 
cars, with air dumping gear. These cars were 
handled in trains of 10 to 13, by saddle-tank loco- 
motives. Other channel improvements were made 
at Piqua, Troy, West Carrollton, Miamisburg, 
Franklin and Middletown. These were similar to 
those at Dayton and Hamilton, but on a smaller 
scale. These improvements involved a considerable 
length of levees. They were usually constructed 
by a dragline machine, making the entire height 
of fill at once. By placing the wet material from 








possible to pour directly from the cars into the 





the bottom of the pit in the centre, and holding 
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it in place by drier material placed on the sides, | built with large waterways and, in many cases, were 
satisfactory levees were obtained which showed | built by other agencies to conform with the plans 


little settlement. 


extensive use of dragline excavators was made on | 
all parts of the work. Twenty-one of these machines | 
were used by the district forces, and a number of | 


others by various contractors. 
these had a 135-ft. boom with 3} cubic yards 
bucket, or 100-ft. boom with a 5 cubic yards 
bucket, and the smallest a 30-ft. boom with ?-yard 
bucket. Both steam and electric types were used, 
and truck, skid and roller, caterpillar, and 
‘‘ walking”? types of mounting were used. On 


the construction of a railroad embankment two/| of the dam. One of these, on a skew, is shown in 
A seven span reinforced con- 


dragline derricks were successfully employed. 


The largest of | 


| Fig. 57, Plate XXV. 


arches immediately below. Bolts were passed 
through these holes in order that the old arches 


of the Conservancy District. There were bridges | could be supported from the new in case they should 
Dragline Excavators.—It will be noted that | of slabs and girder type over the spillways at all| appear ready to fall during the process of removal 











| | 
Type of |_ Travel in | Min. ae Grades 
Mounting. | Ft. per hour. | Curve Feet.| Per cent. 
| | | | 
| Truck , : / 60 | 135 | 5 
| Skids and rollers 30—45 75 | rf 
| Caterpillars .. --| 100—500 | Very short | 15—20 








and throw an unbalanced thrust on the piers, 
By removing small portions of the old arches at the 
same rate for all the arches, the whole was removed 
without the necessity of suspending from above. 
Tests of the Flood Prevention System.—Since the 
completion of the project there have been a number 
of floods, one or two of which would have been 
dangerous if the flood prevention works had not 


of the dams and two three-hinged concrete arches | been built. The system served its purpose exactly 


| over the railways where they passed below the top| as was expected, the retarding basins reducing the 


flow to the extent estimated. <A total of 36,400 acre 
feet were stored in the retarding basins, nearly half 


The following are examples of the capacity of|crete arch bridge, 708 ft. long, was built at | of which was in the Englewood basin, which is jllus- 


Fig. 58. 
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these machines. With a 100 ft. boom and 5 yd. 
bucket, from 79,000 c. yd. to 80,000 c. yd. per 
month for two ten-hour shifts represents a fair 
average for good digging conditions in loam or 
gravel. With an 85 ft. boom and 43 yd. bucket 
under similar conditions, a machine should move 
from 60,000 c. yd. to 70,000 c. yd., and with a 60 ft. 
boom and 2 yd. bucket it should put out 20,000 
c. yds to 25,000 c. yd. A 30 ft. boom and j-yd. 
bucket has a capacity of 30-40 c. yd. per hour for 
favourable conditions. 

The steam machines used about 7} lb. of coal per 
cubic yard and the power consumption of the electric 
ones ranged from 0:65 kw. hr. to 1-05 kw. hr. The 
drag cables for the large machines lasted for 40,000 
c. yd. to 50,000 c. yd. of earth, but for only 15 to 24 
per cent. as much in rock; a fair record for hoist- 
ing cables was 60,000 c. yd. to 70,000 c. yd. 

The table on this page gives particulars of 
moving, making turns and going up and down grade. 
The larger machines were truck-mounted ; medium, 
usually on skids, and the small sizes on caterpillars. 


fact that the bridges replaced after the flood were 


NEW ARCH BRIDGE OVER IMPROVED CHANNEL AT TROY. 
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Hamilton to replace a bridge washed out by the 
flood. The only bridge reconstruction required 
was at Troy where a concrete arch bridge was too 
low and short for the new channel. The method of 
rebuilding was novel and is illustrated by Fig. 60. 
One abutment and three of the piers of the old 
bridge were incorporated in the new bridge. The 
earth fill and spandrel walls of the old bridge were 
first removed, care being taken to remove them 
equally for all spans in order not to unbalance 
the thrust. The piers were then underpinned a 
third of the width at a time. and enlarged by 
adding a casing of concrete held by rods extending 
through the piers in holes drilled in the concrete. 
One of the abutments was enlarged and the other, 
behind which one of the new piers was placed, was 
braced by heavy timbers butting on a concrete 
slab against the earth as shown in Fig. 61, the timber 
extending through holes in the new pier which were 
filled after the old abutment was removed. The 
old arches were used to support the form work for 


the new arches of four spans, and ordinary falsework | 

Bridges—In spite of the extensive channel| was used under the other three new spans. This | the Taylorsville dam, the rainfall was n 
enlargements, only one major bridge construction | gave four spans of clear waterway during construc- | and the openings are much larger than 
was required. This was to a great extent due to the | tion. Holes were cast in the new arch ring over | town or Englewood, so that the basi 
the old arches, and holes were drilled through the.old | 





A~<-> Fig. 59. 
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trated under these conditions, in Fig. 62, Plate XXVI. 
Although considerable areas were flooded and the 
heads of the conduits at Englewood and German- 
town were 40 and 37 ft., respectively. under water, 
less than 10 per cent. of the storage capacity of 
any of the basins was used. On account of the fact 
that the basins discharge relatively more water 
when partially filled than when full to the spillway, 
the channel discharges were greater proportions of 
their capacity. Dayton carried 32 per cent., and 
Hamilton 26 per cent. of its capacity. Fig. 66, Plate 
X XVII, shows the conditions at the latter place. 
The hydraulic jump worked excellently, and the 
kinetic energy of the water was effectively destroyed 
without doing damage below the outlets, as shown 
in Fig. 63, Plate XXVI. The jump formed in the 
same way as in the experiments on the models, offer- 
ing another proof of the accuracy of this method of 
hydraulicinvestigation. Vig. 64, Plate XXVI, is a near 
view of the jump in the Germantown pool. Those at 


Englewood and Lockington are very similar. Above 
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On account of the drop in the surface, as the water 
increased in velocity as it approached the openings, 
the conduits were only partially filled, and the jump 
occurred just below the ends of the piers. With 
higher heads, it would form somewhat farther down 
in the stilling pool where the water is deeper. 

The engineering work of The Miami Conservancy 
District, from initiation to the latter part of the 
construction period, was under the direction of 
Mr. Arthur E. Morgan. Mr. C. H. Paul was Assis- 
tant Chief Engineer and succeeded Mr. Morgan upon 
his resignation. Mr. C. H. Locker was Construction 
Manager in charge of the construction forces, the 
author formerly being assistant engineer. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 


(Continued from page 429.) 
ANNUAL DINNER. 


Tue annual dinner which, as already mentioned, 
was held on Wednesday evening, was attended by 
nearly 600 members and guests. His Grace the 
Duke of Northumberland, who occupied the chair, 
proposed the toast “The Royal Navy,” mentioning 
some of the valuable services it had rendered 
recently in China. In responding, Admiral Sir 
Richard F. Phillimore paid a warm tribute to the 
work of the naval engineer officers and engine roont 
ratings during the late war, mentioning several 
incidents to illustrate their unfailing devotion to 
duty. The toast of ‘‘ The Mercantile Marine ” was 
proposed by Lieut.-Col. C. M. Headlam, who referred 
chiefly to its work during the war, and Mr. A. C. F. 
Henderson, in replying, pointed out how much 
depended upon our ability to man it with the best 
type of men. He welcomed the recent formation 
of a Company of Master Mariners. Sir Archibald 
J. C. Ross proposed the toast of “The Overseas 
Dominions,” which was responded to by the 
Rt. Hon. Sir Joseph Cook. Sir Joseph urged the 
importance of maintaining our Navy at a full and 
adequate strength, pointing out that we had 
85,000 miles of trade routes to defend, this figure 
being three or four times as great as that for any 
other power. The last toast, that of “‘ The Presi- 
dent,” was proposed by His Excellency the Minister 
for the Netherlands, Jonkheer R. de Marees van 
Swinderen, and was suitably replied to by the 
Duke of Northumberland. 


A Cuaracreristic ENERGY DiaGRAM FOR AN OIL 
ENGINE. 

On the morning of Thursday, the 7th inst., the 
chair was again taken by His Grace the Duke of 
Northumberland, who opened the proceedings by 
calling upon Professor W. E. Dalby to read his 
paper on “‘ A Characteristic Energy Diagram for an 
Oil Engine and the Marine Oil Engine Trials.” The 
first part of this paper was reproduced in abridged 
form on page 414 of our issue for last week, and it is 
completed on page 467 of this issue. 

Engineer-Commander C. J. Hawkes, in opening 
the discussion, emphasised the value of the 
characteristic-energy diagram as a means of studying 
the results of the Marine Oil Engine Trials. Referring 
to the calculation of the weight of air drawn int» the 
cylinders, he thought that in addition to the difficulty 
referred to by the author of obtaining the suction 
temperature, there was a possibility of a very appreci- 
able error arising in the measurement of the pressure 
at the beginning of the compression stroke. If 
light-spring diagrams were not taken very carefully, 
errors of as much as $ to 1 Ib. per square inch might 
easily occur. He thought that the author’s figure 
of 70 deg. C. for the suction temperature was 
probably about right in the case of the Cape York, 
but that in assuming the temperature in other cases, 
the type of engine should be taken into consideration. 
In the Cape York the inlet and exhaust valves were 
of the usual type, but in the case of the Sycamore’s 
engines, the presence of the director valve would be 
likely to lead to a higher suction temperature. 
Again, in the case of the Scott-Still engine as fitted 
to the Dolins, the temperature of the parts was natur- 
ally higher at the commencement of the suction 
stroke, and in addition the scavenging efficiency was 
not so high as in the Cape York, hence it might again 








| be anticipated that the suction temperature would 


have a higher value. Referring to the Doxford 
and Fullagar engines, he thought that in neither 
case would the air be likely to pick up much heat, 
and that therefore a low value should be assumed 
for the suction temperature. All things considered, 
therefore, it appeared that a uniform temperature 
should not be taken for every engine, and that special 
consideration should be given to the scavenging 
efficiency in deciding on the actual figure. 

Passing on to the derivation of the air-fuel curve 


from exhaust gas analysis, Commander Hawkes’ 


expressed the opinion that analysis was valueless 
in the case of two-stroke engines, and said he was 
in no way surprised at the discrepancies discovered 
by the author. Turning next to the question of 
mechanical efficiency, the speaker mentioned that 
this was bound up with the problem of obtaining the 
indicated horse-power, and he thought that the 
indicator card could never be accepted as a true 
measure of the latter. He felt that on the whole, the 
method suggested in the paper for obtaining the 
indicated horse-power was to be preferred to the 
employment of an actual indicator. The author had 
mentioned that the results as obtained from the card 
in the case of the Cape York were subsequently 
found to be incorrect, and at this he was not at all 
surprised. He thought that in particular, the pro- 
cess of fuel injection had a marked effect on the 
card; and he had found in cases that he had 
investigated that by changing the rate of injection 
of the fuel, variations of as much as 6 per cent. 
occurred in the diagram. 

Turning next to the diagram in the paper showing 
the relationship between brake horse-power and 
fuel oil per minute. Commander Hawkes said 
that it would appear preferable to plot brake 
horse-power on a base of British thermal units 
per minute. Actually, there was a considerable 
difference in the calorific values of the fuel used 
in the different tests, and this, if taken into 
consideration, would have a marked effect on the 
relative performances of the different engines. As 
a final point, the speaker referred to the ideal 
efficiencies of the engines. He was not satisfied 
that the air standard efficiency was the best for 
purposes of comparison, and would himself prefer 
to see efficiencies compared on the Atkinson cycle. 
Efficiencies on this basis would appear low, but this 
was hardly a material factor. 

Mr. W. H. Patchell expressed his regret at the 
absence of the chairman of the Marine Oil Engine 
Trials Committee, Sir George Goodwin. He stated 
that the primary work of the committee was to 
obtain and record facts regarding the engines 
tested, and that the work of comparing the 
various results could best be dealt with by 
such means as the admirable paper before the 
meeting. The committee had given much thought 
as to the form that the reports should take, and 
they had in mind the very useful summary in 
Professor Hudson Beare’s report of the Institu- 
tion of Mechanical Engineers marine-engine trials 
twenty-five years ago. In spite of the enormous 
amount of information recorded in the paper, it 
could not be regarded as in any way exhaustive, 
and he ventured to hope that Professor Dalby 
would be persuaded to present a further paper on 
aspects of the report which had not so far been dealt 
with. He thought that the present paper was less 
controversial on the side of naval architecture than 
on that of mechanical engineering, and he was sure 
that Sir George Goodwin would welcome a review 
from a naval architect of the trial results, by such 
an authority as Mr. Baker. Referring to the trials 
afloat, he mentioned that in only one ship, the 
British Aviator, could the trials be run under fully- 
loaded conditions, and on the other hand, in the 
case of the Pacific Trader, the propeller was only 
submerged with difficulty. In conclusion, he paid 
a warm tribute to the various observers who had 
taken part in the tests, and referred more particu- 
larly to the difficulty of obtaining data at sea. 

Mr. G. Lugt, of the Werkspoor Engine Works, 
suggested that if the method of plotting results as 
outlined in the paper were employed during the 
actual tests, errors might be found and corrected 
during the course of the trials. Referring to 
Commander Hawke’s remarks on the subject of 





indicators, the speaker expressed the opinion that 
in its most modern form, the instrument itself was 
highly reliable, and that errors in the cards could 
usually be traced to defective operating rigs. The 
commonest faults were either a wrong setting or 
wrong form of the operating cam, and it was a matter 
of great difficulty to ensure that both these factors 
were correct. Reference had been made to the 
Cape York results, but the rig employed in the 
tests on that vessel was often used, and was very 
possibly the best obtainable. Owing to the necessity 
of taking the drive from the camshaft, the employ- 
ment of a double-nosed cam was necessary, and 
this was very difficult to produce accurately. Since 
the Cape York experiments, his firm were employ- 
ing a special cam-grinding machine to ensure an 
accurate cam for this work. The speaker proceeded 
to describe, with the aid of lantern slides, the method 
of setting the cam on its shaft. Briefly summarised, 
the method consists in fixing a pointer, registering 
over a fixed scale, on the cam, and selecting the 
dead centre position by an accurate division of the 
space between the two points representing the 
mid stroke of the piston. A further slide illustrated 
some typical diagrams in which the cam setting was 
inaccurate, and it was shown that by advancing 
the cam half a degree the mean indicated pressure, 
as recorded on the indicator diagram, was 112-9 Ib. 
per square inch, as against 107-2 lb. per square inch 
when the setting was accurate. In conclusion, the 
speaker referred to the other well-known errors 
associated with the mounting of the indicator 
and the method of drive, such as the bore and length 
of the connecting passage, and the stability of the 
supports. 

Engineer-Commander Turner said that he was 
not in complete agreement with the author’s method 
of presenting the results of the tests. From the 
point of view of the naval engineer all the engines 
were rated at a very low duty, and the results 
from the naval point of view would be of much 
greater value if the engines could be rated up. 
He admitted, however, that the engines would 
probably break down under such conditions. All 
the engines appeared to have a very low ratio 
of mean to maximum pressure. The speaker laid 
stress on the importance of good combustion on 
the life of an engine, and said that he would have 
liked to see in the paper a comparison of the rate 
of wear of the different engines. As the life was 
largely a question of the efficiency of the combustion, 
a comparison of this basis would give the required 
information. The speaker stated that he could 
not agree with the author that frictional torque 
was practically a constant. He thought that a 
distinction should be made in the classification 
of engines between through and _ transverse 
scavenging—that is, between engines having the 
ports at each end or across the cylinder. 

Mr. W. Still also laid stress on the difficulty of 
obtaining the suction temperature and the charge 
weight of air in the case of a two-stroke engine. 
He stated that even in four-stroke engines the 
volume of the clearance space would have an 
important effect on the suction temperature, 
because the transfer of heat from the residual 
gases would appear to be of more importance 
than that from the cylinder walls. He was of 
opinion that it was impossible to lay down hard and 
fast rules as to the charge weight in the case of a 
two-stroke engine, as the weight of residual gas 
varied with every type of engine. It appeared 
to be often forgotten that in a two-stroke the 
deciding factor was how low a pressure was produced 
by the rush of the exhaust gases before the 
scavenging air commenced to enter. The speaker 
thought that Commander Hawkes had been rather 
severe in his remarks regarding the indicator. 
Much depended on the method of application of 
the instrument, and, in his opinion, that adopted 
at the Werkspoor works was liable to serious error. 
He thought that a cam drive from the lay shaft 
was particularly liable to introduce errors, as the 
shaft sprung, and did not therefore revolve in 
synchronism with the crankshaft. 

Mr. J. H. Narbeth referred to Table XXV in 
the paper, in which it was shown that the Doxford 
engine gave 4-4 brake horse-power per ton weight 
with an air mixture of 24-6 to 1, while a mixture 
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of 14 to 1 would be sufficient if complete combustion 
could be obtained. This indicated the theoretical 
possibility of using much smaller cylinders and thus 
increasing the power-weight ratio. The speaker 
drew attention to the fact that the brake thermal 
efficiency of the Scott-Still engine reached the 
remarkable value of 37 per cent., the highest figure 
ever recorded for a prime mover. He thought that 
it was a matter for regret that sea-going trials 
were not possible with all the vessels loaded to 
ordinary sea-going conditions, as such trials would 
add greatly to the value of the records equally for 
owners, builders and designers. It was urgently 
necessary that the owners should provide reports 
on the experience gained with the vessels at sea 
on such points as fuel consumption, lubricating oil 
consumption, and repairs and maintenance costs. 

In replying to the discussion, Professor Dalby 
stated that he welcomed Commander Hawke’s 
comments on the difficulty of ascertaining the 
* suction temperature. He had been careful not 
to dogmatise on this point in the paper, and had 
in fact assumed throughout that there was an 
absence of exact knowledge. He would point out 
that an error in estimating the pressure at the 
commencement of the suction stroke would be 
much more serious than a corresponding tem- 
perature error. The key point of the diagram 
in the third quadrant must always exist, and it 
was simply a question of getting as near to it as 
possible. He thought that his method of estimating 
the position of this point was sufficiently accurate 
for many engineering purposes. The figure of 
70 deg. C., selected and used throughout the paper 
for the suction temperature, was merely employed in 
the absence of more exact information. Referring 
to Commander Hawke’s remarks on the question 
of plotting brake horse-power on a basis of B.Th.U. 
per minute, there was no difficulty in adopting 
this practice, but he himself preferred to plot on 
a basis of pounds of fuel oil per minute because 
the fuel oil is what is actually paid for by the 
owner. He could not agree that it was desirable 
to base efficiencies on the Atkinson cycle, as in 
his opinion this cycle was not applicable to an 
internal-combustion engine at all. In addition the 
points on the cycle would take so long to calculate 
that even if it were applicable, no one would make 
use of it. Professor Dalby then stated that with the 
permission of the chairman he would reply to the 
remainder of the discussion in writing, as time 
did not permit of an adequate verbal reply. The 
proceedings concluded with a hearty vote of thanks 
being accorded to the author for his paper, 
on the motion of Mr. Summers Hunter, who 
occupied the chair after the retirement of His Grace 
the Duke of Northumberland shortly before the 
end of the meeting. 


THe DeEsiaN oF CoastTiING STEAMERS. 


When members re-assembled on the afternoon 
of Thursday, the Duke of Northumberland, who 
again occupied the chair, called on Mr. J. Douglas 
Calder to read his paper entitled ‘‘ Notes on the 
Design of Coasters.” This paper we reprint in 
abridged form on page 470 of this issue. After the 
paper had been read by the author, the Chairman 
called on Sir John Biles to open the discussion. 
Sir John, after congratulating the author on having 
found a new subject for investigation, said the 
design of a small ship often presented more difficul- 
ties than that of a larger vessel, the questions of 
form, speed and stability requiring great care in the 
former because small variations produced consi- 
derable differences in the results. The author 
had called attention to the scarcity of experimental 
tank data relating tc small vessels, and this, Sir 
John stated, had been already brought to the notice 
of the Tank Committee who had therefore put the 
work in hand. He thought, however, that use 
might be made of some of the work already published. 
Full forms were not necessary for coasters; a 
vessel of fine form could be made to carry the same 
weight as one of full form, although not on the same 
dimensions. With regard to the relative cost of 
vessels of full and of fine form, it was not difficult 
to determine what the difference in first cost and 
in working cost was likely to be. Fine forms, and, 
consequently, reduced horse power, sometimes 








led to a decrease in the cost of machinery which 
would compensate for the increased cost of the 
hull to carry a given deadweight. The figures 
given in Table I of the paper were interesting. 
The ratio of length to breadth given showed an 
increase as the length increased, and it would be 
interesting to see how the ratios of other dimensions 
such as breadth and depth varied ; this was impor- 
tant since stability depended upon it. The ratio 
of depth to length, he noticed, increased from 10-6 
at 100 ft. to 13-6 at 200 ft., which showed that in 
increasing size the dimension that was mainly 
increased was the length, which was the most natural 
thing to do. 

The next speaker, Mr. J. Foster King, in the 
course of his remarks, said, with regard to the 
absence of data, that shipbuilders knew all about 
the small coaster, because that class of vessel was 
not a thing of to-day but of the whole history of 
iron shipbuilding. In its development changes 
had been made, all of which were intended to benefit 
the ship or the owners, but in making changes it 
would possibly be an advantage to both owners and 
builders if more interchange of knowledge took 
place, from the modern outlook. as to the probable 
effect of changes. The effect of the double bottom 
in raising the cargo and of the small freeboard 
obtainable with a narrow ship when rolling, were 
not always considered. On the question of sea- 
worthiness, referred to by the author, one would 
say it was obviously undesirable for water to be 
bottled up over the whole length of a long quarter 
deck and the same remark applied to bulwarks in the 
well. Other similar points sometimes overlooked 
in the design of coasters were referred to by Mr. 
Foster King, who concluded by enquiring if it was 
to be necessary for the registration societies to step 
in and compel those concerned to do what it seemed 
obvious that they should do for themselves. 

Mr. R. Williamson said he had had the subject of 
the paper under consideration for many years and 
did not agree with the author as regards absence 
of data. The consumption of fuel was not of great 
consequence on short runs between fixed ports, but 
other matters considerably affected the question of 
profitable employment for which good sea-going 
qualities were essential. The vessel must carry a 
large cargo for given dimensions, making 8 to 10 
knots with the least fuel consumption. The ques- 
tion of plate bulwarks or open rails was of a very 
controversial character, and one on which consi- 
derable differences of opinion existed. The quantity 
of water required to fill the fore-well was very small, 
since the hatches were the same height as the bulwarks 
and occupied about 60 per cent. of the breadth. 
In a well designed vessel, but little water came on to 
the raised quarter deck, if the latter were 4 ft. above 
the main-deck level. Mr. Williamson also referred 
to the importance of paying careful attention to 
the design of the wedges and cleats for securing the 
hatch covers, and mentioned a disaster which 
occurred some years ago owing to wedges of defective 
design being washed out of place. He gave some 
data on the improvement effected in the design of a 
coaster he had built after model experiments carried 
out in the William Froude National Tank, and 
added that he had endeavoured, without success, 
to induce other owners of coasters to follow his 
example. He had examined a number of his 
vessels and compared their block coefficients with 
those given in the table in the paper, finding a 
remarkably close agreement. 

Mr. A. L. Ayres inquired whether the speeds 
referred to in the paper were trial speeds or service 
speeds. He fully agreed with the author that the 
class of vessel referred to might with advantage 
be made of finer form than was customary. Small 
vessels were generally excessively stumpy, and the 
association of a very full block coefficient with this 
excessive stumpiness was, he thought, a more 
serious aspect than a consideration of the coefficient 
in connection with the ratio of length to breadth. 
The curves of Admiralty coefficient given in Fig. 4 
of the paper would have been of greater interest 
if the actual dimensions of the vessels had been 
stated. This would have permitted a comparison 
to be made taking into account the effect of size, 
which the Admiralty formula alone failed to do. 
For such small vessels, the size effect on the 








Admiralty coefficient was very sensitive, and might 
be misleading. It would also be interesting to 
know if the vessels referred to in Fig. 4 were fitted 
with fenders, as these might seriously affect the 
resistance. From the point of view of propulsion, 
the class of vessel was highly interesting, although 
difficult to deal with, the Admiralty coefficient 
method referred to by the author being practically 
the only way. It was, however, most treacherous, 
owing to its dependence on A?, which was far from 
being the correct factor to use. A greater degree 
of reliability would be obtained if comparisons with 
previous vessels of similar form and _ proportions 
were made at corresponding speeds by using the 

A056 x V3 
formula IL.H.P. = — G 
able than the Admiralty formula, whether the vessels 
were large or small. 

The last speaker on this paper was Mr. G. 8. 
Baker, who said he wished to confirm Sir John 
Biles’ remarks with reference to the question of 
data available. The subject had, however, now 
been placed on the list of work of the William 
Froude Tank. Fig. 4 in the paper, Mr. Baker 
continued, showed how little was known by builders 
with regard to what was wanted in shape of hull 
and propeller. There was a difference of 30 per 
cent. in propulsive efficiency, which clearly indicated 
that those who built the vessels did not know what 
they were doing. He asked if the author would 
assist the proposed investigation by giving par- 
ticulars of the propellers used in the vessels referred 
to in the paper. Experiments carried out in the 
tank, he said, had effected improvements up to 
30 per cent., quite as much of which was due to 
the propeller as to the hull. The differences 
indicated in Fig. 4 were doubtless not entirely due 
to the hull, and might be due to inadequate or 
wrongly-shaped propellers. The fact that the 
ratio of displacement to length had not been 
considered in Fig. 1, Mr. Baker concluded, would 
probably account for the large variation shown 
between the lines ZZ and YY. 

The Chairman then called on the author to 
reply, and Mr. Calder said he was interested in 
what Sir John Biles had said with regard to the 
experimental tank work to be undertaken, but 
thought there had been some slight misapprehension 
in connection with the’remark in the paper regarding 
the lack of data. He knew that certain tank and 
other data were available. and had in fact made 
use of them. 

After referring to some of the points raised by 
Mr. Ayre, Mr. Calder said that Mr. Foster King had 
indicated that builders knew exactly what the 
vessels could do, but he did think that was the 
point; the point was what the vessels could do 
if properly designed. He was particularly interested 
in what Mr. Williamson had said, as none of the 
vessels built by Mr. Williamson had been included 
in the analysis. The close agreement found was a 
confirmation of what he, Mr. Calder, had arrived at 
by experience. He did not agree with Mr. William- 
son in the matter of the flooding of the quarter deck. 
His experience was that coastal vessels were usually 
trimmed by the stern, and the effective freeboard 
aft was less than it ought to be. The average 
figures for the relative capacities of the well and 
of the raised quarter deck in the case of 15 vessels, 
all 142 ft. in length, were: capacity of forward 
well, 5:5 per cent.. and raised quarter-deck I-2 
per cent., of the displacement, the height above 
the water-line in the latter case being much the 
greater. He was not at liberty to give the dimen- 
sions of the vessels dealt with in Fig. 4, but the 
jength, in all cases, was between 142 ft. and 200 < 
The reason he had not given the draughts in lable 





which was more applic- 


was that it was difficult to give a fair average. ~_ 
the draught been included it would ha - sien 
E 3 the 


necessary to leave out 160 of the vesse 
classified. 
Sartinc VESSELS WITH AUXILIARY MorTors. 


The Chairman, after thanking Mr. Calder, called 
on Captain C. Blom to read his paper — : 
“« The Future of Sailing Vessels fitted with Auxi ee 
Motors,” which formed the next item on - 
programme. We shall reprint this paper, os = 
abridged form, in a later issue of ENGINEERING, 
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but may now mention that in it the author has 
analysed the design and performance of several 
well-known sailing vessels, including the Pola, 
Lightning, Thermopyle, Cutty Sark and Lancing, | 
and compared them with a newly designed four- 
masted barque fitted with an auxiliary motor. 
Such a vessel, he suggested, would be useful for 
training young seamen, and also for carrying that 
class of tourist whose object for travelling was mainly 
the pleasure derived from a life at sea. | 

After Captain Blom had read his paper, ,the 
Chairman called on Dr. P. A. Hillhouse to open the 
discussion. Dr. Hillhouse said that before the 
advent of steam all trade had been carried on in 
sailing ships, and in the tea trade the speeds obtained 
were remarkably high. The steam engine had, 
however, enabled high speeds to be maintained 
regularly, and the sailing ship had gradually died 
out. Sailing ships had been mainly designed by 
rule of thumb, and there was no doubt that with 
modern materials, experience and 
improvements could be made on the earlier vessels. 
Whether they would be built or not was, however, 





mainly a question for the shipowner, who would |hydroplanes and single-step hydroplanes. 
have to consider whether sailing ships would produce | dealing with the leading characteristics of each 
He thought it | type, he selected typical examples of successful boats 
very doubtful whether tourists would be induced to | in each class, and compared them from the various 


dividends where steamers did not. 


travel in sailing ships. Unless the world’s fuel 


supply diminished to such an extent that coal or | speed, the ratio of displacement to horse power, and 
oil could not be obtained, he did not think there | the ratio of beam to length. 


was much need for the revival of the sailing ship, 
although he thanked the author for having raised 
the question. 

Mr. Walter Stewart, the next speaker, said he 


could claim some practical acquaintance with the |Mr. Ramus more than fifty years ago. 
experience of making a voyage from Melbourne to | paid a warm tribute to this pioneer investigator, 
London in a sailing ship, and he thought the author and mentioned some of the historical facts associated 
was unduly optimistic in supposing that passengers with his work. He then referred to the papers on 


would be anxious to repeat the experience. He 


noticed that a crew of 58 was postulated for the | read by Mr. Linton Hope in 1915, and on “‘ Coastal 
design ship, and thought that of this number there | Motor Boats” read by Lieutenant Bremner and 
would be very few available for working the ship. | the speaker in 1923. Curves in the latter paper 
It appeared probable that the vessel would be indicated that the best type of hull, from the point 
running for the whole of her life at speeds below | of view of resistance, was the single step. The 
the wave-length speed, which would be unecono- | speaker showed a model of a single-step boat, the 
mical, and would prevent her making the fast | Miranda, which was built in 1910 and reached over 
If sufficient canvas were |35 knots with quite a moderate power. 
carried to drive the ship at high speeds there was | that he could not agree with the author that a boat 
the question of propeller drag, and this would slow | of this type cannot be a good sea boat, and quoted 
Even in comparison with | the case of the C.M.B’s. during the war. 
the Thermopyle, the results obtained with the| boats had to be kept at sea in all weathers, and 
design ship, when doing her best, would not be| he had never heard of a case of one capsizing. 
The latter, however, would | Since the war, many of these boats had been in 
not be doing her best, but would be working at an | use as prevention vessels, and so on, and had con- 
uneconomical speed for a very great part of her| tinued to prove very successful. 
passage. There was, however, one factor in favour | he referred to the last paragraph of the paper, in 
of the author’s suggestion. The provision of wing | which it is stated that the Maple Leaf VII, by 
tanks would enable the vessel to be listed over in a | attaining a speed of 83 m.p.h., proved the world’s 


calm, and this would greatly improve her perform- | fastest motor boat. 
author if this was an officially-recorded speed, as 


Sir John Biles, who also spoke, said, in the course | he believed that the world’s record was held by an 
of his remarks, that he had been associated with an | American boat with four Liberty engines, for which 


passages anticipated. 


her very appreciably. 


appreciably better. 


ance at speeds below 6 knots. 


investigation to determine the average speed of a |t 
sailing ship and had been surprised to find that it 


was only 3 knots. He thought that was sufficient | would be an advantage if the position of the step 
to explain why the sailing ship had been replaced | could be added to the last table given in the paper. 
by the tramp steamer which had an average speed of |She drew attention to the fact that many tank 


9 knots. He did not think many people would prefer | t 


to go to sea in a sailing ship 300 ft. long when ships | boats, and that these had given quite good results. 


600 ft., or even 900 ft., in length were available. | I 
In bad weather especially, they would appreciate | s 
the much greater comfort of the larger ship. 


called on the author to reply, and- Captain Blom | 8 


first remarked that unless something was done|he thought that all the steps were in action in 


to keep the sailing ship alive in 50 years’ time, | t 


there would be no one able to design or to man* a | found to be in action in the case of flying-boat 
i It was impossible to construct or to | hulls. 
sail a vood sailing ship without long experience, and | it might be taken that, for a flying-boat hull, this 
We were on the eve of the time when no one living | is about one third of that for a large ship’s model. 


sailing ship. 


would have any experience of these craft. It was 
doubtful if a sailing ship could be made to be a/o 


~ oe venture, but he had tried to find some | Thornycroft’s remarks about the Ramus models, 
_ - - id of doing this. He thought in any case that | that these were driven by an explosion motor in the 
: _— ship formed a very valuable training school, | form of a rocket. 
sin ——— in this respect over a steamer. | motor boats, the speaker said there was one type 
sider, — future date the cost of fuel rose con-| which might come under any of the five classes. 

Tably, sailing ships would then become a paying | This was a vessel with an aerial, instead of a water, 
Proposition, but it would be necessary to have men propeller. 














judgment, | duce in a future issue, the author divided high-speed 


. She thought the latter name rather misleading, 
No other member wishing to speak, the Chairman | 48 the stern of the boat really formed a second 


capable of building and manning them. He could 
not then answer all the questions raised by the 
various speakers, but would deal with a few of them. 
With regard to the question of propeller drag, his 
idea had been that the propeller should be kept 
running at all times, the speed of revolution being 
altered in accordance with the requirements; there 
would thus be no drag. It was certainly difficult to 
determine the requisite number of the crew, but he 
had, he thought, allowed a sufficient number for 
culinary duties and other services for passengers, as 
well as for working the ship. 


HicH-SPEED Moror Boats. 


During the evening session on Thursday, the 7th 
inst., the chair was occupied by Sir John Biles. 
Hon. Vice-President of the Institution, who called 
upon Mr. D. Nicolson to read his paper on the 
“Design and Construction of High-speed Motor 
Boats.” In this paper, which we propose to repro- 
motor boats into five classes, viz., fast-displacement 
hulls, V-bottom hulls, sea-sled hulls, multi-step 
After 


points of view brake horse-power required, maximum 


The discussion was opened by Sir J. E. Thorny- 
croft, who exhibited a number of models to illustrate 
his remarks. Among these was the original 
multi-step hydroplane model made by the Revd. 
Sir Jchn 


“The Effect of Beam on the Speed of Hydroplanes,”’ 


He said 


These 


In conclusion, 


He would like to ask the 


he officially-recorded speed was 80-567 m.p.h. 
Miss E. M. lL. Keary, who followed, said that it 


ests had been carried out on the hulls of flying 
t would appear that the multi-step hull was more 
table longitudinally than the single-step hull. 
tep. She would like to ask the author whether 
he case of a multi-step hull, as only two were 
As regards the cost of experimental work, 


Mr. E. Wilding said that he thought it might be 
f interest to mention, in connection with Sir John 


Regarding the classification of 


propellers in the paper, but the type referred to had 
been very successful. In his own experience, while 
in South America, he had found boats with aerial 
propellers to require only very moderate powers to 
carry loads of approximately one ton at relatively 
high speeds. He would like to point out a small 
discrepancy in the paper, the speed of Maple Leaf IV 
being given as 50 and 47-4 knots on successive 
pages. Referring to the strength of displacement- 
type hulls, he quoted the case of a boat which was 
raced at Monaco in 1906-7, fitted with a 240-h.p. 
Panhard engine. The latter was subsequently 
replaced by a 90-h.p. engine, and again by a 300-h.p. 
aero engine, and on a recent trip in Uruguay, this 
boat did 56 km. in 1 hour 2 min. 

Sir William Berry mentioned that the paper 
covered 25 years’ development. The first essential for 
a fast motor boat was a light hull, and this involved 
great attention to the design of both the hull and all 
details. When war broke out, the Admiralty 
required fast boats for various services, for which 
a racing boat was clearly quite unsuitable. These 
boats might be required to carry armament and a 
considerable weight of petrol, and ordinary displace- 
ment boats, coastal motor boats, and sea sleds 
were all tried. The ordinary displacement boats 
were found to be quite unsuitable, as the power 
increased out of all proportion to the speed above 
30 knots, and in addition, at high speeds the boats 
tended to dive and sink. The coastal motor boats 
turned out by Thornycroft’s were most successful. 
They carried a considerable weight of armament 
in the shape of guns and torpedoes. A typical 
performance for a 55-ft. boat, with a beam of 11 ft.. 
might be quoted. On Admiralty inspection, this 
vessel carried 245 gallons of petrol, and an armament 
load of 3,000 lb. The total displacement was 
114 tons, and the two 375-h.p. engines gave a speed 
of 40 knots. In another case of a 40-ft. boat, the 
displacement was 5 to 5} tons, and one engine of 
275 h.p. gave a speed of 363 knots. The experience 
with sea sleds was rather unfortunate. In the case 
of a Ross sled, 41 ft. long and 11 ft. 3 in. beam, the 
displacement was 8} tons, there were four 185-h.p. 
engines driving four surface propellers at 1,400 
r.p.m., and the speed attained was only 31-6 knots, 
against a promised speed of 35. In addition, the 
vessel caught fire several times. Other examples of 
sea-sled performance were quoted by the speaker, 
who stated that he did not approve of the type. It 
had poor sea qualities, the weight must be kept aft, 
and a semi-immersed propeller was practically essen- 
tial. 

Mr. Hobbs said that he wished to direct attention 
to a practical method of obtaining data from self- 
propelled model boats. In the arrangement which 
he had employed, the model was connected to a 
fixed pole by flexible insulated wires. The engine 
employed in the model was a two-cylinder horizon- 
tally opposed steam engine. The boiler consisted of 
15 ft. of }-in. diameter weldless steel tube, heated 
by a blow lamp. The number of engine revolutions 
per minute, and the distance travelled, were recorded 
electrically. A model 40 in. long, with a beam of 
10 in., reached a speed of 41-8 m.p.h. over a circular 
course, the actual distance covered being half a mile. 
The speaker was of opinion that the results obtained 
by this method were accurate within reasonable 
limits. 

Mr. Lower said that hardly sufficient weight 
appeared to be given in the paper to the importance 
of tank tests, particularly in the case of high-speed 
craft. Tank tests could be conducted at a reasonable 
cost and undoubtedly tank-carriage speeds would be 
increased in the near future. Even at the present 
speeds, however, models of 76 per cent. of the boats 
referred to in the paper could have been tested. He 
thought that the tank water could be disturbed so 
as to give a fair indication of the behaviour of the 
finished boat, and that any tendency to porpoise 
would certainly appear in the model, though with 
a different periodicity. 

Mr. Giles expressed himself as disappointed that 
very little of the theory underlying the design of 
the hydroplane was given in the paper. Tank 
tests had been touched upon in both the paper and 
discussion. What was wanted was a basis of com- 
parison for hydroplanes, in which the problem 





There was no specific reference to 


was quite different from that of a displacement 
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boat. He would like to ask what basis of com- 
parison the author employed. It appeared to him 


v . 
that 7] was unsuitable because | was unimportant 


re 
in this case. Given that the weight, the position 
of the centre of gravity, and of the planing surfaces 
were not interfered with, it would be possible to 
reduce the length by 10 ft. without affecting the | 
performance in smooth water. In these boats | 
there was a high pressure on the planing surfaces, | 
and it appeared to him that the area of the wetted | 
surface would have little effect, but that the weight | 
that the area was supporting would be a governing | 
factor. 

Mr. J. H. Narbeth mentioned that he was in ‘full | 
agreement with the author as regards the value of | 
the Consueto method of construction. He thought | 
that experiments on models in air tunnels would | 
be of value, although of course they would give no | 
information on wave resistance. As regarded Mr. | 
Wilding’s remarks, he might say that many service | 
boats employing air propellers were in use in India. | 
The speaker paid a warm tribute to British builders, | 
and to Messrs. Sanders and Messrs. Thornycroft in | 
particular. Asregards Maple Leaf IV, her perform- | 
ance was of historical importance, and he thought 
that it would be of value if full details of this boat 
could be incorporated in the Transactions of the 
Institution. 

In replying to the discussion, the author said 
that he had been afraid that high-speed develop- 
ment was going back, but the discussion showed 
that this was not so. In reference to Sir John 
Thornycroft’s remarks, he had not intended to 
give the impression that the single-step boat was 
a bad sea boat, but merely that it was not so good 
in this respect as the multi-step boat. He had 
himself proved this by adding steps one by one to 
a plain boat and had obtained positive results in 
this way. Ample independent information on the 
point was, however, available. Referring to Sir 
John’s remarks regarding the speed of Maple Leaf 
VII, the speaker said that the speed of 83 m.p.h. | 
was obtained by him from an American source. | 
In reply to Miss Keary, who had enquired whether 
a stepped boat was planing on only two or on all 
of the steps at speed, the matter had been investi- 
gated by slow-motion pictures. The results were 
not very successful, but were sufficiently good to | 
establish the fact that planing took place on all 
the steps. On the question of air propellers, the 
speaker said that, so far as he knew, no boats 
employing this method of propulsion had been 
built in this country, but many such boats were in 
use abroad, and had a very good speed-horse- | 
power ratio. On the Danube, boats of this type | 
were regularly carrying 35 passengers at a speed | 
of 35 m.p.h. Answering Mr. Wilding, the author | 
stated that the speeds of 50 and 47-4 knots for | 
Maple Leaf IV given in the paper were maximum 
and mean speeds, respectively. Regarding Sir 
William Berry’s remarks concerning the necessity 
for a light hull, in the most modern practice the 
power-weight ratio was below that employed in 
flying boats. In reply to Mr. Lower, satisfactory 
tank tests could not at present be made for really 
high-speed boats, competition work in America 
requiring a speed of 80 knots. In his own exper- 
ience, tank tests did not give a true indication of 
porpoising; in one case the final boat porpoised 
very badly without any indication of this defect 
appearing in the tank tests. In general, the best 
results had certainly been obtained in practice 
without tank tests. As regards Mr. Narbeth’s 
remarks on the value o: wind tunnel experiments, 
he was in full agreement with this, as wind had a 
very great effect when the boat was just skimming. 

On the motion of the Chairman, a hearty vote of 
thanks was accorded to the author for his paper. 


(To be continued.) 














TELEPHONES IN CANADA.—According to a recent report 
published by the Canadian Bureau of Statistics, the use 
of telephones in the Dominion is steadily increasing. At 
the end of 1925, the number of telephones per 100 of the 
population was 12-22. At the close of the previous year, 
the figure was 11-62. Canada, in this matter, is only 
surpassed by the United States, where the figure for 1925 
was 14.2. Other countries approaching this percentage 
were Denmark with 9-0 per 100, and New Zealand, with 
8.7 telephones per 100 of the population. 





LAWACZECK TURBINES AT LILLA EDET. 


CONSTRUCTED BY MESSRS. AKTIEBOLAGET 


FINSHYTTAN, FINSHYTTAN, SWEDEN 
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THE LAWACZECK TURBINES AT 
LILLA EDET. 


WHEN the Swedish Government, in 1908, began 
to study the question of water power development 
at Tréllhattan, detailed estimates showed, that 
under the then prevailing conditions, the cost of 
power generated by hydraulic turbines would in 
general, be greater than if obtained from steam 
| plant. Coal, however, was an imported commodity 
liable to fluctuation in cost, and to interruption 
of supply in case of war, or industrial difficulties 
in the producing areas. In view of these consider- 
ations it was decided to proceed with the plans 
for very large state controlled water power 
stations. The wisdom of this policy became very 
|evident during the war, and also during the long 
colliery strike last year. One large plant has been in 
operation for some time at Tréllhattan on the River 
Gotha, and this has now been supplemented by one 
at Lilla Edet, some 20 miles down stream. At this 
site, 170,000 water horse-power are available, but 
the head is low, being only 18} ft. under optimum 
conditions, and a little less in times of flood. In 
view of this low head, it would have been financially 
|impracticable to generate the power by the older 
| patterns of turbine. The introduction of the propeller 
type, which has increased some three to fourfold 
the speeds of rotation consistent with reasonable 
efficiency, has made it commercially possible to 
combine low heads with large individual outputs, 
jand it was accordingly decided to erect, at Lilla 
| Edet, a station in which the power available will 
|be developed by seven units. Of these, three, 
leach rated at 10,000 kw., have already been 
|installed. One of them is constructed on the 
| Kaplan principle, in which the propeller or rotor 
| is fitted with feathering blades, the angle of 
|which is adjusted by the governor in accordance 
| with the load on the turbine. The efficiency of the 
|latter is therefore maintained practically constant 
lover an exceedingly wide range. To the Kaplan 
turbines is assigned the duty of taking care of the 
normal fluctuations in the load on the station. The 
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THE KITSON-STILL INTERNAL-COMBUSTION LOCOMOTIVE. 





(64.A) 


other two units, having fixed propéller blades are 
simpler, and correspondingly cheaper. They have 
a very high efficiency at their normal output, but 
the efficiency curve is characterised by a very sharp 
maximum, so that if run at partial load, the waste 
of water would be considerable. The station is 
therefore operated on the plan of running these 
turbines as near as may be at their full output, 
whilst the Kaplan turbine, which has an exceedingly 
flat efficiency curve, takes care of the normal varia- 
tions in the load. The Kaplan turbine was described 
in ENGINEERING, vol. cxxi, page 152, and we now 
illustrate the two Lawaczeck turbines which have 
been erected at Lilla Edet by the Aktiebolaget 
Finshyttan, Sweden, which is one of the firms associ- 
ated with, and represented in this country by, Messrs. 
James Gordon and Company, Limited, Windsor 
House, Kingsway. The designed running speed is in 
all cases 62-5 revolutions per minute. 

The general arrangement of the power house at 
Lilla Edet was illustrated in our previous article 
referred to above, and need not be dealt: with here, 
but in Figs. 1 and 2, page 448 we give an elevation 
and plan of one of the two Lawaczeck units. 

As a preliminary to the preparation of final plans, 
the Finshyttan works carried out an extensive 
series of experiments in order to determine the best 
proportions for the proposed turbines, which were of 
unprecedented size. Two years were expended in 
this preliminary work, and the actual construction 
of the runner was not started till 1924. Work had, 
however, been progressing in the meantime on the 
guide blades and the gear associated therewith. 
These guide blades differed only in size and minor 
points from what previously had been used for 
turbines of the Frencis type. The guide blades 
one of which is represented in Fig. 10, page 456, 
are steel castings 10 ft. long, and the frame or 
crown plate, into which they are fitted is of such 
dimensions, that it was necessary to construct 
it in segments. In designing the crown plate, 
matters were arranged so that individual blades 
could be removed for examination or repair with- 
out interference with the rest. In all, there are 28 
of these blades, which are supported on ball bearings 
so as to reduce friction to a minimum. The whole 


DIAGRAM OF STILL SYSTEM. 





(For Description, see opp Page.) 


DESCRIPTION OF PIECE. 


Z 


TOM mate 


Internal busti haust passage. 
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unaffected and will close in the ordinary way. The 





links are accessible and easily replaced. 

As shown in Fig. 1, the runner is 6 metres in 
diameter, and photographs of it are reproduced in 
Fig. 6, page 449, and Figs. 7 and 8, page 456. In 
view of the very large dimensions, it was impractic- 
able to construct it as a single piece, and the blades 
were accordingly cast separately and secured to the 
boss by eight fitted bolts. They are steel castings, 
and were provided by the Avesta Steel Works, 
Sweden. As received from the foundry, they were so 
accurate to form and dimensions, that not one of 





of the spindles are coupled by link work to an 
inner ring concentric with the runner axis. This 
ring is supported on balls and is turned by the 
governor in one direction or the other according as 
the load rises or falls. This movement of the ring 
rotates the guide blades so as either to enlarge or 
diminish the waterway between them, thus increas- 
ing or reducing the weight of water passing through 
the runner. The links connecting the guide blade 
levers with the controlling ring are purposely 
made with a small factor of safety, so that, in case 
a pair of the guide blades should be jammed by an 
obstruction caught between them, the corresponding 
link will break, whilst the remaining blades will be 





the 12 blades required for the two turbines differed 
by more than | per cent. from the average weight 
of the batch. Indeed, four of the blades were 
identical in weight. They were milled to form 
where they fit to the boss or to each other. After 
the blades were mounted, the runner was machined 
to the external diameter required. A single blade 
is illustrated separately in Fig. 9, and the weight 
of the runner finished complete, ready for erection 
(see Fig. 6), was about 50 tons. 

As shown in Fig. 1, the electric generator is 
arranged immediately above the turbine. The 
weight of the runner and generator rotor is trans- 





Fig.2. ARRANGEMENT OF CRANKSHAFT AND JACKSHAFT DRIVE. 
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8 Internal-combustion cylinder and head cooling-water outlet, 


9 Steam regulator. 

10 Steam inlet pipe. 

11 Steam piston valve. 
12 Steam exhaust pipe. 
13 Steam valve gear. 
14 Firebox flue tubes. 
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mitted to the generator framing through the arms 
shown in Fig. 1. The thrust bearing, which carries 
the whole of the load, is of a modified Michell type, 
‘the segments being supported on spiral springs, 
so as to ensure that each segment takes its fair 
share of the load. This, inclusive of the water 
pressure, may attain a total of 550 tons. Forced 
lubrication is provided throughout. 

Governing is effected by means of a servo-motor, 
the valve of which is controlled by an ordinary 





governor of the Watt type. This, as is well known, 
is not isochronous, the speed with the sleeve in 
its lowest position being less than normal when the 
governor has acted so as to throttle the supply of 
working fluid. To correct this defect, a somewhat 
elaborate gear has been provided, which is illustrated 
diagrammatically in Fig. 4. The ordinary pendulum 
governor is shown here on the right, whilst the valve 
controlling the oil supply to the servo-motor can be 
seen on the left. The two are connected by a float- 
ing lever, which, as usual, is provided with an over- 
taking gear, which, as the piston of the servo-motor 
moves in or out, restores the controlling valve to 
the neutral position. With the type of governor 
adopted, however, the speed would not be the 
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Fig.4. VALVE TIMING DIAGRAMS 


INLET VALVE 





1ST HEAD 





Fia. 3. 
|constant by means of an automatic valve. The 
ump is kept constantly running, and the surplus 
EXHAUST VALVE Last Si" pir parang einen tei P 


of oil over and above that necessary to maintain the 
level in the high-pressure receiver, is returned to 
the suction tank through a loaded valve. A view of 
the servo-motors is reproduced in Fig. 11. Since the 
plant was completed, exhaustive tests of the turbines, 
under different heads, have been carried out by 
representatives of the Swedish Government. We 
reproduce in Fig. 5, page 449, some of the curves 
plotted from the test figures. It will be seen that 
the maximum efficiency was about 95 per cent, and 
that at every gate opening the efficiency was higher 
than the guaranteed figures which are represented 
by the full line curve. The run represented in this 
diagram was made under a head of 6} metres. 


Oat D.C. 








wae. BAC Other runs were made with heads of 7 metres and 

INLET VALVE EXHAUST VALVE 5°6 metres respectively, and at the lower head the 

Out D.C. 2D HEAD Out D.C ‘accord between the test results and the guarantees, 
«20° | based on model tests, was remarkably close. 





same at full as at partial load. Hence, an addition 
to the usual overtaking gear is provided which, as 
the governor comes into action, gives an additional 
shift to the fulerum of the floating-lever, so as to 
restore the sleeve of the pendulum governor to the 
mid-position, at the same time that the control 
valve of the servo-motor is also returned to its 
neutral position. To this end, a compensating gear, 
consisting of a friction wheel and disc is provided. 
At normal speed, the friction wheel is central with 
the dise that drives it, and is therefore at rest. If 
the governor acts, this wheel is simultaneously 
raised above or below the centre of its driver, and 
'Srotated accordingly in one direction or the other. 
As it rotates, it operates a screw which lengthens or 
shortens one element of a system of link work. In 
this way the roller a is shifted along the inclined 
Plane provided at the end of the lever b. This 
‘ver is accordingly rocked in one direction or the 
other, and in its turn shifts the fulcrum of the 








THE KITSON-STILL INTERNAL- 
COMBUSTION LOCOMOTIVE. 


Internal-Combustion Locomotives.* 
By Lieut.-Col. E. Kirson Ciark, T.D., M.A. 


| ANNIHILATION of time and space, and efficient pro- 
| duction of power have been accepted as symptoms and 
| reputed as advantages of Western civilisation. For 
| the last hundred years, the steam locomotive has been 
|a prime minister in these services. Its day is not yet 
|over. Where reliability, versatility, and flexibility are 
required, where loyalty in lonely places is looked for, 
there will still be the steam locomotive. Oil atomised 
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floating lever, so that the governor sleeve is re- 
turned to its mid-position. Simultaneous an addi- and expanded by combustion is, however, a more eco- 
tional overtaking motion by _Mmeans of a second | nomical vehicle of energy than evaporated water ; its 
floating lever restores the friction wheel to the | machinery—power for power—is less bulky. Internal 
centre of its disc. This done, the turbine runs at | combustion in its usual form, however, is devoid of 
partial gate at the same speed as it does at full gate. | flexibility and presents great difficulty in starting 
Hand adjustments are also provided, by which the | #gainst a load. Therefore, when the Still system came 
speed of running can be varied at will within certain before the author, he was impressed by its unique 
limits. The whole of the governing gear is fitted combination of internal combustion and steam power. 

era mares ; In this system the engine is double-acting, with 
inside a dust-proof case, which is shown with the 


) P ; : internal combustion at one end of the cylinder and 
cover removed in Fig. 4. The governor is driven| steam at the other. The water in the jacket is in con- 


by belting from the runner shaft, as is also the | nection with the boiler, and the excess heat from pro- 
triple-gear pump, which supplies the oil required | ducts of combustion assists in the production of steam 
to operate the servo-motor, which, as indicated in| in the boiler. The boiler is primarily heated by oil 
Fig. 1, is located below the floor of the generator | burners and the steam generated is used for starting the 
room. The teeth of the gear pump are formed so as engine. The locomotive illustrated diagrammatically 
to ensure silent running. The oil supply is derived | " Fig. 1, opposite, has three coupled axles, is designed to 
frou o tink: and is Senead tobe 0 seeeele. ia wah undertake the most ordinary regular work on main-line 
? ’ 
a considerable volume of compressed air is entrapped 
above the oil. The level of the latter is maintained 





* Paper read before the Institution of Mechanical 
Engineers, on Friday, April 8, 1927. Abridged. 
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service, and its axle load is tons. The 


Fig.8. STEAM INDICATOR CARDS. 
Scale 320 L6.=linch. 


dimensions of the locomotive conform to the require- | 
| power to the wheels would involve bevel gearing ; in 


ments of the great railways of the country. It is 
calculated to exert a tractive effort of 24,500 Ib. from 
starting to a speed of 6 m.p.h., dropping to 7,000 Ib. 
at 45 m.p.h. 

Whereas the controversy in marine and stationary 
practice between the two- and four-stroke cycles is 
not to be decided easily, it is still more complicated 
in the case of the locomotive which is endowed with 
special variables of its own. 
stroke cycle has been selected. 
plicity in a pioneer machire, it was considered preferable 
to submit to the additio of valves and gear rather 
than to the vagaries of scavenging air and the cost of 
its mechanism. Further, although for the same power 
with the same size of cylinder the two-stroke cycle has 
but half the number of cylinders of the four-stroke, 
and the former arrangement would therefore certainly 
cut down the cost, it would also cut down the piston 
area. Hence, to obtain the necessary steam-power 
at starting in the two-stroke system, steam would 
have to be admitted into the cylinders on the internal- 
combustion side of the piston as well as on the normal 
steam side. The introduction of steam into the 
combustion side of a cylinder is indeed perfectly 
feasible and manageable, but this process would 
entail such additional gear as would be undesirable 
in the first locomotive, and the balance of judgment 
therefore lay in favour of the four-stroke cycle. 


In this case, the four- | 
For the sake of sim- | 


| high peak forces. 


| by 





The second choice had 
to be made between a 
vertical or a horizontal 
disposition of the cylin- 
ders. Vertical cylinders 
would have to be placed 
either in line running fore and aft, or in groups across 
the locomotive. In the first case, the transmission of 
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the second, the number of cylinders would be confined 
to two or three by the exigencies of the loading gauge. 
It seemed best to avoid the difficulty of each case and 
adopt horizontality, incidentally gaining space for a 
longer connecting rod than a vertical system would allow. 

The transmission of force from a reciprocating hori- 
zontal engine, suspended on springs, to the wheels on 
the rails by means of connecting rods is as efficient 
as it 
involves variations in cylinder clearances and also 
the internal-combustion cycle, at present, introduces 
It was decided to transmit the im- 
pulses, in the first instance, via a crankshaft mounted in 
rigid bearings to rotating gearing protected by a spring 
and damping device. From this the transmission is 
connecting rods which provide the toleration 
required by the relative movement between the spring- 
carried superstructure and the driving wheels (Fig. 2). 

The gearing consists of two pinions incorporated in 
an engine crankshaft. The pinions engage with rims 
which are applied to a jackshaft through the spring 
and damping device. At the outer ends of the jack- 
shaft are crank-pins which are coupled by rods to the 
engine wheels. All the mechanism within these 
pins is concentrated in an enclosed entablature and 
all the main parts are provided with forced lubrication. 
The oil is delivered from every part after use into a 


is traditional, but the direct use of such rods | 


dust-free crank-case or entablature, and is subsequently 
recovered from a sump at the bottom, cooled and 
re-distributed. 

In this concentration the pinions are disposed on 
the circumference of the crank-webs and therefore the 
lateral space allotted to the crankshaft is entirely 
devoted to width for the crank-webs and surfaces for 
the bearings. Moreover, the gearing is so much in 
the middle of everything that it operates in a neutral 
|centre, ‘a centre of indifference,” unaffected by the 
| torsional strains which connecting rods put upon its 
|axis. So centralised is it that all working parts which 
|derive from it their activity lie in symmetry about 
it, and the effects of torsional lag are identical in every 
| correlated function. 
| As transmission by gears is adopted, and there is no 
| flywheel, the turning moment must in no instance, and 
at no point, involve a negative force. It is only 
necessary, therefore, to quote the diagrams of compara- 
tive turning-moment curves given by H. F. P. Purday* 
in order to recognise that the selection of a four-stroke 
cycle with gears involves the installation of at least 
eight cylinders. 
| Following a consideration of the position of the 
pinion, of the engine’s centre of gravity, of the room 
that the loading gauge permits to the boiler, and of the 
necessary clearance from the gear-case to the rails, a 
| gear ratio of approximately two to one was fixed, and 
| a stroke of 15} in. was chosen in view of piston spe d 
| and power. Taking this stroke and considering the 
| required horse-power at speed, the bore of the eight 
| cylinders worked out at 134 inches. es 
| ” For the fue! supply to the cylinders, airless injection 
| has been adopted. If compressed air had been used, 


* Diesel Engine Design, H. F, P. Purday, page 10°. 
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compressors, intercoolers, accessories, and the machinery 
for operating the fuel valves would have taken up 
valuable space, and the power thus absorbed would 
have had to be deducted from the horse-power available 
for hauling the train. 

It was of immediate importance to ascertain the 


range of flexibility and to find means by which it | 


might be fostered. Hence, having established the 
principles of the design and determined the limiting 
dimensions of the main parts, it was decided to build 
an experimental unit for the purpose of investigating 
this question on the combustion side. It was necessary 
to extract from the cylinder its maximum power, 
whether the mechanism was running at 30 or 450 r.p.m., 
and thus to meet the difficult conditions peculiar to 
locomotive service. The experimental unit was 
intended not only for this purpose, but for the examina- 
tion of the quality of combustion, the types of fuel jets, 
the pump cams, and the character and contents of the 
combustion chamber. 

In order to simplify the number of parts to be 
observed in the course of this comparatively new line 


| valve-gear to be made during the preliminary running- 

in period. The test unit was therefore run under 
| these conditions for several hours before oil was 
}admitted to the pump. When this was done, the 
engine fired at once quietly and regularly. The com- 
pression pressure at low speeds was found to be no 
more than 230 lb. per square inch. The first jet was 
drilled with three holes ;34, in. diameter at an 
included cone angle of 19 deg. The jet valve was 
loaded by spring adustment to require a minimum 
injection pressure of 2,500 lb. per square inch to open 
it. The smoke was black at all but the lowest speed 
and mean indicated pressures. 

Upon increasing the jet-locking pressure to about 
| 5,000 Ib. per square inch, and fitting a nose with 
| larger holes of {2% -in. diameter, combustion was 
|improved, but at an m.i.p. of 60 or 70 lb. per square 
|}inch, and at speeds of 200 r.p.m. upwards, the smoke 
| was still dark. It was clear that the combination of 
| 
| 


fuel with air required investigation 
At this juncture attention was directed to the treatise 
| by Drs. Hartridge and Roughton, of Cambridge, who 


of research, and to limit expenditure, the experimental | had, by experiments, established that fluids became 
- was confined to one cylinder and its relative parts ; | fully mingled in a shorter space of time when the 
yut as the important end of the range of flexibility to | ingredients were confluent rather than contrafluent in 


be examined was the beginning, and as experiments | their association. 


It was at once attractive to apply 


MACHINE COMPANY, 


were to be made at very slow speeds, a fly-wheel of an| this established observation to certain theories as to 
appar ntly disproportionate weight (15 tons) was the course of the air in compression and at the initial 
attached to an extension of the crankshaft. All the | moment of expansion. 


details employed were those which would eventually | 
form part of the design of the finished locomotive. A 
dynamometer was applied to the extension of the shaft, 


anddrum. The jacket of the cylinder was, on the Still 


principle, in circulation with the boiler. The boiler itself | 


was of the vertical type standing clear of the experi- 
mental unit. This was done to facilitate the observa- 
tion of the working parts. Further, the exhaust gases 
from the internal-combustion cylinder were not (as will 
be the case in the complete arrangement) passed into 
the boiler or ‘ heat-recovery apparatus,” for it was 
desired that their characteristics might be noted under 
“very condition of speed and power. A photograph of 


the complete unit is reproduced in Fig. 3, on page 451. | 


Considering first the combustion end of the experi- 
ery cylinder, the valve timings are presented in 
ig. +. One of the advantages of the Still system is 


In the first place it was clear that the relation of the 


influence upon the stream-lines. 





| ie 

| Considering then the cylinder and chamber arrange- 
ment as first made, it appeared likely that the mass 
of air in the cylinder, which was concentric with the 


|the cylinder section outside the concentric. The 
next step was to impregnate this eccentric air stream 
by confluent oil particles. The results justified the 
application of the Hartridge-Roughton theory. 

A further stage towards controlling the air move- 
ment was made by adding a temporary block of 
| nickel-steel to the piston crown. After trying many 


} 
As the result obtained 


darkish-grey coloured exhaust. 


the - engine Ie 3a s : ; 
om the coaeee can be run on steam alone at all speeds, | did not appear sufficiently progressive, it was decided 
enabling a general examination of bearings and | to try a different block which, by reason of its entering 


| combustion chamber to the cylinder axis had a potent | 
The chamber was | 


a pedestal bearing being interposed between fly-wheel | off-set 1} in. below the centre of the cylinder (Fig. 5). | 


combustion chamber, would be deflected from sym- | 
metrical movement by the air mass in the crescent of | 


jets, a m.i.p. of 80 lb. per sq. in. was obtained with a | 
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edge, would produce an effect appropriate to a central 
spray. 

With each type of six different blocks, a series of 
| different jets was tested, as many as 250 combinations 
| being tried. For each jet a record of the direction of 
| the stream and of the atomization was obtained in the 
usual way outside the engine by piercing a paper 
screen placed at a constant distance from the jet nose. 

It was found, in general, that the higher the compres- 
sion the less sensitive, in some degree, was the engine to 
changes of penetration, distribution or injection timing. 
With the bigger blocks, the engine was quieter. In all 
cases detonation was more apparent to the ear than 
noticeable on a diagram, and further, as would be 
expected with a continuously warm jacket, if detonation 
took place in any trial it persisted as long as the con- 
ditions were unchanged, the principle of the system 
precluding the relief which is associated with warming 
up. 

The fuel-pump was the next link in the chain of 
variables to be investigated. Cams and pump plungers 
were tested in different combinations, the plungers 
differing by as much as 35 per cent. in area. The 
limit of maximum mean indicated pressure at high 
speed was found to be independent of these variations. 
The important fact was that the analyses of exhaust 
gas indicated a shortage of impounded oxygen, and 
the combination of experiences finally pointed to the 
need for a change of combustion head. 

A new combustion head was therefore drawn out. 
The combustion chamber was made axial with the 
cylinder, the valves were increased from 4% in. to 5 in. 
diameter, and great care was exercised to secure as 
large water-cooling spaces as those in the first design ; 
the exhaust passages were developed on stream-line 
principles. As these changes were being developed, 
the opportunity was taken to provide for higher 
compression by reducing the cubic capacity of the 
chamber. The modifications in the chamber passages 
and valves at once produced noteworthy results. 
Whereas with the previous head a consumption of 
0-44 Ib. of oil per i-h.p.-hour produced 70 Ib. per sq. in. 
m.i.p., whilst the exhaust analysis showed 10 per cent. 
of free oxygen, under the new conditions the first 
consumption trial showed an expenditure of 0-36 Ib. of 
oil for 80 lb. per sq. in. m.i.p., with exhaust analysis 
of 10 per cent. free oxygen. Arising out of the higher 
compression the detonation which had been noted 
before was reduced to an unobjectionable quantity. 

In Figs. 7 and 8 two series of indicator cards are 
reproduced taken under the new conditions. They 
show the range of power and the flexibility of the engine, 
and it will be seen that the maximum combustion 
m.i.p. obtained is some 201b. above that obtained 
with the old head, and that the power is practically 
maintained throughout the range of speeds while the 
steam performance is entirely what is required. 


(To be continued.) 











PORTABLE ELECTRIC RIDDLE. 


| Tue employment of the usual type of pin and knuckle 
| joint in foundry machinery is to be deprecated, as the 
wear will inevitably be excessive unless special precau- 
tions are taken to guard against the ingress of sand 
and dust. In the riddle shown in Figs. 1 to 3 above, 
manufactured by the Adaptable Moulding Machine 
Company, Stanhope-street, Birmingham, the use of 
such joints is entirely avoided, their place being taken 
by beehive springs, as shown in Fig. 1. These springs 
offer very little resistance to the lateral deflection of 


| the bars to which they are attached, and, in addition, 


impart a motion to the riddle which is of great assistance 
in avoiding any tendency to clog when the sand is 
| damp. 

The general principle of the machine will be clear 
from the figures, but it may be mentioned that 
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considerable experimental work has been necessary to 
arrive at the best proportions for the various parts. 
The riddle has a tilting motion during each stroke, 
followed by a jerk at the end. For general foundry 
purposes, the riddle container makes 120 oscillations 
per minute, and as the riddle moves | in. in the container 
it receives 240 impacts in the same time. The speed 
of the container can be regulated for dealing with 
special materials. The motor is totally enclosed, and 
is capable of developing } h.p. Only about half this 
power is normally required, thus allowing a good reserve. 
The motor can be connected directly to any power or 
lighting circuit. The weights of the machine are so dis- 
posed that, when the carriage is tilted for travelling, the 
centre of gravity is directly over the wheels, ensuring 
easy manipulation. The total width of the machine is 
approximately the same as that of an ordinary barrow. 
The riddle can be removed from, and replaced in, od 
container for emptying riddlings while the machine is 
at work. The machine will riddle 1 cwt. of fine facing 
sand through an }-in. mesh per minute, or double this 
quantity of rough floor sand through }-in. mesh. In 
common with other mechanical riddles, the inhalation 
by the operator of steam and gases released from the 
hot sand is avoided. If no electric supply is available, 





the machine can be supplied for hand operation, the 
general arrangement in this case being similar to that 
of the riddle shown in the figures, the motor being 
replaced by a hand crank actuating the flywheel. 











THE LATE MR. G. DEUCHARS. 

A WELL-KNOWN figure has been removed from rail- 
way circles in India, by the death, which occurred 
on Thursday, April 7, at his home at Slough, of Mr. 
George Deuchars, at the age of 67. After eight 
years at the High School, Dundee, Mr. Deuchars 
went to Edinburgh University in 1876, for two years’ 
scientific training, completing his education at the 
Royal Indian Engineering College, Coopers’ Hill. 
His practical training consisted of a year’s work with 
Messrs. Easton and Anderson, of Erith, and on the 
Thornton and Keighley railway. Going out to India 
in 1882, he was appointed assistant engineer on the 
Nagpur Railway survey, two years later becoming 
assistant engineer of the Northern Bengal State 
Railways, where he rose to be superintendent of 
works, before passing on to act as assistant engineer on 
the Benares-Cuttack Railway survey in November, 
1884. 

During the next fourteen years, until September, 
1898, Mr. Deuchars held various posts in the services 
of several of the chief railways in India, and he was 
largely responsible for most of the constructional work 
of both the Mari-Attock State Railway and also the 
Burma Railways, as_ officiating engineer-in-chief 
and chief engineer on these respective systems. The 
former work entailed some very heavy rock-cutting, as 
well as numerous tunnels and high viaducts, while the 
work on the latter was chiefly on the Mandalay-Kunlon 
Railway. This was 177 miles in length, with moun- 
tain grades of 1 in 25, and entailed much heavy work, 
including several tunnels and the Goktick Viaduct. 
He was appointed executive engineer of the Public 
Works Department of India, 3rd grade, in 1894, 
2nd grade in 1895, and Ist grade in May, 1899. In 
1907, Mr. Deuchars became superintending engineer to 
the Indian Railways, and chief engineer in 1910. In 
1915, he was appointed Assistant Government Director, 
finally succeeding Sir Henry Burt in 1919 as Director, 
which position he held until his retirement in 1923, 
when he joined the boards of the Madras and Southern 
Mahratta, the East Indian and the South Indian 
Railways. He became a member of the Institution of 
Civil Engineers in che year 1902, and was made a 
Companion of the Order of the Indian Empire in 1924. 








THE LATE LT.-COL. P. W. D’ALTON. 

WE regret to note the death, on April LO last, at 
Westcliff, of Lieut.-Colonel Patrick Walter d’ Alton. 
The son of the late Mr. W. P. d’ Alton, M.D., Patrick 
d@’ Alton was born on January 5, 1856; he received his 
early education at the University High School, Dublin, 
and afterwards attended King’s College, London. At 
the age of 16 he became a pupil of Messrs. Bryant and 
Cargill, and afterwards entered the shops of the Reading 
iron Works. Upon terminating his apprenticeship in 
1878, he became an improver in the works of the North- 
Eastern Marine Engineering Company, Sunderland. 
He went to sea two years later, and obtained the 
Board of Trade chief engineer’s certificate in 1884. 
During the years 1885 and 1886, Mr. d’ Alton was engaged 
as chief and superintending engineer of the Pan-Hel- 
lenic Steam Navigation Company, Pireus, Greece. 
Upon relinquishing this position, he was appointed 
chief engineer to the Nordenfeldt Submarine Boat Com- 
pany, and, in this capacity, carried out important 
submarine experiments. In 1889, Mr. d’Alton entered 
the service of the London Electricity Supply Corpora- 








tion, as resident engineer at the central station. He 
succeeded Mr. Ferranti as engineer-in-chief of the 
undertaking in 1891, and continued to hold this posi- 
tion for some nine years. When war broke out in the 
Transvaal, Mr. d’Alton proceeded to South Africa 
with the 6th Battalion, Royal Irish Rifles ; he returned 
to this country in 1901 with the rank of major. After 
serving for a short time as chief engineer to the Central 
London Railway, he was appointed chief mechanical 
engineer to Messrs. Dick, Kerr and Company, a posi- 
tion he continued to hold until 1914. He carried out 
the electrification of the Liverpool and Southport branch 
of the Lancashire and Yorkshire Railway as well as 
several power schemes in various parts of the world. 
He commenced private practice in 1914. During the 
European War, however, he was appointed chief 
engineer to the Valuation Committee of the Govern- 
ment, and acted as adviser to the Ministry of Munitions, 
and later to the Board of Inland Revenue. Upon 
relinquishing this position in 1921, he resumed his 
private practice. Colonel d’ Alton became a full member 
of the Institution of Mechanical Engineers in 1881, of 
the Institution of Electrical Engineers in 1896, and 
of the Institution of Civil Engineers in December, 1899. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLEsBROUGH, Wednesday. 


The Cleveland Iron Trade.—Sales of Cleveland pig-iron 
are on a very limited scale. Ironmasters have not a 
great deal to offer, as the calls of their own steel works 
continue to absorb a very large proportion of the make, 
and at present merchants have command of only trifling 
quantities. The latter, however, are prepared to discuss 
forward business at below current rates. Consumers 
here are still buying Continental iron at considerably 
below quotations for local products, and imports against 
running contracts are substantial. Buyers of Cleveland 
pig, in anticipation of downward movement, are restrict- 
ing their operations to purchases to cover urgent needs, 
No. 1 is 82s, 6d.; No. 3 g.m.b., 80s.; No. 4 foundry, 
79s.; and No, 4 forge, 78s. 6d. ’ 


Hematite Iron.—East coast hematite iron prices have 
dropped to levels that should attract buyers, and, indeed, 
inquiry shows some little improvement. Makers have 
to contend with keen foreign competition and with West 
coast producers. Nos. 1, 2, and 3 East coast brands 
are obtainable at 83s., but some sellers are asking rather 
more. 

Blast-Furnacemen’s Wages Advanced.—The average 
selling price of No. 3 Cleveland pig-iron for the three 
months ending March 31 having been certified at 78s. 2°31d. 
per ton. Under sliding-scale arrangements, blast-furnace- 
men’s wages for the second quarter of the year are 
advanced by 9} per cent., raising wages from 14} per 
cent. above the standard to 24 per cent. above the 
standard. 

Wages at the Mines and Quarries.—Cleveland ironstone 
mine-owners and men’s representatives have this week 
agreed to a reduction of 5 per cent. in wages of Cleveland 
miners and Weardale quarrymen. With regard to the 
request from the mechanics at the Cleveland ironstone 
mines for an increase on their base rates, an advance of 
4d. per shift has been granted on certain rates. 


Foreign Ore.—There is no business doing in imported 
ore, consumers having large stocks and heavy contracts 
made. Nominally, best rubio is 22s, 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke, of 
good average quality, is now on sale at 24s. delivered 
here, but local consumers look for a further fall of three 
or four shillings. 


Manufactured Iron and Steel.—Prices of manufactured 
iron and steel are not quotably altered, but producers are 
keen to negotiate for orders to follow on contracts that 
are being rapidly executed, and in some cases recog- 
nised market rates can be shaded. Common iron bars 
are lll. 15s.; best bars, 121. 5s8.; best best bars, 
12/7. 15s.; iron rivets, 12/. 5s.; packing (parallel), 8I. : 
packing (tapered), 11/.; steel billets (soft), 7. 12s. 6d. ; 
steel billets (medium), 81. 2s. 6d.; steel billets (hard), 
81. 12s. 6d.; steel rivets, 121. 10s.; steel ship plates, 
8l. 7s. 6d.; steel angles, 7/. 17s. 6d.; steel joists, 
7l. 178. 6d.; heavy steel rails, 87. 10s. ; and galvanised 
corrugated sheets (No. 24 gauge, in bundles), 151. 5s. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—There has been little change in 
the Scottish steel trade during the past week. The 
mills are being kept going steadily, and consumers on 
all sides are still pressing for deliveries. New work 
is not very plentiful and is coming in slowly, while 
inquiries do not represent a very large tonnage. In the 
black-sheet trade some of the makers have heavy order 
books, which will keep them going for months to come, 
but one or two of the others would welcome a few more 
contracts now to ensure activity as current contracts 
expire. Trade in the lighter gauges for export is very 
steady. Prices for steel are unchanged and are as 
follow :—Boiler plates, 11l. per ton; ship plates, 8i. 
7s. 6d. per ton ; sections, 7. 17s. 6d. per ton ; and sheets, 
under j; to } in., 102. to 12/. per ton, all delivered at 
Glasgow stations. 

Malleable -Iron Trade.—Scarcely any improvement 
has taken place in the malleable-iron trade of the West 
of Scotland recently, and makers are not very flush of 
orders for immediate delivery. The future also gives 
some concern, as consumers are not booking more than 
they can help. It was thought that the easier prices 
named lately would be some inducement to buyers, 
but, unfortunately, order books did not benefit to the 
extent expected. The current price of Crown bars 3s 
111. 5s. per ton, delivered at Glasgow stations. 

Scottish Pig-Iron Trade.—In the Scottish pig-1ron 
trade there is still a very good demand for hematite !ron, 
and everything available is quickly disposed of to con- 
sumers. The latter are mostly very busy, and eagerly 
await deliveries. On the other hand, there is not the 
same pressure for supplies of the foundry grades, as these 
are more plentiful now, except in the case of one or 7 
of the special brands. Prices have a slightly easier 
tendency, and the following may be taken as the — 
quotations :—Hematite, 85s. to 87s. 6d. per ton, deliveres 
at the steel works; foundry iron, No. I, 91s. 6d. per 
ton, and No. 3, 86s. 6d. per ton, both on trucks at 
makers’ yards. ; 

Scottish Pig-Iron Shipments.—The — shipments = 
Scottish pig-iron from Glasgow Harbour for the pa 
ending last Saturday, April 9, amounted to 466 me 
Of that total, 400 tons went overseas and 66 tons cous’ 
wise. For the corresponding week of last year the figure S 
were 100 tons to foreign ports and 70 tons coastwise 
making]a total shipment of 170 tons. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Hull Coal Traffic—While export business has not 
improved at a uniform rate, there are signs of wider 
expansion. Thus, though the coal sent from Hull 
last month (according to official returns) was 13,000 tons 
less than during the corresponding month in 1926, for 
the three months ending and including March, it was 
10,000 tons greater than during the first quarter of last 


year. The total tonnage received at Hull during March— 
namely, 291,000 tons—was 67,000 tons below that for 
March, 1926. Receipts for the quarter totalled 828,000 


tons, compared with 1,009,000 tons for the first quarter 
of last year. The monthly returns show increased sales 
in several important directions. Sweden, the largest 
buyer, and Iceland, the second largest, each took, 
roughly. 6,000 tons more than in 1926. Business with 
France was not so good, but gains were shown in 
deliveries to Denmark, Holland, and Norway. South 
American trade still shows weakness, while there is a 
big falling off indicated in purchases from Italy. 


Treaty with Spain.—Though official details of the new 
Anglo-Spanish Treaty are not yet available, advices 
received in Sheffield are to the effect tuat the terms will 
show arrangements infinitely more favourable to Sheffield 
manufacturers of fine steels than those contained in the 
Spanish Royal Decree of July last. By virtually 
prohibiting the import of fine carbon steels, including 
alloys and high-speed steels, the decree (which received 
a great volume of protest) threatened to destroy a trading 
connection involving an annual turnover of 200,000/. 
It now seems, according to information received in 
Sheffield from Spain, that, while the duties imposed on 
British steel will be higher than obtained before the 
decree, all restrictions on storage of British steel in 
Spain are to be removed. This would be a very great 
concession to Sheffield manufacturers, and would free 
Spanish users from reliance on internal manufactures. 


Tron and Steel.—While signs of slow expansion in some 
of the engineering branches are not wanting, the outlook 
in regard to heavy steel tends to become less satis- 
factory. Current statistics relating to output show 
that activity at steel-making furnaces is greater than 
has been known for several years past. On the other 
hand, efforts to attract new business to replace expiring 
contracts have met with only a small measure of success, 
and unless the position undergoes a big change within 
the next month, steel makers will be compelled to restrict 
outputs if they are to avoid undue accumulation of 
stocks. Despite the firmness of blast-furnace coke, 
there is an easier tendency in certain classes of pig-iron 
and semi-manufactured steel. This is attributed to 
the renewed force of foreign underselling. Better business 
is being done in shipbuilding stores and tools, but railway 
work is badly needed. Crucible furnace plant for the 
production of high-speed and stainless iron castings is 
being modernised at several large engineering works. 
German competition is keenly felt in export business 
relating to garden and other small tools. 


South Yorkshire Coal Trade-—Though the tendency 
of prices is largely in the downward direction owing to 
the general insufficiency of the demand, official quota- 
tions show no change from last week. The iron and 
steel industries are buying rather more freely, and there 
are signs of a forward movement in purchases from 
railway companies. Keen competition for export 
business is reacting against favourable selling prices. 
One of the most active sections of the market is that 
coacerned with gas and blast-furnace coke. Efforts to 
stimulate house-coal purchases have met with little 
success, Quotations :—Best hand-picked branch, 34s. ; 
best house coal, 27s. to 29s.; screened house coal, 23s. 
to 25s.; screened house nuts, 19s. to 2ls.; Yorkshire 
hards, 18s. to 20s.; Derbyshire hards, 18s. to 20s. ; 
rough slacks, lls. to 12s.; nutty slacks, 8s. to 9s. ; 
smalls, 38. to 58. 6d. 





ConrRacts.—Messrs. Simon-Carves, Limited, 20, 
Mount-street, Manchester, have received an order from 
the County Borough of Wallasey Electricity Department 
for two Simon-Carves water-tube boilers, each designed 
for a maximum evaporation of 70,000 lb. per hour at 
300 lb. per square inch, together with economisers, super- 
heaters, chimneys, ete.—The Hamworthy Engineering 
Company, Limited, 76, Victoria-street, Westminster, 


S.W.1, have just received a further order from Greece for 
four of their 20 h.p. marine oil engines, each complete 
with propeller and stern gear. 


Texpers.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 


Eesiculons of tenders invited by various bodies in the 
oe possessions and in foreign countries. Further 
details and information relating to these can be obtained 


= application to the Department at the above address, 
the reference number given below being quoted in each 


case :—-The Water Conservation and Irrigation Commis- 
sion, New South Wales, are inviting tenders, to reach 
Sydney by June 7, for the supply, delivery, and erection 
of an oil engine pumping plant for domestic and stock 
water supply at Benanee, New South Wales. Contract 
No, 211, (Ref. No. AX 4545.)—There is a call for 
nag trom the South African Railways and Harbours 
oles supply and delivery of 37 suburban coaches. 


* to reach Johannesburg by June 2. Local 
a presentation is practically essential. On application a 
opy ot the specification may be seen in Room 50, until 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—New business has been on very 
quiet lines during the past week. Operators generally 
had already covered their requirements over the holidays, 
and activities were chiefly eentred on loading cargoes, 
and bunkers of boats likely to sail this week. The 
pressure at the docks will be gathered from the fact that 
a dozen vessels were waiting their turn at Cardiff, Penarth 
and Barry, nine at Newport, and three at Swansea and 
Port Talbot. At present, Admiralty large coal and 
Black Vein Monmouthshires are scarce, with prices 
firmly upheld on the basis of 22s. 6d. to 23s. 9d. for the 
former, and 22s. to 22s. 6d. for the latter, but Western 
and Eastern Valley Monmouthshires were plentiful and 
obtainable at 20s. to 21s., while dry large, too, was in 
ample supply at 20s. to 21s. Smalls have become 
more plentiful with prices irregular and dependent on 
individual circumstances. Some collieries were still in 
a position to adhere to 15s. for the best bunker classes, 
but the majority were prepared to accept 14s. 6d., with 
cargo classes from 12s, 6d. up. It was anticipated by 
buyers that the market would be easier after the holidays, 
but sellers were hoping that thet oss in production caused 
by the vacation would arrest the downward tendency 
which undoubtedly exists at the moment. The new 
Spanish Commercial] Treaty, which allows the importation 
of 750,000 tons of British coal, annually, at an import 
duty of 40 per cent. less than the figures in the second 
column of the Spanish tariff, differs from the 1921 Treaty, 
inasmuch as, in the latter treaty, the duty was fixed at 
4 gold pesetas per ton for 750,000 tons. 


Pitwood Importers.—At the annual general meeting 
of the Cardiff and Bristol Channel Pitwood Importers’ 
Association, Limited, held at Cardiff yesterday, Mr. J. 
Cumming Evans, of Swansea, who was elected chairman 
for the ensuing year, said that they were undoubtedly 
reaping the results of the past disastrous coal strike. 
No wood was cut in the Bordeaux-Bayonne district in 
November and December, and, to a very great extent, 
the present situation was the consequence of that fact. 
Their efforts in the coming year should be directed 
towards obtaining some degree of stability in the market- 
ing of pitwood. The pitwood business had always been 
difficult and dangerous, especially when they realised by 
present experience that a rise or fall of 10s. to 20s. per 
ton could occur within four or five days. Mr. W. H. 
Williams, of Cardiff, was unanimously elected vice- 
chairman for the ensuing year. The pitwood market 
has developed a much easier feeling. A week ago wood 
was selling freely at 40s., but to-day sales have been 
transacted at 32s. 6d. and 33s. 6d., with colliery buyers 
anticipating securing their requirements at 30s. 





PERSONAL.—Messrs. Hopkinson, Limited, Britannia 
Works, Huddersfield, are re-opening their showroom at 
North Pier, Blackpool ; it will remain open until the end 
of October.—Messrs. Boult, Wade and Tennant, 112, 
Hatton-garden, London, E.C.1, have taken into partner- 
ship four of their senior technical assistants, Messrs. R. 8. 
Dolleymore, J. C. Rennie, A. Abbey, and T. B. Clerk. 
The firm will continue to practise under its present style. 





LuBRICATING O1ILs ; LABORATORY TESTS IN RELATION 
to PracticaL Resutts : Erratum.—In connection with 
the discussion on the paper by Messrs. A. G. Marshall 
and C. H. Barton on the subject of lubricating oils, 
reported on page 425 of our issue of last week, Mr. Barton 
wishes to point out that in the table of results at the 
foot of column 3, he gave the wear of the bottom ring, 
when using oil T, as 0-031 gramme, and not as 0-331 
gramme as given. 





THE CONVEYANCE OF CARBON BISULPHIDE.—The 
Home Secretary issued recently a set of regulations for 
the conveyance of carbon bisulphide by road. The regu- 
lations contain detailed instructions regarding the size 
which are allowed for containers or bottles and the methods 
of packing, labelling, loading and carrying. A specifica- 
tion for the iron or steel containers is also included. The 
new regulations, designated Statutory Rules and Orders, 
1927, No. 198, may be obtained from H.M. Stationery 
Office, Adastral House, Kingsway, London, W.C.2, 
price Id. 





THE MANCHESTER SHIP CANAL.—The sea-borne traffic 
on the Manchester Ship Canal during the year ending 
December 31, 1926, amounted to 6,533,870 tons. This 
is the largest tonnage using the Port of Manchester 
since the canal has been open to traffic, the previous 
highest year being 1925, when the tonnage amounted 
to 5,622,405. According to the report of the directors 
of the company, the net income of the undertaking, 
for the year 1926, was 962,841/., as compared with 
889,2731. for 1925.. Maintenance and improvement 
works have made good progress during the year. The 
first of two reinforced concrete transit sheds, being 
constructed at Dock No. 9, is now practically completed, 
and the second shed is well advanced. The deepening 
of the canal to 30 ft., hetween Eastham, Ellesmere Port, 
and Stanlow Oil Dock, is on the point of completion, 
and the rock dredging, required to provide the addi- 
tional depth in the length of the Eastham approach 
channel, between Eastham Ferry and Eastham Locks, 
has been carried out. Good progress has been made 
with the construction of a reinforced concrete wharf, to 
form an extension of the North Quay at Ellesmere Port 
Works; the construction of the coal handling plant 





April 21. (Ref. No. AX 4541.) 


and ancillary installations is also well advanced. 





NOTICES OF MEETINGS. 


Tue Royat METEOROLOGICAL SocteTy.—Wednesday, 
April 20, at 5 p.m., at 49, Cromwell-road, South Kensing- 
ton, S.W.7. First Report of the Committee on the 
Relation between Atmospherics and Weather. ‘‘ The 
Range of Atmospherics.”’ 

THE NEWCOMEN Socrety.—Wednesday, April 20, at 
5.30 p.m., at Prince Henry’s Room, 17, Fleet-street, E.C.4. 
** Marc Seguin and the Invention of the Tubular Boiler,” 
by Mr. Ferdinand Achard and Mr. Laurent Seguin. 


THE InstTITUTION oF MINING AND METALLURGY.— 
Thursday, April 21, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly, W.1. ‘‘ Proposed 
Review of the Mineral Resources of the Empire,” by 
Sir T. H. Holland. ‘The Organisation and Work of 
the Mineral Resources Department of the Imperial 
Institute,’ by Sir R. Redmayne. ‘‘ Observations upon 
Mining Law in the Empire,”’ by Mr. G. Stone. ‘ The 
Empire’s Tin Resources,” by Mr. R. Pawle. 


THe InstituTION oF ELECTRICAL ENGINEERS.— 
Thursday, April 21, at 6 p.m., at Savoy-place, Victoria 
embankment, W.C.2. The Eighteenth Kelvin Lecture : 
** High-Frequency Currents,” by Professor E. W. 
Marchant. 


Tue InstiruTION OF MECHANICAL ENGINEERS: 
NortH-WEsSTERN BrancH.—Thursday, April 21, at 7.15 
p.m., at the Engineers’ Club, Manchester. ‘“* Physical 
Properties of Metals and Design of Plant for High 
Temperature Service,” by Mr. R. W. Bailey. 


TuHE INSTITUTE OF BritIsH FOUNDRYMEN: BIRMING- 
HAM; CovENTRY AND. WeEstT MIDLANDS BRANcH.— 
Thursday, April 21, at 7.30 p.m., at the Engineers’ Club, 
Waterloo-street, Birmingham. ‘‘ The Foundry Accident 
Problem,” by Mr. W. Morgan. 


THE Farapay Society.—Friday, April 22, and Satur- 
day, April 23, at the University Museum, Oxford. General 
discussion on the Theory of Strong Electrolytes. Friday, 
April 22, at 3.30 p.m., Part I., Mobilities of Ions. Intro- 
ductory Paper: ‘ Report on Conductivity of Strong 
Electrolytes in Dilute Solutions,” by Mr. P. Debye. 
‘** Report on a Revision of the Conductivity Theory,” 
by Mr. L. Onsager. ‘‘ Refractometric Evidence for the 
Existence of Undissociated Molecules and Complex Ions 
in Solutions of Strong Electrolytes,” by Mr. K. Fajans. 
‘** Electrolytic Transference of Water, True Transference 
Numbers, Ionic Mobilities and Water Sheaths of the 
Ions,” by Mr. H. Remy. ‘Ionic Mobilities in Non- 
aqueous Solvents,” by Mr. H. Ulich. ‘‘ The Mobilities of 
the Elementary Ions in Methyl Alcohol,” by Mr. H 
Hartley and Mr. H. R. Raikes. “‘ Notes on the Debye- 
Hiickel Theory,” by Mr. H. Hartley and Mr. R. P. Bell. 
“The Ionisation of Some Typical Strong Electrolytes,” 
by Mr. D. A. MacInnes. ‘‘A Thermodynamical Study 
of the System Lead Chloride-Potassium Chloride-Water 
at 25 deg. C.”” by Mr. A. J. Allmand and Mr. L. J. 
Burrage. ‘‘ Note on the Occurrence of Points of Inflexion 
in the Concentration-Vapour Pressure Curve of Aqueous 
Solutions}of Certain Electrolytes,”’ by Mr. A. J. Allmand. 
Saturday, April 23, at 9.30 a.m., Part II.: Activity. 
Introductory paper: “On the Activity of Electrolysis,” 
by Mr. J. N. Brénsted. ‘‘ Strong Electrolytes in Rela- 
tion to Statistical Theory, in Particular the Phase 
Integrals of Gibbs,” by Mr. R. H. Fowler. “‘ Note on the 
Theory of Debye and Hiickel,’”” by Mr. D. L. Chapman. 
** Anomalies in the Theory of Solutions of Strong Electro- 
lytes,” by Mr. N. Bjerrum. “ Mixed Solutions of Electro- 
lytes and Non-electrolytes,”” by Mr. G. Scatchard. ‘“‘ On 
the Thermodynamic Properties of a Few Concentrated 
Salt Solutions,” by Mr. H. 8S. Harned. “The Activity 
of Zine Chloride in Concentrated Solution,’”? by Mr. F. 
Foxton and Mr. W. J. Shutt. ‘‘ Influence of Salts on 
Solubility in Non-aqueous Solvents,” by Mr. C. A. Kraus. 
“The Use of Amalgam Electrodes for Determining 
Activities in Methyl Alcohol,” by Mr. J. H. Wolfenden, 
Mr. C. P. Wright, Mr. N. L. Ross-Kane, and Mr. P. 8. 
Buckley. ‘‘ The Significance of the Activity Coefficient,” 
by Mr. M. Randall. ‘‘ Methods of Calculation of Acti- 
vity Coefficient,” by Mr. M. Randall. “ Electro- 
chemical Properties of Non-aqueous Solutions of Strong 
Electrolytes,” by Mr. J. R. Partington. “The Defini- 
tion and Characteristics of Strong Electrolytes,” by 
Mr. T. M. Lowry. ‘‘ The Activity of Hydrogen Ion in 
Mixed Solvents as a Function of Environment,” by 
Mr. H. Millet. 


THE INsTITUTE OF TRANSPORT: NORTH-WESTERN 
Locat Srection.—Friday, April 22, at 6.30 p.m., at the 
Midland Hotel, Manchester. ‘‘ The Commercial Aspect of 
Local Passenger Transport,” by Mr. T. E. Thomas. 


THE INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
April 22, at 7 p.m., at Storey’s-gate, S.W.1. Informal 
Meeting. ‘‘ The Engineering of Distribution, with Special 
Reference to Finance as a Form of Organisation,’’ intro- 
duced by Major C. H. Douglas. 

Tue Junior INSTITUTION OF ENGINEERS.—Friday, 
April 22, at 7.30 p.m., at 39, Victoria-street, S.W.1. 
** Shock Absorber Units for Land Planes,” by Mr. C. D. 
Holland. 

Tue Hutt Association OF ENGINEERS.—Saturday, 
April 23, at 7.15 p.m., at the Technical College, Park- 
street, Hull. ‘‘ Large Capacity Conveyors,” by Mr. C. 
H. Nicholson. 











Unitep States Trape.—According to figures sup- 
plied by the Guaranty Trust Company of New York, 
the value of the merchandise exports of the United 
States, during the years from 1921 to 1926, inclusive, 
amounted to 26,793 million dols. During the same 





period, the value of imports reached 21,682 million dols. 
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LUBRICATION. 

Or the two recent papers read before the joint 
meetings of the Institution of Mechanical Engineers 
and the Chemical Engineering Group of the Society 
of Chemical Industry, that read on the first inst. by 
Messrs. A. G. Marshall and F. H. Barton formed 
an interesting contrast to the paper read by Dr. 
Ormandy a week earlier. Dr. Ormandy’s contri- 
bution was definitely academic in character, and one 
may be allowed to doubt if it is likely to have any 
great influence on either the theory or practice of 
lubrication. The paper of Messrs. Marshall and 
Barton was of a more practical character, and 
in its own sphere might almost stand as a model 
for what such a paper should be. Deductions 
drawn from laboratory experiments were tried 
out in actual engine tests, and in quite a 
number of cases certain laboratory results were 
shown to be misleading and to be at variance 
with what is found to occur in service conditions. 
This is unfortunately no novelty in engineering 
experience. Great things were, for example, ex- 
pected from 25 per cent. nickel steel. At the 
time it was first introduced, laboratory tests of the 
most searching and comprehensive character 
indicated that this alloy had practically every 
desirable property, and no drawbacks save that of 
high cost. In service, however, the material 
proved utterly unreliable, failing in the most 
unexpected and disconcerting ways, and its use 
was soon abandoned. 

There were one or two conclusions reached by the 
authors which were quite properly challenged during 
the discussion, but the paper must nevertheless be 
ranked as a very important contribution to the 
study of lubricants. High speed machinery is, 
however, but ill adapted to experiments on the 
value of oiliness. It cannot be run safely with 
intermittent and irregular lubrication, and hence, in 
such cases, the only properties of importance are 
the viscosity and chemical stability of the lubricant. 
When, however, supplies are very scanty or the 
shearing stress on the oil very high, there is ample 
evidence that oily oils are superior to the straight 





mineral oils. 





Dr. Ormandy, in his paper, classed the experi- 
ment of Sir William Hardy on surface films as 
fundamental. It is to be feared that this term is 
sometimes used by research workers to describe 
observations which they are unable to connect up 
either with theory or with practice. ‘‘ Call no man 
happy till he is dead,” said Solon to Creeseus, and 
an equally sound maxim would be to call no research 
fundamental till it is complete. The term is quite 
properly applied to the investigation by which Sir 
Ernest Rutherford established the nuclear theory of 
atomic structure, but it would have been a misuse 
of language to have applied the term to the investi- 
gation whilst the ultimate outcome was uncertain. 
What are termed “ fundamental ” inquiries would fre- 
quently more appropriately be defined as ‘‘ random.” 
Such random researches have their place, and, in 
fact, are unavoidable in the natural history stage of 
every science, and no science ever gets quite out of 
the natural history stage. New phenomena are 
always being discovered, which, in the first instance, 
can merely be observed. ° It is only at a later stage 
that any rational discussion becomes practicable. 
The late Sir George Beilby, who did so much to 
elucidate the nature of the surface layers of solids, 
and of the intercrystalline cement, once observed 
that at the outset he would have found it very 
difficult to justify to a committee the experiments 
he proposed to make, and that he had at this 
initial stage no clearly defined aim in view, 
and no definite expectation of what the ultimate 
outcome would be. That his research ~ proved 
fundamental, he attributed to good fortune, and 
this factor must necessarily intervene whenever 
a pioneer ‘ventures into new country. <A very 
large proportion of such ventures are in the very 
nature of things bound to end in blind alleys. All 
editors are confronted constantly with appeals to 
publish papers describing in detail experiments, 
often very careful and ingenious, which lead to 
purely negative results. Investigators who have 
spent many laborious months and sleepless nights 
on their unfortunately abortive work often find it 
hard to reconcile themselves to having their nega- 
tive results summed up in a paragraph. 

It was Mr. Deeley who showed us that when 
supplies of lubricant are scanty, the adhesion 
between the oil and the surfaces of the bearing 
becomes a matter of very great importance. The 
reason appears to be that under such conditions the 
film of lubricant is very very thin, and the shear 
correspondingly high. Unless the molecules of the 
lubricant are capable of securing a firm anchorage 
on the bearing surfaces, slip will occur there, the 
lubrication will fail, and the journal and brasses be- 
come abraded. That so-called boundary lubrication 
existed only in its inventor’s brain has been re- 
peatedly argued in these columns on several previous 
occasions, and this view has been strikingly confirmed 
by recent experiments in Professor Muir’s laboratory 
at Glasgow. So far there appears to have been no 
reply to reasoned criticism of this hypothesis, but 
like the Bellman in ‘‘ The Hunting of the Snark” 
its advocates do little more than declare ‘‘ What 
I tell you three times is true.” In certain political 
circles no doubt such an asseveration is regarded 
as a convincing argument, but it has not hitherto 
been regarded as equally conclusive elsewhere. 

It may, moreover, be pointed out that the idea 
of mono-molecular lubrication could only, have 
occurred to one who had never attempted to 
form a mental picture of what lubrication essentially 
is. If two surfaces are slid over each other, some- 
thing has got to give, in order that the motion may 





take place. If there be no lubricant present, it is 
the bearing surfaces themselves which give way, 
with consequent abrasion, but if they are separated 
by a good lubricant they remain intact and the 
lubricant shears. If it be a fluid, this occasions no 
breach of continuity ; the. break, in fact, is self- 
healing. In the case of graphite it is possible that 
its good effect is in part due to a, levelling up of 
the inequalities of the bearing surfaces, so that 
any fluid lubricant present is utilised to the maxi- 
mum of advantage, but it is also true that graphite 
adheres readily to alien surfaces, and has but little 
resistance to shear, both of which properties are 
exemplified by the ordinary drawing pencil. In 
the third place, graphite. has, when ruptured, 
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self-healing properties, welding together again 
readily, as is well shown by the ancient method of 
constructing leads for pencils by simply com- 
pressing the powdered material. 

It is apparently these peculiar properties which 
render graphite so useful as a lubricant. It protects 
the bearing surfaces by yielding itself, and its 
welding properties prevent it from being readily 
swept out the bearings. All fluid lubrication appears 
to be hydrodynamic, a view which was maintained by 
Osborne Reynolds over forty years ago. He, more- 
over, expressed the opinion that in cases of imper- 
fect lubrication, the frictional resistance would be 
directly proportional to the load, but gave no 
reasons for this obiter dictum. A good deal of light 
on this matter is, however, provided by a paper 
due to Mr. J. M. Macaulay, who, experimenting in 
Professor Muir’s laboratory at Glasgow, showed 
that surface tension played a very important part 
in the phenomena of solid friction. 

It has been suggested that the Institution of 
Mechanical Engineers should inaugurate a new 
research on lubrication. There is, no doubt, much 
still to be learnt, but it is most essential that if 
the research is to prove other than a costly failure, 
the work shall be entrusted to one who is not 
merely an observer, or professional researcher, but 
to someone who has given proof of possessing 
mechanical and physical insight. Sir J. J. Thomson 
once remarked that in random research, which would 
be the natural result of employing an inferior type 
of man to direct the inquiry, progress is propor- 
tional only to the square root of the energy expended, 
but where the investigator is gifted with physical 
and mechanical insight enabling him to frame 
mental models of the phenomena to be studied, 
progress should be directly proportional to the 
effort. Men of the latter type are, no doubt, rare. 
To misquote Hosea Biglow, “ There’s fifty that’s 
researchers for one’s a creative thinker.” 

In Dr. Ormandy’s paper appeals were made to 
energetics. -Such appeals often indicate that a limit 
has been reached to present knowledge. When it is 
found impossible to picture a mechanism which 
co-ordinates observations, recourse is made to 
energetics, by which it is often possible to calcu- 
late what we have failed to understand. The 
principle that whenever any system is in stable 
equilibrium its potential energy is a minimum 
undoubtedly provides the physicist or engineer with 
a very powerful and useful tool, but it is one which 
is very liable to fail in all but expert hands. The 
minimum of potential energy is not, in general, an 
unrestricted minimum, but is subject to certain 
controlling conditions. To recognise what these 
are requires not merely knowledge and experience, 
but also often some physical intuition or mechanical 
instinct, and when these are lacking very erroneous 
conclusions may be reached. It was considerations 
of this kind that led the late Sir George Greenhill 
to protest against the use by engineers of Lagrange’s 
generalised equations of motion, as he was convinced 
that these could only be relied upon with safety 
when handled by the expert. It may, moreover, 
be noted that when an adequate mechanism can 
be pictured, we commonly get more detailed 
knowledge of the phenomena investigated than can 
be provided by the equations of energy. 





ATMOSPHERIC CORROSION OF 
METALS. 


A LITTLE more than three years ago, Mr. W. H. J. 
Vernon presented the first report of the Atmospheric 

rrosion Committee of the British Non-Ferrous 
Metals Research Association to the Faraday 
Society.* Work has continued at the Royal School 
of Mines, under Professor H. C. H. Carpenter’s 
direction, and Dr. Vernon’s second report was 
discussed at an afternoon meeting of the Faraday 
Society, held under the presidency of Professor 


C. H. Desch on March 30. The first report 
dealt mainly with field (open-air) tests. The 
discussion showed that the non-controllable 


local atmospheric conditions fluctuated too much 
for the precise interpretation of somewhat dis- 
cordant results, and controlled laboratory tests 





* See ENGINEERING, 1923, vol. cxvi, page 778. 





have, therefore, been Dr. Vernon’s chief further 
study, particularly with regard to the investigation 
of the initial stages of corrosion. 

Scientifically, and practically as well as the 
research was instigated by the Royal Institute 
of British Architects, the first effect of atmospheric 
corrosion, frequently a mere surface tarnishing, is 
of great importance. Tarnishing colours may be 
due to interference or to diffraction. Interference 
presupposes a continuous, fairly transparent surface 
film, say, of sulphide or oxide, which will prevent 
diffusion of gases and moisture into the metal 
underneath, and will thus be protective if unin- 
terrupted. Diffraction indicates a film of granular 
structure, which would admit of diffusion. Optical 
examination, therefore, formed part of the research, in 
addition to gravimetric studies. The test specimens 
being mostly small, one decimetre (4 in.) square 
and 3 mm. (4 in.) thick, the weight changes will 
also be small, even when the observations are 
continued for years. Dr. Vernon hence adopted 
the delicate weighing method of Professor Conrady. 

It is sometimes thought that corrosion practically 
means loss of material, but the atmospheric 
gases, vapours, and liquid or solid particles combin- 
ing with the metal, or merely settling on it, will, 
in the first instance, cause an increase of weight. 
The compound formed may afterwards scale off, 
or be washed off by rain, but it may also absorb 
moisture and dust, so that the weight control is 
by no means simple. With Dr. Newton Friend, 
Dr. Vernon distinguishes in his report between 
effects of surrosion (7.¢e., weight increment observed 
when the scale or film remains in situ) and erosion 
(weight E of metal removed), the total corrosion C 
representing the sum of the other two terms, so 
that C = E + S!, where S! is the weight of the non- 
metallic elements. A further general distinction 
is drawn between the summer data S and the winter 
data W. In the College basement, in which much 
of the work was done, and which was heated during 
the winter months, there was little temperature 
fluctuation, (S temperature 64 deg. F., and W 
temperature 67 deg. F.), but the mean relative 
humidities (S 68, W 43 per cent.), and the difference 
between minimum temperature and dew point (8 deg. 
and 22 deg. F.) changed considerably. All the 
open-air tests performed by Dr. Vernon were made 
with specimens suspended vertically or horizontally 
on the roof of the College, in such a way that the 
run-off was collected for analysis. 

Though the results of the indoor experiments 
were on the whole surprisingly concordant, they show 
that conclusions drawn for one set of conditions do 
not necessarily apply for altered conditions. Thus 
the tarnishing of copper indoors was hardly in- 
fluenced by minor impurities of the copper, although 
in the open air the same impurity might have 
a considerable effect. The open-air total cor- 
rosion figures in four years’ tests on copper, 
zinc and brass, were :—high-conductivity copper 
100 (reference value); ordinary copper, 81; 
copper with 0-45 per cent. of arsenic 43 and with 
2-5 per cent. of nickel 61 ; 70:30 brass 140; zinc 
155; 60:40 brass 227. The arsenic and nickel 
copper which showed this high resistance to corro- 
sion, gave the most rapid loss of reflecting power in 
optical experiments, though that did not lead to bad 
tarnishing. It would thus appear that, in cases 
where the prevention of tarnishing is the main 
object, chemical composition is not the predominant 
factor to be studied, and promising results have 
been obtained with protective films. In the case of 
copper, the rate of oxidic tarnishing is determined by 
the condition prevailing at the time of first exposure 
and it changes very little afterwards, even if the 
atmosphere become more strongly sulphurous. Sul- 
phide films grow mainly by absorption of oxygen. 
The formation of the protective film can be hastened 
by heating ; one hour’s heating of the copper to 
a temperature between 55 deg. C. and 75 deg. C. is 
sufficient for this purpose. This, as Professor 
Carpenter pointed out, is very interesting in view of 
the various processes now used for producing pro- 
tective oxide films at high temperatures. The weight 
increment of copper is a function of the square root 
of time, and is little influenced by summer and winter 
conditions, while the surrosion-time curve is a para- 
bola. 





The case of zinc is different. The surrosion curye 
is a straight line; the film formed increases «|! the 
time, and affords no protection from further attack : 
the film has a bluish tint and is apparently of a 
granular structure, which allows the atmosphere 
to diffuse through. Brasses resemble copper, but on 


long exposure and particularly in humid atmospheres: 


they behave more like zinc. Oxide films produced 
at ordinary temperatures afford little protection 
to brass; films produced at higher temperatures 
are more protective, and brass keeps well, even in a 
humid atmosphere, though it slowly darkens when 
the dull-polished plates are immersed in a bath of 
molten lanoline at 100 deg. C., and then drained, 
In indoor atmospheres of low relative humidity, 
the total corrosion increased in the order copper, 
70/30 brass, 60/40 brass, zinc ;_ with high humidity 
the order was copper, zinc, 60/40 brass, and 70/30 
brass; while in the domestic kitchen where fatty acids 
play a part, the order was the same as with high 
humidity, but the 70/30 brass corroded much more, 

Aluminium again behaves differently. The pro- 
tective primary oxide film practically ceases to 
thicken after 10 daysorso. The curve, starting asa 
parabola, soon becomes quite flat, and the oxide 
film, probably attains a thickness of 100 AU. 
(1 A.U. = 10-§cm.). Any subsequent thickening 
is mainly due to cracks in the film and follows the 
same law. Lead behaves like aluminium, but the 
invisible protective film forms more quickly and 
is thinner, and this metal shows one singular effect : 
freshly cleaned lead exposed to the vapours from 
drying paint rapidly turns deep blue, the formation 
of a thick oxide film being apparently due to the 
turpentine vapours from the paint. When the 
lead is allowed to assume its usual protective film 
in the atmosphere, this blue colour is not observed. 
The most interesting point about iron which 
Dr. Vernon mentioned was that a fine-mesh muslin 
screen held in front of the iron to keep off suspended 
solid particles, which would act as centres of 
rusting, will keep the iron perfectly bright even in 
moist atmosphere. All iron already covered with 
dry rust is, however, rapidly attacked by moist air. 
Even in the absence of solid particles, rusting takes 
place at an accelerating rate in atmospheres saturated 
with water vapours. 

The open-air tests, Mr. Hudson added, are con- 
ducted by a modification of the method which 
Professor E. Wilson afterwards explained. For 
twenty-four years, Professor Wilson has been 
keeping under observation }-in. wires of aluminium 
and its alloys, copper, nickel, manganese alloys 
and zinc, stretched on the top of King’s College, 
London. He finds that all the wires increase in 
electrical resistance, but that this is in some cases 
(copper and nickel) largely due to an increase in 
the specific resistance of the exposed metal while 
the specific resistance of the unexposed wire 
diminishes. Mr. Hudson uses coils of finer wires 
for his experiments, and he thought that the 
accumulation of iron in the corrosion products, 
observed by Professor Wilson, was derived from 
outside sources. 

The difficulties of the interpretation of corrosion 
tests, as Professor Carpenter pointed out when 
opening the discussion, call for tests by various 
methods. Dr. Bengough stated that his immersion 
tests, in which electrolysis was an essential factor, did 
not seem to agree with atmospheric tests. Professor 
'T. Turner said that the temper colours of steel were 
a question of temperature and of time; a thin foil 
of copper heated in a gas flame would be oxidised 
into a double film of transparent cuprous oxide. 
The purity question, Dr. Desch remarked. became 
entirely different when we approached real purity ; 
aluminium of 99-95 per cent. and more was 
certainly less corroded than commercially pure 
aluminium, and zinc of 99-999 per cent. purity, now 
obtainable, was almost a noble metal. As regards 
the dust effect, Dr. J. S. Owens pointed out that 
the ordinary dust particles would be far smaller 
than the holes in the muslin. Deliquescent salt 
dust was particularly injurious, and the higher the 
humidity the more rapid was the rae 
The experiments might be made with ae 
plutes, on the lower side of which deposition woul 
not take place. Dr. Hatfield asked Dr. \ ernon how 
he would explain the non-corrosiveness of chromium- 
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nickel steels. At high temperature, he had observed, 
nickel made iron proof against attack by sulphur 
dioxide and oxygen, because a protecting film was 
formed, but at 100 deg. C. nickel itself was rapidly 
attacked. 

That lanoline films, when not too thin, were 
mostly preferable to vaseline (which. was washed 
off by rain), as also were mineral oil, lacquers and 
paints for the protection of metals, was the opinion 
expressed by Mr. A. Wolf, who is studying these 
matters at South Kensington. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Aw extraordinary general meeting of this Institu- 
tion was held on Friday last, April 8, at 6 p.m., 
at Storey’s-gate, Westminster, the chair being 
occupied by Mr. R. W. Allen, C.B.E., Vice-President, 
in the unavoidable absence of the President, Sir 
Henry Fowler. 


Tue Krirson-StiLL JNTERNAL-ComBusTIon Loco- 


MOTIVE. 


There being no formal business to transact, 
Lieutenant-Colonel E. Kitson Clark was asked to 
summarise his paper entitled “‘ Internal-Combustion 
Locomotives.” This paper we reprint in abridged 
form on page 451 of the current issue. After 
the reading of the paper the chairman called on 
Sir Holberry Mensforth, K.C.B., to open the dis- 
cussion. He thought the author had gone over a 
good deal of familiar ground in his investigations 
of the Diesel engine. Ricardo had, for instance, 
pointed out some time ago that a spherical com- 
bustion chamber was the proper type to use. In 
connection with the pressure diagrams taken with 
the engine operating at a very low number of 
revolutions, his own experience suggested that there 
would be great difficulty in holding the pressure 
if the engine had been in operation for any time. 
It was common knowledge that to keep the piston 
reasonably tight a certain amount of piston speed 
was necessary. He was unaware that electricity 
made any claim to be anything but a means of 
transmission. He considered that the internal- 
combustion engine with electricity as the means of 
transmission for traction had passed beyond the 
experimental stage. With regard to the interesting 
type of transmission shown in Fig. 2, he would 
like to know whether, in the experimental engine, 
the flywheel was coupled up to the crankshaft: 
He had had experience of driving alternators in 
parallel from internal-combustion engines having 
eight cylinders, and had taken records, giving the 
cyclic regularity between the crankshaft and the 
alternator. The alternator was geared from the 
crankshaft, being driven by gears very similar to 
that suggested by the author. He thought the 
gear would be destroyed in a very little time if there 
were no flywheel on the engine crankshaft; the 
impulse from the internal-combustion engine was 
such that no gear could withstand it. Finally, 
did the author anticipate any trouble in passing 
his exhaust gases from the internal-combustion 
engine into a boiler where they might come in 
contact with steam ? Years ago he had had to deal 
with multi-cylinder internal-combustion engines 
which had exhaust boilers, and he had experienced 
difficulty with the sulphur in the exhaust which, 
when combined with water or steam, rapidly des- 
troved the boiler material. : 

Mr. J. D, Twinberrow felt that examination of the 
drive would suggest many troubles, and illustrated 
his remarks by a diagram showing a leading and 


intermediate driving wheel with a jack shaft 
between them, the three being connected together 
by a two-part coupling-rod, and the cranks shown 
ying at 45 deg. on the near side and 135 deg. on the 
ar side. 

From this he showed that if a torque be applied 
in a direction tending to increase the crank angles, 


the horizontal component of the velocity of the 
hear crank was increasing, whilst that of the far 
crank was decreasing. The near crank, therefore, 
took up the slack of the bearings. stretched the 
rg rod, and compressed the framing before the 
nee — pin could come to a bearing and take up 

Share of the useful load. The jack shaft, which 


was central between the wheels, was: first under 
torsion from the leader, and then from the trailer 
on each side, so that it was under change four times 
per revolution, and this occurred about the neigh- 
| bourhood of 45 deg., when all the dimensions were 
| originally correct and maintained so. Under these 
conditions, the crank pins could only transmit use- 
ful effort when they were passing over the middle 
quadrant of each half of their revolution above and 
below the horizontal line. Owing to the influence 
of elasticity, the transference of the load from side 
to side occupied an appreciable interval of time, but 
the springing of the parts would produce: resonant 
alterations in the intensity of the stresses which 
might be intensified by synchronism at certain 
speeds. If under wear, or bad fitting, the condi- 
tions between the two sides became markedly 
different, serious stresses would have arisen, the 
rods or pins might break, or the main frames become 
distorted. 

Many builders of electrical locomotives had been 
attracted by this extremely simple method of jack 
shafts and coupling rods, but it had undergone a 
good many modifications with experience. He 
thought, nevertheless, that it was perfectly simple 
to arrange a jack shaft and coupling rods which 
would have inherent means of avoiding possible 
increases of stress. He did not know of any arrange- 
ment of electric locomotive which could be per- 
suaded into giving, say, 50,000 miles per annum 
provided with the particular type of gear illustrated. 
On the other hand, he was acquainted with loco- 
motives, having the old-fashioned style of nose 
suspended axle drive which averaged nearly 80,000 
miles. 

Dr. H. S. Hele-Shaw considered that the title of 
the paper was wrong, as it really covered an amount 
of work being done at the present time, but not 
embraced in the paper. There were no less than 
30 to 40 different kinds of internal-combustion 
locomotives. Lieut.-Colonel Kitson Clark’s work 
dealt with but one method. M. E. Brillié’s recent 
paper* referred to a large number of these. The 
author said in the paper, referring to the use of 
steam in the design: “ By its essential flexibility it 
replaces for starting and low-speed work a clutch 
and gear-box, electric or fluid transmission, and 
enables a unit complete in itself to accomplish the 
extraordinary requirements demanded by sail 
traction.” He thought that all the other types of 
internal-combustion locomotive should not be 
dismissed in those terms. The early associations of 
the Institution with pioneer work in railway loco- 
motives made it fitting that members should have 
opportunities for hearing of other developments of a 
far-reaching kind. 

Capt. H. P. M. Beames, referring to a study of 
the Still engine made at Crewe in1920, but abandoned 
from financial reasons, said that locomotive engineers 
who had to manufacture and repair boilers had 
long been looking for some means of escape from the 
difficulties involved by their use. They would be 
grateful to the author for his work in that direction. 
He wished to know how the author proposed to 
overcome the difficulties incidental to the rise and 
fall of the engine frame on the wheels when the 
jackshaft moved with the frame, and was coupled 
direct on to the coupling rods which were on the 
wheels. Though this had already been discussed, 
he would add that he thought trouble might be 
expected. Again, how were the parts of the engine 
to be got at? Apparently the boiler would have to 
be lifted to reach the big or little ends, and to get at 
the jack shaft he would have to remove the cranks 
from the engine. Experience of running sheds 
showed the value of accessibility. The difficulty 
could, no doubt, be overcome by studied design. 
The boiler appeared extraordinarily small, in spite 
of being fired with oil, and the limited size might 
prove a snare. He felt that the author was opti- 
mistic regarding the amount of work to be got out 
of the heat from the cylinder. At Crewe there were 
two 1200-h.p. 6-cylinder Diesel engines with 17}-in. 
cylinders. When running at 600 horse-power with 
the exhaust discharging to a locomotive boiler—an 
arrangement not ideal as a heat recovery plant, yet 
similar to the principle illustrated in the paper— 
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the highest evaporation obtained was some 429 lb. 
per hour at 80 lb. pressure. Experience in this 
country showed that oil fuel was not a commercial 
proposition for locomotives. 

Mr. F. H. Livens said that as regards the design 
under consideration, many of the details of the in- 
ternal-combustion part were familiar to those who 
had been engaged on such work for the last 20 years 
orso. The block on the end of the piston was an old 
device to reduce clearance and get higher compres- 
sion. The search for the best form of cylinder for 
use in motor-car engines was really at the bottom 
of much of the modern investigation. It was 
largely a case of giving the gases a lead, as they were 
being compressed, in the cylinder proper, and he 
preferred to consider it from that standpoint, than to 
speak of turbulence. which really signified disorder. 
The gases had to keep moving, and if they could 
move in a definite direction, the result would be 
better mixture. He had been struck with the low 
compression pressures given in the paper. No doubt 
the author was correct in stating that the cylinder 
liner was at a much higher temperature than usual. 
It was not clear whether the jacket water had a 
temperature corresponding to the saturated steam 
of 180 lb. per square inch pressure, but he presumed 
it would probably be about 360 deg. F., that was a 
much higher temperature than was ordinarily 
approached in internal-combustion engine cylinder 
jackets. He could only suppose that the effect of 
the steam at the front end of the piston made that 
higher temperature possible. The flexibility and 
ease with which the Still engine could be manceuvred 
had greatly impressed him, but he feared that 
locomotive designers would find difficulties in it. 

Mr. H. N. Gresley, C.B.E., said he had inspected 
the unit at the works and discussed it with the 
author, whose courage in producing the design and 
in reading the paper upon an entirely untried device 
he admired. He hoped that the machine would 
turn out better even than the author expected. 
It seemed to him that what it was here proposed to 
do with eight cylinders, the steam engine actually 
did with two. Steam-shed maintenance, and the 
importance of accessibility of engine parts, had 
been mentioned, and he thought that one thing 
that might cause trouble in this case was the 
jacketing of the head of the cylinder round the 
exhaust valve. The jacket water was at boiler 
temperature, and would throw down scale much 
more rapidly than the ordinary comparatively cold 
water used in the jacket of an internal-combustion 
engine. The jackets were immediately under the 
boiler, and, of course, the lowest part was the space 
where the scale formed to the greatest extent. He 
would therfore suggest that these jackets should be 
arranged so that they could be very easily washed 
out. He hoped that Colonel Kitson Clark would, 
before long, be able to read another paper, giving 
results. 

Mr. A. E. L. Chorlton, C.B.E., said the idea of 
connecting the combustion chamber with the 
cylinder proper by a neck was associated with the 
name of Akroyd Stuart, who died a little while ago 
in Australia, leaving a bequest to the Institution, 
and who had never received quite the recognition 
he deserved for his work in connection with the 
early stages of the oil engine. He did not consider 
that there was anything particularly remarkable 
about the consumptions in the case of the internal 
combustion locomotive under discussion, unless the 
low compression were taken into account. While 
Messrs. Still were constantly emphasising the value 
of this low compression, they should realise that if 
they wanted high output on the oil side alone, thegt 
must provide for high expansions. Despite Mr. 
Livens’ comments on the flow of gases through 
the combustion chamber, all were agreed that 
turbulence was a prime factor of the rate of burning 
in the engine. In these engines the wide range of 
speed was remarkable. When they were used at the 
lower speeds, the turbulence must fall away con- 
siderably. The value of the Still heating system, 
apart from its power, was good and serviceable 
if the engine were required to have a wide range of 
speed. In an internal-combustion engine the heat 
must be maintained when running slow. In fast- 
running engines, it was the practice of his firm to run 
the jackets exceedingly hot; that might involve 
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risk, but they had not experienced any trouble. 
The jackets were worked above boiling point 
entirely for the purposes of ensuring hot condi- 
tions. As to consumption costs, broadly speaking 
as regards weight of fuel, the oil engine used one- 
eighth that of the coal engine, no credit being taken 
by the oil engine for the less amount of fuel that has 
to be hauled. When, as was frequent, the cost of the 
two fuels was 4:1 the proportion was 50 per cent. 
or the cost of the oil was one-half. He saw no reason 
why the author should not obtain the fuel figures 
he anticipated. In the case of nine engines in 
service in Canada, he believed the distance run 
was now 500,000 miles, and he did not think there 
was any other internal-combustion engines of any 
size over 200 h.p. that had succeeded in reaching 
that. As a result, and in spite of troubles, due chiefly 
to the inexperience of the people running them, 
a large locomotive was now being built, having two 
engines, each giving 3,000 h.p., the tractive effort 
being 100,000 Ibs. They were to run with 3,000 
freight tons or with a 750-ton passenger train at 
70 miles an hour. They were equipped with 
exhaust boilers. This, he thought was further than 
the chief mechanical engineers of railways in this 
country would be prepared to go. 

Mr. James Brown, C.B.E.. speaking as a marine 
engineer, said he was glad that Colonel Kitson 
Clark had tackled the problem with such promising 
prospects. His own firm had built. the Dolius, 
the engines for which were on the Still system. 
That vessel, which had been running for three 
years, had completed 150,000 miles. The last 
trip was 4,000 miles to 5.000 miles in length. The 
Dolius had run for thirty-nine days without a stop. 
She had returned from this long trip and, after 
a few days in port, had sailed again for Australia. 

Mr. James Clayton, M.B.E., said he had seen 
the unit described, at work in Leeds, and had 
been astonished at its performance, and its extreme 
flexibility. He was pleased that the question of 
‘* get-at-ability ’ had been raised, as he believed 
that, in the case of the engine under consideration 
there would not be much trouble on that score. 
He thought the locomotive would have a centre 
of gravity higher by at least a foot than the average 
steam locomotive in this country, and was sceptical 
about the effect of this, at any rate at high speeds. 
Further, he wondered what would be the result 
of the closed exhaust of the internal-combustion 
cylinders. It was well known that internal- 
combustion engines with a free exhaust had a 
much greater power and output than others in 
which the heat was used for other purposes. It 
seemed to him, notwithstanding the contrivance 
designed to meet the difficulty, that the question 
of what would happen to the teeth of the wheel 
and pinion due to movement of the engine on 
its springs was somewhat indeterminate until 
the engine had been tried in practice. The most 
pleasing feature about the engine was this use of 
steam—first, to start the engine, and then as 
a reserve for boosting in assisting the internal- 
combustion side to ascend a bank. 

Lieut.-Colonel Kitson Clark then replied briefly 
to the discussion. It had been suggested that 
mistakes would not have been made in their experi- 
mental work if greater reliance had been placed on 
past experience. It was impossible to find records 
which did not conflict on these points, and he 
contended, therefore, that Englishmen should have 
the courage to tackle these problems, make their 
own mistakes, and find their own way out of them. 
With regard to accessibility, he was alive to its 
great importance. An entirely enclosed engine 
could not be very accessible, but it would run 
much more easily for a great length of time and 
without the troubles incidental to the open type. 
Further, the whole of the top of the casing was 
covered with aluminium covers, weighing only 
about 23 Ib.; a man could examine any journal 
within seven minutes. The boiler was so small 
that it offered no obstruction, and it was possible 
to get to parts with a degree of comfort and ease 
which was not always the case, as Mr. Gresley 
knew, with the best-designed steam locomotives in 
use. 

The most important criticism related to the con- 
nection of the jackshaft with the driving wheels 








on the rail, and he was glad that it had been 
emphasised ; he had had it already in mind. In 
spite of the significance of Mr. Twinberrow’s 
drawing, he felt he could face the future undis- 
mayed by obstacles. 

The Chairman then announced an Informal 
meeting on Friday, April 22, at 7 p.m., the subject 
for discussion being ‘‘ The Engineering of Distribu- 
tion, with Special Reference to Finance, as a Form 
of Organisation,” introduced by Major Douglas, 
R.A.F. On Friday, April 29, there will be an 
ordinary general meeting at 6 p.m., when a paper 
would be read by Prof. F. C. Lea, D.Sc., en- 
titled ‘“‘The Failure of Some Steel Wires under 
Repeated Torsional Stresses at Various Mean 
Stresses Determined from Experiment on Helical 
Springs.” 








ALPHA RAYS AND ATOMIC 
STRUCTURE.—III. 


IN opening on April 2 the third lecture of his 
course, at the Royal Institution, on the above 
subject, Sir Ernest Rutherford, P.R.S.. said that 
on the last occasion he had tried to give a brief 
account of the mechanism by which ionisation 
was produced when « particles were shot through 
a gas. He had shown photographs which indicated 
that the « particles, in passing through the molecule 
of a gas, might not merely drag an electron out 
of the atom, but might endow it with so much 
additional energy that the expelled electron could 
also ionise molecules. In fact, the tracks shown 
in the Wilson photographs were surrounded with 
a column of expelled electrons having speeds 
ranging between zero up to a speed equal to twice 
that of the « particle which liberated them. 
Quite commonly the « particles used had a velocity 
equal to that which would be attained if an electron 
fell through 1,000 volts. Hence some of the 
electrons expelled from an atom might attain 
the speed due to a fall through 4,000 volts. They 
thus had, in many cases, enough energy to ionise 
many molecules before being brought to rest. 
It would be seen that whilst the primary effect of 
the « particle was to ionise a molecule by knocking 
out an electron, there was a secondary effect due 


to the ionisations produced by the electron 
liberated. In general only a small part of the 


energy imparted to this electron was required 
to untie the bonds uniting it to its atom, and 
the remainder went to increase the kinetic energy 
of the expelled electron. 

In the early days various theories had been 
advanced as to how energy was interchanged 
between the « particles and the molecules of a gas. 
It was assumed, for instance, that there were 
certain vibrators in the atomic system which could 
accumulate energy supplied in the form of in- 
definitely small driblets, and could also part with 
such accumulated energy either in small driblets or 
in large quantities. Bohr had shown that this was 
incorrect, and that if the « particle did not come 
close enough to an electron to disturb it by more 
than a certain definite amount, all the energy em- 
ployed in displacing it by a passing « particle was 
restored to the latter as it moved on. In order that 
the « particle should lose energy to the atomic system, 
the collision with the electron must, in fact, be 
catastrophic in character, so as either to hurl the 
electron completely away from its molecule, thus 
ionising the latter; or, alternatively, the collision 
must be severe enough to shift the electron to a 
temporarily stable level, from which later on it fell 
back to its original orbit. 

Since the « particle lost its energy by removing 
electrons, the ionisation produced should be 
different in different gases, since whilst the ionising 
potential of helium was about 24 volts and that 
of oxygen about 16 volts, only some 12 volts were 
required to ionise a molecule of mercury. In fact, 
it was found that if electrons were passed under 
an increasing potential difference through a 
mixture of neon and = mercury vapour, the 
characteristic blue light of mercury was alone 
visible at low voltages. but when the total fall 
between the electrodes reached 20 volts or more 
the neon suddenly gave its characteristic glow, 
because at these higher potential differences the 








energy imparted to the electrons was greater 
than the ionising potential of the neon, 

In the case of diatomic molecules, such as 
hydrogen, the « particles might lose energy not 
only by knocking out an electron, or by shifting 
it to a higher temporarily stable level, but might 
also dissociate the molecule into its constituent 
atoms. Although, as already mentioned, the ionising 
potential varied from gas to gas, experiment 
showed that the average energy required to produce 
a pair of electrons was by no means directly 











proportional to the ionisation potential. Some 
comparative figures due to Gurney were as 
follows :— 
Energy | 
Gas Atomic spent Tonisation | Energy 
a Number. | per ion | Potential. | Ditference. 
Volts | 
Hydrogen “ | 1 1655 | 1655 
Helium eT 2 24-6 | 32 
Nitrogen | 7 17-0 =|) #180 
Oxygen | 8 15-5 | 16-8 
Neon | 10 21-5 | 5-9 
Argon... | 18 15-3 | 10-1 
Krypton .. Py) 36 213-0 } 29-8 
Xenon .. -+| 4 20°38 | aio. | 9-8 














In the case of helium it would be seen that the 
average energy expenditure per ion produced was not 
much more than the ionising potential of this gas, 
With hydrogen, on the other hand, the energy 
expenditure was about twice the ionising potential, 
the surplus being expended partly in giving a high 
velocity to the expelled electrons, partly in shifting 
an electron to a temporarily stable position, and 
partly in dissociating the hydrogen molecule. 

It appeared, therefore, that when «-rays traversed 
a gas the energy was dissipated in other ways as 
well as in merely ionising the molecules. 

To a first approximation, however, the absorption 
of energy from «-particles was proportional to the 
amount of ionisation they produced in any particular 
gas. This was shown by Fig. 17, where Curve I, 
due to Briggs, showed the rate at which the 
«-particles lost energy at different points of their 
path when shot through air, whilst the dotted 
curves showed the corresponding ionisation as 
measured by Henderson (Curve II) and by Curie 
and Béhounek (Curve ITI). 

The curve as determined by Briggs fell off more 
steeply than that originally observed by Bragg. 
It showed, moreover, that the ionisation produced 
by the «-rays was approximately inversely propor- 
tional to their velocity, for the part of their path 
comprised between the source and a point near the 
end of their range. 

It was important in the next place to consider the 
straggling of the «-particles after being shot through 
matter. As expelled from a thin film of thorium C 
they had all the same velocity, but some met with 
more or heavier encounters than others did when shot 
through matter, and in consequence the rays issued, 
say, from a sheet of mica or metal foil, with different 
speeds and also in different directions. This 
difference in speed was well shown by the Wilson 
photograph reproduced in Fig. 18, where it could 
be seen that the tracks had slightly different 
lengths. Bohr had shown that the distribution of 
ranges about the mean range could be calculated 
by the mathematical theory of probability, and 
this had been confirmed by the observations of 
Irene Curie, who found that the distribution of 
ranges of more than the mean range was in very 
close accord with calculation. There were, however, 
a greater number of smaller ranges than the mathe- 
matical theory indicated, and this was probably 
due to certain of the «-particles emitted by the polo- 
nium, used as source, not being quite homogeneous ; 
some shot out from the back of the film, having 
their velocity reduced by the matter they had to 
pass through before reaching “ free air. 

Briggs had made experiments in which th rag: 
gling of the pencil of «-rays was measured at ev Ma 
part of the range, and had proved that to a hig 
degree of precision the a-particles as shot - 
had exactly the same velocity, but in the after 
passage through mica the straggling miglit ete 
very great. Evidence of this straggling was 8 - 
by the broadening of the lines which the parti’ 
traced on a photographic plate after being pas 
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through a very strong magnetic field. 
ing was clearly visible in Fig. 12 ante, but when a 
thick sheet of mica was used, as was the case in 
the upper line of Fig. 19, this broadening was very 
greatly increased. By photometric measurements 
of these broadened lines the straggling coefficient 
could be deduced. Two of the curves deduced by 
Briggs were reproduced in Fig. 20. It turned 
out that the observed value was about twice as 
great as if deduced by Bohr’s theory, and there 
were thus about twice as many ionising collisions 
as this theory indicated. On the other hand, the 
calculated and observed curves were of much the 
same form, but there were, as the figure showed, 
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NEERING” 
erratic particles near the foot of each curve. 
In the experiments of Briggs there was also found 
evidence that some of the particles emitted had 
less than the normal velocity, and these had pre- 
sumably come from the back of the support used 
for the Thorium C. Some 95 per cent. of the total, 
however, were found to have the same velocity at 
emission within 1 part in 2,000. 

An analysis of the curves obtained by Briggs 
showed that the contribution made to the total 
scattering in successive centimetres of the total 
range decreased rapidly with the distance from the 
Source, and then rose very rapidly just before the 
end of the range was attained. This was clearly 
shown in Fig. 21, where the ordinates represented 
the scattering coefficient per centimetre of the 
Tange, 

The fact that the scattering coefficient was about 
twice as great as would be deduced from the original 
theory was in part accounted for by taking account 
of the fact that the electrons ejected were not at 
rest when the collisions which expelled them occurred. 
By taking this fact into account, the discrepancy 
between calculation and observation had been 
reduced to 50 per cent., and in some recent work 
on hydrogen carried out at Cambridge, which was 
still unpublished, a perfect agreement had been 
teached. It was indeed very interesting to find 
that the theory was able to tell in detail what 
would happen at every stage of the active life of the 
* particles. The scattering of electrons by matter 


This broaden- 


Years ago Geiger had shown that if the thinnest 
sheet of gold foil was interposed between the source 
of a fine pencil of « rays and the phosphorescent 
target used to detect them, the spot at which the 
rays impinged was spread out so as to cover a 
comparatively large area. Some of the rays were, 
it was found, deflected from 5 deg. to 7 deg. Further 
experiment showed that rays could be detected 
which were deflected as much as 30 deg., 45 deg., 
or 90 deg., and a very few came almost directly 
back from the foil, being deflected through an angle 
of nearly 180 deg. 

It was this latter fact that led the speaker to 
propound the nuclear theory of the atom. As 
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now understood, every atom consisted of a very 
small nucleus surrounded by a guard of electrons, 
the number of which ranged from | in the case of 
hydrogen up to 92 in the case.of uranium. If the 
atom were magnified to about the size of the lecture 
hall, the nucleus would be represented by a pea or 
a small shot. Theatom was therefore a very empty 
structure, and although the « particle, which was 
nucleus of the helium atom, passed through about 
100,000 molecules of air before it finished its range, 
there was but a very small chance that it would pass 
very near the nucleus of the atom penetrated. Ifit 
did come near this, it would enter a very powerful 
field of force, tending to deflect it, and would, in 
fact, be scattered through a large angle. Such 
large angles were thus not due to an accumulation 
of a lot of small deflections, but to single heavy 
encounter. If the inverse square law held good 
for the repulsion between the « particle and an 
atomic nucleus, the « particle would be deflected 
along a hyperbola having the atomic nucleus 
at one of the foci. From the theory of probability 
we could calculate the percentage of particles which 
would be deflected thus through a stated angle, 
and in most cases the agreement between calcula- 
tions and observation was extremely good. The 
large angle scattering originated well inside of the 
electronic system surrounding the atomic nucleus, 
and these electrons had no appreciable effect in 
these close encounters of « particles and atomic 
nuclei. The higher the speed of the « particle 
the less likely was it to suffer deflection through a 
large angle. Such deflections were, in fact, very 


rare. They were best disclosed by the Wilson 
cloud photographs, such as was represented by 
Fig. 22 in which the « particle at the extreme right 
of the left-hand figure has encountered a hydrogen 
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to the left as indicated, whilst the « particle was 
but slightly deflected. The right-hand side of the 
figure showed a photograph of the same encounter 
taken at right angles to the photograph reproduced 
on the left. By combining these photographs it 
was possible to measure the true angles between 
the original track of the « particle and of the two 
tracks resulting from the collision. When the gas 
through which the particles were shot was helium, 
the two colliding bodies had the same mass, and 
it followed from the laws of elastic collision that in 
this case the two nuclei would proceed after colli- 
sion along paths making a right angle with each 
other. Measurement of photographs of the tracks 
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proved that this was actually the case, and also 
that the primary track of the « particle lay in the 
same plane as the subsequent trajectories of the. 
colliding bodies. 








Farapay House ELectricaL ENGINEERING COLLEGE. 
—As a result of the entrance scholarship examination, 
held at Faraday House Engineering College, South- 
ampton-row, London, W.C.1I, on April 5, 6, and 7 last, 
a number of scholarships, exhibitions, and prizes have 
been awarded. These include the Faraday Scholarship 
to Mr. M. V. Ratcliffe, the Maxwell Scholarship to Mr. 
K. B. Blake, and exhibitions to Messrs. R. Hammond, 
J. H. Hovell, H. St. G. Gardner, and 8. P. Smith. 


ENGINEERING CONFERENCE AT MANCHESTER.—Organ- 
ised by the Manchester Engineering Council, for the 
employers and employees in the industry, a week-end 
engineering conference is to be held at the University, 
Manchester, from April 22 to 24 next. The proceedings 
will open at 7 p.m. on the first day, when a reception 
will be held at the Whitworth Hall by the Lord Mayor 
of Manchester. This will be followed at 7.30 p.m. by a 
discussion on “‘ Economic Production.”” On Saturday 
morning, April 23, at 10 a.m., the subject for discussion 
will be ‘“‘ Future of the Industry.’’ In the afternoon, 
at 2.30 p.m., “ Arbitration in Industry ” will be dealt 
with and, in the evening, from 7 to 9.30 p.m., ‘* Aspira- 
tions of Trades Unions ” will be discussed. On Sunday 
morning, at 11 a.m., the subject before the meeting will 
he ‘* Works Committees.”’ In the afternoon the findings 
of the conference will be summed up by the president 
of the Manchester Engineering Council, Mr. L, E. Mather. 
This will be followed at 3 p.m. by a service in the 
cathedral. The speakers at the conference will include 
Messrs. W. L. Hichens, W. M. Citrine, J. Rowan, A. 
Ramsay, T. Chadwick, F. J. West, 8. Mavor, J. T. 
Brownlie, J. Kaylor, C. G. Renold, E. J. Fox, S. Ratcliffe, 
Sir Holberry Mensforth, and Sir Harold Morris. The pro- 
moters wish it to be widely known that the conference is 
being organised by the joint efforts of employers, fore- 
men and trade unionists. Further particulars may be 
obtained from the Hon. Secretary, Manchester Engineer- 
ing Council, ¢/o Mather and Platt, Limited, Park Works, 








must in general be in accord with the same theory. 


The latter was ionised and was shot off 


nucleus. 
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LISTER CENTENARY CONVERSAZIONE 
OF THE ROYAL SOCIETY. 


In connection with the centenary celebration of the 
birth of Lord Lister, which had brought many dis- 
tinguished men of science from all parts of the world 
to London, the Royal Society held its first annual 
conversazione, which is generally arranged for May, 
on Wednesday, April 6. Joseph Lister was born in 
the village of Upton, Essex, on April 5, 1827, and 
was elected a Fellow of the Royal Society in 1860. 
Owing to the large number of guests, whom the 
President, Sir Ernest Rutherford, O.M., received, 
little space was available for exhibits, and these 
were essentially commemorative and historical in 
character, illustrating the development of the Royal 
Society in connection with the work of its famous 
members, and were particularly devoted to advances 
in physiology and therapy. 

The addresses presented by learned societies on 
the occasion were displayed on the walls. The 
Charter Book of the Royal Society, 1662, with the 
signatures of the original founders, dated 1660, 
medals of the Society, two of which were awarded to 
Lister, a model of Sir William Petty’s double- 
bottomed boat (1665), Wollaston’s electric battery 
in a tailor’s thimble, the chronometers used by 
Captain Cook, and various relics of Newton, 
the bicentenary of whose death was celebrated on 
March 10,* were shown in cases. Other exhibits of 
the Royal Society were the air-pump of Hauksbeef, 
and the electric machine of Joseph Priestley. Some 
exhibits from the Science Museum were also on view. 
These comprised copies of telescopes made by 
Galileo and some historical instruments of great 
interest to the engineer. Whether the instrument 
marked Napier’s bones—a wooden box containing 
10 rotatable cylinders, each marked ‘0 times ”’ to 
“9 times ” really belonged to Napier in 1617 is not 
quite certain. 

The large dividing machine shown, a wooden 
board, about 3 ft. long, made by James Watt in 
1774, was, however, original. On a Jead screw (28 
threads to the inch) is fixed a toothed wheel (with 
240 teeth), carrying, by means of a nut and a uni- 
versal joint, a long iron arm, on which a scribing 
point slides; the wheel is moved by a rack rod, 
provided with adjustable stops, and a retaining 
ratchet. The division lines are not straight but 
are slightly curved arcs, and it is for this reason, 
probably, that Watt did not go further with 
this apparatus. The other exhibits, the original 
electromagnets and water-friction apparatus used 
by Joule for determining the mechanical equiva- 
lent of heat (1840 to 1849), are better known, as 
are also the many instruments exemplifying the 
development of the microphone from the days of 
Hughes, 1877, Edison, Hunnings, Blake, &c., down 
to the Marconi-Reisz instrument of 1926, in which 
the diaphragm is virtually eliminated. The 
contrast between the original loose contacts of 
Hughes, two nails crossed by a third, and his 
Hertzian detector, consisting of a piece of cork and 
some carbon rods, &c., and the modern microphones, 
was most striking. 

Modern instruments, electric, physical, and 
chemical, were otherwise used for the demonstration 
of physiological and biological research, by Sir Alm- 
roth Wright, Dr. Honor Fell and Dr. Canti. There 
was only one purely electric demonstration. The 
British Thomson-Houston Company showed the 
beautiful and curious discharge phenomena which 
Dr. I. Langmuir observed a few years ago. A long 
straight glass tube, 3 cm. diameter, is filled with 
pure argon at a pressue of about 3 mm. of mercury 
and provided with a disc anode at one end, and a 
tungsten filament cathode at the other end. When 
the filment is heated to incandescence, and 250 volts 
are applied to the terminals, the reddish argon arc 
discharge is started, with the aid of a high-frequency 
coil, approached to the middle of the tube; a 
horseshoe magnet, brought up to the tube, hardly 
affects this discharge. But when the filament 
circuit is momentarily broken and closed again, a 
blue flash of atomic tungsten vapour streams down 
the tube; with an alternating discharge current, 
this flash becomes sinuous. If, now, the magnet 





* See 
T See 


age 361, ante. 
rofessor Andrade’s discourse; page 69, ante. 


is approached, so as to produce a field across the 
tube, the arc is deflected, a yellow skin appears on 
the wall, and breaks up into golden sparks or 
globules. The effect is ascribed to repulsion between 
the tungsten atoms and the glass walls, and to com- 
plex ionic reactions. 


NOTES. 

METALLURGY AND INDUSTRIAL DEVELOPMENT. 

The interrelation of metallurgical progress and 
indu trial development was the keynote of the 
speeches made at the annual dinner of the Institution 
of Mining and Metallurgy, which was held under the 
presidency of Sir Thomas Holland, on Wednesday, 
April 6. Mr. Amery, Secretary of State for 
Dominion Affairs and the Colonies, in proposing 
the toast of ‘‘ The Mineral and Metal Industries of 
the Empire,” pointed out that we were under the 
obligation of paying 6,700 tons of gold to the 
United States and that, though that debt would 
have to be paid in British goods and service, the 
problem was much more one for the prospector and 
the mining engineer than for the financier, as great 
new discoveries of gold might have a stimulating 
effect in bringing about the recovery of the world 
from the present depression. In this view he was 
supported by Sir Alfred Mond, who said that 
limitations of trade went together with limitations 
of credit. Much of the prosperity of Americans 
was due to the way in which they had mobilised 
their credits and harnessed them to the wheels of 
industry. In this country we require both new 
methods of finance and new methods in industry. 
For unless we ruthlessly destroyed obsolete 
machinery and introduced more advanced methods 
of research we could not be expected to compete 
successfully with Germany and America. The 
same point was made by Sir Robert Horne, who as 
President of the Empire Mining and Metallurgical 
Congress, which is to be held in Canada this year, 
responded to the toast proposed by Mr. Amery. 
It was of the highest importance, not only to this 
country but to Australia, he said, to discover a 
method by which all the constituents of coal could 
be usefully employed. But no investigation was 
of any use unless the results would yield a revenue 
upon the capital invested. 


THE WorRLD’s SHIPBUILDING AND MARINE 
ENGINEERING. 
For some years past, Lloyd’s Register quarterly 
shipbuilding returns have made depressing reading. 
At the end of each quarter, the total tonnage under 
construction in Great Britain and Ireland in- 
variably showed a substantial decline from the 
figure for the previous three months, and the 
plight of the shipbuilding industry was apparently 
becoming worse and worse. It is, therefore, parti- 
cularly gratifying to find that, according to the 
recently-published returns for the quarter ending 
March 31, 1927, the position in our shipyards has 
undergone marked improvement. It is, we trust, 
not being unduly optimistic to hope that the long 
period of depression is ending and that the future 
holds distinct promise. The merchant vessels 
actually under construction in Great Britain and 
Treland total 1,216,932 tons, an increase of 456,848 
tons over the figure for the previous quarter and 
about 374,000 tons more than the total of the ship- 
ping building a year ago. The present figure is 
the highest since December, 1924; it is still, how- 
ever, some 673,000 tons below the average total 
of the tonnage building during the year immediately 
preceding the European war. The shipping com- 
menced during the quarter totals 579,839 tons, as 
compared with 152,404 tons during the last quarter 
of 1926; the tonnage launched, namely, 127,747 
tons, shows an increase of 59,894 tons over the 
figures for the previous three months. The vessels 
under construction in British and Irish shipyards, 
at the close of the quarter under review, numbered 
297, of which 207 were steamships, 82 were motor- 
ships, and eight were sailing ships and barges. Of 
these 297 ships, no less than 256 are intended for 
owners residing within the British Empire. On 
March 31 last, the vessels building in foreign ship- 
vards aggregated 1,352,932 tons, which figure repre- 
sents an increase of about 180,000 tons over the 





total for the previous three months. Germany has 











displaced Italy and holds the leading position with 
350,933 tons; Italy is second with 208,794 tons ; 
the United States takes third place with 179,325 
tons; and France is fourth with 154,438 tons. 
During the quarter under review, 367,026 tons of 
shipping were commenced abroad and 161,048 tons 
were launched, an increase, as compared with the 
previous quarter, of 95,789 tons in the tonnage 
commenced, but a decrease of 181,375 tons in 
the tonnage launched. The tonnage of motorships 
building throughout the world at the present time 
amounts to 1,172,178, which figure, it is of interest 
to note, represents over 85 per cent. of the 
steam tonnage in hand. The total horse-power of 
the marine engines building, or being installed on 
board vessels, at the end of March last amounted 
to 1,922,217 h.p. Out of this total, Great Britain 
and Ireland accounted for 881,617 h.p., Germany 
252,800 h.p., Italy 219,900 h.p., the United States 
111,655 h.p., and France 105,740 h.p. In conclusion, 
it should be pointed out that the tonnage figures 
quoted are gross tons, and that no account has been 
taken of vessels of less than 100 tons gross. 


THe PirrspurGH INTERNATIONAL CONFERENCE 
on Bituminous CoA. 


The International Conference on Bituminous 
Coal, which was held in the Carnegie Institute of 
Technology, Pittsburgh, on November 15 to 18, 
we see from a discourse delivered last week 
before the Society of Chemical Industry by Dr. 
R.. Lessing, was instigated by the President of 
that Institute, Dr. Thomas Stockham Baker. 
More than 1,700 persons, comprising delegates 
from 162 official and learned bodies of the United 
States and 10 other countries, participated in 
the proceedings and in the discussions of the 
43 papers submitted. The President expressed 
the opinion that the next generation would 
dispense with the primitive method of shipping raw 
coal ; and to do this would require an organisation of 
national and international research, and of scientific 
and technical knowledge which was as much capital 
as money was. The coal supply was reviewed by 
Dr. Marius Campbell, of the United States Geological 
Survey. Dr. Lander dealt with fuel research in 
this country, and Mr. A. C. Fieldner, of the Bureau 
of Mines, with those problems in America, where 
Mr. J. D. Rockefeller had made two grants of 
250,000 dols. towards petroleum research to be 
conducted in Europe also. With regard to the 
automobile industry, it was pointed out that the 
20,000,000 American automobiles represented, on 
an average, 20 h.p. each, the total being more than 
three times that used on the American railways. 
Both Dr. Bergius and Dr. Franz Fischer described 
their coal-liquefaction processes, and General 
Patart outlined his catalytic synthesis of alcohol 
from water-gas, now under trial at Vitry-sur-Seine, 
and to be combined, like the Bergius and Fischer 
processes, with gas works. Reviewing pulverised- 
coal-firing practice, Mr. H. Kreisinger gave par- 
ticulars of the large boiler at Lakeside, Milwaukee, 
which evaporates 240,000 lb. of water per hour 
and supplies steam superheated to 720 deg. F. at 
1,340 Ib. per square inch. The steam is expanded 
in a turbine to 300 Ib. pressure at 420 deg., and 
reheated up to 720 deg. for main distribution. The 
McEwen-Runge plant, which is also at Lakeside, 
for the instantaneous carbonisation, on the lines of 
Newall and Sinnatt, of powdered coal in two retorts 
superposed one upon the other, was described 
by Dr. W. Runge. Low-temperature carbonisation 
was the subject of papers by Professors Horace 
Porter, S. W. Parr, and others. Mr. E. H. Piron 
ascribed the failure of the Piron-Caracristi process 
(carbonisation of a thin layer of carbon on @ 
conveyer heated in a lead bath) in the much- 
discussed plants at the Ford Motor W orks, * 
lead leakage and other troubles. Gas making was 
discussed by Messrs. G. M. Gill, W. H. Fulweiler and 
C. J. Ramsburg, who dealt with an automatic 
water-gas producer ; steam and electric power bam 
surveyed by Mr. G. A. Orrok ; and Dr. Lessing gave 
a summary of his work on coal and its_ mineral 
matter in its manifold aspects. The possibility of 
and need for refining coal, and of concentrating 
its intrinsic value and utilising it in novel way®, 
was generally emphasised. 
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THE NORTH WESTERN BRANCH OF 
THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


A sornt meeting of the North Western Branch 
of the Institution of Mechanical Engineers and the 
Society of Chemical Industry, Manchester Branch, 
was held at the Engineers’ Club, Albert-square, Man- 
chester, on Thursday, 31st ult., when Dr. W. R. 
Ormandy, F.I.C., presented his paper on “ Lubrica- 
tion.” Mr. Cecil Bentham occupied the chair in the 
absence of Mr. H. F. Massey. We reproduced this 
paper on page 403 of our issue of April 1 last. The 
discussion in London was reported in the same issue, 
on page 395. After the Chairman had proposed a 
vote of thanks to Dr. Ormandy, and this had been 
carried, the following discussion took place : — 

Mr. J. E. Southcombe said he thought it had been 
recognised at the present time how important was the 
limiting film in lubrication, 7.e., the importance of 
those conditions of engineering practice in which the 
thickness of the oil film was reduced to a very small 
value—such conditions as obtained in the stopping 
and starting of an engine. Regarding the mechanism 
of the formation of that limiting film, he thought, 
as the author had pointed out, that their views were 
at least clear with regard to how the first layer 
formed. On films of water, however, all the work 
that had been done had failed to find any indication 
of the second layer. There was definite evidence that 
there were many layers above the mono-molecular 
layer on solids, and in his opinion this was the only 
question which had to be contended with. 

It appeared that after the mono-molecular layer was 
formed from oriented molecules, the super-natant 
layers built themselves up on the negative non-polar 
ends, and the way in which they built themselves up 
had been related to four specific qualities, namely, 
(1) the molecular film, (2) the elastic rigidity, (3) the 
affinity, and (4) the value of the electro-magnetic field. 
Perhaps the most important thing from a practical 
standpoint was how far these theories of the mono- 
molecular and super-natant layers influence, if at all, 
the running of machinery in conditions of the true fluid 
or Osborne Reynolds’ type of lubrication. There were 
many indications that molecular orientation in the 
surface film influenced true fluid lubrication. The con- 
ductivity of thin layers was a very interesting point 
which had been raised. It was well known to all 
electrical people that it was quite common practice 
to have switches immersed in oil, and there must 
be very many molecular diameters of oil between the 
contact points of the switch; nevertheless, there was 
very slight loss of efficiency. 

Mr. L. G. Radcliffe said that he would like to ask 
Dr. Ormandy whether he had had any experience of 
the form of viscosimeter, known as the “ Doolittle.” 
The Michell viscosimeter gave quite satisfactory results, 
and he would like to know if Dr. Ormandy had any 
experience of those instruments, and if he knew whether 
the Michell was really of practical value to engineers 
for determining viscosity. In regard to the oxidation 
of oils, he himself had done research work on that 
question for about fourteen years, in connection 
with the production of sludge in transformer oils. 
He did not know whether Dr. Ormandy was aware 
that under certain conditions water accelerated 
the oxidation of mineral oil—especially sea water. 
It was possible to separate transformer oils into 
‘wo classes, one of which oxidised very rapidly and 
produced formaldehyde in a few minutes. The other 
‘lass resisted, but the introduction of a very little sea 
Water caused a rapid acceleration in the oxidation of 
the oil, and formaldehyde had been produced at great 
speed. The next speaker, Mr. A. G. Hopking said 
that he would like to ask to what extent very finely- 
divided graphite had been used, and was likely to be 
used in bearings. In regard to thin films of oil, and 
ma extraordinarily low electrical resistance of such 

ms, it was interesting to note in the case of direct- 
oa locomotives, that there were at least 1,200 to 
— amperes flowing from the metal structure of the 
a to the track on its return to the substation, 
roe oil films of the bearings. He had never 
. of any trouble being caused by the return of 
be — in that way, and would therefore like to 
cian a veahee whether that was the case equally with 

Me . the polar and non-polar type. 

Bs ng 0. Boswall said that a previous speaker had 
ntioned the Michell viscosimeter. As a matter of 


- had carried out a good many experiments 
rid at particular viscosimeter, and he had always 
that perfectly consistent results, which compared 


bv favourably with the viscosity taken with any 
high aaragee were obtained. When, however, 
resales a of about 60 to 80, were involved, the 
len cre not always in agreement ; they were some- 

Consistent and sometimes not. It had just 


“curred to him t 
characteristics 4” ask whether the polar or non-polar 


mention, as you were kind enough in your issue to draw 
attention to the sensible heat or “Land N” process, 


working of the viscosimeter. Under certain conditions 
it undoubtedly had given results which had not been 
satisfactory. Mr. R. L. Gregson, who spoke next, 
said there was a point towards the end of Dr. Ormandy’s 
paper which had particularly caught his attention, 
The author had mentioned that oxidation of oils was 
further accelerated in the presence of some metals ; 
certain metals seemed to act as oxydising catalytic 
agents. There seemed to be a great desire to form 
the bottom part of crank-cases of aluminium. He 
would like to know whether aluminium was a favour- 
able or a non-favourable metal. 

Mr. Dearnaley stated that Dr. Ormandy had 
mentioned the oxidation of oils in the presence of a 
current of air. Some time ago he had seen a method 
of treating drops of oil under the microscope with 
nitric acid of various concentrations, and it had been 
said that the oils could be graded according to their 
resistance to oxidation. The acid caused a sudden 
deposition of asphaltic compound as viewed under the 
microscope. This struck him as a very useful test for 
the quick examination of oils in the laboratory. The 
next speaker, Mr. A. Kersey, said that in the case of 
marine work it was usual practice to put the cylinder 
oil in and let it take care of itself with the steam. 
He would like to ask if that would have any effect on 
the lubricating properties, and also if, in turbine work, 
where the oil certainly did get mixed up with water 
to a certain extent and became somewhat emulsified, 
that had any effect on the abrasion of the bearings. 

Dr. Ormandy, in reply, stated that he did not 
think it necessary to comment on what Mr. South- 
combe had said, as he had only added to what he 
himself had said. In reply to Mr. Radcliffe he had 
no knowledge of the ‘“ Doolittle” viscometer, but 
his remarks on transformer oil were of very great 
interest. A report had been published in Germany 
a few weeks ago on the investigations of transformer 
oils carried out according to the methods officially 
in vogue in the various countries. They had taken 
the same transformer oil, and had tested it by the 
methods accepted in all the countries, and had 
compared the results. An oil which was considered 
excellent in England was absolutely ruled out in 
Germany, and that which passed in England and 
Germany would be rejected in Switzerland; never- 
theless, they were all serviceable. The question of 
the oxidation properties of an oil was a subject on 
which they were only just entering. With regard 
to the use of colloidal carbon suspended in oil, the 
trouble was that, like all colloids, as long as it was 
absolutely neutral, it remained a colloid. For his 
part he would absolutely refuse to put oildag into 
a crankcase, because the engine would not be running 
long before oxidation took place, and the oil became 
acid, and carbon came down, which tended to stop 
up all the oil passages. In their experiments on the 
question of electrical conductivity, they had found no 
appreciable difference between polar and non-polar oils, 
He could not say at the moment which metals 
were most active in bringing about oxidation. He 
believed that zinc was one of the most active. The 
possibility of inducing oxidation by means of nitric 
acid under the microscope was very interesting, but 
he had no personal experience of this. The last 
speaker had referred to the question of water in oil. 
The tendency to emulsify which an oil exhibited was 
important, for such machinery as high-speed engines, 
where there was crankcase lubrication. Particularly in 
turbines, very great care was always taken to get 
an oil which did not decompose into acid bodies. If 
acid were present then the oil would emulsify with 
the water. The tendency of an oil to emulsify was 
very largely a function of its tendency to form an 
acid when it oxidised. 





LETTER TO THE EDITOR. 


COMMERCIAL LOW-TEMPERATURE 
CARBONISATION. 


To THE Epitor or ENGINEERING. 

Sir,—It is most refreshing to find in your article on 
commercial low-temperature carbonisation, of April 1, 
criticisms that are designed to help inventors and 
commercial companies. So much of the criticism 
which low-temperature distillation has met with is 
ill-informed or purely hostile. Your comments on 
the value to national security and public health of a 
sound low-temperature distillation process that is 
successful commercially; your view of the early 
realisation of hopes and the immense advantages that 
all classes of users will obtain by trying out the products 
of such a process, help further to encourage this and 
other companies. 

There are two or three points which perhaps I may 


prices found sporadically for waste products will 
generally apply and secondly, that the working of a 
design on one scale will necessarily give similar results 
when the scale is increased. In the case of this 
company the prices for products have been carefully 
placed on a most conservative basis. In the case of the 
oil we have taken a price for the crude oil that covers a 
number of by-products far and away beyond the value 
of the low price placed in the balance sheet. For 
example, many of the disinfectants or phenols, and the 
more valuable fuel oil and some of the lubricants are 
far above the low price placed in our balance sheet on 
the value of our oil. 

In his speech of March 8, Colonel Moore-Brabazon 
mentioned that our lubricating oil shows that it 
possesses properties which make it as valuable as the 
best lubricating oil on the market, so that I think that it 
is not unjust for the company-in its balance sheets to 
give to the public the prices quoted therein. The 
quantities that have been sold have been in the aggre- 
gate considerable, and over a period of two years. 
Again, as to the second of the criticisms, this company 
is only venturing to build larger plants, that is plants of 
100 tons, because it has now satisfied itself, and many 
outside experts, that it possesses the knowledge to do 
so with confidence. If I may take, as an example, the 
shipbuilding industry, not an unfair comparison, I 
think I might say that the building of a 100-ton plant 
on the basis of a 10-ton plant is no more difficult than the 
building of a ship of 8,000 tons by a shipbuilder 
accustomed to build ships of 5,000 tons. The accuracy 
which is essential for the building of the smaller plant 
has to be repeated in building the larger plant. There is 
another point. You say that Colonel Moore-Brabazon 
‘* goes too far when he says that cracked oil is necessarily 
spoilt.” I enclose for your perusal a copy of his speech 
on March 8. I think you will see that Colonel Moore- 
Brabazon hardly made the statement which you 
attribute to him. Colonel Moore-Brabazon was 
emphasising that “ L. and N” oil is a primary oil and 
not a secondary product. Lubricating oil must be a 
primary product to be of any value, and our lubricating 
oil has been tested by the National Physical Laboratory, 
with entirely satisfactory results. We do not deny 
that some secondary oils and fractions of oils are 
valuable, but what we say is that these products from 
high-temperature treatment of coal have nothing like 
the same value as the oil products of the “‘ L. and N” 
process. I can assure you that the board of this com- 
pany and its technical staff would not commit itself to 
the definite statement that our oils are a primary 
product equal in service to well oils unless we had the 
satisfaction of proofs over a period of time from many 
different kinds of coal. 

I do not think the “ L. and N”’ fuel figures are 
unjustly high. We have sold our “ L. and N”’ fuel for 
domestic use at 30s. per ton at the works, so that our 
figure of approximately 20s., in view of the price of 
coal in recent years, cannot be called high ; while for 
industrial purposes ‘‘ L. and N” fuel has, as railway 
companies and shipowners throughout the world are 
realising, a market in its powdered form in place of 
raw coal or fuel oil. 
This company fully agrees with you that every care 
is necessary to avoid encouraging excessive hopes and 
in avoiding the mistakes of the past. I think that the 
conservative statements of our office, the testimony of 
outside experts, the period of investigation and proof, 
and the record of the directors ard the technical staff, 
are sufficient to justify the optimism shown by the 
company, namely, that by the adoption of our low- 
temperature distillation the coal trade of this country 
and the prosperity of British industry can proceed 
hand in hand in the future. 
Yours faithfully, 

R. W. S. Seton. 
Sensible Heat Distillation, Limited, 
“L. and N.” Process. 
York Mansion, Petty France, S.W.1., April 11, 1927. 
[We are glad to print the above letter, but in connec- 
tion with our reference to Colonel Moore-Brabazon’s 
remark about cracked oil, may, in fairness to our 
own phrase which is quoted by Mr. Seton, give the 
following extract from the copy of Colonel Moore- 
Brabazon’s speech which Mr. Seton enclosed with his 
letter :—‘‘ One of the troubles hitherto experienced in 
all low-temperature carbonisation is the fact that the 
oils derived from the coal have been spoilt in the 
getting of them. They have been what is technically 
called “‘ cracked,” and a cracked oil is of little value, 
being of use only as fuel oil.””—Eb. E.] 








Triat Trip or THE M.S, “ Port FREMANTLE.”’—On 
Tuesday, April 5, Messrs. Workman Clark and Company, 
Limited, carried out successful trials of the motorship 
Port Fremantle, which they have built at their North 
yard, Belfast, to the order of the Commonwealth and 
Dominion Line for their Australian and New Zealand 
service. A description of the vessel was given on page 








of the oil were likely to influence the 





You rightly stress the common inaccuracy first, that 





154 ante, on the occasion of her launch. 
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LABOUR NOTES. 

REPRESENTATIVES of the Engineering and Allied 
Employers National Federation and representatives of 
the executive councils of the engineering industry’s 
forty-odd trade unions met in the Hotel Great Central, 
London, on Tuesday, for the purpose of further con- 
sidering the wages question. The meeting was called 
at the request of the trade unions, and its object was to 
review the claim for an increase, having regard to the 
previous negotiations on the demand for an advance of 
20s. per week. “Mr. Brownlie, the president of the 
Amalgamated Engineering Union, who stated the case 
for the unions, did not, on this occasion, specify any 
amount. He based a claim for an advance on the state 
of trade and the orders that had been received since the 
beginning of the year. The state of trade was indi- 
cated, he argued, by a fallin the Amalgamated Engi- 
neering Union’s unemployment figures from 12-8 per 
cent. in December, 1926, to 8-06 per cent. at the end of 
March, 1927. The inadequacy of the wages of engi- 
neering workers to supply the necessities required by 
their families and themselves was pointed out, and also 
the lowness of the rates, as compared with those paid to 
workers in other trades in London and the provinces. 
The steady emigration of skilled workers from this 
country was, Mr. Brownlie contended, a grave danger 
to the industry which, in addition, ‘would be unable, on 
account of the low wages and poor prospects, to recruit 
apprentices in sufficient numbers to take their places. 


Responsible Ministers of the Crown and leaders of 
industry had appealed in various parts of the country 
for peace in industry and co-operation between Capital 
and Labour. An essential condition to peace and 
co-operation in industry was, Mr. Brownlie declared, a 
contented body of workers, and a contented body of 
workers in engineering was an impossibility with time 
rates so low as they were compared with those paid in 
other trades. He appealed to the employers in their 
own interest and in the interests of the industry and the 
workers to meet the unions half way with a reasonable 
offer of an increase. Sir Allan Smith, replying for the 
employers, complimented Mr. Brownlie on the reason- 
able way in which he had put forward the proposals of 
the unions. He had kept his arguments on a very high 
plane, and avoided bitter controversy and unnecessary 
details. The unions would appreciate the fact that the 
employers required time to consider the representations 
made and, also, in accordance with the constitution of 
their Federation, to consult their local. associations. 
The conference was accordingly adjourned until May 19. 


Mr. Findlay, the general secretary of the United 
Patternmakers’ Association, states in the organisation’s 
latest monthly report that the number of unemployed 
members at the end of March was 795, as against 
935 at the end of February. There has been a decline 
of 1,000 in four months. ‘‘ We still need a lot more 
work,” he adds, ‘and we hope the improvement 
continues.” The Appeals Court has decided, it 
appears, that a ballot of the members shall be taken for 
or against terminating the national agreement with the 
Engineering and Aliied Employers’ National Federa- 
tion. 


The Minister of Labour states that on April 4, 1927, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain, was 
1,073,800, of whom 874,100 were men, 27,100. boys, 
142,900 women, and 29,700 girls. Of the total number 
733,100 were wholly unemployed, 271,100 temporarily 
stopped, and 69,690 normally in casual employment. 
On March 28, 1927, the number of unemployed persons 
was 1,081,729, of whom 878,268 were men, 26,813 boys, 
147,107 women, and 29,541 girls; and on April 5, 
1926, it was 1,049,786, of whom 818,061 were men, 
26,663 boys, 175,533 women, and 29,529 girls. 


The:five-day working week has been in operation for 
some time at the Ford motor works in Manchester 
and in Rotterdam, According to the official organ 
of. the International Labour Oftice, the Manchester 
management has statec that they are satisfied that, 
with the up-to-date plant employed in the Trafford 





Park factory, they will be able to produce the same 
volume in five days as in the previous longer working | 
period. The District Delegate of the Amalgamated | 
Engineering Union, commenting upon the innovation, | 
stated that he had had opportunities of comparing | 


Ford methods with those of other works, and considered | 


| 
| 


that the workers could easily do just as much in 40 
hours as in 44 hours, as everything was simplified and 
there was no wastage of time or effort. Certain other 


engineering firms (he added) concentrate the 47-hour | 
week in five days, owing to the distances which have | 


of the scheme, the company considered that output 
has been maintained, and an official. of the company 
has stated his opinion that the workers earn as much 
as they previously did on the longer week, and that 
they are more efficient and more effective in team work. 


According to the April issue of the Amalgamated 
Engineering Union’s Monthly Journal, a settlement has 
been reached with the Engineering and Allied Employers 
National Federation on the question of extra pay for 
work on internal-combustion engines. Mr. J. T. 
Brownlie, the president, states that at a meeting 
between the Executive Council and representatives of 
the Tyne, Sunderland, West Hartlepool, Hull, Tees, 
Glasgow, Dumbarton, Greenock, Barrow, and Liverpool 
District Committees, he explained what had taken place 
at various conferences with the employers’ organisation. 
At the most recent of these conferences, the employers 
had submitted the following statement for considera- 
tion :—** The employers, having given careful thought 
to the arguments put forward by the union representa- 
tives, are unable to agree to any extra payment being 
made to men for new work in the shop and on the ship 
on Diesel, semi-Diesel, and other internal-combustion 
engines, with the exception of men called upon to enter 
and work inside totally-enclosed crank cases of main 
propelling engines after the lubricating oil has been 
turned on, and which have not been cleaned down, in 
which case the employers are prepared to recommend 
that the allowance should be 25d. per hour, with a 
minimum of ls. per day. This must be regarded as 
the final offer which the employers are prepared to 
make, and they hope that the Executive Council of 
the Amalgamated Engineering Union will see their way 
to recommend its acceptance.” 


Numerous questions, the president goes on to say, 
were asked and duly answered, and a general discussion 
on ‘the employers’ proposal ensued. Eventually, the 
following resolution was adopted :—** That this con- 
ference, having considered the report of the endeavours 
made by the Executive Council in regard to the unions’ 
claim for extra payment for new work in the shop and 
on the ship on Diesel, semi-Diesel, and other internal- 
combustion engines and the employers’ proposal, agree 
in view of all the circumstances in connection therewith, 
to report to the District Committees concerned and 
recommend acceptance by the Committees of the 
employers’ proposal thereon.’’ Mr. Brownlie adds that 
the proposal has now been accepted by 80 per cent. of 
the Committees concerned. 


Agreement has also been reached on the Oldham 
reference regarding the area to be regarded as London 
for the purpose of the special rates of outworking 
allowances provided for in the agreements existing 
between the union and various provincial associations 
of the Federation. It has been mutually agreed 
that the area covered by *‘ London ”’ for the purpose of 
outworking allowances provided for in agreements 
existing between provincial federated associations and 
trade unions be defined on the basis of 12 miles from 
Charing Cross, subject to the following conditions : 
(1) It shall apply only to provincial agreements where 
* London”’ is specifically or generically referred to; 
(2) it shall apply to all provincial agreements legislating 
for the ** London ”’ area, notwithstanding any previous 
definition thereof ; (3) it shall be applied to the Oldham 
question which gave rise to the discussion ; (4) it shall 
not affect any agreements made between the London 
Association and the trade unions; (5) with the 
exception of the provision contained in (3), the definition 
will take effect 14 days after acceptance. 


In March, the home branch membership of the 
Amalgamated Engineering Union decreased from 
197,431 to 196,184, and the colonial branch membership 
from 26,829 to 26,816. Members on sick benefit 
decreased from 7,737 to 6,422, members on super- 
annuation benefit from 9,549 to 9,526, and members on 
donation benefit from 6,474 to 6,018. The total 
number of unemployed members decreased from 
18,583 to 16,876. Mr. F. A. Smith, a London member, 
has been elected an assistant general secretary, and 
Mr. J. C. Little, Neweastle-on-Tyne, has been re-elected 
organising district delegate for Division No. 7. 


The following resolution on the Trade Disputes and 
Trade Unions Bill has been passed by the Trade Union 
Group in the House of Commons :—* That this 
meeting of the Executive Committee of the Trade 
Union Group in Parliament considers the Trade Unions 
Bill as nothing less than a declaration of class war 
by the Government. We repudiate the right of this 


to be travelled by the workers, but the Ford proposition minority Government to legislate on these lines without 
was better in every way. After two months’ working | a mandate from the electorate. This pernicious 








attempt to suppress the. legitimate rights of the workers 
will generate a spirit of révolt, violent industrial 
hostility and create social mistrust. The Bill would 
rob the workers of rights secured by constitutional 
means over many years of sacrifice and effort. It is 
calculated to prevent the constitutional and peaceful 
progress of the working class and leaves the power of 
lock-out by employers unimpaired and unchallenged, 
The Bill is thus subversive of the rights and liberties 
of the workers, legal and otherwise, and it would 
make the elementary rights of combination farcical, 
and their application futile. We, the Trade Union 
group, pledge ourselves to do all in our power in 
Parliament and in the country to defeat the Bill, and 
call upon all trade unionists to take their part in the 
fight.”’ 

The official amendment of the Liberal Party in 
Parliament is understood to be in these terms :—* That 
this House, while condemning the General Strike of 
1926 as an abuse of trade unionism, believes that the 
admitted uncertainties of trade union law should only 
be considered after they have been elucidated by 
impartial inquiry. At a time when increasing efforts 
are being made to promote the industrial peace which 
is a vital need of the Nation, this House regrets the 
introduction of a Bill which cannot fail to hamper those 
efforts, while it will divert the time and the attention 
of Parliament from urgent measures of public economy 
and social reform.” 


It is understood that Mr. Dixy, M.P., Lieut.-Colonel 
McInnes Shaw, M.P., Dr. Watts, M.P., and Mr. Hilton, 
M.P., propose, after the second reading, to move as an 
instruction to the committee on the Bill that they have 
power to ensure that in any legislation affecting the 
rights of organised workers, care should be taken that 
such legislation equally applies to organised employers. 


The Paris correspondent of the Daily Telegraph 
states that unemployment in France is still diminishing. 
In the week ended April 2, the number fell from 75,159 
to 70,381. The decrease is said to be largely due 
to the fact that foreign workers have been leaving the 
country lately at the rate of 2,040 per week, as against 
the previous average of 960, while the weekly arrivals 
have numbered only about 38, against an average of 
3,700 per week during the past seven years. Since 
January 1, only 2,030 workers have entered France, 
while 24,043 have left. 


| A report on the subject of trade union structure and 
policy which is to be presented to the annual conference 
this week-end of the Independent Labour Party, states 
that there is no single line of advance in trade union 
organisation, but if the workers are to demand a voice 
in the control of industry, and to be the dynamic force 
in transforming it from private to public ownership, 
there must be evolved a method of grouping on the basis 
of industry. The new industrial movement must 
develop from the existing forms and methods, having 
due regard for the traditions of the movement and the 
facts of historic growth. Economic forces ultimately 
may compel reorganisation on the lines of one central 
industrial authority, with semi-autonomous groups. 
The central authority would be responsible for general 
policy and co-ordination, and the groups would be free 
to deal with those questions specifically affecting them, 
subject to the over-riding authority of the central body 
when action taken by one group affected members of 
other groups. 

The present tendency to amalgamation should, the 
report goes on to say, be welcomed and developed in all 
its phases, but in all cases there should be adequate and 
effective provision for representation of separate groups, 
and organisation should be so designed that the workers 
in any defined section could co-operate in a policy of 
increasing participation in the government of industry. 
There is a great need also for an effective transfer 
system (already developed by some general unions) 
which will facilitate the change over of workers from 
one industry to another without their being penalised 
in the process. Workshop committees can render 
invaluable service to trade unionism. They should be 
definitely recognised by the trade unions, made a part 
of the union machinery, and be responsible to the —_ 
Their functions and powers should be clearly define ’ 
and the dangers of misunderstanding and friction 
removed. 





TRIAL TRIP OF THE M.S. “* LaLaNpIA.”—On Saturday, 
April 2, successful trials were carried out of the } 
Lalandia, the latest addition to the East Asiatic = 
pany of Copenhagen’s fleet of motorships, and Roe wi 
has been built at the Nakskov Shipyard, Naks 2 
Denmark. Ashort description of the vessel will be % 
on page 433 ante, given on the occasion of her launch. 
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ROLLER BEARINGS FOR ROLLING | of interest to give a brief account of the work and to| than is possible with a ball bearing and the rollers, 


MILLS. indicate some of the results obtained. although accurately guided in the grooves in the inner 


To ascertain the magnitude and duration of the| race, are free to run on any portion of the spherical 
Since a large proportion of the power required for | bearing loads, experiments were made on a 9-in. wire- | surface of the outer race, so that the well-known self- 


driving rolling mills is absorbed in bearing friction, rolling mill in the Company’s steelworks at Hofors | aligning feature of the firm’s ball bearings is retained. 
there is a strong inducement to employ every practicable Bruk, in Sweden. It was found, when rolling 5-4 mm. | 
means of reducing this as far as possible. Ball and roller | diameter wire in 14 passes from ? in. square bars of 0-8 | 
bearings, of course, form one of the most convenient | carbon steel, that the maximum bearing loads in the first | 
and satisfactory methods of reducing bearing friction, pass amounted to about 10 tons and were applied for | 


Fig.1. ine al — —— om 
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Fie. 2. 9-In. THREE-HicH StanD FOR 
“FNGINEERING” 
FINtsHine Mitt. 

















Fie. 3. Fia. 4, 


Figs. 3 ann 4, 22-In. Two-Hicu Sranp ror Bioomine Mitt, 
but their application to rolling-mill practice presents | periods of about 5 seconds. In the final pass, the loads} __As alread y mentioned, a difficulty arises in designing 
Several difficulties owing to the heavy loads and severe were of the order of 41 tons and were applied for about | a roller bearing for a ro!ling mill, owing to the limited 
shocks imposed on the bearings in service, the limited | 40 seconds. The thrust pressure was also measured | space available. The outer diameter of the bearing 
Space available for fitting them, the necessity for | and found to range from 8 per cent. to 15 per cent. of | cannot, of course, exceed that of the roll, and the neck on 
Providing means to enable the rolls to be easily and | the radial load when an oval section entered a square | which the bearing is fitted must be as large as possible 
rapa ly changed and adjusted, and the need for pro-| groove. From the data provided by @ careful analysis | to withstand the heavy stresses imposed uponZit. It 
vecting the bearings from the entrance of water and of the numerous measurements made, roller bearings | would be possible, in some cases, to increase the length 
Seale, With a view to overcoming these difficulties and | were designed and fitted to the mill, the bearings used | of the neck, but it is generally desirable to employ 
producing reliable and efficient bearing for rolling- having two rows of barrel-shaped rollers running in| existing stands and rolls with as few alterations as 
= work, the Skefko Ball Bearing Company, Limited, suitably-shaped grooves formed in the inner race and on | possible. The 9-in, mill, above referred to, was of the 
ent nton. have been carrying out investigations |a plain spherical surface formed on the outer race. | three-high type, and the arrangement finally adopted 

ing over several years, and it may, therefore, be | With this arrangement, a larger contact area is obtained employed two of the roller bearings of the type 
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described above, placed side by side and close together 
on each of the roll necks, to take the radial load only. 
The thrust load was taken on separate roller bearings, 
one of which was provided for each roll mounted on a 
sleeve outside the housings and between the couplings. 
It will be obvious that the use of two bearings on each 
roll neck rendered necessary the provision of some 
device to ensure the distribution of the load equally 
between them, and, for this reason, the load was applied 
through rounded knife edges resting in grooved blocks 
of hardened steel, fitted into the bearing housings. 
The latter were thus free to rock about the knife edges, 
and were also permitted a certain amount of end play, 
the backs of the knife edges being rounded and making 
contact with flat hardened steel blocks in the mill 
housings. The type of bearings used, and the method 


if the lubricant is supplied at intervals sufficiently 
frequent to prevent the proportion of water present 
from becoming too high no trouble is experienced. 

In addition to the wire-rolling mill, above mentioned, 
there are, in operation at the Hofors works, two three- 
high stands and a pinion housing for a 17-in. roughing 
mill, all of which are fitted with roller bearings. This 
roughing mill, with SKF roller bearings was _ built 
in Czecho-Slovakia. It works in conjunction with 
the 9-in. wire-rolling mill, and is used for rolling 
3}-in. square billets into }-in. bars in nine passes. 
The rolling pressure has been found, by measurement, 
to amount to 30 or 40 tons. In connection with this 
mill, a flywheel, 15 ft. in diameter and weighing 30 tons, 
is employed, and it has been found that the wheel, 





which is also mounted on roller bearings, can be 











6. 








for the lateral adjustment of the rolls, which is similar 
to the arrangement described above. The method of 
lengthening the roll necks and of securing the bearings 
is illustrated by the sectional drawings reproduced 
in Figs. 6 and 8; in Fig. 8 a thrust bearing is shown 
as well as those for the radial load. The bearings are 
secured either by means of studs or by a cotter pin driven 
through the neck and held in position by a pin, while 
the extension of the neck is formed with two flat 
surfaces slightly inclined to each other, as is most 
clearly shown in Fig. 7. On these is mounted a univer. 
sal joint designed so that it can be easily assembled 
and dismantled. The part of the coupling nearest 
to the neck extension is in the form of a fork 1, open 
at one end and having cylindrical studs or trunnions, 2, 
on the sides, while on each trunnion a bronze pad 3, 
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Fig. 5. 14-In. Tareg-Hien Stanp ror Mepium- MILL. sn sr 
| (4a 
of applying the load, are illustrated in Figs. 6 and 8, | started from rest by the foot 


on this page, but these iilustrations will be referred to 
in greater detail later. 

The provision of the external thrust bearings, above 
referred to, rendered necessary a slight reduction in 
the diameter of the couplings and coupling spindles, 
and this, at first, resulted in undue wear on these 
parts. The trouble was, however, removed by harden- 
ing the couplings and fitting them closely on to the 
necks, the spindles being also hardened and the coup- 
lings water cooled. Fig. 1 shows a plan of the 
housings at the thrust bearing end of the roll, and 
the thrust bearing housing can also be seen at the 
end of the middle roll in Fig. 2. There are two 
similar bearings at the other ends of the top and 
bottom rolls, but these are hidden by the mill 
housing in the illustration. 
in which the lateral adjustment of the roll is 
effected. It will be seen that the housing of the 
outer bearing is secured by two bolts, each fitted 
with a ball and socket device, one of the bolts fitting 
into a fixed T slot, aid the other being screwed into 
a tapped hole so that it can be adjusted in an axial 
direction. The arrangement is shown in position on 
the stands illustrated in Figs. 3 and 5 





|on the top sides of the bars being rolled, and are 


| 


Fig. 1 shows the manner | 


| 


| fitted to a roller-bearing finishing stand in the blooming 


The 9-in. three-high stand illustrated in Fig. 2, | 


we are informed, has been in service at the Hofors 
steel works since March, 1925. It should be noted 


here that the fixed tops, with which the housings were | 


previously fitted, have been removed, the tops now 
being secured to the housings by stirrups which can 
be swung down to enable the tops. and then the rolls, 
to be removed. Some trouble was at first experienced 


| application of a 15-lb. weight 


| to the periphery. One man, 


we understand, can easily 
put the whole mill in motion by pulling on the rim of | 
the flywheel. An interesting point has been brought 
to light in the operation of the mill in relation to the 
production of rolling marks on the work. These occur 


caused by shocks in the couplings. They are usually 
avoided, when plain bearings are employed, by adjusting 
the bearings to produce a sufficiently powerful braking 
effect to prevent the play in the couplings. This 
cannot, of course, be done with roller bearings, so that, 
in the 17-in. mill, brakes were mounted on the roll 
necks at the free end of the mill, as a temporary 
measure. It was obviously undesirable, however, to 
reduce friction in the bearings and introduce it arti- 
ficially elsewhere, and consequently endeavours were 
made to design a form of coupling in which backlash 
was avoided. The coupling eventually produced was 


mill, where the complete rolling of round chrome steel 
from 3$ in. to 4? in. in diameter is carried out. The 
rolls of this mill, which is illustrated in Figs. 3 and 
4, are 22 in. in diameter, and the coupling can be seen 
in the foreground of Fig. 3. The coupling is in the form 
of a universal joint, and provision is made to permit 
adjustment for wear. Excellent results were obtained 
with this coupling without any form of braking. 

Since the above-mentioned applications of roller 
bearings to rolling mills were made, a simple and 





| effective method of increasing the length of the roll | 


by the access of water to the bearings, but the difi- | 
culty was overcome by lubricating them witha mixture | 
of ball-bearing grease and cutting oil in equal parts. | 
The latter is capable of forming a non-corrosive emul- 

sion with any water which may enter the bearings, and j 





necks has been devised, so that the bearings can now | 
be made of the same size and the thrust bearings can | 
all be placed on the same side of the housing, as shown | 
in Fig. 5. This illustration represents a new 14-in. | 
three-high stand, and also shows the provision made | 
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is fitted. On the outer faces of these pads, a_flange 4, 
is formed, and this fits into a groove cut in the coupling 
head 5. The coupling is disengaged from the neck 
extension by giving a quarter turn to the washer 6, 
which is normally locked in position by means of a flat 
spring. The sliding surfaces are well lubricated, and 
no cooling is necessary. Other advantages claimed for 
it, are that the roll neck does not wear, that a very 
uniform and steady rotation of the rolls is obtained, 
and that it takes up less space than the usual form of 
coupling. ee 
Since the 17-in. roughing mill and the 9 in. finishing 
mill were equipped with roller bearings, careful 
measurements of power consumption have been ro 
for comparison with the results previously obtaine¢ 
with plain bearings. It should be noted, however, 
that while the stands of the finishing mill have been 


| fitted with roller bearings, the pinion housings of this 


mill have not, so far, been equipped with bearings of 
this type. The roughing mill is driven by a 220 ~s 
motor, running at 100 r.p.m., and the finishing m! 
by a 750h.p. motor at 485r.p.m. Running i. 
the average power consumption of the roughing mi! 
was found to be about 30 kw. with plain bearings, 
and about 13-5 kw. with roller bearings, the power 
saving thus amounting to 55 per cent. The “_ 
sponding figures for the finishing mill were :—Aveé - 
consumption with plain bearings. 70 kw., and wi 
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roller bearings 24-6 kw., the saving, in this case, There are two other reeling mills in the works, both 
amounting to 65 per cent. The results obtained in the used for the hot reeling of round chromium-steel bars 
roughing mill when rolling 33-in. square billets of from | in. to 3 in. in diameter. These two mills are 
steel containing 1-15 per cent. carbon, 0-35 per cent. shown in Fig. 9, and that in the foreground has been 
chromium, and 0-30 per cent. manganese into bars fitted with roller bearings. One of the rolls and the 
of 3-in. square section in 9 passes, showed a saving | bearings for it are illustrated separately in Fig. 10. 
in power consumption of 39-4 per cent., due to the| The rolls of both mills were originally provided with 
use of roller bearings, while in the production, in the high flanges, which can be distinguished on the mill in 
finishing mill, of wire 5-4 mm. in diameter from }-in. the background of Fig. 9. Instead of fixed guides 
square ‘bars of the same material in 14 passes, the|for the material, rotating supporting rolls were used, 
saving effected was 40-8 percent. It should be pointed | and these were provided with flanges fitting in the gaps 
out, however, that the motors, which were designed to between the flanges of the main rolls. Owing to the 
operate the mills with plain bearings, were rather limited space available with this arrangement, roller 
lightly loaded when the roller bearings were fitted.| bearings could not be fitted, but one of the mills, 
Smaller motors could have been employed with the | that shown in the foreground of Fig. 9, was reconstructed 
latter and a still greater economy obtained. Another | and fitted with solid rolls, fixed guide rails and roller 
important point in favour of roller bearings for rolling | bearings. The reconstructed mill was set to work 
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Fig. 10. Roitt AND Brartineas oF Hot-REELING MILL. 





mills is that their use eliminates bearing wear, so that | early last year and has since given entirely satisfactory 
the rolls, having once been correctly adjusted, maintain | results. It has also enabled an accurate comparison 
their exact positions for very long periods. It is thus | to be made between the power consumptions of the 
possible to obtain a high degree of accuracy in the | two mills, both of which are engaged on similar work. 
product in conjunction with a larger output, since the | Working on bars of 28-5 mm. diameter, and giving a 
time occupied in adjusting plain bearings is saved. |reduction in diameter of 0-10 mm., the average 
There are, of course, many other applications for | power consumption with the plain-bearing mill was 
ball and roller bearings in steel works, and one which|found to be 8-1 kw., while that of the roller- 
may be mentioned is for the rolls of reeling mills. | bearing mill was 3-8 kw., the difference in power 
These are used for straightening round bars or rods, |amounting to 53 per cent. On larger bars, 50 mm. 
which are passed between a pair of slightly-tapered |in diameter, and with the same reduction, 20 kw. 
tolls in a direction parallel with the axes. Since the | was used in the plain-bearing mill, while the power 
final dimensions of the bar are determined by the | consumption of the roller-bearing mill was only 7-8 
position of the rolls, it will be obvious that this must | kw., so that the saving, in this case, was 61 per cent. 
be kept constant, and that the spherical roller bearings, | The figures quoted are average values obtained over 
above referred to, are particularly advantageous in|a long working period, and would have been still 
this respect. This particular application presents | further improved, in the case of the roller-bearing mill, 
less difficulties than are encountered in the application | if the pinion stand of this milk had also been equipped 
of roller bearings to rolling mills, since the loads to | with roller bearings. Actually, the pinion stands of 
be dealt with in hot reeling are less than in rolling, | both mills were of the plain-bearing type. A conside- 
and no provision for lateral adjustment is required. | rable improvement in the accuracy of the work done 
The end thrust is also less, so that one roller bearing on| by the roller-bearing mill has been noted since its 
each journal is sufficient. At present, two reeling | reconstruction. 

mills at the Hofors works have been fitted with roller | 
arings, one being used for the hot reeling of chromium | THE Grain TRADE OF MonTREAL.—Figures published 
steel tubes ranging from 3 in. to 6 in. diameter exter- | recently by the Canadian Government Bureau of Informa- 
nally. The rolls are 15} in. in diameter and run at | tion in London, show that Montreal continues to be the 
60 r.p.m., being driven by a 40 h.p. motor. The | Principal grain-exporting port of the American Continent. 
material is passed into and delivered from the mill During 1926, 135 million bushels of grain were shipped 
over short roller beds, and the roll f th beds. it | from Montreal. Exports from New York totalled 
» an € rollers 0 ese beds, 1 | 75,645,000 bushels ; from Galveston, 31,203,000 bushels ; 


may be ment} . : 
nay be mentioned, run on ball bearings. and from Baltimore, 20,314,000 bushels. 








CHARACTERISTIC ENERGY DIAGRAM 
FOR AN OIL ENGINE ; MARINE OIL 
ENGINE TRIALS.* 

By Prorsssor W. E. Darsy, F.R.S. 
(Concluded from page 417.) 


The Relation Between Total w and Fuel Consumption. 
—The Mixture.—Let T be the external torque applied 
by the brake. Then from (2) (page 417 ante), 


LwwP. = Ms = ET 98 2 (EF 8) porn (4) (11) 


5,250 5,250 x k 
from which, for the Sycamore, 
(T WS t) w 


Sai Ae (12) 

1,764,000 
which shows that when the sum of the brake torque 
and the friction torque is constant the mixture is 
constant, For example, if T = 20,000, and ¢ 15,000, 
w = 252 when f= 5. Allowing 7 per cent. for blast 
air, the total air = 269 lb. per minute, and the mixture 
is 54 to l. 

Stable Running—When a load is applied to an 
engine, and fuel oil fed to the cylinder at constant rate 
f 1b. per minute, the speed will increase until the rate 
at which work is obtained from the fuel is equal to 
the work done against the total resistances. The rate 
at which work is obtained from the fuel is equal to 
the indicated horse-power, and quite generally 

LH.P. = oi f 

where ¢ is a variable parameter independent of torque 
and speed. The work done against the total resistances 
is 

(T+ t)n 

5,250 

If, when equality has been established and a stable 
speed of running attained, a change in the external 
torque T is made, then a compensating change must 
be made in #, the frictional torque, to maintain the 
condition of equality, with f constant. Again, 


= gi f = I.H.P. 


Tn 
ee, ae — c= B.H.P. 
5250 *I—° 
Therefore 
vs tn 
(1 — be) f + 5,250 
giving 


5,250 {(o1 — $2) f + ¢} 
t 

If ¢ is constant over a range of speed, then there is one 
speed, and one speed only, at which equality can be 
established. If ¢ is a function of the torque T, the 
function must be determined, and this new condition 
will give a value of » proper to each value of ¢, for a 
given value of /f. 

The Determination of the Indicated Horse-power from 
the Brake Horse-power and Oil Consumption.—Failing 
direct measurement of the indicated horse-power, it 
may be found from the brake horse-power curve with 
a considerable degree of accuracy. The following 
investigation is based upon two assumptions :—(1) That 
the frictional torque, ¢, is constant over the range of 
fuel consumption within which the brake horse-power- 
fuel curve is approximately a straight line; (2) That 
over this range the indicated horse-power is a linear 
function of the fuel oil fed to the engine per minute. 

Let f be the fuel oil fed to the engine per minute ; 
M the slope of the indicated horse-power-fuel line over 
the range; m the slope of the brake horse-power-fuel 
line over the range; C and c¢ constants. Then the 
assumptions give :— 

Ie «ase... .. +i 

BEP.amf+e. . « @ 
Then subtracting and denoting a particular experiment 
by a subscript :— 


rx= 











125i —- RE =~ 47 = w+ C= 0+ SS mw 
5,250 

LH.P.o — B.H.P.2 = fp (M — m) + C — c= —22 (4 

2 2 = fe ( m) 5350 (4) 


Each equation represents the horse-power lost in 
friction. Eliminating ¢ from these equations and putting 
nm 

n2 

Mm = ™i—rh)+e(l—r)—-C(I—7F) ¢5) 

i-th 

The data from which the brake horse-power-fuel curve 
is plotted give arithmetical values to all the quantities 
on the right side of (5) except C. With an additional 
relation between M and C, such, for example, that the 
indicated horse-power has a definite value for a parti- 
cular value of f, or that C is zero, M and C can be 
found. By way of example, use the data furnished by 
the Sycamore. The brake horse-power-fuel curve is 
practically straight up to f = 7 lb. per minute. Two 
experiments are to be selected within this range, and 
from them values of f,, 7,, and f,, n, assigned and 
m and c determined. Take C = 0. Then the plotted 








* Paper read at a meeting of the Institution of Naval 





Architects, April 7, 1927. Abridged. 
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line of brake horse-power-fuel up to f=7 gives— 
m = 147-8, c= — 100. Also when n, = 105-2, fi = 
6-088, and when n, = 60, f. = 1-780, andr =105- 2/60 
= 1-755. Inserting these values in (5) gives M = 173. 
and, therefore, over the range 
LEP. = 173 f (6) 

Referring to Fig. 3 (page 415, ante), it will be found that 
the line actually drawn amongst the indicated horse- 
power experimental dots is represented by this equation. 
The reciprocal of M multiplied by 60 gives the fuel 
per indicated horse-power-hour. Thus 

Fuel per I.H.P.-hour = bot = 0-347 lb. over the range. 
These results must not be confused with the figures 
given in Fig. 23 of the Report, figures calculated from 
the actual experiments. But the results are well within 
the range of the actual figures found, and show that the 
method is useful when direct experiments on indicated 
horse-power are not available, or when the experiments 
are doubtful. When the brake horse-power-fuel curve 
bends away from the straight line, a series of straight 
elements may be substituted for the curve. Then 


| 
position of the Still brake horse-power curve. The | Taste XXII.—The Adjusted Mechanical Efficiencies of 
utilisation of the heat from the products to raise steam the engines Developed in the A Trials. (For the 
and drive the pistons from below places this Still} Mechanical Efficiencies from the Measured I.H.P. and 


engine in a class of its own. It increases the output) BHP. 208 ig. 10.) 











for a given oil input. At the same time the arrange- | | rom af 
ment allows the engine to be run as a steam engine for; = __ |Sycamore| Dolius, | preden — Cape York 
manceuvring, and even for driving the ship at a slow | | 4-stroke. | 2-stroke. | 9 stroke, | 2-stroke. | 4:3troke. 
speed in case of emergency, by burning oil in the boiler, | 
and so raising steam independently of the internal- | Z | a 
combustion side. | t net a4 4 a a 41 
C ‘ 5 

Compare now the curves from the Fullagar and the | } load _ ..| 74 91 92 87 = 

Boxford engines. Both engines work on the two-|Fullload | 83 94 92 | 91 71 











stroke cycle. Both have opposed pistons. The Fullagar | 
uses air injection and the Doxford solid injection. Butj| 1.H.P. measured in the Sycamore, reduced by the compressor 
there is nothing to choose between the results. On the | )-P., Table 134, of the Committee’s Report. wo 
whole. both give equal outputs of power for equal| I.H.P. measured in the Dolius, reduced by electrical input to 
' ’ mn gs a! puts oF p q steam valve pump, to rotary scavenge blower, and by ih. 
inputs of oil. The Fullagar has a slight advantage over 





developed from steam, Table 23 and Table 10, of the Committee's 
the Doxford at the higher powers, and the Doxford has | Report. 

eee pee “a . | I.H.P. measured in the Pacific Trader, reduced by scavenge 
a slight advantage over the Fullagar at the i pump h.p., Table 11, of the Committee’s Report. enge 
powers. Both show in the main to better advantage | 1.H.P. measured in the British Aviator, reduced by air com- 
than the four-stroke engines in the Cape York and 


pressors and scavenge pump h.p., Table 14, of the Committee's 
Sycamore. The Cape York line falls in a mean position | I.H.P. measured in the Cape York, reduced by the air compressor 





| h.p., Table 10, of the Committee’s Report. 


| Report 
between the other lines, but at first follows along the 
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values of mand c corresponding to each straight element 
may be found from the plot, and equation (5) applied 
to[find the corresponding element of the indicated horse- 
power curve. The condition between M and C for this 
last element of the indicated horse-power curve is 
supplied by the co-ordinates of the last point on the 
last indicated horse-power element determined. 

{In the paper, the characteristic energy diagram is 
worked out and plotted for the four other vessels 
forming the subject of investigation by the Committee, 
but we are obliged to omit these owing to limitations 
of space.—Eb. E.] 

Part JIJ.—Comparison oF RESULTS. 

Comparison of Brake Horse-power Curves.—The input 
costing money is the fuel oil. The output is the work 
done on the propeller shaft, or what is comparable, the 
brake horse-power of the shore trials. I have plotted 
the brake horse-power curves against oil per minute in 
Fig. 9. The Still engine in the Dolius gives the biggest 
return in power for oil input. The dotted line near the 
full line for the Dolius has been plotted from an oil 
input artificially increased to allow for the power input 
to work the steam-distributing valves of the engine 
and to allow for the power supplied to the rotary blower. 


TaBLe XXI.—un.s. Dolius. Adjustment of f to Allow 
for Input to work Valves and Rotary Blower. 





| 








| 
Power | | | | 
_| Input | | 
Expert Tp" | Oil ver | out per | ou per| |» 
Number Valves Hour. | Hour. | Minute. | : a a 
and | j | 
Blower.| | } 
hp. | Ib. Ib Ib. | 
Al2. 27 | 0-321 | 8-66 0-144 | 1-328 | 1-472 
‘A 3. 36 | 0-325 | 11-7 0-195 | 3-035 | 3-230 
2. 51 | 0-326 | 16-6 0-277 | 4-885 | 5-162 
Al0. 59 | 0-322 | 19-0 0-316 | 7-460 | 7-776 








f = oil per minute from Table 12 of the Committee’s Report. 
fi =f + the estimated amount required for valves and blower, 
column 5 above. 


Table XXI shows how the adjustment has been made. | neglected in a general review of the combustion | 1,023,720 lb.-calories. 
This correction does not materially alter the relative | process. 


| composed of fuel molecules of the form C,H). 


COMPARISON OF PRESSURES. 
CAPE 


| line of the Doxford engine. In making this comparison, | 
A 
YORK. 


however, it must not be forgotten that the four-stroke 
| engines are small in comparison with the two-stroke 
engines tested. The comparison shows that, except | 
for the Still engine, the selection of a type of oil engine 
| will probably turn on other points of comparison | 
than power output, because in this respect there is so 
| little to choose between them. 

Mechanical Efficiency.—The term mechanical | 
efficiency usually implies the ratio between the rate 
at which the crankshaft does work on the external | 

|load, viz., the brake horse-power, and the rate at | 
| which work is done in the cylinder, viz., the indi- | 
cated horse-power. The difference between these | 
| two rates is then the rate of working against the engine 

' friction. ; 

| In the trials under review, the difference between 
| the indicated horse-power and the brake horse-power 
includes work done against various internal organs 

| necessary to the working of the engine, such as scavenge 

| pumps, compressor pumps, and the like. To get some 
idea of the engine friction apart from these organs, the 
power they absorb should be subtracted from the 

| indicated horse-power and then the mechanical efficiency 
reckoned as the ratio between the brake horse-power | 
and this reduced indicated horse-power. In Table | 

| XXII there have been brought together the mechanical | 
efficiencies of the A trials, adjusted as far as possible to | ,. : : z 
meet these conditions. A ina at these aia will | — equation and to deduce theoretical —_ 
show the remarkable efficiencies achieved by the two- | * erefrom. The equation for the — _— cae 

| stroke engines. The efficiency of the Cape York is, | assuming the molecular constitution r — 
however, probably higher. neglecting the fractional molecules N», O2, Sz, is :— 

° ‘ 1 | CrHye +- 10 Og + 37-6 No = 7 COg + 6 H2O + 37:6 N2 

Combustion.—A glance at the fuels used in the trials | i . 
shows that the oils contain about 84 per cent. of carbon | Thus a mixture of 49 molecules explodes to a mixture of 
and 12 per cent. of hydrogen. This is equivalent | 51 molecules. 

| The Lower Calorific Value of the Fuel.—The lower 
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to a 7 molecules of carbon and - molecules of | calorific value of 1 molecule of C is 96,960 lb.-calories. 
a 3 Therefore the lower calorific value of 7 molecules is 
hydrogen. Indeed, the oils may be thought of as | 678,720 lb.-calories. The lower calorific value of l 
The | molecule of H, is 57,500. Therefore the lower calorific 


impurities shown in the respective analyses amount to | value of 6 molecules is 345,000 Ib.-calories. Therefore 
less than ,, of a molecule, and may therefore be | the lower calorific value per molecule of the fuel oil is 
bustion equation shows that 


We may now go on to construct the combus-| Air Supply.—The com 
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it requires 10 molecules of oxygen to burn a molecule 
of the fuel, so that each individual molecule of oxygen 
which loses its identity in the combustion proces; 
produces on the average 102,372 Ib.-calories of heat 
energy in the mixture. This is about 2 per cent. above 
100,000 Ib.-calories (180,000 B.Th.U.). Thus if we 
could count the oxygen molecules drawn into the 
cylinder, this number multiplied by 100,000 would 
not differ greatly from the heat produced per molecule 
of oxygen properly used, whatever fuel it was. The | 
air required is 47-6 molecules per molecule of oil = | 
1,370 Ib. 

Comparison of Theoretical Air and Calorific Values.— 
The weight of the fuel molecule, C7H,,, is 7 x 12 + 12 
- 96 lb. Therefore lower calorific value per lb. = 
10,666 (19,200 B.Th.U.), higher calorific value per Jb. 
= 11,780 (21,000 B.Th.U.); air per lb. of fuel, 1,370/96 
= 14:25 lb. These theoretical values may be com- 
pared with the actual values given in the reports. If 
































The Power-Weight Ratios, compared in Table XXV- 
—Line I shows the total weights of the main engines 
and auxiliaries, including spare propeller and tail end 
shaft. The other items, water in reserve tanks, &c., 
are excluded because of their possible variability. 


TaBLe XXV.—-Comparison of Power-Weight Ratios. 











es l l l 
Syca- | ... | Pacific | British | Cape 
| more. | Dolius. Trader. Aviator. York. 
| ' 
DASE ie a | 
Weight, tons ..| 822 | 668 | 665 | 705 | 561 
B.H.P., full, A | 1,188 | 1,271 2,910 2,760 | 1,018 
B.H.P., prrton; 1:45 | 1-9 4-4 3-78 | 1:8 








The Power-Volume Ratios, compared in Table 
XXVI.—Line 1 shows the volume provided per 
cylinder. Line 3 shows the total displacement volume. 

Thermal and Mechanical Efficiencies—The thermal 
efficiencies for all the trials, both on the indicated 























Ratio a 


| horse ver and brake horse er basis are given in 
Syca- | ,. | Pacific | British | Cape | 2OFSe-power a horse-power Dasis are given 1 
= oe ] Dolius. Trader. | Aviator. | York. the reports. Table XXVII shows the thermal 
roe ‘ efficiencies calculated by the Committee for the ful!-load 
; | | | | A trials. These trials were run for about double the 
Ce colony 19,320 | 19,540 | 18,250 | 19,120 | 19.199 | Period of the B or the C trials, and are therefore more 
Air/lb. .. ..{ 18-9 | 14:5 | 13-55 | 14-06 | 14-37 suitable for a comparison of thermal efficiencies. 
Pak eck Pol | Comparison of Pressures—The Reports of the Com- 
TABLE XXIIJT.—THeRMAL VALUE or A CuBIc Foot or CYLINDER VOLUME. 
— are 
j Nl 
i Se ai , | Pacific | British | a yo 
| Sycamore. | Dolius. | Trader. | Aviator. Cape York. 
| | 
Probable density of air at beginning of compression + 0:0625 | 0:07 0:07 | 0:07 | 0-625 
a? - (57)D | | | 
: <s 7 | 4 a | 49 | 4 4 
Limiting Ib.-calory/cubic ft 6-0808 44 49 9 4 
TABLE XXIV.—THERMAL VALUE ACHIEVED IN THE ENGINES. 
2 a 
| Sycamore. Dolius. | Pacific Trader. | British Aviator.| Cape York. 
ws { 
Heat in fuel supplied per minute, ]b.-calory 96,100 -6 | 80,650-0 | 204,800-0 | 196,000-0 76,250-0 
suction displacement per minute, cubic ft. 38,150-0 3,160-0 | 6,990°0 | 7,650-0 3,279-0 
Lb.-calory/cubic ft. ae “¢ my 25-2 | 25-5 | 29-2 | 25°6 23-25 
ge va 0:57 0-52 | 0-6 | 0-52 0-5 
| | 





we take as a useful and convenient approximation that 
each molecule of oxygen used produces 100,000 Ib.- 
calories, then since 1 molecule of the fuel requires 10 
molecules of oxygen, the calorific value per molecule 
would be reckoned at 1,000,000. This gives per lb. 
1,000,000/96 = 10,400 Ib.-calories, lower value, corre- 
sponding to 11,000 lb.-calories, gross value (19,800 
B.Th.U.). Comparing this result with the values 
actually measured and given in the small table 
above, it is clear that 100,000 Ib.-calories, lower value, 
per molecule of oxygen utilised to produce CO, and 
H,0, is a useful approximation for any oil when making 
general calculations. 

Heat Energy of the Mixture and of the Products.— 
The heat energy per molecule of mixture, taking 
1,000,000 Ib.-calories as the lower calorific value per 
molecule of the fuel, is 1,000,000/49 = 20,400 Ib.- 
calories, lower value. The heat energy per molecule 
of products is similarly 1,000,000/51 = 19,600 Ib.- 
calories, lower value. Now the volume of a molecule 
of the mixture at N.T.P., is 358 cub. ft. Therefore 
the heat energy per cubic foot of mixture is :— 

20,400/358 = 57 lb. calories per cub. ft. 
and the cubic foot of the products :— 
19,600/359 = 55 lb. calories per cub. ft. 

This concentration of possible heat energy in a cubic 
foot of the mixture marks an upper limit. If fuel 
corresponding to more heat energy is packed into the 
cubic foot, then not enough oxygen can be packed in to 
consume it. If fuel corresponding to less energy is 
packed in, then there are more oxygen molecules than 
can be used. The mixture is about 14 of air to 
1 of fuel oil. The comparison made above with the 
actual fuel oils shows, therefore, that in general for an 
internal-combustion engine 1 Ib. of oil requires 14 lb. 
of air, and a mixture of 57 Ib.-calories per cubic foot 
(90 B.Th.U.) is a maximum and can only be usefully 
exceeded by super-compression, so that more oxygen 
molecules are packed into the space. Even this 
standard is impossible in practice, because the suction 
temperature is higher than 0 deg. C. and the suction 
pressure slightly lower or slightly higher than atmo- 
spheric, according to the type of engine. The standard 
of comparison for mixture strength is adjusted to the 
probable air densities determined in the first part as 
shown in Table XXIII. These figures alone show how 
the thermal value of a cubic foot of cylinder volume 
is reduced as the suction temperature increases. The 
actual thermal packing may be compared with these 
figures from the figures given in the reports, and by 
using the estimated air densities at the beginning of 
compression given above (see Table X XIV). 





TaBLeE XXVI.—Comparison of Power-Volume Ratios 




















| | 
| Syca- | Pacific | British | Cape 
| more. Dolius. | Trader. | Aviator.| York. 
| | 
Cylinder volume 
cub. ft. ..| 10-396 | 6-48 20 -22 14-56 8-72 
Number of | | 
cylinders...) @ | 4 4 6 6 
Total volume, | | 
cub. ft.  ..| 62-4 | 25-92 | 80-88 | 87-36 | 52-32 
I.H.P., A, full..| 1,527 | 1,290 3,330 3,360 1,530 
I.H.P./cub. ft. | 24°5 | 49-8 41-0 38-5 29-2 
Speed, r.p.m. .. 125 120 87 86 125 
Cub. in./i-h.p. 70 35 42 38 | 29 
| 














TABLE XXVII.—Comparison of Thermal Efficiencies. 


| | | etente | 
Syca- | . . | Pacific | British | Cape 
more. | Dolius. | Trader. | Aviator.| York. 
| } 





| | 
“a . | 
Thermal — effi- | 





ciency oh ee | ew A13 AQ A 10 
B.H.P. basis ..| 0-291 | 0-037 0-335 0-332 0-315 
LH.P. basis ..| 0-375 | 0-405 0-383 0-409 0-48* 
Oil per b.h.p.- | | 

hour, Ib. ..| 0-452 | 0-353 0-416 0-402 0-422 
Oil per ih.p.- | | 

hour, Ib. --| 0-352 0-322 | 0-360 0-325 0-287 











These are plotted in Fig. 10. 
* Probably too high. + This is probably too low. 
See § 19. 

mittee give full particulars in the various tables of the 
terminal pressure, the mean pressure, the compression 
pressure, and the maximum pressure shown by the 
indicator diagrams. These pressures are plotted in a 
comparative table in Fig. 11. Reference may be made 
to the results from the Pacific Trader, which, with a 
low-compression pressure, produced a maximum 
pressure nearly as high as that of a four-stroke engine, 
and a mean pressure not quite so high as the Cape York, 
but higher than the Sycamore; and this low-compres- 
sion pressure is obtained without sacrificing the thermal 
efficiency, because a reference to the table will show that, 
corresponding to the pressures plotted, the efficiency 
was 38 per cent. on an indicated horse-power basis, 
and as high as 33-5 per cent. on a brake horse-power 
basis. In general, however, the diagram shows the 
m2ximum pressure of internal-combustion engines of 
the types reviewed to be roughly about six times the 
mean pressure. ; j 

Efficiency of the Ideal Engine of Comparison. Efficiency 
Ratio.—The Committee in the later trials have decided, 
‘‘ pending a decision from the Committee on Tabulating 


the Results of Heat Engine and Boiler Trials, it is not 
proposed to give a figure for the thermal 
efficiency of the standard of comparison.’’ Further 
discussion of the thermal efficiencies may, therefore, be 
| postponed until the Committee decide what standard 
|of comparison to adopt. It may be remarked that, 
| although the air standard is admittedly too severe, it 
|is difficult to replace it with a standard which has the 
simplicity sufficient to make it of general practical use. 

Amongst the questions which would have to be 
considered are (a) he variable specific heat of the 
;mixture and the products; (6) the dissociation 
| produced at high temperatures; (c) the radiation loss 
| at high temperatures. A great deal of work has been 
done under all these headings. There are the Reports 
of the Internal-Combustion Engine Committee, and, for 
the problem of dissociation, reference may be made to 
a paper by Tizard and Pye in the Report of the Empire 
Motor Fuels Committee. The principles of chemical 
equilibrium, as established by thermodynamics, show 
that there must be dissociation of the products, but 
what the dissociated molecules are is not easy to say. 
Tizard and Pye assume that the molecules found in the 
products are CO, O, and Hy, in addition to CO, and 
H,.O and N,. The combustion equation given above 
would then have the form C,;H,,+ 10 O, + 37:6 
N,=A CO,+B CO+C H,O+D H,+E O, 
+37-6N,. The five coefficients must then be found 
from five simultaneous equations, two of which are 
formed from the ascertained experimental data of 
chemical equilibrium. Knowing these, the heat 
released by combustion and the temperature reached 
by the products can be found, From these a truer 
standard of performance than the air standard can be 
defined. Reference to the University of Illinois Bulletin 
may be made for another method of dealing with the 
| question, the method of Thermodynamic Potentials. 
|The title of the paper is “ An Investigation of the 
Maximum Temperatures and Pressures attainable in 
the Combustion of Gaseous and Liquid Fuels,’ by 
G. Goodenough and Felbeck. Bulletin No. 139. 
Whichever method is used the process is laborious, and 
the calculation of a standard of performance for given 
conditions would take a great deal of time. Reference 
may be made to a paper by Professor David for experi- 
mental data relating to the loss of heat by radiation. 
The title of the paper is ‘‘ Missing Pressure in Gas 
Engines,”’ Proc. Inst. Mech. Eng., No. 5, 1924. It is 
clear, therefore, from the work of the investigators 
quoted that an ideal standard of comparison to replace 
the air standard is beset with many difficulties. I have 
made no comparative investigation of the sea trials. 
And there are many questions which must remain over 
because this paper has already grown to the limiting 
length. 
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MERCHANDISE Marks Acts, 1926.—The Board of 
Trade has received applications for Orders in Council 
to be made requiring indications of origin in the case of 
imported steel plates, rails, joists, angles, channels, 
sectional material of all descriptions ; castings, forgings, 
rounds, squares, flats, hexagons, hoops, hot and cold- 
rolled strip ; wrought-iron bars, hoops, sections, plates, 
and sheets; silk and cotton woven labels; and gold 
and silver leaf. The standing committee, appointed by 
the Board of Trade, will hold an inquiry at 2 p.m., on 
Monday, April 25 next, and on the mornings and after- 
noons of April 26 and 27. Representatives of any interests 
substantially affected, who desire to be heard in opposi- 
tion, should communicate with the secretary of the 
;/ committee, Mr. E. W. Reardon, as soon as possible 
before April 19 next, at the New Public Offices, Great 
George-street, Westminster, London, 8.W.1, where thie 
committee will hold its meetings. 





INSTITUTE OF MARINE ENGINEERS.—The report of the 
council of the Institute of Marine Engineers, which was 
presented at the thirty-eighth annual meeting of the 
Institute, held on March 11 last, showed that on December 
31, 1926, there were 3,025 members on the roll, as com- 
pared with 2,905, on January 31, of the same year. 
During the eleven months comprising the session which 
closed on December 31, last, ten papers were read and 
discussed. The Lloyd’s Register Scholarship for 1926, 
was awarded to Mr. R. T. Gardiner, who is now at 
Armstrong College, Newcastle-on-Tyne. The Institute 
Silver Medal has been awarded by the vote of the Council 
to Mr. A. I. Nicholson, for his paper on “‘ Recent Develop- 
ments in Marine Propelling Machinery,’ read on Sep- 
temper 29, 1925. In order to help on the work of the 
British Engineering Standards Association, a grant of 
501. has been made by the Council to the Association. 
The useful work of the Corrosion Research Committee 
of the Institute of Metals, on which the Institute of Marine 
Engineers is represented, has continued its useful work 
during the session. In connection with the London 
County Council Educational Department Advisory 
Committee, the Poplar School of Engineering and Navi- 
gation has gradually been developed and improved, both 
day and evening classes having been well attended. The 
Heat Engine Trials Committee, Marine Oil Engine Trials 
Committee and Merchant Shipping Advisory Committee, 
on which the Institute is represented, have continued 
their activities. The revenue of the Institute for the eleven 
months ending December 31, 1926, amounted to 5,111/., 
and the expenses to 4,257/., the balance being over 8531. 
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NOTES ON THE DESIGN OF 
COASTERS.* 
By J. DoucLas CALDER. 


THE word “ coasters ’’ embraces, in its widest meaning, 
allJthe many and varied types of vessels which find 
employment in the coasting trade. On the one hand 
the term can be applied to the auxiliary ketches and 
schooners which are so common on the southern and 
western coasts of England, or to the small sea-going 
cargo boats—built to conform to the limits imposed 
by the existing Forth and Clyde Canal—which are to be 
met with principally on the Scottish and Irish coasts. 
On the other hand, the word could be applied with 
equal accuracy to the passenger and cargo vessels of over 
2,000 tons gross, which maintain reguiar services on the 
east coast, or to the slightly smaller ships of similar 
type, which keep up the corresponding services down 
Channel and in the Irish Sea. The smaller vessels are 
—in the case of full-powered boats—better described 
as sea-going barges or lighters, while the larger vessels, 
which are usually of the combined poop and bridge type, 
or of the shelter deck type, are more accurately referred 
to as coasting vessels. In the following notes the term 
* coasters ’’ is employed in a much more limited sense, 
and its use is confined te vessels of the raised quarter- 
deck type, ranging in length from 100 ft. to 210 ft. and 
having the machinery placed aft. It is probable that 
there is no branch of naval architecture in regard to 
which there are less data available than the branch 
which is the subject of these notes. This being the case, 
it should be made quite clear that such suggestions as 
are put forward in this paper are based, almost entirely 
on personal observation of a comparatively limited 
number of vessels, together with a study of progressive 
trial results and other available data. 

The dimensions of between 200 and 300 recently 
built coasters have been classified according to length, 
and the results of analysis of these particulars are 
embodied in Table I in the form of average dimensions 
for grades advancing by 10 ft. from vessels between 
100 ft. and 110 ft. in length to vessels of 200 ft. to 
210 ft. in length. Maximum, mean and minimum 
length, divided by breadth values are also tabulated. 





In 1922, Mr. W. J. Lovett read a paper before the 
Institution on “ Proportions and Block Coefficients of | 
Merchant Vessels.” + The paper contained a table of | 
suggested block coefficients which was, it is assumed, | 
intended to cover all merchant vessels of ordinary | 
proportions. This table dealt with vessels whose | 
L/B ratios varied from 6-5 to 8-3. As Mr. Lovett’s | 
tables and conclusions were based on exhaustive investi- | 
gations of the dimensions of ordinary vessels, it will | 
be noted from Table I how much the proportions of | 
coasters differ from thcse of the usual type of cargo | 
ship. This table hardly calls for further comment, but | 
it may be noted that at the 140 ft.-150 ft. grade, and | 
again at the 200 ft.-210 ft. grade, there is a break in 
the continuity of the otherwise steadily increasing | 
proportion of length to breadth. | 





These breaks were | 
due to two classes of exceptionally beamy vessels built | 
in fairly large numbers. 


TABLE I. 


Length. 





Average Dimensions. Length — Breadth. 
puaen (ee eee 
| | | 
Grade. | Length. Breadth. | Depth. | Maxi-| Mean. | Mini- 
| | | mutn. | mum. 
Feet. Feet. | Feet. | 
100-110 | 105-830 9-93 | 4-65 | 4 
110-120 | 115-875 |} 9-98 | 4-68 | 5 
120-130 124-625 | 10-24 | 4-68 | 5-677 | 6-00 
130-140 134-600 | 10°53 | 5 5-861 | 6-05 


o 
ac 


| 12-15 | 





140-150 143-770 | | | 5 

150-160 | 154-500 | | 12-00 | 5-45 | 6-095 | 6-40 
160-170 | 164-610 12-69 | 5-46 | 6-186 | 6-48 | 
170-180 | 176-160 | 13-28 | 5-62 | 6-198 | 6-92 
180-190 | 184-130 | 13-80 | 5-28 | 6-253 | 6-92 
190-200 | 195-310 | | 14-24 | 5-80 | 6-338 | 6-66 | 
200-210 15-16 | 6-20 | 6-315 | 6-66 

! 


204-250 
| | 





In all cases where it was possible to obtain reliable 
information regarding the designed speeds of vessels 
included in Table I, the information was tabulated and 
analysed. The result is given in Table II in the form 
of the average speed-length ratio for each grade. 





Tape IT. | line through the spots drawn parallel to the line X X, 
| representing the formula given by Mr. Ayre, which was 
Grade. | 1J/L | Grade. Ws 4 Vv 
re, 7 arade | VL | Cp = 1-08 — x 
= | 2x VL 
| tom | ss | 0-743 | The corresponding formula derived from the straight 
-12 ‘87 70-18 752 : ne pha dei re 
120-130 | 0.860 | 380-190 0-741 dotted line which may be taken to represent average 
130-140 | 0-813 190-200 | 0-724 coaster practice 1s 
140-150 0-805 200-210 | 0-720 mn 2 V 
160-160 | 0-764 — =s Tr EOE sree 
2X Aa L 





* Paper read before the Institution of Naval Archi- 
tects, April 7, 1927. Abridged. 

+ Trans. I.N.A., vol. lxiv., p. 361. See ENGINEERING, 
vol. exiv, p. 94. 





vessels have been plotted on a base of speed-length 
ratios. 
|The result is shown in Fig. 1. 
| | purposes, lines have been drawn on Fig. 1 representing 
-848 | 5-12 | the formule given by Mr. A. L. Ayre (line XX), and 
343 | 6-00 | and Mr. W. J. Luke (line Y, Y) during the discussion on 
| Mr. J. L. Kent’s paper last year.* 


An interesting fact which emerges from a study of 
Table II is that coasters, on the average, are compara- 
tively high-speed vessels. The table in Mr. Lovett’s 
paper, previously referred to, was also intended, it is 
assumed, to cover all merchant vessels of ordinary 
speeds, but it only covered speed-length ratios ranging 
from 0-50 to 0-70, while the tables dealing with 
frictional resistance and residuary resistance did not 
deal with vessels whose speed-length ratios exceeded 
0-65 and 0-64, respectively. So far as average speeds 
are concerned, the lowest speed-length ratio in Table II 
is rather higher than the upper limit in any of the 
tables in Mr. Lovett’s paper, and therefore it would 
appear that the statement at the beginning of this 
paragraph is quite reasonable. It is not necessary to 
elaborate this point. An interesting comparison would 
be obtained by adding to Table II the speed-length 
ratios of typical post-war liners. 

Designs of a number of coasters of representative 
types were examined, and the block coefficients of the 


“90 





@ 


Block Coefficients (Cp) 


60 


to breadth. It does, however, serve as a standard 
for comparison. 

There are two general types of raised quarter-deck 
coasters, viz., the short raised quarter-deck type, 
and the long raised quarter-deck type. In the 
former, the raised quarter-deck only extends over 
the machinery space and the cross bunker, if any. 
while in the latter it extends to a point forward of 
amidships. Generally, the smaller vessels conform 
to the first-mentioned type and the larger vessels to 
the other type. Among the designs analysed, the 
largest vessel of the short raised quarter-deck type 
was 165 ft. in length, while the smallest vessel of 
the long raised quarter-deck type was 142 ft. long. 
In the larger sizes of coasters various modifications 
begin to appear. For instance, there may be two 
hatches in the well and one on the quarter-deck, 
or there may be one hatch in the well and two on the 
quarter-deck. In the former case the fore mast is 
usually placed between the hatches in the well, and 





Fig.1. SPEED-LENGTH RATIO (V/Z). 





765 “80 85 90 


Line X-X represents formula given by Mr.A.L.Ayre.(Trans.1.N.A.,(1926. 
Y-Y ” ” -. Mr Wd. Luke. ” ” ~ , 


(58a Line Y- 


4. SPEED- 
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Admiralty Constant 
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The designed speeds were taken in all cases. 
For comparative 


The curved dotted, 





-697 | 6-26 | line Z; Z), represents an average for the vessels con- 


~ | lines representing the formule given by Mr. Ayre and 


| cerned, and indicates the tendency to excessive fullness 
in this class of vessel which becomes more marked as 
| speed increases. The straight dotted line Z, Z, also 
foe se ones an average? It is probable that average 

practice in sea-going vessels is somewhere between the 
| Mr. Luke, but even if the formula given by the former 
is taken, it is evident that coasters are vessels of 
extremely full form when considered in relation to 
speed, and when compared with generally accepted 
| ideas as to what constitutes the appropriate degree of 
| fineness for any given speed. The line Z, Z, is a mean 








Of course, the derived formula is purely empirical, 
and it makes no allowance for the relation of length 





Trans. I.N.A., vol. Ixviii, p. 119. See ENGINEERING, 
vol. exxi, p. 422. 
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in the latter case the main mast is usually placed 
between the hatches on the raised quarter-deck. In 
the great majority of cases, coasters will be found 
generally to resemble one or other of the types 
described above. 

In most coasters the machinery consists of a single 
set of triple-expansion surface-condensing engines 
with marine return-tube boiler or boilers, having a 
working pressure of 180 lb. per square inch. In the 
smaller vessels compound engines are very frequently 
installed, the working pressure of the boilers being 
from 120 lb. to 140 Ib. per square inch. Internal- 
combustion engines of what is usually known as the 
semi-Diesel type are occasionally fitted, but the 
progress of this type of engine has not been so great 
as appeared likely some fifteen years ago. ; 

Trial trips of coasters are often carried out in a 
very cursory manner. Progressive trials of any kind 
are the exception rather than the rule, and progressive 
trials with the vessel fully loaded are unfortunately 
uncommon. On Fig. 4, the results of one or two 
progressive trials are plotted in the form of curves 
of Admiralty constant values on a base of speed- 
length ratios. The prismatic coefficients, Froude’s 


D ‘ 
(1) values and Taylor’s =7 >; values, are given 
[io 


for each ship in Table III. The close agreement 
between ships D and E at the higher speeds 
is rather interesting, as these vessels were designed 
by different builders to carry the same deadweight 
and to have the same speed. Ship D was narrower 
than ship E and had a rather full mid-section 
coupled with a higher block coefficient. Ship © 
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was a vessel of extreme proportions for a coaster, 
as it was comparatively narrow and shallow. 
Reference has already been made to the lack of 
data in regard to coasters. No useful purpose would 
be served by considering, in detail, coaster models 
as compared with those which have been used by 
the various investigators and regarding which 
particulars have been made public. It is sufficient 
to state that neither Rear-Admiral D. W. Taylor 
nor Professor Sadler has dealt with models which 
are similar to those of coasters, and that, with one 
possible exception, there is no model which even 
approaches coaster practice contained in the valuable 
series of papers read before this Institution by Messrs. 
Baker and Kent. The standard model used by the 
two last-mentioned authorities was one of 400 ft. 
Table III has been prepared to show the relative 
dimensions and speeds of the six vessels, the trial 
results of which are given in Fig. 4 expressed in terms 


D 
of 400-ft. models. Taylor's =y—5, and Froude’s (at) 


100 
yalues are included for convenience, and the speeds 





used are the designed speeds. 


with the former. The raised quarter-deck type of 
coaster has been prominent recently by reason of some 
rather unfortunate events. Arising out of the investi- 
gation of these happenings, certain suggestions have 
been made regarding alterations which might be effected. 
One suggestion is that portions of the plate bulwarks in 
the well and on the raised quarterdeck should be done 
away with and replaced by open rails and stanchions, 
the object of the alteration being to ensure that the 
decks should be more easily free of water. 
of the long raised quarter-deck type, the greater 
danger, owing to reduced buoyancy and reduced 
stability, is from a following sea coming aboard and 
swamping the raised quarter-deck where the quantity 
of water which can be retained by the bulwarks is 
greater and its centre of gravity higher than in the case 
of water in the well. There is the further danger of 
water finding its way into the engine and boiler spaces. 
There appears to be no reason why the plate bulwark 
round the quarter-deck should not be entirely discarded 
except that, in order to protect the entrances to the 
engine-room and after accommodation, it might be 
retained at the stern for a distance approximately 
equal to the length of the forecastle. Such a change 


TABLE III. 























| | D | 
Vessel. | Length. Breadth. Draught. Displacement. Cp. | Speed. [ L 7 (i) 
| | | 100 
a | 
| | | 
| feet. feet. Feet. Tons. | Knots. | | 
A | 400-0 62-00 30-00 16,096 0-785 15-00 251 4-84 
B 400-0 60-00 28-00 14,216 0-775 14-90 222 5-05 
Cc 400-0 62-00 26-66 13,217 0-760 | 16-00 207 5-28 
D | 400-0 71-83 34-50 20,074 0-726 16-78 314 4-50 
E | 400-0 72°77 34-50 20,118 0-750 | 16-78 315 4-49 
F 400 -0 65-33 29-03 15,274 0-730 | 16-25 239 4-93 
! ' 





Enough has been stated to demonstrate the fact that 
the designer who has to estimate the power necessary 
to drive a coaster at any given speed, or who has to 
determine the most suitable form for that speed, 
cannot look for much assistance from any published 
experimental tank results. As regard power estimates, 
the use of the Admiralty constant is about the only 
method available, while for the determination of the 
most easily driven form of hull there is no guide except 
that of experience with existing vessels. 

When considering these two aspects of coaster design, 
it must be remembered that the speed is relatively high 
and, therefore, that the question of wave-making 
resistance becomes of importance. Jn Mr. J. L. Kent’s 
1915 paper there was a diagram (Fig. 5)* which indicated 
the relationship between prismatic coefficient, length 
and speed for “high”? and “low” wave-making 
resistance. This diagram was based on results obtained 
from models which were not similar to those of coasters, 
and it is possible, if not probable, that Mr. Kent 
never intended it to be applied to any other than 
ordinary merchant ship types, but if the curves of 
Admiralty constants on Fig. 4 of the present paper 
are examined from the point of view of “high” or 
“low” wave-making resistance, it will be observed 
that the curves have much of the character they would 
be expected to possess if Fig. 5 in the paper referred 
to was assumed to be applicable to such vessels. It is, 
of course, unsafe to generalise from a very limited 
number of trial results, but at least it can be pointed 
out that four of the six curyes appear definitely to 
support the suggestion that Mr. Kent’s diagram is 
applicable, and the other two curves, while offering no 
definite support to the suggestion, do not indicate 
anything to the contrary. 

The present paper contains tables, not reproduced 
here, of suggested block coefficients and mid-area 
coefficients for coasters. The corresponding prismatic 
coefficients vary from 0-77 for 0-68 V/ /L to 0-65 
for 0-92 V ./L, but do not vary with change of : 
proportion, the necessary increase of fineness for greater 
breadth being obtained by reducing the mid-area 
coefficient. The coefficients suggested are considerably 
finer than those in general use for coasters. They are 
also rather fuller than those now considered suitable 
for ordinary merchant vessels of corresponding speeds. 
They are not the result of any attempt to compromise 

tween the two standards, but are the outcome of 
observations of the performance of coasters on trial 
and in service under all sorts of weather conditions. 
It may be noted that several of the vessels of which 
observations were taken had block coefficients finer 
bay those suggested, but it was not considered that 

e advantages accruing from the extra fineness made 
up for the loss of deadweight. 
ae ithin the compass of these notes it is not possible 
‘ven to refer to the various problems connected with 
‘rangement of hull and choice of machinery, but a 
Passing reference may be made to one point associated 








* . ar IER ; i 4 
See ENGINEERING, vol. xcix, p. 477. 


would remove all danger from the swamping of the 
raised quarter-deck. In so far as the well is concerned, 
the problem is rather different. At the after end of the 
well the freeboard is often a matter of inches only, 
and to substitute open rails and stanchions for plate 
bulwarks would result in keeping the main deck 
almost permanently awash, except in calm weather. 
It would probably be better to adhere to plate bulwards 
in the well, but at the same time it is desirable to 
improve the facilities for getting rid of a sea when one 
does come aboard, and to give more attention to 
preventing water finding its way into the crew’s 
quarters. In this particular type of vessel, the sheer 
forward is generally fairly considerable, and if the height 
of the door sills were slightly increased the latter object 
would be almost attained. In order to attain the 
former object, the area of the freeing ports should be 
increased, the lower edges of the openings should, in all 
cases, be kept down to the upper edge of the deck 
stringer angle, and extra large scuppers should be 
fitted on either side immediately forward of the bridge 
front. In some of these vessels the height of the bul- 
warks in the well is excessive. This height should not 
be such as to make it possible for the well to retain a 
dangerous amount of water. 

In conclusion, it is hoped that. these notes, even if 
they do not contain any particularly valuable informa- 
tion, may at least serve the purpose of drawing attention 
to a class of vessel which has hitherto been almost 
completely neglected in the proceedings of the Institu- 
tion but which possesses some features not entirely 
devoid of interest, 








CoLtiery YEAR Book, 1927.—The fifth annual issue 
of The Colliery Year Book and Coal Trades Directory 
has recently been published by Messrs. The Louis Cassier 
Company, Limited, 22, Henrietta Street, Covent Garden, 
London, W.C.2. The book is divided into several 
main sections, namely, a directory of the officials of 
Government Departments, mining associations, trade 
unions, and_ scientific and _ technical institutions ; 
alphabetical list of colliery owners, together with 
particulars regarding each pit, and the names of the 
directors and officials; statistical tables and data; 
biographical notes of men in the industry ; and a directory 
of the coal trades. In addition to these, the book 
contains several articles dealing with coal mining in its 
many aspects. An article entitled ““The Immediate Future 
of the Coal-Mining Industry,”’ by Mr. Austin Hopkinson, 
M.P., is particularly worthy of mention. A summary of 
the various district agreements now in force, a review of 
the coal-mining industry in 1926, and other sections of 
a similar nature are included. The statistical section is 
very complete ; it has not only been brought up to date 
since the last edition was published, but a considerable 
amount of new matter has been added. Data regarding 
British and foreign coal resources, output figures, costs 
of production, exports, wages, &c., are given in great 
detail. Taken as a whole, the volume is an excellent 
example of what a year book and directory should be, 
and it deserves a wide circulation not only in colliery 
circles but also among all those interested in the welfare 
of one of our staple industries. The book contains well 
over 1,000 pages; it is well bound and is priced at 
one guinea net. 


In vessels | 


CATALOGUES. 


Electric Motors.—The Swedish General Electric, 
Limited, 5, Chancery-lane, London, W.C.2, have sent us 
lists of single-phase motors from }-h.p. to 40 h.p., of 
split-phase motors from } h.p. to } h.p., and of three- 
phase motors from } h.p. to 60 h.p. Full particulars and 
prices are stated. 

Shear Blades.—Messrs. Hadfields, Limited, Sheffield, 
have sent us a leaf catalogue of finished shear blades for 
cutting hot blooms, billets, bars, &c., to fit all sizes and 
makes of machines. The steel, named ‘* Hadura,” is 
specially suitable for cutting hot metal, but not for cold 
or semi-hot metal. 

Ciment Fondu.—A pemphlet of reports on the use of 
their rapid-hardening Ciment Fondu is to hand from the 
Lafarge Aluminous Cement Company, Limited, 302, High 
Holborn, London, W.C.1. The particulars given clearly 
show the conditions in which very rapid hardening of 
concrete can be obtained. 


Battery Charging.—A rectifier for charging motor-car 
batteries from alternating-current mains is the subject 
of & special catalogue issued by Messrs. Philips Lamps, 
Limited, 145, Charing Cross-road, London, W.C.2. 
Provision is made for the protection of the batteries 
in the event of a failure of the supply. 


Clutch.—A catalogue describing the Fieux clutch is 
to hand from the Power Plant Company, Limited, 
West Drayton, Middlesex. This clutch is especially 
suitable for motor vehicles, internal-combustion loco- 
motives, and drives in which the starting torque is 
heavy or gear changing makes sudden demands on 
the driving power. 

Surveying Instruments.—A paper on recent improve- 
ments in the design and construction of surveying 
instruments, written by Mr. W. H. Connell and issued by 
Messrs. Cooke, Troughton and Simms, Limited, Broadway - 
court, Westminster, London, 8.W.1, will be weleomed by 
surveyors and engineers for the useful general summary it 
contains of important changes in the design of these 
instruments. 


Centrifugal Machines.—A catalogue of centrifugal 
machines, to hand from Messrs. Pott, Cassels and William- 
son, Motherwell gives. particulars of all the usual types 
and drives for use in sugar, chemical, bleach,dye, and other 
works, as well for laundries and laboratories. The belt- 
driven form apparently predominates, though direct drives 
by Pelton wheel and electric motor are largely in evidence. 
Accessories, such as pumps, mixers, conveyors, elevators, 
engines, &c., are also dealt with in the catalogue. 


Insulated Wires.—We have received a catalogue and a 
number of leaflets giving particulars of insulated wires 
and cables made by the Rockbestos Products Corporation 
of New Haven, Conn., U.S.A. The wires are covered 
with asbestos fibre and are made in special forms for 
motors, magnets, furnaces, tools, &c. The covering is 
especially suitable for use where wires have to withstand 
high temperatures. The agents are the Standard 
Insulating Company, Limited, Winsley House, Wells- 
street, Oxford-street, London, W.1. 


Chemical Plant.—-A catalogue of chemical plant and 
apparatus made by Messrs. W. J. Fraser and Company, 
Limited, Dagenham, Essex, contains sections dealing 
with tanks, autoclaves, condensers, mixers, stills, stirring 
gear, and general utensils and appliances. It also deals 
with special plants for carbonic-acid gas collection, 
production of fertilisers, extraction of essential oils, 
refining mineral oil, and cleaning and preparing feathers 
for the manufacture of bedding. The catalogue includes 
many machines and appliances in use outside the range 
of the industries directly mentioned. 


Transmission Gear.—We have received a number of 
catalogues of transmission gear, suitable for colliery 
and general factory equipment, from Messrs. Crofts 
(Engineers), Limited, Bradford. These include variable- 
speed gears on pulleys; flexible couplings of several 
designs for shafting, machines, and direct engine and 
motor drives; standard units of reduction gears with 
shafts parallel or at right angles; pulleys for belts, 
ropes or haulage-gears ; and a variety of toothed gear 
wheels, plummer blocks, hangers, &c. Dimensions and 
prices are stated as far as possible. 


Oil Engines.—A new catalogue of horizontal oil engines, 
to hand from the National Gas Engine Company, Limited, 
Ashton-under-Lyne, contains particulars of  single- 
cylinder engines from 18 brake horse-power to 100 brake 
horse-power, and of two-cylinder engines from 62 brake 
horse-power to 200 brake horse-power. The two-cylinder 
engines are of two types, for belt drives and for direct 
coupling, respectively. 'These engines should be selected 
for normal loads about one-tenth less than the brake- 
horse-power rating. They are self-starting and burn 
crude, residual, coal tar or refined oil. 








TRIAL TRIP OF THE S.S. ‘‘ HeEDGEHOPE.’’—On Tuesday, 
March 29, successful trials were carried out at sea of the 
steel screw steamer Hedgehope, which has been built to 
the order of the Medomsley Steam Shipping Company, ° 
Limited (Messrs. F. Carrick and Company, Limited, 
managing owners) of Newcastle-on-Tyne, by Messrs. 
Palmers Shipbuilding and Iron Company, Limited, and 
was recently launched from their Hebburn shipyard. 
The vessel will carry a deadweight of 8,000 tons on a 
moderate draught, and is of the single-deck type with 
long bridge, poop and forecastle. The propelling 
machinery, which is situated amidships, consists of triple 
expansion engines, steam being supplied by three- 
cylindrical boilers.. During the trial a speed of over 





124 knots was attained. 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 


SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. | 
The number of views given in the Specification Drawings is staled | 9 may be adjusted. Mounted in bearings 14 and 15 


in each case ; where none is mentioned the Specification is not 
tllustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

— of a may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform med of 18. 

The date of the advertisement of the acceptance of a Complel. 
Specification is, in each case, given after the 
Patent has been sealed, when the word *‘ Sealed” is appended. 

‘oo. may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 


give notice at the Patent Office of opposition to the grant of a | 


Patent on any of the grounds mentioned in the Acts. 


LIFTING AND HAULING APPLIANCES. 


259,769. W. Reid, Burnbank, Hamilton, and W. 
Reid, Junior, Burnbank, Hamilton. Winding Drum. 
(5 Figs.) October 23, 1925.—The invention relates to a 
winding drum which can be used in cases where it has 
hitherto been necessary to use two drums each with its 
own fall of rope. The winding drum of the invention 
comprises a body portion and end portions to each of 
which end portions one fall is attached, and cam- 
7 ag gear inside the drum whereby, depending on 
t 
is coupled to the body and the other end portion is 
uncoupled from the body. The winding drum com- 
prises a body portion 1 keyed to a shaft 2 and having 
end portions 3, 4 freely mounted on the shaft 2 and 
each presenting on its inner face a helical cam path 5 
coaxial with the shaft 2. Both of the cam paths 5 are 
of like hand, pitch and diameter, and each terminates 
in an abrupt step 6. Passing freely through the body 
portion 1 is an endwise movable rod 7 of greater length 
than the body portion 1 and disposed parallel with the 
axis of the shaft 2 and at the same radial distance from 
it as the cam paths 5. A detent lever 8 urged outwards 
by a spring 10 is provided on each end portion 3, 4 and 
is adapted to be engaged by a stop 11. A pin 12 on 
each lever 8 projects through a slot 13 concentric with 
the lever pivot and is engaged by the rope 14 or 15 on 
rotation of the drum. The operation is as follows: It 


is assumed that both ropes 14 and 15 are unwound 


1 





and rotary motion is imparted to the shaft 2 and to the 
Motion is also transmitted to one of the 
end portions 3 or 4 depending on the direction of rotation | 


drum body 1. 


of the shaft 2 by the engagement of the rod 7 with the 


terminal wall 6 of the cam path 5 on that end portion. | 


Wrapping of the rope attached to the moving end portion 
commences and the pin 12 of the detent lever 8 mounted 
on that end portion is engaged by the rope whereby the 
lever is constrained towards the centre of the drum and 
clear of the stop 11. The wrapping may be continued 


abstract, unless the | 


1e direction of rotation of the drum, one end portion | 


| formed integrally with a disc 9. The upper end of the 

spindle 8 is screwed to receive a nut in the form of 
| @ worm wheel 11. 
| worm 12 operated by a milled head in such manner that 
by the rotation of the worm 12 the position of the disc 


| and supported centrally in the casings 4 and 5, respec- 
| tively, is a driving shaft 16 adapted to receive the 


| shank 18 of a dise 19. In order to adjust the position 


of the disc 9 with relation to the disc 19, the worm 12 is 


operated to raise or lower the spindle 8, and when the 
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desired adjustment is attained a locking ring is screwed 
down upon the worm wheel 11 in such manner as to 
prevent further rotation thereof, and also to take up any 
back-lash or chatter caused by wear in the parts. In 
operation, material to be ground is passed through the 
hollow spindle 8 and the material is, by the centri- 
fugal action of the disc 19, impelled outward radially 
between the two discs 9 and 19, lumps being ground 
gradually to a fine powder. The ground product is 
expelled from between the peripheral edges of the discs 
9 and 19 into the casing 4, from which it is removed 
| through the outlet 4a. (Accepted December 15, 1926.) 


MINING, METALLURGY AND METAL 
WORKING. 


259,734. A. E. Thompson, Wolverhampton. 
Annealing Covers. (4 Figs.) October 9, 1925.— 
| In an annealing cover, according to the invention, the 
| longitudinal top edges and the end top edges, if desired, 
|are rounded and strengthened by corrugations which 

extend up from the sides or from the sides and ends of 
| the cover and pass over the edges and on to the top of 
| the cover. The annealing cover, which has separately 





|formed end pieces, is provided on its two sides with 


Fig.t. 


Fig 3. 
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|inwardly pressed flutes a which pass up the sides and 


as long as there is accommodation for rope on the | extend over the longitudinal upper edges and continue 


drum. On the reversal of the direction of rotation of | across the top of the cover. 
the shaft the wound rope is unwound, the same end|in the ends of the covers also, if desired. 


Vertical flutes b are pressed 
In the cover 


portion moving with the body portion by reason of the | shown these do not extend over the end top edges ; but 


pull of the rope. 


When the rope is nearly unwound, the | they may be arranged to do so if desired. The effect 


lever 8 is free to be rocked by the spring 10 and encounters | of carrying the flutes or corrugations over the edges is to 


the fixed stop 11. 


being arrested, the further rotation of the body portion | cover. 


} 


causes the rod 7 to ascend the cam path on the now 
arrested end portion whereby the rod 7 is moved endwise 
until its other end is in position to engage the terminal | 
wall 6 of the cam on the other end portion. Further | 


rotation in the same Girection now causes the winding | (w, Lulofs, Amsterdam, Holland). 


of the other rope. On second reversal of the direction 
of rotation of the shaft and body portion, the rod will | 
be shifted again into driving relation with the first end | 
portion and the first fall of the rope may be rewound. | 
(Sealed.) 


MILLING AND SEPARATING MACHINES. 


262,161. J. Jameson, Birkdale, Southport, and 
R. Gaunt, Prestwich, Manchester. Grinding Mills. 
(3 Figs.) July 2, 1925.—The invention has reference to | 
grinding mills of the type comprising co-axially mounted | 
rotating and stationary discs, the material to be 
ground being fed between the discs and the ground 
material issuing from between the peripheries of the | 
two discs. 4 is the casing of the mill upon which is | 
mounted an upper casing 6 carrying a bracket 7. In the 
upper casing 61s splined, on a key 10, a hollow spindle 8, | 


The movement of the end portion | give great strength to such edges and to the top of the 


(Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


259,823. Babcock & Wilcox, Limited, London. 
Combustion 
Chambers. (Fig. 5.) March 12, 1926.—The invention 
relates to the combustion chambers of powdered or oil 
fuel furnaces for use with steam generators in which 
the walls are provided with air heating passages leading 


| direct to the burners or to the fuel supply. The invention, 


consists of an air heater in the form of a header or 
headers, one wall of which is directly exposed to the 
radiant heat within the combustion chamber and pro- 
vided internally with ribs, through which heated air can 
be passed and through which it is adapted to be 
delivered into the furnace at a point adjacent to the burner 
or into the stream of fuel and air passing to such burners. 


| A denotes the usual insulating casing of the furnace and 


B a set of substantially vertical water tubes constituting 
partly the upright walls of the furnace and serving for 


cooling the combustion chamber, such tubes being con- 


nected together at their ends by headers C.D indicates 


The latter is rotated by means of a 





one of the burners by which powdered fuel is supplied 
to the furnace, and E denotes headers extending gyb. 
stantially vertically between and partly embracing the 


water-cooled tubes B and constituting the air heater. . 


These headers E are connected at their lower ends with 
a cold air chamber F, through which air is supplied by 
means of a fan, while to their upper ends are connected 


Fig. 

















(259, 823.) 


shaped nozzle parts G by which the air, heated in its 
passage through the headers E, is directed towards the 
outlet from the burner D. The headers E are formed with 
inwardly extending ribs E! which serve to increase the 
surface exposed to the air and increase the cooling effect 
of the air on the surface exposed to the heat of the com- 
bustion chamber. (Accepted, October 27, 1926.) 


260,165. A. H. Spearing, Westminster, London, 
and W. R. Hamlyn, Westminster, London. Super- 
heaters. (2 Figs.) April 6, 1926.—This invention relates 
to superheaters of the header type. According to the 
invention, a superheater is provided comprising two 
headers 1, 2 and a number of tubes 3 connecting them, 
in which these tubes are severally connected at both ends 
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to the respective headers at their upper surfaces by means 
of unions which are detachable from the tube ends and 
are spigotted into the headers and maintained in position 
therein by yokes 7, one for each tube end and union, 
which yokes are connected to the headers or parts fixed 
relative thereto by bolts or the like externally of the 
unions. (Sealed.) 


260,644. Simon-Carves, Limited, Manchester, 
and J. H. Brown, Manchester. Steam Boilers. 
(3 Figs.) May 11, 1925.—The invention relates to 
water tube steam generators burning gaseous or finely- 
divided fuel. According to the invention, the finely 
divided or gaseous fuel is introduced through a burner 
in the roof of the combustion chamber, and the completely 
burnt gases flow in an unbroken path between tubes 
connecting upper and lower drums and around the 
drums, and/or intermediate drums, and are withdrawn 
through outlets at the bottom of the combustion chamber. 
1 and 2 are economiser drums connected by sets of tubes 
to the mud drums 8 and 4. The other drums of thc 











7 (260, 644) ee 


boiler, 5-12, are arranged symmetrically above the mud 


drums and parallel to them. The drums 3, 5, 7, 9, and 11, 
and 4, 6, 8, 10 and 12 form two water tube boiler units 
connected at the top by a series of tubes 18. 13 ps oe 
sents the pulverised fuel nozzles. The drums and/or 
tubes, especially those in the immediate vicinity of t - 
flame, may be covered with a protective coating 0° 
brickwork. Owing to the tendency for hot gases La ra 
being opposed by the direction of flow of the gases, . 
incoming gases are given a turbulent motion. The ¢ — 
and tubes of the boiler are thus encircled by eddy current® 
of hot gas, and are effectively heated. (Accept d Novem- 
ber 17, 1926.) 
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THE SANDFIELDS PUMPING STATION | 


OF THE SOUTH STAFFORDSHIRE 

WATERWORKS COMPANY. 

THERE is a steadily-increasing demand for 
water for domestic use throughout the whole coun- 
try, due in part to the increase in the population, 





designed for, and originally worked as, blowing 
engines on the South Devon Atmospheric Railway. 
This method of railway operation not proving a 
success, the engines were sold to the water- 
works company and removed to Lichfield, where 
they were re-modelled for use as pumping engines. 
At a later date the crankshaft was divided so that 


|& Scottish Railway) from Lichfield to a service 
reservoir at the Moat, Walsall, from which the 
|re-pumping stations at Wood Green and Tipton 
| are supplied. 

| As already mentioned, in 1922 the company de- 
| cided to construct a comprehensive filtration scheme 
| for dealing with the water pumped from this station. 








and in part to the water used per head per day|two of the engines were left coupled, while the | This scheme involved the re-modelling of the pump- 
showing a marked tendency to rise. This increase | third was worked as a separate unit, in order to | ing machinery, as the existing plant dealt with the 


is very noticeable in the large and important area | allow the rate of pumping to be more easily adjusted 
served by the South Staffordshire Waterworks | to suit the district requirements. Each engine had 
Company, and this undertaking has been obliged to | a double-acting steam cylinder 46 in. in diameter, 


lay down two new pumping stations within the last 
few years. These are at Somerford and Slade Heath, 


| with a working stroke of 8 ft., and each beam 
|drove a ram 14 in. in diameter. The buckets were 


and were described respectively in our issues for | 18} in. in diameter, with a working stroke of 8 ft., 


February 1, 1924, and April 2, 1926. In addition | 
to building these new stations, the company in 1922 | 
decided to modernise the pumping machinery and | 
extend the plant by the provision of a filtration 
installation at Lichfield, and this important work | 


and were placed in a well 8 ft: in diameter and 
70 ft. deep. The three engines working together 
had a total pumping capacity of 3-43 million 


| gallons per 24 hours. 


In the year 1873, the buildings were extended 





water in one lift from the wells to the reservoir at 
Walsall. This lift could not be divided to feed the 
proposed filtration plant, and also the station equip- 
ment, though reliable, was very inefficient. The 
three rotative beam engines were accordingly 
scrapped, and the engine-house utilised for the new 
plant. Various types and combinations of plant were 
considered, not only from their ability to comply 
with the conditions involved, but also as regards 
their suitability for the space available in order to 
obtain an efficient and accessible plant. Ultimately 

















Fic. 6. Brtt-Driven TuRBINE Force Pump. 


has now been completed. Owing primarily to limi- | to accommodate a Cornish beam engine constructed 
tations of the site, these alterations involved the| by J. Davies, of Tipton, which is still in use as a 
solution of some difficult problems, and both the| standby. This engine has a steam cylinder 65 in. in 
chief engineer and the designers of the plant are to | diameter, the stroke being 9 ft. Worked from the 
be congratulated on the manner in which these | beam is a ram and bucket pump. The bucket is 
have been very successfully surmounted. 25§ in. in diameter, and the ram 17 in. in diameter 
The original pumping station at Sandfields, in | by 9-ft. stroke. This engine has a pumping capacity 
the Lichfield City area, is of considerable historical | of two million gallons per day at a speed of seven 
interest. It is the oldest station of the company, | strokes per minute. The nine original boilers were 
and is situated on a narrow piece of land bounded | each 7 ft. diameter by 32 ft. long, and were suitable 
on the north-west by the London, Midland, and|for a maximum working steam pressure of 40 Ib. 
Scottish Railway Company’s line from Lichfield to| per square inch. These boilers were eventually 
Walsall, and on the south-east by the Wyrley and | condemned, and in 1907, four were removed and 
Essington canal of the Birmingham Canal Naviga- | three new Lancashire boilers, each 8 ft. in diameter 
tions. The pumping plant was designed and erected | by 30 ft. long, and suitable for 100-Ib. per square 
under the supervision of the originator of the|inch working pressure, were installed. 
South Staffordshire Waterworks Company, the late| The original impounding reservoirs are still in 
John Robinson McClean, Esq., M.P., a well-known | use. These are situated at Hanch, Stowe and 
engineer and railway contractor, and President | Minster Pools, and the supply from these reservoirs 
of the Institution of Civil Engineers in 1864 and | is supplemented by the bleed from a tunnel 3} miles 
1865. The inauguration of the works by the long in the New Red sandstone between Hanch 
starting of the pumping engines at Sandfields by| reservoir and the station. The plant originally 
the late Lord Ward took place on October 26, 1858.| pumped water to the company’s reservoirs at 
The ‘plant consisted of three single-cylinder con-| Burton-upon-Trent and Walsall, but for a consider- 
densing rotative beam engines driving on to a/| able time the whole output of the station has been 
common crankshaft, and a battery of nine Lanca-| pumped to Walsall reservoir. The pipe line is 
shire boilers. The engines were built by James/11 miles in length, and consists of 22-in. and 24-in. 
Watt at his works in Soho, Birmingham, and it is | cast-iron pipes laid along the side of the South 











of interest to mention the fact that they were | Staffordshire Railway (now the London, Midland 
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Fig. 7. ELECTRICALLY-DRIVEN CENTRIFUGAL WELL Pump. 





the plant illustrated in Figs. 1 to 8, 10 and 11, on 
Plate XXVIII, above, and on pages 474 and 488 were 
decided upon as being the most suitable. As shown 
in the figures, the new plant consists of two horizontal 
uniflow condensing engines, each driving a direct- 
current 225-volt electric generator and a horizontal 
turbine force pump, the latter delivering the filtered 
water to the reservoir at Walsall. 

The upper floor of the engine-house is shown in 
Fig. 11, and a separate view of one of the engines is 
given in Fig. 10. It will be observed that both the 
electric generators and the turbines are driven by 
belts from the engine flywheels. Both drives are 
fitted with Lenix belt-tightening gear, made by 
Messrs. F. C. Smidth and Company, Limited, of 
Luton. The gear, as fitted to one of the generators, 
is shown in Fig. 8. By means of the movable weights 
on the levers, it is possible to adjust the belt tension 
to any desired degree. Additional security against 
slip is given by the fact that the jockey pulley 
riding on the belt increases the are of contact on 
the driving pulley. 

An electrically-driven vertical-spindle centrifugal 
well pump for each unit, one of which is shown in 
Fig. 7, is supplied with current from the generator, 
and this pump delivers the unfiltered water from the 
wells to the filtration plant. In addition to its 
primary duty, each generator is of sufficient size 
to supply the necessary power for the overhead 
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crane, and for the auxiliary machinery used in 
conjunction with the filtration plant. Each unit 
is capable of pumping three million gallons per 
24 hours, against a total head of 400 ft., the well 
pumps delivering against a head of 80 ft. to the 
filtration plant, and the force pumps 320 ft. to the 
Walsall reservoir. The relative positions of the 
various units in the power-house are given in 
Figs. 1 to 5. 

Turning now to the engines in more detail, each 
engine has a cylinder 29-5 in. in diameter, with the 
exhaust ports in the centre surrounded by an 
exhaust collector. The piston stroke is 25-6 in., 
and the engines run at about 158 r.p.m. When 
pumping three million gallons per day each engine 
develops 392 i.h.p. The steam admission valves 





are of the double-beat type of special design, and 
are provided with spring-loaded dashpots to ensure | 
rapid closing. The valves are cushioned to close | 
without shock. They are actuated by eccentrics | 
driven from the gear-driven layshaft, on which is | 
also mounted the shaft governor. This governor | 
is of the usual centrifugal type, with revolving | 
balance weights under spring tension. The fine 
adjustment for varying the cut-off is obtained by 
means of an adjustable oil relay cylinder, fed by the 
continuous lubricating system fitted for lubricating 
the bearings. The method of supporting the engine 
cylinders is of interest. In order to allow freedom 
for expansion and contraction, each cylinder is 
securely bolted to the main engine frame at the 
front end, whilst the back end is free to move, 
being carried on a column supported by a piston 
under oil pressure. The cylinder of this supporting 
device is placed on the foundations in the basement 
and directly under the back end of the cylinder, 
as shown in Fig. 3. The surface condenser has 
about 720 sq. ft. cooling surface, and has a cast- 
iron body, the tubes being of brass fixed into gun- 
metal tubeplates. As shown in Figs. 3 and 4, it is 
placed on the delivery main from the well pump to 
the filtration plant, the water passing through the 
brass tubes. Oil separators are placed in the ex- 
haust range between the cylinders and the con- 
densers. The air pumps, shown in Fig. 3, are of 
the horizontal double-acting type, driven by means 
of a crank and connecting rod from the main engine 
crankshaft. The connecting rod works a bell-crank, 
to which the air pump rod is attached. 

The well pumps run at 750 to 840 r.p.m., depen- 
dent upon the quantity of water required, the speed 
variation being obtained by a shunt regulator fitted 
in each pump control panel. Each pump has a 
single impeller of the double-inlet type. The pump 
shaft is guided by five guide bearings built in 
between the flanges of the suspension pipes and 
accurately centered with them ; the bearings are of 
bronze, lined with lignum-vitse bushes arranged for 
water lubrication. The vertical transmission shaft 
is provided with bronze bushes for protection in 
the guide bearings, including the necessary rigid 
couplings. A hydraulic device is provided to take 
practically the whole of the weight of the rotating 
parts during running. 

The turbine force pumps, one of which is shewn 
in Fig. 6, have three double inlet impellers running 
in series, and the speed variation is between 870 
and 940 r.p.m. dependent on the quantity required. 
Each pump is provided with a flexible coupling 
and with a screw-operated disengaging gear, so 
that the engine can be run without the pump. | 
The two units can be run together in parallel if the 
maximum quantity of 4} million gallons per day, 
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the capacity of the pumping main, is required. 
Either well pump can be driven from either generator, | 
so that one engine ard force pump can run in| 
conjunction with the borehole pump of the other | 
set in case of breakdown. In order to do this it is 
necessary for the delivery pipes from each well 
pump to the filtration plant to be cross connected 
between the pump and the surface condensers of the 
engines, and provided with the necessary diverting 
valves to pass the water through the condenser of 
the engine at work. The advantage of the electrical 
drive for the well pump is that it allows the quantity 
delivered to the filtration plant to be varied to suit 
the requirements on that side, whereas the quantity 
delivered by the turbine force pump is a constant 
quantity dependent upon the height of the reservoir 














Fie. 8. 
20-— 
19+ Fia.9 
18|\— 
17+ 
16/— 
15+ 
3 +} 7000-— 100-— 
= 
§ 13F E - 
3 3 
Ri2-- 6000-6 00;- & 
is) 
% 
a Olle 
=| 
§ 10 § S000; S00 & 
R S 5 
9¢ SF r * 
eis 1&8 [# 

e& 
8 8} R000} 2 400- 5 40 
4 8 x 
$7 ro fF 
"Ts [8 
m1 Ep S000 1g 300 30 
Sr os - 5 

ne) 
yey 200- = 20 
ste + L 
2- 1000 10 8 10 
io & & 

| 
ou ou ow 0 
7 

(9901.1.) 


and the district demands. Provision is also made 
so that if the filtration plant is out of commission the 
well pumps can deliver the water direct from the 
wells into the force pumps. A separate steam-driven 
generating set, shown in Fig. 4, having an output of 
25 kw., is provided for supplying the power to run 
the crane and other auxiliaries when the main 
engines are standing. 

The two main generators and also the auxiliary 





8 
Percentage Cut-Off in Cylinder. 
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generator are all controlled from the main switch- 
board. The main generator panels are on the 
outside, directly opposite their respective generators, 
and the auxiliary generator panel is in the centre. 
The main switches controlling the current supply to 
the well pumps, to the auxiliaries, and to the pumping- 
station and filtration-plant lighting systems. are 
all mounted on the intermediate panels, and each 
circuit is provided with a separate watt-hour 
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meter. A separate starting panel is provided be- | Melting and Casting.—Copper and nickel are | increasingly used when difficulties of capacity, 
tween the pump switch on the main switchboard | miscible in all proportions and form a uniform | refractories and expense are overcome. 


and each well-pump motor. This consists of a main | series of solid solutions. The melting points of the | 


A half-and-half mixture of borax and boracic 


circuit breaker with notching starter and a shunt alloys rise uniformly from that of copper (1,083 | acid (12 oz. to 100 lb. heat) forms a suitable cover- 


regulator for speed control. 

In order to obtain a high economy on the steam 
side, superheaters were fitted to the three latest 
boilers, and the steam pressure was raised to 90 lb. 
at the engines. The arrangement of steam pipes 


deg. C.) to that of nickel (1,452 deg. C.), the 50 per 
icent. alloy being completely molten at about 
| 1,300 deg. C. It will be noted that these alloys of 
| copper differ from those of this metal with zinc 


| (brasses) and with tin (bronzes), in that they all 


in the boiler house shown in Figs. 4 and 5, is | have higher melting points than copper itself. 
rather complicated, but this was necessary to} This is a point which those who take up the casting 


meet the conditions prevailing at the station. 


| of the alloys should bear in mind. Furnaces which 


Provision is made for supplying either saturated | will only just serve for brass melting, will fail with 
or superheated steam at 90 Ib. pressure for | nickel-copper alloys, unless suitable modification 


the uniflow engines, and also saturated steam at 
40 lb. pressure for the Cornish engine. The steam | 
receiver across the boilers is provided to give ample | 
steam storage capacity for this engine. Two of the | 
old boilers were removed to allow for the erection | 


of oil and spare part stores. The remaining three | 


old boilers are now used for the storage of fuel oil. | - 


During the recent coal strike, oil firing was | 
partially used, and No. 3 boiler was equipped with | 
Scarab oil burners for this method of steam 
production. 

The auxiliary plant consists of two turbine-driven 
centrifugal feed pumps with a Lea recorder on the 
feed tank for measuring the steam consumption of 
the engines. An _ electrically-driven De Laval 
centrifugal oil purifier is provided for filtering the 
oil used in the engine lubricating system, and this 
is provided with the necessary pumps and tanks to 
handle the oil. In a separate chamber, off the 
basement, are the automatically controlled electri- 
cally-driven air compressors, which supply the air 
used for agitating the sand filters during the cleaning 
process. 

The plant was guaranteed to give the following 
results when pumping three million gallons per day. 
For comparative purposes the actual test results are 
also given. 

















TABLE J. 
ce J. E. 
—— Kenrick Willcox 
ay engine. engine. 
Gallons per minute .. --| 2,085 2,045 2,111-6 
Total head infeet .. --| 400 392-13 388-1 
Total-water horse-power ..| 252 243 248 -86 
Indicated-horse-power --| 392 351°3 386-75 
Overall efficiency .. aes 64 -26* 69-1* 64 -34* 
Total steam consumption it 
|: Spe 6 a - -| 4,670 3,975 4,121 
Steam per i.h.p. in Ib. x 11:9 11-31 10-65 
Steam per w.h.p. in Ib. a 18°5 16-35 16-56 
Guaranteed duty (million ft. 
Ib.) per 1,120 Ib. of 
steam ie whe a 135-56 133 -62 
} 





* Per cent. 


The various duties of the plant are shown on the 
chart, Fig. 9. 

The whole of the plant has been designed to 
comply with the specification and general designs 
of the company’s engineer-in-chief, Mr. Fred J. 
Dixon, M.Inst.C.E. 

The pumping plant and auxiliaries were supplied 
by Messrs. Sulzer Brothers, of London. 


(To be continued.) 





NICKEL-COPPER ALLOYS IN MODERN 
ENGINEERING. 


By W. T. Grirrrrus, M.Sc., F.1.C., F.Inst.P. 


ALTHOUGH history records that the alloys of nickel 
and copper were employed some centuries before the 
Christian era, it is only comparatively recently that 
any extended use has been made of their undoubtedly 
exceptional properties. This has probably been due, 
in a very large degree, to the difficulty of obtaining 
in sufficient quantities the component metals, more 
‘specially nickel, in a reasonably pure state. The 
overcoming of this disability, by the discovery of 
the Mond and other processes, and the increasing 
failure of other materials to meet the more and more 
exacting requirements of modern industry have led 
: a closer study of the copper-nickel alloys and 

© increasing utilisation of their valuable properties. 
be purpose of this article is to give an account of 

© present state of our knowledge of the alloys 


is carried out to allow of higher temperatures being 
reached. 


ing flux and it is usual to add manganese in quantities 
ranging from 0-125 to 1 per cent. immediately 
before pouring, to act as a deoxidant. 

A factor of primary importance in the successful 
casting of the nickel-copper alloys is correct pouring 
temperature, which should vary with the composition 
of the alloy, and also bear some relationship to the 
temperature of the mould itself. It has been found 
by practical experiment that, for the 20 per cent. 
nickel alloy, a pouring temperature of about 1,350 
deg. C. will give very satisfactory results. For higher 
nickel-containing alloys, such as that with 40 per 





If the metal can be quickly raised to about | cent. nickel, the temperature must be just over 
1,400 deg. C. ordinary pit furnaces can be used | 1,400 deg. C. 


TaBLe I,.—MECHANICAL PROPERTIES OF ROLLED Rop. 

















| | | | 
| | ia Young’s Max. | | Redue- Brinell : 
Per cent. Limit of Bice, Elong. | ;; : Scelero- 
Alloy. | Condition. | Cold Proportionality. a ag Tons/e4 | Per cent ~o — scope 
| ‘d " ny, h Py = rsd jet oj | - . 2 . - 
| Work.* Tons/sq. in. x 106. in. | On2in. | por cent. Average.t No. 
{| tin.rod,hard 87 15-1 17 35-3 | 14 | 68 138 49 
80/20 -~ | Annealed 1 hour at : 87 6°3 20-5 21-8 46 79 72 19 
\ 750 deg. C. 
| j-in.rod, hard... 62 a oa 39-1 | 16 | 49 167 os 
. | §-in. annealed 20 62 _ _— 25-9 50 } 67 114 — 
60/40 - | min. at 800- | | 
| 850 deg. C. | 
{| §-in. rod, hard Pr 48t — _— 37-2 11-5 62 155 53 
60/40 | Annealed } hour at 48T 5-4 26°6 26-8 | 44 } 71 24 
\ 850 deg. C. 




















* Estimated from the reduction of cross-sectional area. 


800-850 deg. for 20 minutes. 


Tas Le II.—Tensile Properties of Drawn Rod. 








0-425 in. Diameter. 56 per cent. Reduction. 
Max. 7. P Reduction 
Alloy. Condition. Stress. _——— of Area. 
Tons/sq. in. * | Per cent. 
80/20 | Hard.. a Ss 33-5 18-0 70-0 
Annealed 850-900 
deg. C. for 15 mins. 21- 51-0 83-6 
60/40 | Hard.. a ..| 40-9 12-0 56-6 
Annealed 850-900 
deg. C. for 15 mins. 26-7 44-9 73-0 

















TaBLE III.—Mechanical Properties of Cold-Worked Sheet. 

















Per Max. —— Brinell 
, | cent. | « 43 Py ee Oi ard- 
Alloy.| Goiq | Condition. | Tons) eu ek ness 
Work*| sq. in. | oin [=6 fi No.t 
80/20 64 | Hard “a 31°6 13-0 8-5 128 
| Annealed 
700-—750° 
| deg. C. 
for 1 hr 21-0 52-5 51-1 60 
75 Hard : 3:4 10-0 —_ 128 
| Annealed . 
| 700-750 
deg. C. 
for 1 hr. 21-2 54-0 48-1 69 
88 | Hard --| 36°8 7:0 _ 129 
| Annealed | 
|” 700-750 
} | deg. C: 
| | forlhr. | 24-5 48-5 48-4 66 
| 98-3) Hard ..| 45-2 2-2 6-3 | 148 
| | Annealed 
700-750 
| | deg. C. | 
| forlhr.| 21-5 | 36-5 | 43-2 | 61 
} | | 











* Estimated by reduction of cross sectional area. 

+ Tests made with a load of 10 kg., ball of 1 mm. diameter. 
Time = 20 seconds. 
conveniently, especially for the lower nickel content 
alloys. Care is, however, necessary to avoid con- 
tamination of the metal, particularly by sulphur, 
carbon and oxygen, and rapid melting and speedy 
pouring after reaching the correct temperature 
are essential to success. 

Electric furnaces satisfy extremely well the con- 
ditions for rapid and clean melting, and furnaces 
of the Héroult type have been successfully used for 
nickel-copper alloys containing more than 20 per 
cent. nickel. Induction furnaces working at the lower 
frequencies are not able to reach successfully the 


+ This was an additional reduction given to samples which had been reduced 62 per cent. and then annealed at 


t Tests made with a load of 1,000 kg. and ball of 10 mm. diameter. Time 60 sec. 


TaBLE 1V.— Mechanical Properties of Cold- Worked Sheet. 




















Per Max. —— ‘* ag 
| cent. |, a Stress. |__ a ___| Hard- 
Alloy.| Gojq | Condition. | pons) Tone ness 
Work* sq. in. 2 in: = aft No.t 
| 
60/40 64 Hard <a 38-6 12-0 | 8-4 146 
Annealed | 
700-750 
deg. C. 
for 1 hr 25°7 5 43-9 86 
75 «=| Hard 0-2 9-0 6°6 143 
Annealed 
700-750 
deg. C. 
for 1 hr. 26-3 51-0 45-8 7 
88 | Hard ..| 43-9 7-0 —_ 148 
Annealed 
700-750 
deg. C. 
for 1 hr. 26-3 44-7 44-7 86 
98-3) Hard --| 52-7 2 5-5 171 
Annealed 
700-750 
deg. 0. 
for 1 hr. 26-4 _ — 73 
| 

















* Estimated by reduction of cross sectional area. 

+ Tests made with a load of 10 kg., ball of 1 mm. diameter. 
Time = 20 seconds. 

Particular attention should be paid to the surface 
of the mould, which should be smooth and absolutely 
free from cracks, and also to proper dressing. For 
the alloys containing less than 20 per cent. nickel, 
the moulds may be dressed with a light coating 
of rape oil with finely divided (muslin-sifted) 
charcoal dusted on. When the nickel content is 
higher, the moulds should be dressed first with a 
thin wash of fireclay and, after this has dried, 
brushed over with blacklead. Alternatively, a 
“smoke” dressing may be used, employing the 
methods well-known in the steel trade, by exposing 
the moutd surface to burning tar. 

Mechanical and Heat Treatment.—All the alloys 
can be produced as sheets, strips, tapes, rods, wires 
or sand castings. Solid drawn tubes can be 
obtained, while the metals lend themselves to spin- 
ning and drop-forging. Some idea of their work- 
ability will be obtained by study of the mechanical 
properties in various conditions given in Tables I. to 
IV. The alloys can be fully annealed at temperatures 
between 550 deg. C. and 750 deg. C. (See tables 
and Fig. 1.) It is desirable to anneal at the lowest 
temperature at which the particular alloy softens, 
since any carbon present is liable to be precipitated 














required temperatures, but the higher frequency 





containing less than 50 per cent. nickel. 


type would appear to be ideal and will, no doubt, be 


at high temperatures. To avoid scaling, it is prefer- 
able to anneal in closed pots or in an inert 
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atmosphere.* Cooling from the annealing tempera- 
ture may be slow or rapid. 

Mechanical Properties.—The addition of nickel to 
copper has an immediate and pronounced effect 
on the mechanical properties of the latter metal. 
The adding of but 2 per cent. increases both the 
maximum tensile strength (slightly) and the ductility 
(considerably). Hughest gives the following figures 
for an alloy containing this amount, after cold 
working and annealing :— 

Maximum stress 
Elongation per cent. on 8 in. 
Reduction of area per cent. ... 

The toughness is also rapidly improved, and it 
has been shown by Baucket that the addition of 
only 1-5 per cent. nickel doubles the impact value. 

The combination of ductility with toughness 
enables these alloys to be cold worked to an extra- 
ordinary degree and the cupro-nickels containing 
about 20 per cent. nickel deserve special mention 
in this connection. They are some of the most 
ductile non-ferrous alloys in commercial use. They 
may be cold rolled from 1-5 in. down to 0-01 in. 
without annealing, while the following figures (the 
mean of two tests) given by 80 : 20 cupro-nickel wire 
obtained by cold rolling a 2-in. diameter bar to 
% in. and then cold drawing to 0-02, all without 
annealing, show that even after this drastic treat- 
ment, resulting in a high maximum tensile strength, 
appreciable ductility is still retained. 


57 tons per sq. in, 
37 


15-2 tons per sq. in. 
49-0 
78-2 


Maximum stress ane 
Torsion turns per 100 D 


The work of several investigators$ indicates that 
up to 50 per cent. nickel the hardness and modulus 
of elasticity of the alloys increases practically 
regularly with nickel content. This is also borne 
out by the tensile tests outlined in the tables. 

The mechanical properties of the range of alloys 
dealt with in this article may best be gauged by 
considering the two much used materials containing 
20 per cent. and 40 per cent. nickel. In the cast 
condition these alloys, after annealing, give a 
maximum stress of 15-3 ahd 19-4 tons per square 
inch respectively with percentage reduction of area 
34 and 34-5, and elongations of 19-5 and 23 per 
cent. on 2-in. gauge lengths. As might be anti- 
cipated, rolling and annealing improves these 
figures considerably, and Table I gives the results 
after cold working and annealing as indicated. 
Drawing leads to similar effects. (See Table IJ.) 
The drawing of 10 S.W.G. wire down to 13 S.W.G., 
a percentage reduction of about 44, lowers the 
elongation per cent. on 2 in. from 39-4 to 4-6 in the 
case of the 20 per cent. nickel alloy and from 38 
to 3-9 in the case of the 40 per cent. material, But 
if the drawing is continued down to 22 S.W.G., a 
reduction of 95 per cent., both the alloys still show 
an elongation of 1-6 per cent. 

The alloys will stand a considerable degree of cold 
rolling, and the mechanical properties, after varying 
percentages of cold work, are givenin Tables III 
and IV. 

An idea of the suitability of these materials for 
stamping and pressing may be gathered from the 
fact that ,',-in. sheet, obtained by cold rolling a 
l-in. slab, gave a cup 3-5 mm. deep with the 20 per 
cent. alloy, and 3-1 mm. deep in the case of the 40 
per cent. material. The same ,-in. sheets, when fully 
annealed, gave a depth of 10-9 mm. and 10-6 mm., 
respectively. All the results indicated show that the 
initial reduction under cold work leads to a con- 
siderable rise in the maximum stress figure and drop 
in elongation per cent. On continuing the reduction 
by cold rolling or drawing, however, the rate of fall 
of the elongation figur> is very slow, indicating that 
the alloys retain their ductility even after consider- 
able deformation. 

Tubes.—Owing to its great ductility, the 2 per 
cent. nickel alloy has for some years been used 





* For this purpose wire or tape electrical resistance 
heated furnaces are admirable, both for their con- 
venience and because the heating space can be made 
practically air-tight, while risk of contamination by 
products of combustion is absent. 

t+ G. Hughes, ‘‘ Non-ferrous Metals in Railway Work,” 
Journ. Inst. Met., 1911, vol. vi, No. 2. 

t Baucke, “‘ Behaviour of Copper in the Notched Bar 
Test,”” Internat. Zeit. fiir Metallg., 1912, vol. iii, page 195. 

§ See, for example, N. Kurnakoff and J. Rapke 
“Hardness and Elasticity of Copper-Nickel Alloys,” 
Zeit. anorg. Chem., 1914, vol. 87, page 269. 














largely in the form of tubes. It is particularly 
satisfactory in cases where tubes have to be bent 
over small radii, or have to undergo considerable 
distortion in fitting. In this form, the alloy will 
readily fulfil the following specification :— 


Drifting test ... 40 per cent. 
Bulging test ... 25 ¥- 
40 


Flanging test ine sae ae 
Flattened and doubled over through 180°. 

For similar reasons, and because of their strength 
and corrosion-resisting properties, the alloys con- 
taining more nickel are finding a rapidly extending 
use in tube form. A recent test on an annealed 
tube (2 inch O/D and 0-12-in. wall thickness) of the 
20 per cent. nickel alloy gave a maximum stress of 
23-8 tons per square inch, a yield point of 10-95 
tons per square inch, and an elongation of 42 per 
cent. on 2 in. A hard-drawn tube (3 in. O/D 
and 0-063 in. wall thickness) of the 43 per cent. 
alloy gave 38-95, 19-8, and 6-5 for the same figures. 

Alternating Stress Tests.—The ability of certain 
of these alloys to withstand alternating stresses has 
been determined. The Technical Department of 
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copper retain their strength well at temperatures 
above normal. In some work published by Lea* 
on the subject, he shows that the 2 per cent. nicke] 
alloy is stronger at 450 deg. C. than many of the 
average brasses and bronzes tested at the same 
time. 

With increasing nickel content the effect is even 
more pronounced. Several workers have examined 
the properties of the 20 per cent. alloy,+ and some 
typical figures for this material are given in Fig. 2. 

In Fig. 3 are shown curves for the variation of 
properties with temperature of the 43-5 per cent. 





alloy. One set indicates the figures given by the 
metal in the initial form of hot-rolled rod, while 
the other set are for cold-rolled sheet. It will be 
observed that this material retains the effect of 
cold rolling up to a comparatively high tempera- 
ture, the cold-rolled sheet having a strength at 
400 deg. C. (750 deg. F.) which is as high as that of 
hot-rolled rod at ordinary temperatures. ~ 

With reference to the above, it must be pointed 
out that the tests are all of the “rapid ” type, and 















it is now known that at elevated temperatures it 
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the Air Ministry give the Fatigue Range for tubes 
of the 2 per cent. alloy as being about + 4 tons 
per sq. in. McAdam has studied the endurance 
of the 20 per cent. and 45 per cent. alloys under the 
Rotating Cantilever Fatigue Test, and for the 
former gives 8 tons per square inch as “ endurance 
limit” for cold-rolled material, and 7-2 tons per 
square inch for similar metal, after annealing for 
1 hour at 760 deg. C. In the case of the latter 
alloy he gives 19-2 tons per square inch for cold- 
rolled, 12-5 tons per square inch for cold-rolled and 
annealed, and 15-4 tons per square inch for hot- 
rolled material. Under an Alternating Torsion 
Test, his figure for the 45 per cent. alloy, hot-rolled 
and annealed, is 7-6 tons per square inch. 

Effect of Annealing upon the Mechanical Properties. 
—The effect of annealing on the mechanical 
properties of cupro-nickel strip is indicated by 
Aitchison and Barclay, (page 235), in their book 
on “ Engineering Non-Ferrous Metals and Alloys.” 
McAdam has also studied this effect in the case of 
the 45 per cent. nickel alloy, and his results are shown 
in Fig. 1. 

In each case it was observed that little or no 
softening took place until a temperature of about 
400 deg. C. (750 deg. F.) was passed, a slight amount 
of softening occurred at 500 deg. C. (950 deg. F.), 
and at 650 deg. C. (1,200 deg. F.), in each case, the 
metal was completely softened. Aitchison and 
Barclay’s results show that annealing for three 
hours produces more softening than half an hour, 
at temperatures between 500 deg. C. and 600 deg. C., 
but that above 600 deg. C. the added effect of the 
longer period is very small. 

Mechanical Properties at Elevated Temperatures.— 
In common with other alloys of nickel, those with 
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|is the creep strength that is of primary impor- 
| tance. 


In view, however, of the work done on the 
70 per cent. nickel alloy at the National Physical 
Laboratory{ and the favourable way in which these 
alloys compare with other materials in the “ rapid ” 
tests, it may be anticipated that their superiority 
in creep strength will not be much less marked. 

Electrical Properties—No account of these alloys 
would be complete without reference to their 
outstanding electrical resistance properties. The 
specific resistance, as might be expected, rises, up 
to a point, with nickel content. The value is about 
3 microhms per centimetre cube for the 2 per cent. 
alloy, 28 for the 20 per cent., and reaches a maximum 
of 51 for the 50 per cent. material. Various of the 
alloys are used for resistance work, but it is those 
containing between 40 per cent. and 45 per cent. 
nickel which are of particular interest. These have 
the valuable property of a practically zero tempera- 
ture coefficient of resistance and are largely used 
where this quality combined with high resistivity is 
required. The 40 per cent. to 45 per cent. alloys also, 
in conjunction with iron, copper and certain other 
materials, exhibit a comparatively high thermo- 
electric effect combined with a reasonably straight 
temperature—E.M.F. curve. Hence their use in 
pyrometry. 

Colour.—The increasing addition of nickel to 
copper soon causes the latter metal to lose its 
characteristic salmon-pink colour, and when 15 per 
cent. of nickel has been introduced the colour is 
practically white. Still further addition enhances 


* F. C. Lea, “On the Effect of Temperature on the 
Modulus of Elasticity of Metals,” Proc. Inst. C. E., 1919, 
vol. ccix, pages 394-412. See also A. K. Huntington 
‘* Effect of Temperature on Tensile Tests of Copper and 
its Alloys,” Journ. Inst. Met., 1912, vol. ii, page 182. 

+ G. D. Bengough, “‘ Cupro-Nickel—Tensile Strength 
at High Temperatures,” Journ. Inst. Met., 1912, vol. 
vii, pages 147-150. D. H. Ingall, “‘ Relationship between 
Tensile Strength, Temperature, and Cold-Work,” Journ. 
Inst. Met., 1924, pages 41-64. L. Guillet, ‘‘ Variation 
of Hardness of Copper Alloys with Temperature,” Revue 
de Metallurgie, vol. xxi, pages 295-302. ~ 

tH. J. Tapsell and J. Bradley, “The Mechanical 
Properties at High Temperatures of an Alloy of Nickel 
and Copper, with special reference to Creep,” Journ. Inst. 
Met., 1926, vol. i, pages 75-93. 
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the whiteness and brilliance of the colour, until 
when the content reaches 40 per cent. to 45 per 
cent. the polished alloy is difficult to distinguish 
from¥ sterling silver. Further additions cause a 
falling off in the brilliance, and gradually the colour 
approximates to that of nickel. 

~ Anti-Corrosion Properties.—Very little laboratory 
experimental data exists on the corrosion-resisting 
properties of the nickel-copper alloys containing less 
than 50 per cent. nickel,* but it has been well 
established by practical experience that in the case 
of’a number of corrosive media their resistance is 
well marked. In most cases the resistance increases 
with nickel content. The anti-corrosion properties 
are most noticeable in the case of alkaline liquids 
and solutions of certain salts, such as sea water, 
boiler-feed waters, &c. Very weak solutions of the 
mineral acids do not attack the higher nickel alloys 
very rapidly, but increase of concentration leads to 
moderately quick attack, this being greatest for 
nitric acid and least for sulphuric acid. Their 
resistance to certain fruit acid juices and other 
organic acids is good, and this has led to their 
introduction into the food and restaurant industries. 
The alloys have the advantage that they all 
consist of one micro-constituent only, so that, 
even when attacked, the solution takes place 
uniformly, and localised corrosion and pitting, which 
lead most quickly to structural breakdown, are 
practically absent. 

The resistance of the alloys to atmospheric attack 
also increases with the nickel content, and a polished 
surface of the 40-45 per cent. nickel alloy is only 
dulled after long periods of exposure. According 
to Pilling and Bedworth,} the alloys containing 
less than 40 per cent. nickel show similar oxidation 
characteristics at high temperatures to those of 
copper. Above this percentage the rate of oxidation 
(at temperatures above 800 deg. C.) falls off con- 
siderably as compared with that of lower nickel 
content alloys at similar temperatures. 

Uses.—The uses to which these nickel-copper 
alloys containing less than 50 per cent. nickel 
are put, are many and varied. As has been stated 
above, they are being increasingly introduced for 
various purposes where the exacting requirements 
of modern conditions make necessary the replace- 
ment of the materials hitherto used. Their 
resistance to corrosion and their strength at high 
temperatures are two important factors in this 
connection. 

The 2 per cent. nickel alloy has, up to the present, 
been used principally in locomotive work. The two 
properties just mentioned have resulted in its 
employment for such parts as stay rods, and boiler 
and flue tubes. It was also used to some extent 
during the late war for the driving bands of shell. 
Where the water supply is distinctly corrosive, 
as, for instance, in certain S. American districts, 
the 2 per cent. alloy has been replaced by metal 
containing 10-12 per cent. of nickel in the above 
locomotive work. 

Owing to their extreme malleability in the cold, 
the 15-20 per cent. alloys have for some time been 
used for bullet envelopes. These have been found 
to be the only alloys which will stand up, without 
annealing, to the excessive cold work that is involved 
in the drawing and forming operations of bullet 
envelope manufacture. For the same reason these 
alloys are being more and more used for deep 
draftings, stampings and pressings in the hollow 
ware and similar trades. They are also equally 
workable in the hot state and are eminently suitable 
for such purposes as drop forging. The 25 per cent. 
alloy is used for coinage in a number of countries, 
but the present tendency is to use pure nickel more 
extensively for this purpose, owing to its resistance 
to abrasion wear and the difficulty of counterfeiture. 

previously stated, the alloys containing 
between 40 and 45 per cent. nickel have, under the 
names of Constantan, Ferry, Eureka, &c., long been 
utilised for electrical purposes. Their low temper- 





ps Ww. R. Barclay, ‘‘ A Note on the Properties of some 
—— of Nickel,” Journ. Soc. Glass Tech., 1924, vol. 8, 
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pages "387-396 ase,” Zeit. fiir Metallkunde, 1926, vol. 12, 
Ningiling and R. E. Bedworth, “ Oxidation of Copper 
—_ Alloys at High Temperatures,” Industrial and 

gineering Chemistry, 1925, vol. xvii, pages 372-376. 


ature coefficient combined with comparatively high 
resistivity have made them invaluable for rheostats 
and resistances of all kinds. Their use for thermo- 
couple pyrometers in conjunction with copper and 
iron has also been mentioned. At the present time, 
however, their silvery white appearance and 
relatively non-corrosive properties are leading to 
their adoption in an increasing degree for various 
decorative purposes. In cafeteria work they are 
being employed for such purposes as soda fountain 
parts, counter tops, spoons and forks, &c., it being 
found that they are not attacked by fruit juices 





and other food stuffs to the same extent as the metals 
previously used. For similar reasons and owing to 
their good mechanical properties, they are also 
used in various chemical, semi-chemical and food 
preparation industries. Their resistance to atmos- 
pheric corrosion and tarnishing allows them to be 
advantageously used for such items as radiator shell 
stampings and other motor fittings, and also for 
fittings on ships and for various sanitary purposes. 
One of the most interesting of the recent appli- 
cations of these alloys has been for condenser tubes 
in marine and land power station plants. Alloys 
containing from 15 per cent. nickel upwards have 
been tried, and it is now definitely established that 
the corrosion troubles in condenser tubes can be 
entirely eliminated by the use of an alloy containing 
sufficient nickel. When particularly favourable 
conditions exist the 15 per cent. alloy has given good 
results, but for absolute immunity in all cases 
20-30 or even higher percentages of nickel are 
necessary. Condenser tubes of cupro-nickel are 
free also from the troublesome “ season-cracking,” 
and their slightly higher cost is quite counter- 
balanced by their lengthy life* and reliability. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 448.) 

THE members reassembled on Friday morning, 
April 8, with the President, the Duke of Northumber- 
land, in the chair. After the list of candidates 
for election and transference had been read by the 
secretary and approved by the meeting, and the 
scrutineers for the next annual meeting had been 
appointed, the chairman stated that the morning 
would be devoted to two papers on closely allied 
subjects. 


PROPULSION OF SHIPS UNDER DIFFERENT 
WEATHER CONDITIONS. 


The first paper was by Mr. J. L. Kent, and gave 
an account of the propulsion and other ship data 
collected during two ocean voyages under winter 
weather conditions, between Liverpool and Havana. 
The vessels were the Pacific Steam Navigation 
Company’s passenger steamers Oroya and Oropesa, 
both of the same length, though of different moulded 
breadths, and both being fitted with twin screws 
driven by steam turbines through reduction gearing. 
The method of making the various observations was 
first discussed, and propulsion data were furnished 





showing both vessels’ normal performance in fine 
weather. This was followed by curves embodying 
the rough weather data, and showing the variation 
in proportion of the horse-power absorbed in ship 
form, and extra resistance due to wind and waves, 
also propeller efficiency when either vessel develop- 
ing a constant power meets steadily increasing 
wind and wave resistance. Other aspects of the 
subject dealt with included: Fluctuation in torque 
on the propeller shafts ; loss of propeller efficiency 
due to shaft webs; erosion of propeller blades ; 
pitching and rolling, singly and comparing both 
ships; pounding and slamming; and influence of 
wind and waves on steering. 

The discussion was opened by Dr. E. V. Telfer, 
who said he had to form an opinion of what hap- 
pened to a ship from her performance as recorded 
in her logs. The paper enabled naval architects 
to examine such logs and arrive at a conclusion 
with much more precision. Referring to the 
propulsion data in fine weather for the Oropesa. 





* Tubes of the 20 per cent. alloy have been reported 
to be practically untouched after four years in positions 
where tubes of ‘‘ Admiralty mixture’’ have had to be 





replaced regularly every six to twelve months. 





The screw efficiency at 15 knots was 0-631, and at 
7-39 knots it was 0-429. This seemed to indicate 
a serious error in the torsion meter readings; in 
fact, it was almost impossible to get that reduction in 
propeller efficiency when, at the same time, there 
was a reduction in apparent slip. The error might 
mean a serious transmission loss or might be only 
an initial error in the torsion meter, possibly the 
zero settings were not correct. 

Mr. Hamilton Gibson referring to the data of 
the Oropesa, said the vessel was fitted with torsion 
meters when new, and he wondered if they were 
used in the trials. From recent developments, 
thrust meter records seemed more reliable than 
torsion meter records. The latter was a delicate 
instrument, with an extremely small range of move- 
ment from zero to full power, especially with a 
short shaft. There might be a considerable error 
if incorrect zeros were started with. It was ques- 
tionable if that on the Oropesa had been checked 
from the time she was new eight or nine years ago. 

Mr. J. Tutin thought the author’s problem was 
to account for the abnormal propeller efficiency 
with a full-sized propeller, compared with that of 
a model propeller at the same slip. The author 
had dismissed the possibility of torsional in- 
accuracies, and also the possibility of an under- 
estimation of the effective horse-power. He had 
referred to race spirals in the propeller wake, 
and to erosion of the blades. Neither could account 
for the loss of efficiency, but might be indications of 
phenomena responsible for it. The shaft webs 
might have a serious effect, and that could only 
be tested by running a model in the tank. It was 
difficult to see why erosion chiefly occurred on the 
back of the blades unless cavitation existed, a con- 
dition the author thought was improbable. He 
had recently made a fairly careful investigation of 
the subject. For full-sized propellers at anything 
over the very lowest revolutions and speeds there 
was likely to be cavitation at certain sections of the 
blade, and the point at which cavitation became 
incipient could be calculated. There was a certain 
pressure distribution for any particular blade 
section, and the speed and revolutions at which the 
absolute pressure at any point would be zero could 
be determined. Any increase in revolutions over 
the critical speed would not increase the thrust 
of that particular portion of the blade section, and 
so it would be incapable of contributing any more 
thrust. 

It had been shown by Admiral Taylor in connec- 
tion with cavitation that for a certain type of pro- 
peller which was driven at about 40 or 60 per cent. 
positive slip, face cavities were observed on the blades 
which he attributed to cascading over the blade face. 
A simpler explanation was that on calculating the 
inflow velocity of that propeller it would be found 
that the angle of incidence instead of being positive 
would be actually negative over practically the 
whole blade. The negative angle of incidence tended 
to produce a flutter of the blades, and also a very 
rapid variation in the thrust and torque in each 
revolution. By adopting wide blades face cavita- 
tion had been largely disposed of. He was sure 
that cavitation existed at the backs of the blades in 
the ships under discussion. The problem of cavitation 
was so important, and direct propeller experiments 
so promising that it would be desirable to equip 
a special tank for its study at the National Physical 
Laboratory. 

Professor Carter enquired if the estimated 
effective horse-power of the propulsion data in 
fine weather included the effect of appendages. 
The author had not stated, in connection with the 
calculated values of thrust horse-power whether 
the calculations had been made on the face pitch, 
or on any percentage of it. A ratio of effective to 
face pitch of about 1-02 was sufficient for designing 
a propeller when working on the naked effective 
horse-power, but when one included the full 
effective horse-power with appendages the figure 
was more like that given by Froude in his original 
paper of 1908. In the propulsion data for the 
Oroya the estimated effective horse-power and the 
calculated thrust horse-power were in very close 
agreement. In the Oropesa the difference was 
more than 10 per cent. 

Mr. M. P. Payne wished to know with regard to 
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the measurement of shaft horse-power whether or 
not the quiescent periods in the ship’s motion, during 
which torsion-meter readings were taken, tended to 
coincide with a condition of quiescence which might 
periodically occur in the state of the sea. If this 
were the case he doubted that a mean of such 
readings represented a true mean torque over the 
whole period, and the figures for shaft horse-power 
could be more confidently accepted if the author 
could say that such periods of quiescence were 
consequent upon the relation of ship period and 
wave period. 

In the steam trial figures in fine weather for the 
Oropesa, the propeller was working practically at 
constant real slip, and therefore at practically 
constant efficiency. This was confirmed by the 
efficiency figures estimated upon the basis of 
Froude’s experiments. The author’s assessment 
of screw efficiency from trial results showed a 
constantly diminishing figure from 0-631 at 15 knots 
to 0-429 at 7-39 knots. It was suggested that the 
discrepancy was partly accounted for by the use of a 
constant percentage loss of shaft horse-power in 
transmission. The transmission losses in the 
bearings were considered possibly more nearly 
proportional to the revolutions than to the shaft 
horse-power, and if the 10 per cent. loss of power 
be assumed to apply at 15 knots, the percentage 
loss would then be increased to nearly 35 per cent. of 
shaft horse-power at 7-39 knots, when the revolu- 
tions were approximately one-half, but where the 
shaft horse-power had been reduced to roughly 
one-seventh that at the higher speed. A modifica- 
tion on these lines would help towards eliminating 
this anomaly with regard to propeller efficiency. 
This was important in establishing the substantial 
accuracy of the relative magnitudes of thrust 
horse-power as calculated from revolutions at various 
speeds, upon which the estimate of wake and its 
application to the rough weather result depended. 

Mr. H. J. R. Biles referring to the statement in 
the paper that with waves of only 4 ft. high, and a 
wind of above 20 knots speed, the thrust required 
to propel the Oroya was increased from 25 to 38 
tons, an increase of 52 per cent. over the thrust 
required in fine weather at that speed, said the 
dimensions and speed of the Oroya were intermediate 
between the two ships of his own paper. These 
vessels were a 20-knot liner, 650 ft. long, and a 
400-ft. cargo boat of about 10 knots, and he had 
found that with a 20-knot wind the increase of 
resistance due to air resistance was 27-7 per cent. 
for the cargo vessels and 13-1 for the liner. There 
was a large margin between these figures and the 
author’s 52 per cent. This was due to the effect of 
waves, and Mr. Kent advocated experiments in 
the tank to show what happened when a model was 
run in artificially produced waves. It was known 
from model experiments that in smooth water the 
resistance of a 10-knot cargo vessel could be 
considerably reduced by carrying the longitudinal 
centre of buoyancy a great deal forward. If this 
were carried too far the performance of the ship fell 
off markedly in bad weather. The difficulty was 
to know where to draw the line. His own obser- 
vations bore cut previous speakers’ remarks as 
to the difficulties of getting correct zeros with torsion 
meters. 

Mr. R. W. L. Gawn thought that great interest 
attached to the fine weather results, in particular 
to the comparison between the screw efficiency 
deduced from the trial results and that given by 
Froude’s curves. The discrepancy between the 
two sets of screw figures was very marked in the 
Oroya in spite of tke fact that 10 per cent. of the 
shaft horse-power hed been assumed to be dost in 
transmission to the propellers. Mr. Baker in a 
recent paper had suggested that this loss was pro- 
bably 5 per cent., as had also Mr. Kent in his 
previous paper, and with this percentage the dis- 
crepancy was further increased. It was important 
to know the actual loss of power in friction of shaft 
bearings, and he asked if Mr. Kent had formed any 
opinions on the point. ; 


The author had calculated the thrust horse- 


power of the propellers from Froude’s data but 
has not stated the excess of the analysis pitch 
over the face pitch. The figure given by Froude, 
viz., 1-02 was found by trial analysis to balance 








fairly reasonably the thrust horse-power calculated 
from propeller revolutions and ship speed with that 
deduced from the resistance of the hull without 
appendages. To balance the total hull resistance 
inclusive of appendages an analysis pitch factor 
of about 1-05 was found requisite on the average 
in warships speed trials. Assuming 10 per cent. 
transmission loss, there would be little difference 
between the screw efficiency deduced from warships 
trial results and that obtained from Froude’s 
curves. He would ask Mr. Kent whether the 
effective horse-power figures in the tables include 
an allowance for appendages. 

The author’s suggestion as to a loss of propeller 
efficiency due to the interference of the flow past 
them by the run of the shaft webs was tenable and 
might account for some of the differences in the 
tables. A similar explanation was arrived at 
in the case of some high speed cruisers and destroyers 
in the United States where an appreciable loss 
at full speed occurred. The phenomenon was akin 
to cavitation. 

The large pitching amplitudes recorded in this and 
the author’s previous paper suggested the need for 
researches in stress measurements. Pitching appeared 
to be more severe than rolling. The pitching period 
at sea was very variable especially in the case of 
the Oroya, in which ship the period fluctuated 
between 9 and 18 seconds, the natural period being 
16 seconds. In these ships the waves greatly 
influenced the rolling period, and the statement that 
a ship rolls at sea broadly in her own period only 
applies when the waves are of very short period 
or near synchronism. In the model experiments 
described by Mr. M. P. Payne three years ago it 
was shown that among uniform waves the mean 
period of the ship followed that of the waves and 
an explanation was put forward. In some recent 
destroyer trials the mean period of roll at sea in 
rough weather was found to be approximately the 
same as that observed for the waves, with the result 
that on many occasions the actual period of roll 
was as low as 6 or 7 seconds, although the still 
water period was about 9 seconds. 

Mr. Kent, in reply, said he would imagine every 
precaution had been taken to see that the torsion 
meter zero was correct in the trials. He had tried 
to get readings from the thrust meter on the Oropesa, 
but the indicator was not working well. He hoped 
to get some rough weather readings later. As to 
analysis, he had taken 1-02 in the thrust ratios, 
and the effective horse powers were naked effective 
horse powers. As to the efficiencies of the propeller 
of the Oroya, the propeller might have been wrong. 
He had had no chance to check the torsion meter 
zero but thought it was likely to have settled down 
and have given a constant value throughout. The 
actual efficiencies of the screws were low and the 
ship was not satisfactory. She should attain a 
higher speed for the power expended. As time was 
pressing, he would reply to the other points raised 
in writing. 


Notes ON THE EFFECT OF WIND ON POWER AND 
SPEED. 


This paper, by Mr. H. J. R. Biles, was an investiga- 
tion of the effect of wind pressure on the horse- 
power and speed of three different types of ships, a 
cargo steamer, a passenger liner, and a cross-channel 
steamer. It dealt with the effect of wind pressure 
in increasing the resistance to motion, and the 
extra resistance of the rudder when a large degree 
of helm angle had to be carried to counteract a 
wind on the bow or quarter. The effect on resist- 
ance of rough water resulting from wind was not 
considered. The methods of calculation were out- 
lined in each case and the resistance due to air 
pressure estimated at a range of wind velocities 
relative tothe ship. The effect of wind in upsetting 
measured-mile trial results was discussed and illus- 
trated. Analysis of such results being necessary 
to check estimates of power and speed, to balance 
theory with practice, and to compare performances 
of forms and propellers, the paper concluded by 
suggesting that shipbuilders might, on trial trips, 
note wind velocities and directions, and helm angles, 
so as to estimate how much power they have lost 
in this way. 

The President then called upon Sir William 








Berry to open the discussion, who said that there 
was no doubt as to the real importance of the ques- 
tion of assessing the power required to overcome 
the wind resistance of a ship, especially as higher 
speeds were being specified. The author’s demon- 
stration of the possible adverse effect of the wind 
on the measured mile results afforded a probable 
explanation for many unsatisfactory trials, particu. 
larly as a heavy seaway was usually associated with a 
high wind. Many of the discrepancies in the per- 
formance of sister ships on the measured course 
were probably due to differing weather conditions, 
An instance was that of a large warship in which 
after her first trials a definite improvement was 
effected in the appendage resistance, yet through 
worse weather conditions the results on the next set 
of measured-mile conditions were inferior. He had 
attended one of a series of trials of a battleship 
during which there was a moderately fresh wind 
with a velocity of about 18 miles per hour, and 
very little sea. The results of the series indicated 
a loss of about } knot at 18 knots due to the weather 
conditions on this particular trial. 

There had been few reliable experiments on the 
air resistance of ships, but Froude, during the 
Greyhound trials of 1871, obtained an approximate 
expression for the value of it by allowing the ship 
to drift before the wind, and deduced that the air 
resistance at 15 knots was 3301b. This corresponded 
to 0-0037 Ib. per square foot per knot, which was 
less than the author’s value of 0-0043. He thought, 
taking into consideration the experiments of 
Froude, Eiffel, Stanton, Dines, Beaufoy, and 
others, that the coefficient should be about 6-038 
for a plane surface square to the line of flow. 

An interesting result was obtained on the maiden 
voyage of the Hamburg-America liner Hamburg 
across the Atlantic. It was reported that with a 
headwind of gale force, velocity 39 to 46 m.p.h., 
and no appreciable seaway, the measured thrust 
was about 10 per cent. greater than the fine weather 
value. The speed was about 16 knots, and the 
relative wind velocity about 50 knots. The author's 
table dealing with air resistance of a liner gave 
figures greater than this result. 

It should be noted that a model, when tried in 
the tank, was usually complete as regards hull up to 
the weather deck and effective horse-power therefore 
includes the air resistance of this part of the model, 
but not that of any superstructure, bridges, funnels, 
&c., which might be of considerable amount. 

Mr. G.S. Baker, after stating that a paper on the 
subject was long overdue, and that he agreed 
generally with Mr. Biles, said that the results of 
experiments on air resistance of models in the wind 
channel supported the author’s formula. 

Mr. J. Reid said he had been carrying out experi- 
ments with a view to finding out the causes of 
disturbances to the flow of air to fans in high-speed 
vessels. Possibly a source of loss in the trials of 
such high-speed vessels when facing a heavy wind 
might have some relation to currents of air passing 
the ship and missing the ventilators, making it 
difficult for the fans to get a supply. He thought 
Mr. Biles’ estimates of air resistance were very fair 
as far as trial trip conditions were concerned, but 
considered them low for sea-going conditions on, 
say, a large Atlantic liner. With a large vessel, 
travelling at about 20 knots, the air passed round 
the ship and formed eddies and swirls at great 
distances from the ship. At sea the resistance was 
not only due to that of the wind striking a high 
broken structure, such as a passenger deck, but also 
to the resistance of the large body of air rushing 
down the passages. On Atlantic vessels. the 
combined or relative speed might easily go up to 
over 100 knots. The effect of funnels was also 
marked. In the case of a large one, as used on an 
Atlantic liner, it would be found that every venti- 
lator within 50 to 60 ft. behind it was completely 
upset as regards delivery, the flow being sometimes 
reversed. He thought a method of calculation 
applicable to a 10-knot tramp could not be used 
accurately for a very large Atlantic liner, partly 
due to the tremendous body of air which the ship 
was carrying along with it. 

Mr. Biles, replying to the discussion, said the 
necessity for experiments in the wind channel at 
the tank was indicated by the divergence of opinion. 
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Mr. Reid had suggested that the resistance had been 
underestimated, while Sir William Berry had 
referred to the sea-going results obtained from a 
German liner from which it was deduced that there 
was an increase of thrust of only 10 per cent. on a 
relative speed of 50 knots. This latter would show 
that the resistance given in the paper was over- 
estimated. His own values would appear to be 
between these, and therefore not far off the, mark, 
but results from several types of vessels were needed 
in corroboration. 

A vote of thanks was, at this stage, accorded 
with great heartiness to the President, who was 
unable to attend the closing session in the after- 
noon. The Duke of Northumberland, in replying, 
said he thought the whole of the papers read at 
the spring meeting were quite up to the usual 
standard, and had led to very interesting discussions, 
while it was satisfactory to note that the attendance 
was even better than that of last year. The morning 
session then terminated. 


Sure RESISTANCE. 


At the final session of the meeting, held in the 
afternoon of Friday, April, 8, the chair was taken 
by Sir John Biles, who first explained that, as the 
room was wanted for another meeting, the time 
available for the reading and discussion of the 
two remaining papers on the programme was 
limited. He then called on Dr. E. V. Telfer to 
read his paper entitled ‘‘ Ship Resistance Similarity.” 
The following is a synopsis of the paper :—The 
resistance similarity of geometrically-similar ship 
forms is governed simultaneously by the Froude 
and Reynolds laws, and, since the simultaneous 
application of these laws is physically impossible, 
ship-model technique has developed along lines 
which accept the Froude law, due to its practical 
simplicity, as the primary and respect its funda- 
mental requirements, in spite of the fact that, 
in the majority of cases, the quantity of resistance 
governed by this law is less than that governed 
by the Reynolds law. The latter is studied only 
in so far as it enables its empirical lessons to be 
more accurately applied as corrections to the 
Froude law. Starting, however, from a consideration 
of the inter-relation of the specific total resistances 
of a family of geometrically-similar models, it is 
evident that each model, over its speed range, 
covers not only a range of Froude speed ratio, 
but also a range of Reynolds speed-product. It 
follows, therefore, that interpolation of the data 
can at once be effected either in the form of resistance 
contours of constant speed-product to a base of 
speed-ratio, or contours of constant speed-ratio 
to a base of speed-product. By this interpolation, 
we virtually secure the simultaneous application 
of the Froude and Reynolds laws. 

A consideration of this interpolation reveals the 
various fundamental aspects of its structure, 
it being principally shown that the resistance 
contours above mentioned must, in either presenta- 
tion, be mutually parallel. To develop this inter- 
polation to be of practical assistance in model 
technique, it is, therefore, first shown that the 
correct function of speed-product to use must be 


of the form f (7). thus showing that extra- 


polation does not involve an infinitely large viscous 
parameter, but one which, for the largest conceivable 
ship, approaches zero. Next, the form of this 
parameter, which makes the speed-ratio contours 
straight lines, is demonstrated, first by reference 
to Stanton and Pannell’s work on the flow of 
water through pipes and subsequently by tests 
on geometrically-similar ship models. The condition 
of linear parallelism is shown to be of the greatest 
value in using the whole of the data to secure the 
most probable extrapolation to the ship. Numerical 
examples of the ship resistance thus obtained are 
fiven in the paper, showing their close agreement, 
over the practical range of speed-ratio, with the 
values found by the Froude method. 

The mechanism of the Froude method is then 
discussed, in the light of the general method, and 
its limitations pointed out. The alternative use 
of temperature change, instead of model size, to 
apply the general method is next examined, and 
an example is given showing the possibility of 





securing valid extrapolation to the ship by this 
means alone. For the correct application of the 
methods of the paper, the family of models tested 
must, however, be run under conditions which 
secure complete turbulence of the tank water. 
The distorting influence of laminar flow is discussed 
in this connection. Examples are given showing 
its importance, and the means adopted to secure 
its elimination are discussed. Finally, various 
minor aspects of comparative ship resistance, 
which appear to be of interest in the light of the 
methods of the paper, are reviewed. It is pointed 
out that, while with the Froude method the order 
of superiority revealed in testing two models of 
equal length and wetted surface is immediately 
presumed as holding good for the ship, this 
assumption not only has no counterpart in the 
more general method, but is probably invalid 
when comparing two forms which are likely to 
differ materially in the composition of their total 
resistance. 

When Dr. Telfer had rapidly outlined his paper, 
the Chairman suggested that it should be discussed 
with the last paper, viz., one by Mr. W. C. S. Wigley, 
on “ Ship Wave Resistance.” Both authors agreed 
with the suggestion and Mr. Wigley then read his 
paper in abbreviated form. 

The paper, Mr. Wigley explained, formed the 
second part of one read by him at last year’s Spring 
Meeting of the Institution, and referred to on 
page 423 of our 121st volume. The previous paper 
gave a comparison of mathematical theory and 
experimental results on the wave resistance of 
ships, the experimental data being obtained from 
tank tests on three models. Theory and experiment 
were found to be in genera] agreement, but the 
calculated curve was rather less in mean value than 
the experimental curve, particularly at the higher 
speeds; the humps in the calculated curve were 
exaggerated in comparison with the experimental 
results ; the hollows in the calculated curve were 
more exaggerated than the humps and generally 
appeared flat in the experimental curve; and the 
humps occurred rather earlier in the calculated 
curve. At the suggestion of Mr. F. Bailey, R.C.N.C., 
two other models, derived by a reduction of scale 
beam from one of those on which the previous 
experiments were made, were tested in the William 
Froude National Tank, the new models having 
maximum beams of 1-5 ft. and 1 ft., respectively, 
whilst that of the earlier model with which they were 
compared was 2 ft. The length of the models was 
16 ft. in all cases and the draught 1 ft. All the forms 
had sine curves for their water lines, and their 
sections were formed by two parabolic arcs meeting 
at the keel and having their vertices at the load water 
line. Both stem and sternpost were lines perpen- 
dicular to the keel, and the freeboard was carried 
up vertically from the water line in each case. A 
comparison of the experimental and _ theoretical 
curves for these models showed all the four discre- 
pancies above referred to, but while the first dis- 
crepancy was found to increase in importance with 
the beam, all the others diminished. As an 
explanation for the tendency of the discrepancy 
referred to to increase for the model with the 
narrowest beam, the author suggested the under- 
estimation of the non-wave-making resistance or 
the neglect of form resistance, all the causes of 
error latent in the assumptions made in order to 
calculate the wave-making resistance tending to 
become rapidly of less importance as the beam of the 
form was decreased. 

The first speaker in the discussion was Mr. H. G. 
Williams, who remarked that Dr. Telfer’s paper 
might prove to be epoch-making. After briefly 
comparing the author’s method of deriving ship 
resistance with the usual method, he referred to 
the curved lines of constant speed-ratio given in 
diagrams in the paper, the curvature being attri- 
buted by the author to the omission of precautions, 
when running models, to ensure turbulent flow. 
The author had mentioned the use of a fine wire 
placed round the bow of the model when run at 
small values of V L, and the speaker remarked that 
such a wire was found necessary by Prandtl when 
experimenting on the air resistance of spheres. 
To run a whole family of models to obtain the 
resistance of one ship form, would be very expensive, 


and this would put the author’s extrapolation 
method out of court for practical purposes as a 
rival to existing practice. The practicability of the 
method would, however, be materially improved 
if the author’s expression for viscous flow, 2.e., 


R _ 3 v 
ry, ie i o ’ 

were established, since the constant speed-ratio 
lines then became straight. The law was strik- 
ingly confirmed by the author’s presentation 
of the results of Stanton and Pannell’s experi- 
ments on the flow in pipes, but the speaker 
did not think the support given to it by Geber’s 
plank experiments was very powerful. In any case, 
as the Froude method of frictional correction was 
known to be theoretically incorrect, although it was 
generally sufficiently accurate for practical purposes, 
it was perhaps not much support to the proposed 
new law of viscous resistance to show that it pro- 
duced practically the same result as the Froude 
method. The author had, however, made out a 
good case for the extended trial of his proposed 
viscous-resistance equation in the analysis of model 
experiments. Mr. Williams thought the practical 
importance of the paper depended entirely on the 
final conclusion arrived at as to the correctness in 
form for ship-shaped bodies of the formula for 
viscous resistance put forward by the author. This 
point could only be decided after analysis of all 
cases where experiments had been made on two or 
more geometrically-similar models, and probably 
after additional experiments had been made 
expressly to test the formula. 

Professor T. B. Abell, the next speaker, said he 
only wished to refer to one point in Dr. Telfer’s paper. 
In this, Stanton and Pannell’s results for the specific 


resistance of pipes were plotted on the base (v5)? 


and when this had the value infinity the ordinate of 
specific resistance was about 0-0008. Dr. Mawson, 
the lecturer in hydraulics at Liverpool University, 
had been carrying out some experiments on the 
viscous flow in centrifugal pumps, and after seeing 
Professor C. H. Lee’s formula, had suggested that 
the constant in the final expression for the specific 
resistance had a definite physical meaning. In the 
particular case under discussion, the speaker thought 
that the value of the ordinate at (> }! = oo must 
represent the resistance equivalent of the eddies 
which the viscosity had originally set up, and was 
therefore the definite equivalent of the energy of the 
turbulence of the water. If that were so, he 
remarked, it should be possible to get useful data 
by experiments on submerged forms when the 
effects of surface disturbances had been eliminated. 
Plotting the results obtained with these submerged 
forms on the same parameter, the constant ordinate 
should accurately represent the turbulence or the 
energy in the eddies of the model. 

Mr. M. P. Payne said, in the course of his remarks, 
that the foundation of Dr. Telfer’s work rested on 
the adoption of a particular form of function to 
specify specific-viscosity resistance, and thereby 
to extrapolate to ship speeds and lengths to obtain 
the ship resistance. In the speaker’s opinion, it was 
a matter of indifference, except for practical conve- 


nience, whether the function was of the form TL or 





2 Me greater accuracy was to be expected by 
“i . 
extending the former to zero than from extending 


the latter to infinity, since the change in physical 
conditions was infinite in either case. In the 
practical application of the basic formula, the 


author took the expression b (wz)? for the skin- 


friction correction in passing from model to ship, and 
proposed to determine the value of 6 by running two 
or more models of different scale in preference to 
assessing it from extrapolated plank data. Mr. 
Payne, however, thought it was doubtful if this 
procedure were more accurate, unless it could be 
definitely proved that the proposed expression were 
correct. He pointed out that the separation of 
the total resistance into “ specific-viscosity resis- 
tance” and “ specific-inertia resistance” was quite 
artificial, although it was of great practical impor- 
tance. Actually the viscosity of the water must 





affect the flow and wave pattern as compared with 
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that for a perfect fluid, and the resistance of a ship 
in a perfect fluid appeared to be the only rigid defini- 
tion of wave-making resistance. With the author’s 
proposed extrapolation for specific-viscosity resis- 
tance however, at infinite speed product, corres- 
ponding to zero kinematic viscosity as for a perfect 
fluid, the total specific resistance would still consist 
largely of specific-viscosity resistance. 

Mr. W. C. 8. Wigley, who spoke on Dr. Telfer’s 
paper, said he had found that the curve obtained 
from Dr. Lee’s formula, adopted by the author, 
differed very little from that obtained from Froude’s 
values, the difference being less than 1 per cent. 
anywhere within the range of his, the speaker's, 
experiments if the constants were chosen to make 
the curves agree at the ends. The author had 


ma y(te 
pave J =) 


did not account for any possible difference between 
turbulent and laminar flow. The difference, how- 
ever, would appear in the form of the function f, if 
it could be accurately calculated. The present 
empirical formule, such as those given in the 
paper, could only apply strictly to the range of 
Reynolds number covered by the experiments on 
which they were based, but if the form of the func- 
tion f could be calculated mathematically from the 
known differential equation of the motion, this 
relation would take account of all the phenomena 
of the motion, except surface effects. He did not 
agree with the author that greater accuracy in 
extrapolation was obtained by plotting on a base of 
the reciprocal of the Reynolds number. The base 
was contracted at the high-speed end by so doing, 
but any curvature in the graph was also exaggerated, 
so that there was no net gain. The criterion for the 
selection of a base on which to extrapolate was 
that the graph through the experimental points 
should be as nearly a straight line as possible. In 
the paper, no effort had been made to select the 
best base on these grounds, but straight lines 
on the base selected to fit the theory had been forced 
through the experimental points as nearly as possible 

Mr. J. Tutin, the last speaker in the discussion, 
said he thought Dr. Telfer’s paper was a very useful 
one, but he doubted whether there was a sound 
fundamental basis for the method presented. He 
did not think the author’s method of extrapolation 
would give any greater accuracy. With regard to 
the viscous and turbulent regimes of flow, it was 
dangerous to assume that the flow was either com- 
pletely viscous, or completely turbulent, as it was 





stated in the paper that the relation 














partly one and partly the other. He thought the 
author assumed that, for ship conditions, the flow 
was completely turbulent. Other assumptions to 
which the speaker took exception, were that tur- 
bulence in the fluid was in the form of a pulsation, 
that it had a period, and that the pulsation was a 
form of simple-harmonic motion. Mr. Tutin thought 
that before accepting this novel view of turbulence, 
the assumption should be supported by mathe- 
matical research or by direct observation, and this, 
he said, had not so far been done in this country. 
On Mr. Wigley’s paper, the speaker remarked that 
the author assumed the form resistance to be low, 
but if he assumed a more usual form resistance the 
curves would have a different aspect. If the analysis 
were correct, it should give the amplitudes of the 
humps and hollows, but that was not the case, as 
the author admitted; their positions were also 
displaced. Time did not permit the speaker to give 
his own explanation of this, but they were given in 
his paper before the Institution in 1924, to which 
a brief reference will be found on page 517 of our 
117th volume. It was necessary, Mr. Tutin con- 
cluded, to make the mathematics selective, using 
positive pressure in the fore body and negative pres- 
sure in the after body. This would make both the 
amplitude and the position of the humps and 
hollows correct. 

The Chairman then remarked that there was no 
time for further discussion, and called on Dr. Telfer 
to reply briefly. 

Dr. Telfer first thanked Mr. Williams for his 
appreciative reference to the paper, and said he 
would look further into the point raised by Professor 
Abell. He could not quite follow the attitude of 
Mr. Payne regarding the method of extrapolation. 
The advantage of his method was that it could be 
done on a drawing board of the usual size. The 
other points raised by the speakers he would reply to 
in writing. Mr. Wigley, on being invited to reply, 
said he only wished to refer to one point in connec- 
tion with Mr. Tutin’s remarks. He thought the 
reason that the mathematical and experiental 
curves were not in complete agreement was that 
the wave-making form, when running in a viscous 
fluid, was not quite the actual form. He did not 
think Mr. Tutin’s explanation was the correct one. 

The Chairman then proposed a vote of thanks 
to both authors, which was carried by acclamation, 
and after a few remarks on the valuable nature of 
the papers and discussions, and on the growing 
influence.of the Institution, the meeting terminated. 





Kia. 2. 








Y 
Y/, 
MMMILTTITTLLEDLS YL LLLY 
s 


AM 

















= 
9813.C “ENGINERRING™ 
, | 


ELECTROLYTIC GENERATION OF 
HYDROGEN AND OXYGEN. 


Tue greater availability of electric energy which 
may follow recent legislation may lead to a more 
general utilisation of off-peak power for various indus- 
trial electrolytic purposes. The electrolytic generation 
of hydrogen and oxygen would appear to be one of 
these. It offers the great advantage of producing 
these gases in a pure form. For some industrial pro- 
cesses, traces not only of sulphur and arsenic, but even 
of carbon monoxide in hydrogen, are fatal, and this fact 
severely restricts the use of hydrogen produced from 
water-gas, from air-gas by diffusion, from steam and = 
and by similar otherwise efficient processes. ~. ; 
case of oxygen for welding and metal cutting, 18% 
purity did not appear to be necessary uaill & was 
certain that an advance in the purity from 95 to * 6 per 
cent. made a great difference in the amount of oxygen 
needed and in the rate of cutting, and it is now con- 
sidered advantageous in some cases to raise the — 
of both the electrolytic gases even above 99-6. Wit 
electrolytic generation, such high degrees of purity in- 
volve little extra expenditure. — ras ee 

The scale of many industries utilising hy — 
suffices to justify the erection of special electro — 
hydrogen plants, particularly when the oxygen ¢ r 
likewise be utilised. Distribution of the —— 
gases by steel pipes is quite feasible; it has si , 
been done yet at distances expressed in miles, but } 
may find advocates as has been the case with the distt “ 
bution of Mond gas and coal gas. The a 
of the electrolysed gases in steel cylinders 18 Bor 
expensive accessory to their generation, and transport 
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Fig. 6. SECTION THRO B-B. 
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of batteries of the heavy cylinders has undesirable 


fatures. Some of these distribution difficulties could | largest item in the running of electrolytic plants, and 
there is promise of economy in plant combination. 


be reduced by the multiplication of electrolytic plants 
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in conjunction with electricity works. Power is the 





The International Electrolytic Plant Company, 
Limited, of the City Electricity Works, Chester, whose 
productions we describe below, occupy a prominent 
position among the manufacturers of plant for the 
generation of hydrogen and oxygen. The chief works 
of the company are at Queensferry, near Chester, 
but they have a manufacturing branch establish- 
ment in Italy. The first Knowles plant of the type 
manufactured by the firm was built for Messrs. 
Lever Brothers at Bromborough in 1912, while plants 
were installed for the same firm at Durban, Natal, 
Kobe, Japan, and Sydney before the war. Since 1923, 
the company has completed several large installations 
in England, India, France, Italy, Switzerland, Chile 
and the United States. The electrolytic cells, 
patented under the name of their managing director, 
Mr. A. Edgar Knowles, are claimed to have a high 
efficiency with a low cost of upkeep, which are secured 
by a combination of novel constructional features. In 
this article we propose to describe the cells and general 
features, and, in particular, the installation of 800 cells 
which the firm completed in 1926 at Pierrefitte, in the 
French Pyrenees, for the Société des Engrais Azotés et 
Composés. The 2,200 cub. m. of hydrogen which these 
cells can supply per hour, are utilized for a synthetic- 
ammonia plant at Pierrefitte. In Figs. 1 and 2, on the 
opposite page, we illustrate the Knowles standard cell 
and the Knowles column cell, while Fig. 3 is a diagram 
of the gas purifier, which is only utilized when gases 
of exceptional purity are required. The other illustra- 
tions, Figs. 4 to 13, on this page and on page 482, refer 
to the Pierrefitte installation. The cell shed is shown 
in Fig. 4, while Figs. 5, 6, and 7 illustrate the general 
layout, showing in plan and elevation some of the eight 
bays, each of 100 cells, which are grouped in four 
batteries to run at 8,600 amperes maximum and 
400 volts to 500 volts per battery. By the aid of 
overhead travellers, one for each bay, cells can be 
transferred from bay to bay throughout the length 
of the cell room. The provisions for the automatic 
feeding -of the cells with water and the washing 
of the gases, which are special features of the firm’s 
installations, are illustrated in Figs. 8 to 13 on 
page 482. In the cells, a gas pressure of 4-in. water 
gauge is maintained. For filling the hydrogen gas- 
holders, this pressure has to be raised to 10 in., 
and the booster plant used for this purpose, was 
supplied by the Bryan Donkin Company, Limited, of 
Chesterfield. 

The usual electrolyte for the generation of hydrogen 
and oxygen is a dilute solution of caustic alkali 
in distilled water. The water is decomposed, and 
has to be replenished ; the alkali makes the electrolyte 
a conductor of electricity, but is not consumed. The 
Knowles standard cells are of the bell type, the bells 
or boxes forming the gas-collecting chambers. A 
view, partly sectional, of a 14-bell cell is given in 
Fig. 1. The block of steel bells B is supported 
by lugs resting on the edges of the tank which contains 
the electrolyte, caustic soda, so that the whole of 
the internal parts of the cell can be removed as a 
unit simply by disconnecting the copper connections 
and the gas off-take pipes K. The electrodes A are 
alternately positive and negative, and are suspended 
by bolts from the bells; a bolt passes through a 
steel tube D, welded into the top of the bell, and 
is insulated from the steel tube by a tube of ebonite. 
The end of each electrode-connecting bolt carries two 
nuts insulated from the steel tube by a cap F, on which 
rest the bottom nuts which carry the weight of the 
electrodes. The copper connectors are clamped be- 
tween the nuts. The off-take pipes J, one for each 
gas, collect the gas from alternate bells, and are, 
in their turn, coupled to the pipes K, which run 
along the top of the cells as shown in Fig. 4, which 
illustrates the Pierrefitte installation. The electrodes 
are separated from one another by the asbestos 
diaphragms L, open at their lower ends. The entire 
block of bells is surrounded by the skirting M, on 
which it may be stood when it is withdrawn from the 
tank. 

The steel tubes D are of sufficient length to be sealed 
by the electrolyte when the cell is in operation. The 
bolts taking the current to the electrodes pass through 
the tubes, from which they are insulated, as mentioned, 
by ebonite sleeves, which are a loose fit on the bolts and 
also inside the steel tubes. When the cell is in opera- 
tion, the electrolyte stands at a higher level outside the 
tubes than on the insides, the difference in level depend. 
ing upon the back pressure in the pipe line. If the 
pressure in the pipe line increases beyond the pre- 
determined limit, the level inside the bells sinks, until 
the hydraulic seal round the safety tubes D is broken ; 
the gas can then escape through annular spaces 
between the bolt and the insulator tube and between 
the latter and the steel tube. The same would occur 
if the make-up water should fail to maintain the 
electrolyte level. In addition, one completely open 
tube for each gas is provided in every cell to ensure 
absolute safety. This arrangement is one of the 
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patented features of the Knowles cell. It consti- 
tutes a valuable automatic safety device, because it 
enables the gases to escape into the atmosphere before 
the top of the diaphragm can be exposed, owing to 
shortage of electrolyte or to excessive pressure in the 
offtake pipe, when the hydrogen and oxygen would 
mix. The electrodes simply hang, as mentioned, from 
the tops of their bolts ; each can be taken from the cell 
by unscrewing the four nuts on the top of the electrode 
bolts. 

With the diaphragms of woven asbestos cloth which 
are now used, there is no risk of any polarisation and 
consequent formation of mixed gas at the surface of 
the diaphragm. This trouble sometimes arose with 
the earlier steel-gauze diaphragms, especially when 
high potentials were applied. Such gases required 
subsequent purification, and, with early electrolytic 
cells of this and other types, this purification was an 
essential part of the operation; in the new cells 
purification is hardly needed and only applied in 
special cases. It is effected by means of the apparatus 
which the diagram Fig. 3 will explain, and may be 
described as a device to burn any oxygen out of the 
hydrogen, or any hydrogen out of the oxygen. There 
will be very little of either impurity in the gas, and 
as the combustion is by catalysis at relatively low tem- 
peratures, the apparatus can be described as a purifier 
rather than a burner. It is designed on the reverse 
current system. The hot gas leaving the apparatus 
heats up the cold gas (either hydrogen or oxygen) 
coming in, and electric heating is needed practically only 
for initiating the reaction which afterwards proceeds 
spontaneously.. The gas enters at A and rises into a 
chamber B, in which it is deflected by the baffle plate C 
which is fitted on both surfaces with radial ribs D 
to retard the flow round the disc into the upper chamber 
E in which the gas is heated by an electric resistance. 
The hot gas then streams through the catalyst F, which 
consists of a layer of palladium-pumice stone spread 
over a large surface, dcwn into the outer chambers 
G and J, heating the incoming gas and leaving at K. 
The purifier case is lagged with slag wool L. The 
guaranteed purity of the gas direct from the cells is 99-5 
per cent. for hydrogen, and 99-0 per cent. for oxygen; 
purities of 99-95 for hydrogen and 99-65 for oxygen 
have generally been realised in practice over long 
periods. It will thus be understood that purifiers are 
necessary only in exceptional cases where gas of the 
highest possible purity is required. 

Before and after the gas passes the purifier, it is sent 
through water seals to prevent an explosion, due to some 
careless handling, from reaching the gas washers, cells or 
coolers. Any increase in the gas pressure in the purifier 
breaks the water seal and releases the gas to atmosphere 
before it can enter the pipes leading to the washers and 
coolers. The coolers are of the usual pattern, consisting 
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= ; ° ; be constructed ten cells high. 
The current passes from each cell to the cell 
above without external connections, the polarity 


being reversed as the current flows from one cell 
to the next. The only external electrical connec- 
tions required are to the bottom of the lowermost, 
and to the cover of the top cell of each column. The 
general arrangement is similar to that described above, 
except for certain modifications. Upstanding electrodes 
A of one cell, alternate with electrodes B hanging 
A coe call aerate we es eee 
suspended from the dividing bell plate D, surround 
the hanging electrodes and prevent the gases from 
intermingling as they collect. The containing tank, 
the inner surface of which carries an electrode, is 
built up of four iron castings, bolted together ‘and 
strong enough to bear the weight of the cells above. 
All the tanks are interchangeable. The base of the 
tank, to which the electrodes are fixed, rests on 
projections ; electrolytic separators, offtake pipes and 
the feed-water pipe are coupled to connections on the 
side. The jointing rings L insulate the bell plate from 
the tanks above and below. Any electrolyte dripping 
from faulty pipe connections between adjacent tanks 
falls upon a flange M and down to the tank bottom; 
the copper conductors are bolted to lugs. 

The electrolyte used is 15 per cent. caustic soda ; 
caustic potash would give a higher gas production per 
kilowatt-hour, but would be more expensive. Any 
sprayed electrolyte drains back into the cells through 
the offtake pipes. The current efficiency is very high, 
practically 100 per cent. The cells are generally run at 
2-25 to 2-5 volts and a temperature of 60 to 65 deg. C. 
When the cells can be cooled, the potential may be 
raised to 2-7 volts per cell without detriment to the 
diaphragm. The feed water must be distilled, because 
the salt impurities accumulating in the electrolyte 
would ultimately destroy the electrodes. These are 
made of steel, the anodes being of nickeled steel. The 
cooling may be effected by means of coils immersed in 
the electrolyte through which cooling water circulates ; 
in districts in which the water is too hard for this 
purpose, the distilled make-up water for the cells is 
circulated through the cooling coils and re-cooled for 
repeated use. Cells designed for 3,000 amperes, at 2-6 
volts, may be run at a maximum of 5,100 amperes. 
If the normal current is taken as unity at 2 volts, it will 
be doubled at 2-25 volts and trebled at 2-5 volts; this 
great flexibility makes the cells particularly suitable for 
absorbing the surplus power of electricity works which 
may vary from hour to hour. 

The 800 Knowles standard cells for maximum currents 
of 8,600 amperes of the Pierrefitte plant, shown in 
Fig. 4 and in the plan and sections Figs. 5 to 7, 
are, as above-mentioned, grouped in four batteries of 
200 cells each and arranged in eight bays. The cells 
rest on wooden benches. Details of the Knowles 
patent automatic feed and gas washer tanks are 
given in the sectional diagrams and plans, Figs. 8 to 
ll. Each can deal with the hydrogen and oxygen 
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hydrogen per hour and half that volume of oxygen. 
The set comprises three tanks; the two outer tanks B 
and C are the washer tanks proper and the feed tank D 
is between them. The distilled-water pipe is coupled to 
the piston valve E, Fig. 9, which distributes the water 
equally between B and C, through the pipes F, from 
which it overflows into D through the pipes G. The 
ball float H in the tank D operates the piston valve and 
controls the water level in it. The distilled make-up 
water runs to the cells by gravity from this tank 
through the elbow J, Fig. 8, which is connected with 
the pipes running along the cells (see Figs. 4 and 5 
page 481). The level of the float and, therefore, of 
the electrolyte in the cells, is adjustable within certain 
limits. The hydrogen and oxygen from the banks 
of cells, which draw their supply of water to be decom- 
posed from the same tanks, enter the washers through 
the pipes KK and LL; our illustrations show two inlet 
connections for each gas to take the gas output from 
two rows of cells. The gases pass down through the 
nest of tubes M, and percolate, in rising, through the 
distilled water at the bottom of the tank which holds 
back traces of caustic soda carried by the gases, A 
thorough washing of the gas is ensured by the per- 
forated plate, Fig. 10, into which the lower ends of the 
tubes M are fixed, which breaks up the ascending gas 
bubbles. This plate, which has a length of 2 ft. and a 
thickness of # in., is perforated with }-in. holes 
at } in. pitch, and contains, further, nine rows of 
1}-in. holes for the tubes M. The gases leave the 
washers through the pipes NN, which are coupled to 
the gas mains. Underneath the plate lies a cooling coil 
for the circulation of cold water. 

The special advantages of this arrangement are 
that it dispenses with the cost and unreliability of 
hand feed, that the electrolyte level is automatically 
kept constant irrespective of the gas output, and that 
all caustic sprays are returned to the cell together 
with the distilled make-up water. On the top of each 
washer tank B and (, a blow-off seal, Figs. 12 and 13, 
is provided in order to release the gas if the pressure 
should become excessive for any reason. The seal 
is filled with water up to the level of the overflow pipe, 
and the height of the bell is adjusted by means 
of the nuts A. The depth of this seal is such that 
the gases will blow before the safety tubes D, Fig. 1, 
in each individual cell, come into operation. The 
arrangement prevents inconvenience from gas escapes 
at a large number of points in the cell room in cases of 
over pressure. 

(To be continued.) 








Tue INSTITUTION OF MINING AND METALLURGY.— 
The Council of the Institution of Mining and Metallurgy 
has awarded the gold medal of the Institution to Emeritus 
Professor W. Frecheville, in recognition of his services 
to the mining industry, and to mining-engineering educa- 
tion, during a long and distinguished professional career 
“The Consolidated Gold Fields of South Africa 
Limited ” gold medal, and premium of 40 guineas, to 
Dr. 8. W. Smith, for his paper, embodying much original 
research, on “ Liquation in Molten Alloys, and Its Possible 
Geological Significance”; and the “Arthur Claudet 
students’ prize of 10 guineas, to Mr. R. A. Mackay. for 
his paper on ‘“‘ The Influence of Superimposed Strats on 
the Deposition of Certain Lead-Zine Ores.” 
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FINE GRINDING. 


In continuation of his papers dealing with his 
“Researches on the Theory of Fine Grinding,” 
Dr. Geoffrey Martin recently communicated to the 
Ceramic Society Parts VI., VII., and VIII. of his series. 
Abstracts of these papers appear below. 

Part VI. was entitled “On the Diameters of Irregu- 
larly-Shaped Crushed Sand Particles, Lifted by Air 
Currents of Different Speeds and Different Tempera- 
tures.” This paper stated that the main laws govern- 
ing elutriation had been established as follows, d repre- 
senting the arithmetical mean diameter of 1,000 particles 
measured under the microscope, V the fluid velocity 
required to support particles of diameter d, and k a 
constant : 

Law 1.—The fluid speed required to support very 
small particles varies as the square of the diameter of 
the particles. This parabolic law, known as Stokes’ 
law, expressed in symbols, is V = kd. The value 
of k depends upon the nature and shape of the particles, 
and also upon whether the gas is in turbulent flow 
or in stream-line flow (the lifting power of air being 
much greater in the latter case). 

Law 2.—The fluid velocity required to support 
particles of intermediate size (exceeding some critical 
diameter) is proportional to the particle diameter 
diminished by a constant. Stokes’ law becomes 
unstable, and is replaced by the linear law. Using 
symbols, V =k (d — do), where dg is a constant. 
For graphical Fare this is more conveniently 
written — V + = kd. where Vo = kdg (a constant 
quantity, being the product of two constants). The 
value of k depends upon the same factors as in 
Law 1. 

Law 3.—The fluid velocity required to support 
particles of larger size is proportional to the square 
root of the particle diameter. The linear law becomes 
unstable in its turn, and is replaced by another para- 


bolic law. In symbols, V =k Jd. Here again, the 
value of k probably depends upon the same factors as 
with the other laws. 

The limits whereat one law becomes unstable and 
passes into another were unknown, as were also the 
reasons for the change. From experimental results 
obtained with quartz grains (of diameter 9 x 10-* te 
83 x 10-* em.) lifted by air (at 15-6 deg. C.) in tur- 
bulent motion, it would appear that the diameter in 
cm. of the particles of quartz lifted by any air speed 
V cms. per second can be calculated from the formula 
d=0-19105 x 10° V +2 x 10°. This was based 
on the straight line law, using ascertained values of 
densities, radii, viscosity coefficients, etc. 

Temperature was an important factor as regards the 
size of particles supported by a gas. The effect of 
heating furnace gases was to increase their carrying 
power for suspended particles. Chilling the escaping 
gases resulted in deposition of dust. For the case of 
crushed quartz sand and air in turbulent flow, data 
were given in a table, which enabled corrections to be 
made readily for the influence of temperature on the 
size of particles supported by air travelling at a fixed 
speed. As already pointed out, when air was in 
stream-line flow it was capable of lifting larger particles 
for a given velocity than when in turbulent flow. This 
was made manifest by the results of seven tests 
at different speeds. These results conformed to the 
straight line law. 

Powders showed strong resemblances to liquids. 

Very fine powders could be poured through pipes, and 
a stone dropped into a tank of very fine silica dust 
produced ripples, as in water. Powders could be dis- 
tilled in a current of air, and in this manner mixed 
powders could be separated by fractional distillation. 
When a certain critical value of the air velocity was 
attained, a homogeneous powder would be carried 
over as a whole, and become miscible in all proportions 
with the air. Thus the process of boiling and evapora- 
tion were exactly simulated by powders. 
_ Practical results were given in a table (annexed), the 
figures being calculated from values obtained by experi- 
ment. The data included diameters and weights of 
quartz particles lifted by various air speeds up to 328 ft. 
per sec. This table should be of value to practical men 
engaged in industries in which air separation or trans- 
port of materials plays a part. From the table may 
be read off the air speed required to lift quartz particles 
of any practical size or weight. 

The measurement of diameters by means of the 
microscope was tedious and difficult. An easy and 
accurate method depended on the relationship between 
the statistical diameter of a homogeneous grade of 
regularly shaped particles and the linear speed of any 
fluid (gaseous or liquid) which was just able to lift them. 
This speed could be readily measured by means of meters 
or measuring tubes, The use of sieves would not 
8ive accurate results for diameters. The investigation 
was left incomplete as regards several important mat- 
ters, such as the influence of the particle shape on lifting 
power, owing to the premature stoppage of the work 








carried out for the British Portland Cement Research 
Association. 

Part VII was “‘ On the Efficiency of Grinding Machines 
and Grinding Media, with Special Reference to Ball and 
Tube Mills.” In this, the efficiency of a grinding 
machine was defined as being the work in foot-pounds 
performed by the machine in increasing the surface of 
standard Leighton Buzzard sand by one square foot, 
and, as the increase in surface can be estimated by 
methods described in previous papers (Parts II and III), 


Diameters and Weights of Crushed Quartz Sand Particles 
Lifted by Air at Speeds up to 328 Ft. (100 m.) per 
Second, with Mesh Apertures of the Chief Trade Sieves. 

Air in turbulent flow at 60 deg. F. (15-6 deg. C.) 















































= Diameter of Weight of 
Velocity of Air. Particles Lifted. Particles. 
Cm. per | Ft. per Sec. Mm. In. Gram. 
Sec. Ft. In. 
0-5 | 0-016 (0-2)| 0-0098 | 0-000386 | 0-71x10-9 
% 1-0 | 0-032 (0-4)| 0-0138 | 0-000543| 1-97x10-9 
2} 2-0] 0-066 (0-8)| 0-0195 | 0-000768| 5-58x10-9 
i 3-0 | 0-098 (1-2)| 0-0239 | 0-000941 | 1-03x10-8 
' | 4-0 | 0-131 (1-6)| 0-0276 | 0-00109 | 1-58x10-8 
. 5-0 | 0-164 (1-9)| 0-0309 | 0-00122 | 2-22x10-8 
6-0 | 0-197 (2-4)} 0-0338 | 0-00133 | 2-91x10-8 
Al 7-0 | 0-230 (2-8)} 0-0366 | 0-09144 | 3-69x10-8 
‘a | 8-0 | 0-263 (3-2)| 0-0391 | 0-00154 | 4-50x10-8 
$4 9-0 | 0-295 (3-5)| 0-0415 | 0-00163 | 5-38x10-8 
3] 10-0 | 0-328 (3-9)| 0-0437 | 0-00172 | 6-28x10-8 
Al} 11-0! 0-361 (4-3)| 0-0458 0-00180 7-23 x 10-8 
| 12-0 | 0-394 (4-7)| 0-0479 | 0-00189 | 8-27x10-8 
a | 13-0 | 0-427 (5-1)| 0-0498 | 0-00196 | 9-30x10-8 
2] 14-0 | 0-459 (5-5)| 0-0517 | 0-00204 1-04 x 10-7 
%] 15-0 | 0-492 (5-9)| 0-0535 | 0-00211 1-15 x 10-7 
| 20-0 0-656 (7-9)| 0-0618 | 0-00243 | 1-78x10-7 
| 25-0 0-820 (9-8)| 0-0691 | 0-00272 | 2-48x10-7 
(a) 27-5 0-902 (10-8)} 0-0725 | 0-00285 | 2-87x10-7 
(30-0 0-984 (11-8)| 0-073 0-00304 | 3-47x10-7 
35-0 1-148 0-0866 | 0-00341 | 48-8x10-7 
36-42) 1-195 0-0896 | 0-00353 | 5-41x10-7 
ws | 40°54 1-330 0-0975 | 0-00384 | 6-98x10-7 
me | 47-40/ 1-555 0-1106 | 0-00436 | 1-019x10-6 
y | 58-82} 1-980 0-1324 | 0-00521 1-32 x 10-6 
3} 71°78] «9-2-3855 0-1571 | 0-00619 | 2-92x10-6 
S| 87-48 2-870 0-1872 | 0-00737 | 4-94x10-6 
+ | 105-45, 3-460 0-2215 | 0-00872 | 8-04x10-8 
= | 121-0 3-97 0-2512 | 0-00989 | 1-193x10-5 
= | 137-9 4-525 0-2835 | O-1112 |1-1715x10-5 
& | 241-8 7-934 0-482 0-0190 8-43 x 10-5 
4 323-5 | 10-61 0-638 0-0251 1-95 x 10-4 
3 | 419-0 13-75 0-8205 | 0-0323 4-16 x 10-4 
S 
| 
| | 
=| 450) 14:77 0-880  0-0846 =| 5-13x10-4 
S| 500| 16-41 0-970 0-0384 6-98 x 10-4 
%} 550| 18-05 1-071 0-0421 | 9-24x10-4 
2| 600, 19-7 1-167 0 -0460 | 1-19 x 10-3 
650 =: 21-8 1-262 0 -0497 1-513 x 10-3 
700 +=.23-0 1-358 0-0535 | 1-885 x10-3 
800 26-25 1-549 0-0610 2-8 x 10-3 
900 =. 29-5 1-72 0-0677 | 3-83 x 10-3 
| 1,000 32-8 1-93 0:0760 | 5-67x10-3 
(b) 1,081 35-5 2-08 0 -0782 6°78 x 10-3 
f 1,100) 36-1 2-16 0-0850 | 7-59x10-3 
Ins | 1,200; 39-4 2-57 0-1012 1-28 x 10-2 
| 1,800! 42-7 3-01 0-1185 | 2-05x10-2 
| 1,400) 45-9 3-50 0-1378 | 3-23x10-2 
| | 1,500; 49-2 4-01 0-158 4-87 x 10-2 
5 | 1,600) 52-5 4-57 0-180 | 7-18 x 10-2 
p| 1,700; 55-8 5-15 0-203 1-03 x 10-1 
@| 1,800! 59-1 5-78 0-228 1-45 x10-1 
-} 1,900; 62-3 6-44 0-254 2-01 x 10-1 
2) 2,000) 65-6 7-13 0-281 2-73 x10-1 
3) 2,369] 77-7 10-0 0-394 =| ~7-59x10-1 
2 | 2,500} 82-0 11-15 0-439 «=6| «1-04 
| 3,000; 98-4 16-05 0-632 3-11 
| 4,000} 131°3 28-5 1-12 17°5 
3} 5,000} 164-0 44-6 1-76 | 66-7 
a| 6,000| 196-9 64-2 2-53 '198-7 
2} 7,000| 229-7 87-4 3-44 502-3 
3 | 8,000/ 262-5 114-1 4-49 1,118 
} 9,000) 295-3 144-5 5-69 2,227 
{ 10,000 | 328-1 178-3 7-02 | 4,266 
| 





Lines (a) and (6) are critical velocities and diameters. Figures 
above double rule in centre table are experimental results, 
figures below the rules are interpolated results. 


it was now possible to make a quantitative comparison 
of the efficiency of different grinding machines, work 
done in grinding being proportional to increase in 
surface produced. 

The procedure in grinding was based on the appli- 
cation of work in order to overcome the constant force 
of molecular attraction by which the particles compo- 
sing any chemically pure brittle crystalline substance 
were held together. Assuming that the straight-line 
law connecting work done with additional surface pro- 
duced continues in operation down to molecular dimen- 
sions, the absolute efficiency of a grinding machine 
could be calculated from the heat of volatilisation of 
brittle crystals and their molecular dimensions, since 
the work done when a crystalline substance was ground 
down to particles of molecular size would equal the 
heat of volatilisation of the substance. 

Experiments were made to ascertain the effects of 
using various grinding media in tube and ball mills. 
Of the grinding media tried, the most efficient were 
$-in. steel balls, 1-in. steel balls, and Cylpebs, in the 
ordernamed. Flints were extremely inefficient, except 


when very small in size. The efficiency of a tube mill 
grinding fine sand could be increased 26 per cent. by 
substituting }-in. steel balls for 1-in. steel balls. When 
the increase of surface exceeded five times the original 
surface, the efficiency fell off rapidly. For efficient 
grinding, finer grained material required smaller balls, 
The easiest way to maintain efficiency was to keep the 
surface of the powder in the mills within the limits of 
100 to 500 times the surface of the balls, changing the 
balls for an equal weight of smaller ones when the 
upper limit was exceeded. 

In the way indicated, the efficiency of tube mills had 
been so muck increased that they produced extremely 
fine cements, which hardened far more quickly than 
ordinary cements, and which could be used after a few 
hours instead of days. Results of tests also indicated 
that plates inside the mill served better than lifter bars, 
that the balls (including voids) should take up 30 to 
40 per cent. of the mill space, and that the best mill 

2 
speed was N = in an 18-in, X 18-in. tube mill, 
195 
Jd 


speed for any mill wasabout 


Jd 
and in a 72-in. x 30-in. mill—or, say, the average 


2 
Vd’ 
mill (revolutions per minute) and d the diameter of the 
mill inside linings. Each of the two mills, using 1-in. 
steel balls, required about 40 h.p. to grind 1 ton per 
hour of standard sand to 5 per cent. residue on the 
180-mesh cement sieve. 

Part VIII was a paper “‘ On the Variation in the 
Specific Gravity of Quartz Sands on Prolonged Grinding.” 
This paper stated that several investigators had 
noticed that the surfaces of crystalline substances 
subjected to mechanical treatment became “covered 
with a sheath of amorphous material, differing in its 
properties from the underlying crystalline substance. 
Beilby showed that, in the case of quartz crystals, the 
vitreous or amorphous variety forming the superficial 
coating had a lower specific gravity than crystalline 
quartz, and that it dissolved more rapidly in hydrofluoric 
acid. Asthesurface and volume constants of the crushed 
sand had been determined from its rate of solution in 
hydrofluoric acid, it was important to demonstrate that, 
within the limits of the range of grinding, this surface 
effect was too small to invalidate the results, The 
seventeen grades used for the surface and volume 
constant determinations were separated from material 
which had been ground in a ball mill (72-in. x 30-in. 
tube mill) for 374 minutes, being thus subjected to a 
series of impacts and attrition effects with possibly 
appreciable intervals between them. The ground 
material was separated into fractions of different 
particle sizes by air elutriation, so that no one grade of 
particles experienced either a more vigorous or a more 
prolonged grinding action than any other grade, all of 
them being separated from the same mass of material 
removed from the mill at the same time. 

Under these conditions, the results of specific- 
gravity determinations showed that the grains of all 
sizes had almost the same specific gravity. Hence, 
practically no appreciable amount of amorphous silica 
could be detected in the samples tested. The slight 
increase in specific gravity accompanying the initial 
breakdown of very large particles (which had precisely 
the same specific gravity as the original quartz) was 
to be attributed to the elimination of small cracks, air 
spaces, &c. Prolonged grinding for several hours caused 
a slight decrease in the density of quartz, owing to the 
formation of the surface layer of vitreous (amorphous) 
silica. The decrease varied directly with the time of 
grinding, and, therefore, with the work done in grinding. 

The specific gravity of a given sample of quartz 
depended on the grain size. The experimental results 
seemed toshow that reduction in grain sizefrom0-75mm. 
to 0-30 mm. did not materially affect the specific 
gravity of quartz. Reduction in grain size from 0-30 
mm. to 0-03 mm. increased specific gravity from 2-650 
to 2-655. Further, reduction in particle size from 
0-03 mm. downwards caused the specific gravity to fall 
from 2-655 to 2-653. Assuming this decrease to be 


N being the speed of 





due to the formation of amorphous silica, the percentage 
of the latter could be calculated, taking the decrease 
for complete conversion to be 0-44 (which, of course, 
corresponded to a 100 per cent. change), as 0-46 per 
cent. of amorphous silica. 





THE Propuction oF Pia Iron AND SteEL.—The 
monthly bulletin issued by the National Federation of 
Iron and Steel Manufacturers, Caxton House (East), 
Tothill-street, Westminster, London, 8.W.1, shows that 
the number of blast furnaces in operation on March 31 
last was 178; this figure represents an increase of 12 





since the beginning of the month. The production of 


pig iron during March amounted to 671,800 tons, com- 
pared with 571,100 tons during February and 568,500 
tons during March, 1926. The output of steel ingots 
and castings totalled 949,000 tons during March, com- 
pared with 826,800 tons during February, and 784,100 
tons during March, 1926. 
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VERTICAL RETORTS FOR LOW- 
TEMPERATURE CARBONISATION 
AT H.M. FUEL RESEARCH STATION. 


For some time past, the experimental programme of 
the Fuel Research Station in respect to low-temperature 
carbonisation has been to adopt a very simple type of 
externally-fired vertical retort, and ascertain the 
results of modifying the way in which it is worked and 
some details in its proportions and construction. The 
type adopted was based on practice in the Scottish 
shale industry. The retorts were of narrow oblong 
section, widening towards the bottom, and arranged 
so as to be discharged and charged either continuously 
or at intervals. Broadly speaking, their working 
involved two principal problems: to heat the charge 
so as to produce a sufficiently uniform carbonisation, 
and to allow it to pass downwards either continuously 
or at the desired intervals. Subject to these primary 
requirements, a variety of questions had to be investi- 
gated in order to determine the practical value of the 
design, such as the extent to which volatile constituents 
were decomposed within the retorts, and the thermal 
efficiency of the process. 

The original work on this type of retort was done 
with a setting of four cast-iron retorts, 20 ft. high, 9 in. 
by 2 ft. 4 in. in section at the top, widening to 1 ft. 3 in. 
by 2 ft. 9 in. at the bottom. Considerable experience with 
this setting appeared to show that the column of coal 
was too thick to allow heat to penetrate fast enough to 
give uniform carbonisation, and it was decided therefore 
to make the section much narrower and a good deal 
longer. This led to the construction of a setting of two 
retorts, 21 ft. high, 4 in. by 6 ft. 6 in. in section at the 
top, and 8 in. by 6 ft. 10 in. at the bottom ; though for 
experimental purposes provision was also made for 
inserting 3-in. distance pieces along the vertical axis 
between the halves of the retort. The heating gases 
were deflected against the retorts at the top and two 
lower positions, and the quantity of gas required for 
producing the desired temperature was such that the 
gases reached the retort as flames, or at little less than 
flame temperature. As a consequence, the retorts 
were overheated and distorted locally, as was shown 
first by the leakage of coal gas into the combustion 
chambers, and then by distortions that made the 
retorts unworkable. Until this point was reached, 
no difficulty was found in carbonising non-caking coal 
continuously, and caking or medium-caking coal if the 
entire charge was carbonised before discharge. It was, 
indeed, thought possible that even caking coal could 
have been worked satisfactorily, if properly sized, 
but the distortion of the retorts had gone too far to per- 
mit of further experiment. The coke was of excellent 
quality, but the yield of tar was low, owing, apparently, 
to the long travel of the vapours within the retorts, 
and presumably also to their closeness to the hot walls 
of the retort. On these results, a further setting of 
two retorts was started, and particulars of their con- 
struction, and of the experience obtained from them 
during a practically uninterrupted run of 12 months, 
are given in a recent report by Dr. C. H. Lander, 
Director of Fuel Research, and Capt. J. Fraser Shaw, 
Chief Engineer of the Fuel Research Station.* 

The general design of these retorts is shown in the 
sectional elevations, Figs. 1 and 2, and the arrangement 
of the setting in the plan Fig. 4 and horizontal section 
Fig. 3. The retorts are 21 ft. high, 7 in. by 6 ft. 6 in. at 
the top, and 11] in. by 6 ft. 10 in. at the bottom. They 
are made of ordinary grey cast iron, of good quality, 
1 in. thick, divided into three sections and cast in halves, 
with strengthening ribs along each side up to the 
flanges. The extractor gear, which embodies some 
features patented by Messrs. Woodall, Duckham and 
Company, consists of a curved grid or comb A, Fig. 1, 
supporting the charge at the base of the retort. A set 
of arms B revolve behind through the teeth of the comb, 
and push the coke off them. Weighted bars C are 
suspended so as to rest against the end of the teeth 
and prevent a rush of coke. The extractor gear is 
driven by a drag-bar from the gear of an adjacent 
setting of Glover-West retorts through an adaptation 
of the standard Woodall!-Duckham arrangement, the 
lever of the gear being operated from the top platform 
through a wire, until enough coke has been withdrawn 
and the lever is allowed to remain out of gear. It is 
found that no rodding is necessary, except for charges 
containing a large quantity of pieces smaller than 
3 in., and by arranging the charging periods suitably 
rodding can in any case be reduced to a minimum. 
The door E in the coke chamber below the extractor 
gear was intended for use during continuous working, 
serving to hold up the coke that collected from the 
charge for, say, an hour and a half, while what had 
passed previously was cooling off. In practice, however, 
it was found more satisfactory to operate the extractor 
gear intermittently at intervals of 1 to 3 hours, accord- 





* Department of Scientific and Industrial Research. 
Fuel Research : Technical Paper No. 17. H.M. Station- 
ery Office. [6d. net.]} 
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Fig. 2. SECTIONAL ELEVATION Z.Z. 


Fig. 1. SECTIONAL ELEVATION ¥. ¥. 
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Fig. 3. SECTION X.X. 
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ing to the nature of the coal under treatment, and the 
door was therefore left constantly open. The admission 
of steam to the coke chamber at F seemed to give an 
increased yield of tar, but except that it seals the retort 
from the inrush of air, the actual function of the steam 
is said to be uncertain. If, however, as seems clear, the 
steam passes into the retorts, its vaporisation must 





presumably have some cooling effect on the charge. 





“ENGINEERING” 


The cover of the retort, with six rodding holes G and 
a coal-supply valve H, is now level with the top of the 
setting, as shown in Fig. 2. This is to prevent, as far 
as possible, tar vapours from condensing on the 
cold coal entering the retort, as occurred in an earlier 
arrangement, in which the retort was continued at the 
top by a casting some 18 in. high. For the same reason, 
the feed valve H in the centre of the retort cover 1s 
brought as close as possible to the heated zone, and 
the two gas offtakes J, at each end of the major axis of 
the retort, discharge into the collecting main K with as 
short a connection as possible. 

The heating system will be followed by reference 
to Fig. 3 and the elevations. The fuel gas is conveyed 
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HYDRAULIC STARTER FOR PROPELLERS. 


CONSTRUCTED BY MESSRS. HOLLINGS AND GUEST, LIMITED, BIRMINGHAM. 














(30.) 


through plain 1-in. steel pipes bent vertically upwards 
in corners within the setting, 16 burners, L, being 
provided at each of the three levels. Twelve of these 
are in the corners formed by the setting and by 
4}-in. brickwork projections in the middle of each 
side, and a brickwork cross is built from the floor 
upwards to provide for the others. The air is supplied 
through plain 14-in. steel pipes, with six inlets for 
each set of burners, the two lower sets being midway 
between the burners at each level, so as to retard the 
combustion and lengthen the flame, and the top set 
being close to the burners, so as to shorten the flame. 
It is found that the corners in which the gas supplies 
are arranged exert a chimney effect on the flame 
and hot gases, causing them to cling closely to the 
brickwork and not to wander into contact with the 
retorts; the latter, although the waste gases must 
to some extent heat them by convection, are there- 
fore heated very largely by radiation from the flame 
and the hot brickwork. Except for the supports of 
the gas and air pipes, the inside of the setting contains 
no obstruction to the upward flow of the gases. The 
combustion chamber is closed at the top by a steel plate, 
made gas-tight by a special sand seal N, which allows 
the retorts to expand or grow to the extent of 6 in. 
The seal plate is covered over by 3 in. of non-conducting 
brick and a further 3 in. of sand. The flue-gas offtakes 
lead into an 8-in. pipe, which passes through the roof 
and extends to a height of 21 ft. above the top of 
the setting, 

The throughput depends on the nature of the coal, 
and seems to have varied between a little over 24 tons 
per retort per day, to just over 4 tons. The setting 
was put under heat on December 27, 1925, and the 
working temperature was raised gradually till, on 
March 27, 1926, it reached 625 deg. C., at which it 
was maintained until, on December 27, 1926, the 
retorts were cooled down for examination. Except for 
one occasion when one retort was emptied for inspection 
for two hours, and two others, when the other retort 
Was treated similarly, the retorts were charged 
continuously for the twelve months, carbonising, in all, 
1,350 tons of coal. Comparing this figure with the 
recorded throughputs within the limits stated above, 
Some time seems to have been spent otherwise than 
in carbonising, but for practical purposes the retorts 
rc 4 be taken to have been subjected to an unbroken 
_ months’ run, which was the more severe on 
them because of the normally intermittent charging, 
With the consequent rise of temperature in the part 
of the retort that was empty and the drop when that 
_s was filled again. On final examination at the end 
of the run, both retorts showed evidence of bulging, 
ey towards the bottom, but not so much 
_ prevent their working. A retort of special 
oe to the same general overall dimensions, is 

xing prepared in a special metal, obtained 
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with the assistance of the Cast-Iron Research 
Association. 

A considerable number of observations were made 
during the twelve months, giving much useful infor- 
mation with regard to the varying behaviour of dif- 
ferent coals, the differences likely to be found between 
non-caking, medium-caking and caking types, and 
the sizes in which they, respectively, worked to the 
best advantage. The absence of continuous supplies 
of each sort made quantitative results, for the most 
part, impossible, and further observations are now 
to be made in order to determine the optimum size 
of coal for each variety and the optimum working 
conditions, and to ascertain which type of retort is best 
suited to carbonising non-caking coal and briquettes. 
Among the special observations is the fact that Durham 
fines (all through a 3-in. screen) could be briquetted 
with 4 per cent. to 6 per cent. of pitch as a binder, 
and passed through the retort at an increased through- 
put when mixed with lump coal, though by themselves 
they gave a coke so hard and strong that it was 
difficult to extract. An excellent coke at a good 
throughput was obtained by mixing 20 per cent. 
low-temperature coke breeze with 74 per cent. coal 
and 6 per cent. pitch. The coke from the fine Durham 
coal was very strong, hard and compact, and is to 
be tested for its suitability for foundry purposes. 
The suitability of the coke for domestic purposes was 
tried by sales of some 200 tons to about 180 customers, 
on whose experience the coke appears to be satisfactory 
for burning in open grates, kitchen ranges and hot-water 
boilers and under coppers, but not wholly so for the 
present designs of top-heated ovens, especially in the 
larger-sized kitchen ranges. 





HYDRAULIC PROPELLER STARTER. 


THERE are certainly few more awkward jobs 
associated with ship-repair work than that of removing 
the propeller from the tail shaft by the usual methods. 
With the appliance shown in the accompanying 
figures, however, the operation offers no great diffi- 
culty, and a very marked saving in time is effected. 
The starter, which is manufactured by Messrs. Hollings 
and Guest, Limited, Thimble Mill-lane, Birmingham, 
is made in four forged- steel segments, held together by 
pairs of bolts at the ends. These bolts are sufficiently 
long to enable the starter to be adapted to various 
sizes of shaft, a space being left between the segments 
in the case of the larger shafts. Each segment forms a 
housing for three or four rams, according to the size 
of the starter, three rams being shown in the illustra- 
tion. The cylinders are bored in the solid segments, 
and are connected by drilled ports. To fit the starter, 
the segments are unbolted and re-assembled round 
the shaft behind the propeller, the segments being 
in contact with the flange of the stern tube and the 








ram heads with the back fo the propeller boss. The 
rams are fitted with U leather packings, and are 
brought into operation simultaneously .by means of 
an oil supply from a hand pump. The segments are 
connected together by flexible pipes, as shown in 
Fig. 1, to allow for the variation in the distance between 
the unions resulting from the starter being fitted to 
different sizes of shaft. The pressure for which the 
appliance is designed varies from two to three tons per 
square inch, according to the power required, and the 
total pressure exerted by the rams is from 200 to 300 
tons. The starters have been supplied to some of the 
leading steamship companies. 


THE SOCIETY OF GLASS 
TECHNOLOGY. 

A MEETING of the Society of Glass Technology was 
held in the University, Edmund-street, Birmingham, 
on Wednesday, March 16 last, Mr. Herbert Webb 
being in the chair. Two papers were presented. 
The first was entitled ‘‘ Some Further Developments 
in Recuperative. Glass Furnaces,” and was contributed 
by Mr. Th. Teisen. In it, a new design of recuperator 
was described in which there was an increase in 
efficiency for two reasons: The greater heating surface 
ensured a higher temperature of the secondary air ; 
and the reduction in space resulted in smaller radiation 
and convection losses. The recuperator comprised a 
main tube of special design combining the features 
essential for efficiency, and certain auxiliary shapes 
which, together with the tube, were required for building 
up a unit. With the development of the recuperative 
furnace there had been a demand for large units. When 
built on the two-recuperator principle, the design 
outlined had certain drawbacks, to overcome which 
a new design was developed on what the author 
called his Tetra recuperative principle. This design 
had four recuperators instead of two, arranged sym- 
metrically in each corner of the base, and, for large 
furnaces, afforded the following advantages compared 
with the two-recuperator principle :—(1) Short length 
of recuperator enabling it to be cleaned or repaired 
from the front for its full length; (2) More efficient 
waste heat recovery ; (3) In case of repair or cleaning, 
one recuperator could be shut off altogether and the 
furnace kept going with the remaining three ; (4) The 
waste-gas collecting flues and the glass pits could be 
arranged nearly symmetrically in relation to each 
other. For very large types, provision had been made 
to divide the side pockets into two, so as to make each 
recuperator of a pair absolutely independent of each 
other. The author also described a simple application 
of a patent system of oil firing. All new pot furnaces 
were designed with a view to being fired on this system 
in case of emergency, as it entailed only slight modi- 
fication of the design of the pocket. Furnaces working 
on this system could be fired either with oil alone, or 
with coal or producer gas in the ordinary way, com- 
bined with oil as auxiliary fuel. 

The second paper on “ The Properties of Some Soda- 
Lead-Ozxide Glasses”? was by Miss V. Dimbleby, M.Sc., 
Dr. S. English, Prof. W. E. S. Turner, and Mr. F. 
Winks. Prof. Turner, in presenting this paper, 
observed that although potash was more often used 
than soda in these glasses, nevertheless the properties 
of one kind had a bearing on the properties of the other. 
The investigations made were systematic and aimed 
at the determination of the effect which was produced 
by increasing progressively the proportion of lead 
oxide at the expense of the soda. In this way it 
was found that successive replacement of soda by 
lead oxide gave glasses with progressively decreasing 
annealing temperature and thermal expansion. Com- 
parison was also made with glasses containing barium 
oxide, which were of much commercial interest. The 
action of boiling water on the glasses was investi- 
gated and the percentage loss in weight determined. 
It was found that lead-oxide glasses were better than 
those containing lime, while those containing barium 
oxide were the worst of the series. A new set of factors 
was determined by which the thermal expansion for 
lead-oxide and barium-oxide glasses could be calculated. 
The new data were valuable for reference purposes on 
the scientific side, as well as for industrial practice. 
The factors originally proposed by Winkelmann and 
Schott in 1895 had been found to need revision, and 
the following were the new values: SiO, 0-15; ZnO 
0:21; Al,0,0-52; ZrO,0-69; MgO 1-35; PbO3-18; 
CaO 4-89; BaO 5:2; Na,O 12-69; and K,0 11-7. 











CoaL TRADE AT THE SoutH Wates Docks.—During 
the week ending April 10 last, the coal and coke ship- 
ments at Cardiff, Swansea, Newport, Barry, Port Talbot 
and Penarth totalled 698,050 tons, This figure is the 
highest recorded in South Wales since the early part of 
1924. The coaling appliances are in a high state of 
efficiency, and a very large number are now capable of 
dealing with 20-ton wagons. Given stable industrial 
conditions, there appears to be no reason why the South 
Wales coal-shipping trade should not return to its pre-war 
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BRIDGE FOUNDATIONS ON TRANS- 
PORTED CHALK, WITH NOTES ON 
PILED AND MONOLITH FOUNDA- 
TIONS.* 

By James Paterson Porter, B.Sc., Assoc.M.Inst.C.E. 


Tue paper deals with the solution of the particular 
problems involved at the points where the Watford 
Branch, Metropolitan Railway, and the Watford by- 
pass arterial road, cross the valley depressions which 
practically surround Watford. These depressions 
appear to have been filled with disintegrated chalk 
transported perhaps from higher levels. This chalk, 
in its water-logged state, forms a sticky and yet easily 
penetrated stratum, quite unsuitable for supporting 
heavy structures. In both valleys, the disintegrated 
chalk overlies the hard natural rock-chalk, the division 
being apparently at 25 to 30 ft. below ground. On 
the top of the soft chalk is a lenticular mass of ballast ; 
the natural soil is of a peaty nature. 

On the Watford Branch Railway, bridges Nos. 1 to 5, 
and the viadyct adjacent to bridge No. 4, are founded 
in the River Gade depression. The four-arch viaduct 
and bridges Nos. 4 and 5 occur at points where the 
overlaying ballast is of considerable thickness, but 
bridges Nos. 1 and 2 (steel spans) and No. 3 (brick 
arches) are located on the banks of the Gade. At this 
point, the under side of the ballast is, at the deepest 
point, about 15 ft. below ground. The north abut- 
ment and pier No. 1 occur where the ballast is only 
4 ft. thick. Bridges Nos. 1 and 2 are at a 52 deg. 
angle of skew, and the adjacent embankment is 38 ft. 
high. In general, 12-in. by 12-in. pitch-pine piles, 
driven to 40 ft. below ground, were selected, the founda- 
tion areas being surrounded by sheet piling. In the 
particular case of the central portion of the north 
abutment, which was on the worst site and carried 
the heaviest loading, it was decided to sink large 
brick monoliths to a good bearing stratum and to 
fill them with concrete. The construction and sinking 
of these monoliths, involving the use, as kentledge, 
of upwards of 200 tons of old rails, and the lubrication 
of the sides by means of water, are fully described in 
the paper, as also is the work of completing the 
foundations and superstructure. 

The Watford by-pass road crosses the River Colne 
marshes at a point similar, in many respects, to that at 
which the branch railway crosses the Gade. After 
investigations had been carried out by means of bore- 
holes, it was decided to make the span of the principal 
bridge 45 ft. ; 12-in. by 12-in. reinforced-concrete piles 
35 ft. long were employed for the foundation. In all, 
116 “ ciment fondu”’ piles were cast on the site. They 
were, in most cases, successfully driven 4 to 14 days 
after casting. Careful records were made, in the course 
of these works, of the energy required to cause pene- 
tration of piles at various depths. These records were 
plotted to an ordinate of “‘ number of blows of hammer 
per foot penetration of pile ’ on a base of: depth of 
shoe below ground.”’ From the consideration of such 
driving charts, many useful inferences can be derived. 
Progress charts, kept for the sinking of the monoliths, 
indicated that the average skin-friction was approxi- 
mately 4 cwt. per square foot. 

The author, discussing the investigation of site condi- 
tions by means of trial piles, considers that the bearing 
value of piles may be derived from piling formule in 
the case of friction-supported piles only. Such for- 
mula are of no value for piles acting as columns, and 
the “ quality ’’ of the supporting force may be deduced 
from the pile-driving charts. The bearing value of pile- 
groups relative to the bearing values of the individual 
piles is also considered. In the Wellington formula, 
the time-interval between blows is only dealt with 
in an approximate manner, and the variation in resist- 
ance to penetration, as between tapered and uniform 
section piles, has a considerable effect not allowed for 
in the formula. Of factors limiting the utility of 
piling formule, the most important is that the bearing 
value immediately after driving bears no fixed relation 
to the bearing value after the sub-soil has had time 
to settle round the pile. The author recommends that 
trial piles be driven in .tages to allow the true bearing 
value to be estimated. ° 

Regarding the form cf a piling formula, the author 
is of the opinion that this should be an expression of 
the estimated ultimate resistance to driving after an 
interval for settlement of the sub-soil, and that the 
designing engineer should select the factor of safety to 
be applied, having due regard to the various factors 
involved. Considering the design of friction-supported 
piled foundations in general, the author believes that 
the collection of fully recorded data of many carefully 
conducted investigations is the most rational method 
of solving the problem, and he urges the appointment 
by the Institution of a “Committee on Design ” 
charged with the collection and publication of accurate 





_* Abstract of a paper to be read before the Institu- 
tion of Civil Engineers on Tuesday, April 26, 1927. 


records in connection with this and other such mathe- 
matically indeterminate problems. These include the 
lateral support afforded by sub-soil to piles butting on 
rock and acting as columns, and the skin-friction 
resistance to the sinking of monoliths. 

Proceeding next to the consideration of deep founda- 
tions, it is shown that foundations depending on 
bearing action are to be preferred to foundations utilis- 
ing frictional support, and that in the placing of 
deep foundations the overcoming of skin-friction pres- 
sure is one of the principal problems. Where they can 
be used, monolith foundations, excavated preferably 
in the dry, are an efficient type of foundation, and 
such foundations will be relatively economical if 
the monoliths are so designed that they sink under 
their own weight. This condition will be fulfilled if 
the weight of the partly completed monolith is always 
sufficient to overcome the frictional resistance to 
sinking. 
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TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of the following tenders. Further details and 
information can be obtained on application to the 
Department at the above address, the reference numbers 
given below being quoted.—The New South Wales 
Government Railways and Tramways are calling for 
tenders, to be presented by June 22, for remote-control 
switchgear for Dowling-street substation. (Contract 
No. 787; Ref. No. BX 3442.)—The Municipal Council 
of Sydney is calling for tenders, to be presented by 
June 20 next, for house turbo-alternators for Bunnerong 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iren Trade.—Holidays have held up 
business, and, so far, improvement in demand for Cleve. 
land pig iron is not apparent. Producers are reluctant 
to yield to customers’ demands for price concessions, 
but there seems no likelihood of material expansions 
of transactions until quotations approach pre-strike 
figures. Ironmasters are themselves absorbing most 
of the make of Cleveland pig, and are content to rely 
on day-to-day orders to dispose of their surplus output. 
Consumers, anticipating a fall in values, are equally 
ready to restrict their operations to purchases sufficient 
to meet urgent needs, and the business passing is of a 
hand-to-mouth kind. Recognised market rates stand at ; 
No. 1 Cleveland, 82s. 6d.; No. 3 g.m.b., 80s.; No. 4 
foundry, 79s.; and No. 4 forge, 78s. 6d. 


Hematite.—Inquiries for East Coast hematite iron 
show some little improvement, due to the comparative 
cheapness of the commodity, but home requirements 
are insufficient to absorb the limited output, and 
Continental demand for ordinary mixed numbers is 
very quiet, most of the inquiries from abroad being 
for iron of special analyses. Nos. 1, 2 and 3 are on 
offer at 83s., and No. 1 is put at 83s. 6d. 

Foreign Ore.—There is practically no business in 
imported ore, but dealers are well sold, and values 
are upheld. Best rubio remains at 22s. 6d., c.i.f. Tees, 


‘Blast-Furnace Coke.—Local users of blast-furnace 
coke complain that prices are still too high, but sellers 
are disinclined further to reduce rates which they 
declare have fallen to figures that leave a very narrow 
margin of profit. Durham good medium qualities are 
23s. to 24s., delivered to consumers in this district. 


Manufactured Iron and Steel.—Quotations for manu- 
factured iron and steel are not actually changed, but 
might be shaded in some cases by attractive specifi- 
cations. Steel works are operating at high pressure, 
and recent orders placed with shipbuilders and 
engineers promise to provide more work, but buyers 
are holding off in the hope of being able to make better 
terms than are at present obtainable. Common iron 
bars are lll. 15s.; best bars, 12/. 5s.; best best bars, 
127. 15s.; iron rivets, 121. 5s.; steel rivets, 12/. 10s. ; 
packing (parallel), 8/.; packing (tapered), 11/.; steel 


billets (soft), 71. 12s. steel billets (medium), 
81. 2s. 6d. ; steel billets (hard), 87. 12s. 6d.; steel ship 
plates, 8/. 7s. 6d.; steel angles, 71. 17s. 6d.; steel 


joists, 7/. 17s. 6d.; heavy steel rails, 87. 10s.; black 
sheets (No. 24 gauge), 11l.; and galvanised corrugated 
sheets (No. 24 gauge), 151. 5s. to 151. 10s. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—Active conditions continue 
general in the Scottish steel trade, and producers have 
difficulty in meeting the pressing demands of consumers. 
Shipbuilders are prominent in the latter category, and 
work at the yards is being kept back owing to slow 
deliveries from the steel works. The output from the 
mills is on a large scale, but it is not quite large enough 
to meet the current demands against existing contracts. 
On the other hand, the future is giving makers some 
concern because of the smallness of the tonnage of fresh 
business being booked. It is generally thought that 
many contracts recently secured by consumers of steel 
material have not yet been covered, and that buyers 
are holding off in the hope that they will secure their 
requirements at prices under the level prevailing to-day. 
This argument is difficult to follow when everything 1s 
carefully considered, and producers state freely that, 
at current prices, their margin is negligible. For the 
next month,or two, production is fully booked, but the 
outlook for the autumn months, at present, is not assured. 
In the black-sheet trade, conditions vary, and while 
some works are still fully covered, there are others 
where an increase in specifications would be welcomed. 
Here again it is argued that merchants are holding back 
export orders which they have to place, in the expectation 
that easier prices will prevail shortly. These might be 
reduced in the near future, but, at the moment, there 1s 
no such indication, and firm quotations are the order of the 
day. For home delivery, ship plates are called 81. 7s. 6d. 
per ton, and sections 7/. 17s. 6d. per ton, delivered at 
Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade, a dull tone is all too general, Makers 
have not been booking much fresh business lately, and 
unless there is a decided improvement in this direction 
soon, short time will be forced on some of the manage- 
menis. In the steel re-rolling departments, a — 
state prevails, as orders are very scarce. The prices . 
Crown bars and steel bars are unchanged for loca 
delivery. 

Scottish Pig-Iron Trade.—No change of any note _ 
taken place in the Scottish pig-iron trade over the we ek. 
The demand for hematite continues good, and the pro- 
duction is readily absorbed, but in the case of foundry 
grades there is plenty available. The number of ——— 
in blast is unchanged at thirty-four. The ag FOIE 
quotations are without change for hematite, but incline 
to be easier for foundry qualities. 


Locomotive Contract.—The North British Rapeenetts? 
Company, Limited, Springburn, Glasgow, recently 
booked an order for 30 locomotives for the London, 
Midland and Scottish Railway Company. These are to 








power station (Contract No. 1104; Ref. No. BX 3443.) 








be six-coupled, superheater freight engines with tenders. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Tron 


the condition of the steel-manipulating sections in a 


more favourable light than was indicated by earlier | Special Reference to Finance as a form of Organisation,’ 


inquiries. Some of the rolling mills and allied branches 
worked up to and including Saturday, while in certain 
instances (though these may be regarded as exceptional) 
operations have contined throughout the holiday period. 
The current undertone is rather more hopeful. The 
ross volume of orders in the finished departments is 
still well below productive capacity, but inquiries are 
becoming more numerous, and there is a fairly widespread 
opinion that the next three months may witness an 
improvement in conditions. Despite the continued 
importation of substantial tonnages of raw and crude 
materials, the steel making furnaces are exceptionally 
busy, and are finding an outlet for virtually the whole 
of their output. Axle and tyre plants have been starved 
for such a considerable period that an early release of 
a substantial volume of orders is looked for. The same 
applies to wagon-building, in which connection business 
has been retarded owing to the stringency of colliery 
finance. No diminution is anticipated in the heavy de- 
mand made by British automobile engineers on Sheffield 
makers of motor-car parts and equipment. The improve- 
ment in shipbuilding tools is maintained. Widespread 
interest is shown in the new installation of electric 
furnace plant. Only financial considerations would 
appear to prevent immediate development in this 
respect. Makers of fine steels are looking forward to 
better business with Spain now that the embargo on 
foreign material has been removed. Home business in 
garden tools has taken a more favourable turn, though 
foreign underselling of less reliable brands is doing 
something to restrict export business., Prices in raw 
and semi-finished steel show little variation despite the 
high level of coke values and the consequent dearness 
of pig iron. Hard basic billets at 8/. 12s, 6d. per ton 
maintain the quotation prevailing before the coal stop- 
page. Soft basic billets at 7/. 10s. per ton are 10s. 
per ton dearer. Crown bars at 11/. 15s. per ton show 
an advance of 5s. 


South Yorkshire Coal Trade.—The market has been sub- 
ject to the usual holiday influences. Colliery require- 
ments to carry over the stoppage have restricted the 
supply of rough slack available for manufacturing pur- 
poses, This is firm at an average quotation of Ils. 6d. 
per ton. Railway companies are augmenting their stocks 
by adding open-market purchases to contract deliveries. 
The steel and allied trades have ample reserves to last 
until colliery operations are fully resumed. There is 
keen competition for the comparatively small amount 
of business circulating in gas coke. The house coal 
market is weak, Current consumption has eased with 
the advent of warmer weather, and the belief that prices 
may show further reductions is holding up forward 
business. Quotations: Best branch handpicked, 32s. 
to 34s.; best house coal, 25s to 27s, 6d. ; screened house 
coal, 23s. to 24s.; screened house nuts, 18s. 6d. to 
19s, 6d.; Yorkshire hards, 18s. to 19s.; Derbyshire 
hards, 18s. to 19s.; rough slacks, lls, to 12s.; nutty 
slacks, 8s. to 9s.; smalls 3s. to 5s. 6d. 








THE HUDDERSFIELD ENGINEERS’ TRAINING ASSOCIA- 
T10N.-Founded to provide for and advise as to the better 
technical training of apprentices and others connected 
with the engineering and allied trades, the Huddersfield 
Engineers’ Training Association recently issued its ninth 
annual report. This shows that, in spite of the industrial 
disturbances occurring during the 1925-26 session, the 
number of engineering students attending classes at the 
Huddersfield Technical College, namely 471, was only 
slightly smaller than that for the previous session 494, 
The general standard of work has been fully maintained, 
and one gold, two silver and three bronze medals and a 
number of prizes have been awarded. The Association 
comprises 24 member firms and individuals, and three 
co-opted members, representing the Foreman’s Mutual 
Benefit Society and the Huddersfield and District Engi- 
neering and Allied Trades’ Federation. The honorary 
secretary of the Association is Mr. A. H. Hardisty, 
0.B.E., District Bank Chambers, Huddersfield. 





Launch oF THE M.S. “ Pava.”—On Thursday, 
April 14, Messrs. Harland and Wolff, Limited, success- 
fully launched from their Govan shipyard the twin- 
Screw motorship Paua. This is the first of four vessels 
the firm is building for the Anglo-Saxon Company, 
for the New Zealand coasting trade; it is intended for 
the carriage of petroleum in bulk. The vessel, the 
dimensions of which are: 205 ft. length, 36 ft. 6 in. 
breadth, and 15 ft. depth, with a gross tonnage of 1,150, 
18 built on the combined transverse and longitudinal 
Systems of framing, and is divided by nine water or 
oil-tight _bulkheads into the fore peak, hold, cofferdams, 
cargo oil tanks, pump-room, engine-room, and after 
peak. The main oil tanks are further divided by two 
longitudinal bulkheads, making nine cargo oil tanks with 
& total capacity of 950 tons, the fuel oil being carried 
m the double bottom and in a tank at the forward end 


: the engine-room. Two pumps, each having a capacity 
7 100 tons per hour, are fitted for the handling of the 
ol cargo, Accommodation for the officers and crew is 


perided for on the raised quarter deck aft, and in 

© forecastle, the captain’s accommodation being on the 
Poop deck and under the navigating bridge. The 
Paling machinery consists of one four-cycle, six- 
cylinder Harland—B, and W. engine, with electric and 


NOTICES OF MEETINGS. 





introduced by Major C. H. Douglas. Monday, April 25, 


Conveying Plant,” by Mr. H. W. Cadman. Friday, 
April 29, at 6 p.m. General Meeting. ‘‘The Failure 
of Some Steel Wires under Repeated Torsional Stresses 
at Various Mean Stresses,”’ by Professor F. C. Lea. 


THe Junior INSTITUTION OF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘‘ Shock 
Absorber Units for Land Planes,”’ by Mr. C. D. Holland. 
Tuesday. April 26, at 6.30 p.m., Annual Dinner at the 
Monico Restaurant, W.1. Friday, April 29, at 7.30 
pm. “The Design and Balancing of Three-Phase, 
Low-Tension Distribution Systems,” by Mr. W. Fordham 
Cooper. 

THE NortH oF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, April 23, at 2.30 
p-m., in the Lecture Theatre of the Institute, Newcastle- 
upon-Tyne. ‘The Dry Cleaning of Coal’’ by Mr. J. 8. 
Carson. ‘The Chemical Relations of the Principal 
Varieties of Coal,’’ by Professor G. Hickling. ‘‘ Screening 
and Washing Plant at Deaf Hill Colliery,’’ by Mr. L. F. H. 
Booth. ‘‘The Economic Working of Thick Seams in 
New South Wales,” by Mr. W. Rawling. 


THE Mrnine Institute or Scoruanp.—Saturday, 
April 23, at 3 p.m., at the Royal Technical College, George- 
street, Glasgow. Annual General Meeting. ‘ Angle 
and Vertical Up-Boring,” by Mr. A. Kyle. ‘ The 
Problem of Resuscitation in Mines,’”’ by Mr. D. Davidson, 
‘Experiments concerning the Relationship between 
Ventilating Pressure and Air Volumes in Mines, and 
the Effect of Natural Ventilation,’”’ by Professor H. 
Briggs, Dr. J. N. Williamson, Mr. J. 8S. Penman, and 
Mr. H. Hyde. ‘“* Miner Nystagmus,”’ by Mr. J. 8S. Haldane 
and Mr. T. L. Llewellyn. 
THe Hutt Association oF ENGINEERS,—Saturday, 
April 23, at 7.15 p.m., at the Technical College, Park- 
street, Hull. ‘‘ Large Capacity Conveyors,” by Mr. C. H. 
Nicholson. 
THE INSTITUTION OF STRUCTURAL ENGINEERS.— 
Monday, April 25, at 6 p.m., at 10, Upper Belgrave-street, 
S.W.1. Students’ Meeting. Discussion on ‘* The Devel- 
opment of Rapid Hardening Cements,’’ opened by Mr. 
H. R. Cox. 
THE Rattway Cius,—Monday, April 25, at 7.30 p.m., 
at 25, Tothill-street, S.W.1. Debate. ‘That the 
Grouping of British Railways has not been Beneficial,” 
proposer Mr. W. A. Willox. Opposer, Mr. B. M. Bazley. 


THe Socrety or CHEMICAL INDUSTRY: CHEMICAL 
ENGINEERING GRouP.—Monday, April 25, at 8 p.m., 
at the American Film Company, Limited, 89-91, Wardour- 
street, W.1. ‘‘ Permanent Moulding Machines for 
Cast-Iron,” by Professor J. W. Hinchley. 


Tue Royat Society or Arts.—Monday, April 25, at 
8 p.m., at John-street, Adelphi, W.C.2. Cantor Lecture. 
‘* The Measurement of Light ’’ (Lecture I), by Mr. J. W. T. 
Walsh. 

Tue INstITUTE OF TRANSPORT.—Tuesday, April 26, at 
5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Graduates’ 
and Students’ Lecture. ‘‘ Organisation of a Railway 
Stores Department,” by Lieut.-Colonel C. Francis. 


Tue Institution or Civit ENGINEERS.—Tuesday, 
April 26, at 6 p.m., at Great George-street, S.W.1. 
Ordinary . Meeting. ‘‘ Bridge-Foundations on Trans- 
ported Chalk, with Notes on Piled and Monolith Foun- 
dations,” by Mr. J. P. Porter. ‘Wednesday, April 27, 
at 6.30 p.m. Students’ Meeting. Annual General 
Meeting. 

THE Socrety or Guass TECHNOLOGY.—Wednesday, 
April 27, at 2.30 p.m., at The University, St. George’s- 
square, Sheffield. Annual General Meeting. .At 3 p.m. 
Ordinary Meeting. General Discussion on Furnace 
Efficiency, introduced by “‘ A Brief Review of Furnace 
Developments,”’ by Professor W. E. S. Turner. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : SOUTH 
MrpLaNnp CENTRE.—Wednesday, April 27, at 7 p.m., at 
the University, Edmund-street, Birmingham. LEigh- 
teenth Kelvin Lecture. ‘‘ High-Frequency Currents,” 
by Professor E. W. Marchant. 


Tue Institution oF LocomoTIvVE ENGINEERS 
(Lonpon).—Thursday, April 28, at 6 p.m., at the Engi- 
neer’s Club, Coventry-street, W.1. ‘The Exhaust Steam 
Injector,’’ by Mr. J. C. Metcalfe. 


THE InstTITUTION OF © MECHANICAL ENGINEERS: 
Mriptanp Branou.—Thursday, April 28, at 6.30 p.m., 
at the Queen’s Hotel, Birmingham. ‘‘Rubber,” by 
Mr. L. Rowland. 

THE INSTITUTION oF CrvIL ENGINEERS: YORKSHIRE 
AssocrATIon.—Thursday, April 28, at 7.30 p.m., at the 
Hotel Metropole, Leeds. “‘The Factor of Safety as 
Applied to Reinforced Concrete,”’ by Mr. T. E. Emmett. 
THe INstiruTE oF Metats: LONDON LocAL SECTION. 
—Thursday, April 28, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders, Limited, 83, Pall 
Mall, S.W.1. Annual General Meeting. Open discussion 
on “The Working of Metals,’ by Mr. E, J. Thorne. 

THE InstITUTION OF LocomoTIVE ENGINEERS: 


MANCHESTER CENTRE.—Friday, April 29, at 7 p.m., at the 
College of Technology, Sackville-street, Manchester. 


Tue INstITUTE oF METALS: Swansea Loca. SECTION 
—Friday, April 29, at 7.15 p.m., at the University 
College, Singleton Park, Swansea. Annual General 


and Steel—The measure of manufacturing| THE INstiTvUTION oF MEcHANICAL ENGINEERS.—| Meeting. 


activity shown during the holiday period has revealed | To-night at 7 p.m., at Storey’s-gate, S.W.1. Informal 
Meeting. “The Engineering of Distribution, with] Priday, April 29, at 7.30 p.m., at the Royal Society of 


? 


THE INSTITUTION OF ENGINEERING INSPECTION.— 


Arts, John-street, Adelphi, W.C.2. ‘The Stress-Strain 
Diagram and its Application to the Testing of Rolling- 


at 7 p.m., Graduates Section. ‘‘ Parcel and Package} giock Drawgear,” by Mr. L. H. Evans 





NOTES FROM THE SOUTH - WEST. 


CarpDIFF, Wednesday. 


The Coal Trade.—More coal was shipped from South 
Wales in March than has been the case since July, 1924. 
The average price realised for the Welsh commodity 
again declined, but the drop was not so great as was the 
case in January and February, which points to the fact 
that prices have about become stabilised following the 
disorganisation caused by the strike. Shipments of 
coal, patent fuel and coke in March amounted to 2,902,696 
tons, which was 572,179 tons more than in February, 
the quantity shipped per working day being 107,507 tons, 
against 97,105 tons per day in February. Exports of 
coal in March reached 2,754,674 tons, or 536,917 tons 
more than in February, foreign cargo shipments account- 
ing for 2,262,033 tons, an increase of 476,149 tons, and 
bunkers for foreign going steamers to 378,249 tons, an 
advance of 65,282 tons. On the other hand, coastwise 
cargo shipments were reduced by 4,514 tons to 114,392 
tons. Exports of patent fuel were, however, raised by 
35,605 tons to 141,578 tons, and of coke by 343 tons to 
6,444 tons. In the past week shipments were interrupted 
by the intervention of the Easter holidays. Coal exports 
foreign totalled 335,840 tons, compared with 541,480 
tons in the preceding week and 539,990 tons in the 
corresponding period of last year. At Cardiff they 
totalled 210,920 tons, against 320,170 tons a week 
earlier, at Newport 55,140 tons against 102,930 tons, 
at Swansea 40,470 tons, against 47,900 tons, at Port 
Talbot 25,260 tons, against 63,370 tons, and at Llanelly 
4,050 tons, against 7,110 tons. Exports of patent fuel 
were, however, increased from 17,352 tons to 22,460 tons, 
but those of coke were lowered from 719 tons to 525 tons. 


Iron and Steel_—Exports of tinplates and terneplates 
from South Wales in the past week amounted to 9,096 
tons, against 4,101 tons in the preceding week; black- 
plates and sheets to 4,520 tons, against 1,776 tons; 
galvanised sheets to 3,470 tons, against 1,979 tons; 
and other varieties and steel goods to 2,979 tons, against 
1,953 tons. 





SoutrHampton Docxs.—A _ handbook of general 
information regarding the Southampton Docks was 
published recently by the Southern Railway Company. 
The book gives a description of the accommodation 
and equipment of the docks, and furnishes particulars 
of rates, charges, rents and dues payable by shipping 
using the port. It comprises over 150 pages, and contains 
numerous diagrams, maps, plang, full-page plates, and 
pages of statistics. The volume, which is primarily 
intended for shipowners, merchants and manufacturers, 
has been compiled by Mr. H. N. Appleby and is 
obtainable from the Docks and Marine Departments, 
Southern Railway Company, Southampton. 





PRoPosED AEROPLANE ROUTE BETWEEN ROTTERDAM 
AND MARSEILLES.—As a result of successful trial flights 
carried out by the K.L.M. Company with Fokker 
machines equipped with Jupiter air-cooled engines, 
it is possible that a regular air service may be established 
between Rotterdam and Marseilles in connection with the 
sailings of the Lloyd-Rotterdam steamships. The Dutch 
mails, it should be explained, are shipped at Marseilles 
to the Netherlands East Indies, and it will be possible, 
if the air service is put into operation, to accept late 
mail, for any particular sailing, at least 24 hours later 
than at present. A considerable saving in time could 
also be effected in the case of passengers and urgent 
goods. In a recent flight, one of the K.L.M. machines 
travelled from Rotterdam to Marseilles, a distance .of 
636 miles, in a non-stop run of rather less than seven 
hours’ duration, while the return journey, also made 
without a stop, occupied 6} hours. The Jupiter 
engine, we understand, functioned perfectly throughout. 
This engine, it may be added, is the standard power 
unit of all the aircraft used by the K.L.M. Company. 





MELBOURNE TECHNICAL ScHooL.—Founded in 1882, 
largely owing to the energy and munificence of the 
late Hon. Francis Ormond, the Melbourne Technical 
School, long known as the Working Men’s College, is 
now the largest educational institution of its kind in 
Australia. It comprises a preparatory day technical 
school, a senior day technical school, and also provides 
day and evening courses in a wide range of scientific and 
technical subjects. The 1927 prospectus of the school 
shows that 3,976 individual students were enrolled 
during 1926, as compared with 4,352 during the previous 
session. The diploma of associate of the school was 
awarded to 15 students during 1926; the number for 
the previous year was 13. The extension of the milling 
and gear-cutting department of the institution, which 
was begun in 1925, was completed during 1926, and 
final preparations for the new tool-making class have 
been made. The financial statistics indicate that the 


total income of the school during 1925 amounted to 
52,9361. A sum of 31,3451. was granted by the Govern- 
ment, and students’ fees totalled 13,9907. The expendi- 








steam-driven auxiliaries, and donkey boiler. 





“* Laminated Springs,” by Mr. T. H. Sanders. 


ture for the year was 53,5781, 
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SANDFIELDS PUMPING STATION, SOUTH STAFFORDSHIRE WATER WORKS. 
MR. F. J. DIXON, M.INST.CE., CHIEF ENGINEER. 


(For Description, see Page 473.) 

















Fig. 10. Srneve-Cytinper 392-I.H.P. Sutzer Unirtow ENGINE. 


Fig. 11. Uprsr Fioor or Enaine Hovse. 
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ELECTRICITY ON WARSHIPS. 

It was a pleasant, if fortuitous, arrangement, 
which caused a paper by Mr. William McClelland, 
the director of electrical engineering at the Admir- 
alty, to be put down for discussion at the Institution 
of Electrical Engineers, at a time which brought 
it into approximate coincidence with the annual 
meeting of the Institution of Naval Architects, 
the report of which meeting is concluded in this 
issue. The application of electricity to marine 
purposes is very seldom discussed before the 
Institution of Electrical Engineers, and though on 
occasion electrical matters, and especially electrical 
propulsion, have been dealt with by the Institution 
of Naval Architects, no paper on the subject appeared 
in this year’s programme. Mr. McClelland’s paper may 
therefore be said to repair what, as far as the latter 
body is concerned, is a not very serious ommision. 
But it does a good deal more. It fills a distinct 
gap in the proceedings of the electrical institution and 
discusses, with unusual fulness, the various problems, 
which the marine electrical engineer has to overcome 
in providing asupply of current for the multitudinous 
applications of electricity on board ship—on board 
the warship in particular. Moreover, it concludes 
with as full a discussion, as has been given, of the 
advantages and disadvantages of adopting electric 
propulsion for the operation of this class of vessel. 

Quite casual consideration will show that this is 
a subject full of the greatest interest, a subject, too, 
which can be considered from the point of view, 
both of what has been done in the past, and of the 
lines along which future development will probably 
take place. The modern warship is an extraordinarily 
complicated entity. Within a comparatively small 
cubic capacity it has to comprise a fortress, a 
barracks, and the machinery necessary to propel 
them at high speed. The whole has also to be 
arranged, so that the ship is effective in attack 
and is provided with adequate defence ; in a word 








so that it can be fought, as the strategic and tactical 
situations require. These conditions predicate a 
complicated system of internal and external com- 
munication, good artificial lighting and machinery 
for both peaceful and warlike purposes. As has 
been the case on land, it is not, therefore, surprising 
to learn that it has been found desirable to make an 
increasing use of the convenience and adaptability 
of electricity for driving the necessary machinery 
and for operating the communication systems. But 


85 | to make such use of this form of energy and at the 
85 | same time to ensure that reliability, which is essential 


for the safety of the ship and its crew, means the 
fulfilment of conditions very different from those 
which obtain on land. For, as Mr. McClelland 
rightly points out, vibration, rolling, pitching 
and yawing, shock from gunfire, extremes of 
temperature, restriction of space, the demand for 
reduced weight, and the effect of a salt-laden 
atmosphere, must all be given full consideration 
in the design of the plant used. Mr. McClelland 
gives an interesting survey of how these require- 
ments have effected the choice of the electrical 
equipment employed. These are matters which the 
electrical engineer would do well to study. For 
though at first sight the conditions, under which 
electrical plant has to operate on sea and on land, 
are so different as to give rise to the idea that no 
lessons learnt in one sphere can be usefully applied 
in the other, further consideration will show that 
this is by no means true. The naval architect 
and the marine engineer, too, may also be advised 
toread the paper. For though perhaps the increasing 
use of electricity on ship board have not affected 
the fundamentals of ship design to any great extent, 
they have modified them in detail and have made 
progress possible in many directions, which could 
not otherwise have been explored. 

From the point of view of the electrical engineer, 
Mr. McClelland makes some useful points on 
the subject of standardisation. In one part of 
his paper he gives quite an impressive list of the 
uses to which electricity is put for power purposes 
on board a warship. The aggregate output of the 
necessary motors is some 2,300 brake horse-power, 
while the individual sizes range from 195 to 0-3 h.p. 
Under such conditions it is obvious that the 
limitation of the spares, which it is necessary to 
carry, becomes an important consideration, and 
that this limitation can only be effected by a 
well thought out scheme of standardisation, both 
of the machines themselves and of the parts of 
which they are made up. Ten standard designs 
for motors of outputs between 0-7 and 20 h.p. have, 
therefore, been prepared, an interesting feature 
of which is the extended use of aluminium 
alloys, so as to reduce the weight to a minimum. 
Naturally, measures have also been taken to comply 
with the special conditions which, as we have 
mentioned above, pertain on board ship. British 
standard dimensions are followed as closely as 
possible, and much attention is paid to the important 
question of cooling. Standardisation of the con- 
sumer’s equipment, from the largest to the smallest, 
is in our view so important a factor in electrical 
development, that this step is to be highly com- 
mended, especially if the co-operation between the 
Admiralty and the British Engineering Standards 
Association, which, we are glad to hear from Mr. 
McClelland, is close, permits the necessary differences 
between land and marine practice to be met without 
an undue multiplication of the number of types. 
After all, we are a maritime nation, and the fact that 
a not inconsiderable portion of their output may, in 
due course, be used on ships should not be lost 
sight of by our manufacturers. 

A considerable proportion of Mr. McClelland’s 
paper is taken up with an historical description of 
the progress that has been made in the use of 
various classes of electrical plant in the Navy, 
but as we propose to summarise the paper later, 
little more need be said on this matter here. 
As indicating, however, one essential difference, as 
compared with land practice, imposed by the 
conditions present on board ship, attention may be 
drawn to his remarks on the subject of generation 
and distribution. On a warship a fairly large 
electrical load is concentrated in quite a small space. 
The problem of the economical transmission of power 
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over long distances does not, therefore, arise, and 
the advantages of alternating current generation 
and distribution, which are so pronounced on land, 
therefore disappear. For obvious reasons high elec- 
trical pressures are not desirable on board ship, while 
most of the motors require speed regulation, and 
numerous searchlights have to be supplied. Direct- 
current on the 220 volt two-wire system has, 
therefore, become the standard, a choice which, to 
quote Mr. McClelland, is supported not merely by 
argument, but by the consensus of naval opinion 
of the chief Powers. Further experience is hardly 
likely to change this view and we may, therefore, in 
time come to regard the ship as the last stronghold 
of the once almost universal direct-current system. 

The departure from land practice is even more 
marked in the case of distribution arrangements. 
The station bus bars, and the feeders, which form the 
link between them and the network, disappear, 
their place being taken by a ring main, which 
enables a supply to be given by the nearest 
route from main conductors fitted round the ship 
in the form of a closed loop. All generators feed 
into this loop, main switchboards disappear as distri- 
buting centres and the feeder breakers, to use a 
convenient term, are scattered over the ship, instead 
of being concentrated on a main switchboard. This 
system, which comprises both central and local 
control, not only provides for maximum reliability, 
but has the practical advantage that much drilling 
of the bulkheads is avoided. 

In spite, however, of the progress which has been 
made, there is one application of electricity to 
marine work, which lags behind the others, in the 
same way as the use of the electric road vehicle lags 
on land. Thisis, of course, electrical propulsion. In 
the United States Navy, as is well known, this form 
of drive has been adopted on all capital ships, and 
has been installed in the two aircraft carriers of 
33,000 tons displacement, which have been sanc- 
tioned by the Washington Treaty. In the mercantile 
marine electrical propulsion is being increasingly 
used. Nevertheless there is an obvious reluctance 
on the part of our own Naval Authorities to use it, 
or even to consider it; and this, if we may be 
allowed to adopt the argument that everything is 
worth trying once, we consider, from more than one 
point of view, a great pity. 

This attitude, however, it is only fair to say, is 
not due entirely, or even in greater part, to unreason- 
ing conservatism or ingrained prejudice. As Mr. 
McClelland says, electrical propulsion is first and 
foremost a speed reduction device, by the employ- 
ment of which it is possible for both the main turbines 
and the propellers to be run at their most economic 
speed. The same result can, of course, be obtained 
by the use of gearing. The problem therefore is 
which method of speed reduction offers the most 
advantages and the fewest disadvantages. This poimt 
was very fully argued in a discussion, which took 
place on a paper, which was read by Mr. W. Le 
Roy Emmet, before the Institution of Naval 
Architects just four years ago, and the impartial 
judge would have found it very difficult, as a result 
of what was said on that occasion, to give a definite 
decision in favour of one system or the other. Mr. 
McClelland, who may perhaps be suspected of 
having some leanings towards the electrical system, 
finds himself in the same position. He sets down 
very clearly the arguments for and against the use 
of electrical propulsion on warships but is unable as 
a result, to go much further. Unbiassed readers 
of what he has to say will not find it easy to do 
other than remain in a similar state of uncertainty, 
nor will the arguments advanced in the discussion 
assist them to any conclusion. The fact is that 
there is little or nothing to choose between the two 
systems. An analogous state of affairs is to be found 
in electric traction, where some advocate the use of 
single phase and others, with equal fervour, the em- 
ployment of direct current. Both systems have found 
their practical application, and have shown neither 
the outstanding advantages, nor the overwhelming 
disadvantages, which are sometimes claimed for 
them. We may however, be permitted to make one 
speculation. In considering this question, Mr. 
McClelland makes no reference to the important 
factor of economy, nor naturally to the changes which 
are taking place in the way of using higher steam 





pressures and temperatures on board ship. On land 
it is already obvious these will result in profound 
changes in present practice. It is perhaps not too 
much to assume that the same will equally be true 
of marine practice, and that these changes may 
therefore give one or other of the systems of pro- 
pulsion that marked superiority over the other, 
which it does not at present possess, 





TECHNICAL AND NON-TECHNICAL 
MANAGEMENT. 


PROVERBIALLY, the best school is experience, but 
its teaching is not always methodical, and it may 
take an apt pupil to profit by its suggestions. 
Usually these suggestions are not focussed into a 
connected doctrine, but, none the less, form a 
useful background for the purpose of checking off 
current ideas. A valuable example of this is when 
some senior man collates what he has learnt on 
a particular subject in the course of his own 
practice. Such statements may contain little 
that is new, and yet may have considerable im- 
portance. Such a discussion took place recently 
at a meeting of the British Section of the 
Société des Ingénieurs Civils de France, when 
Mr. L. A. Legros read a paper on technical and non- 
technical management, a sequel to his papers in the 
two previous years on economy of human effort 
and on skill.* In what he described as an “ emin- 
ently, and indeed intentionally, discursive state- 
ment,” he collected a variety of incidents and facts 
from his own experience to show how and how often 
there is imperfect co-ordination between the technical 
and the non-technical management of engineering 
enterprises, how grave have been its consequences, 
and how disastrous the ultimate event must be if 
the two branches are not brought into phase. A 
good deal has been written to this effect from 
the academic or political point of view, and Mr. 
Legros’s conclusions, though some of them are per- 
haps stronger than would be accepted generally, do 
not differ substantially from those that emerge from 
recognised doctrine. A doctrine that is recognised 
to-day may, however, be discredited to-morrow, 
and the value of the present testimony lies in its 
dealing not with doctrines, but with facts drawn 
from a wide variety of experience. In the course 
of time the author has had the opportunity of 
making observations from the point of view of an 
apprentice, a journeyman, and a manager in a 
number of works concerned with quite different 
products, and has been able to inspect a still larger 
number and variety, and throughout has been at 
pains to recognise the point of view of the work- 
men, not as defined in trades union propaganda, 
but as taken spontaneously by individuals in the 
course and in consequence of their work. The 
most striking of the conclusions suggested by this 
body of experience is that the constant and costly 
friction between men and management has arisen 
largely from the predominance of non-technical 
management, without which those who have brought 
about the trouble might have failed to induce it. 
This is not a commonly accepted explanation of 
the discontents by which the interests of labour 
and all other elements of British industry are 
threatened so dangerously, and if it were put 
forward on the strength merely of sentimental or 
psychological considerations, it would not be likely 
to command general attention. Submitted, how- 
ever, under the circumstances of the present case, 
and supported by actual experience of considerable 
variety, it cannot be passed over without serious 
consideration. 

Reduced to its simplest terms, M. Legros’s 
argument runs something like this. During, 
roughly, the present century, the industries engaged 
in engineering manufacture have entered into a 
radical change in their constitution, which ulti- 
mately—though the prediction is not made in so 
many words—may be comparable in its effect on 
their productivity to the introduction of the 
factory system. The standing of workmen in the 
industry was based originally on their all-round 
skill, in which, indeed, they were pre-eminent 
throughout the world. It was found, however, 





* See ENGINEERING vol. cxix, pp. 223, 231, 272, and 
vol. exxii, p. 481. 








that much greater production could be obtained 
by entrusting most of the work to partly skilled or 
even unskilled men, and reserving the truly skilled 
men either for work that still required superior 
skill, even with the help of improved machines, 
or for work such as that of the millwright, in 
which one man had necessarily to possess several 
kinds of skill. This result has been demonstrated 
conclusively in the practice of the United States, 
and through the necessities of the war had to be 
used on a large scale in this country. As a con- 
sequence, the large majority of mechanics engaged 
on actual production had no occasion to use all- 
round skill, and presumably ceased to possess it. 
A non-technical management could not, however, 
distinguish them from really skilled men, who had 
spent on their apprenticeship and training as many 
years as the half-skilled or unskilled had spent 
months, weeks, or even days. 

Under existing trade union conditions, the collec- 
tive behaviour of men is never determined by the 
majority of them, who have ‘not the instinct or 
disposition for the sort of wrangling and intrigue 
by which it is manipulated. This general behaviour 
is determined by a very active minority, who 
through the present status of trade unions are able 
to capture a mechanism of compulsion that the 
majority are not able or disposed to resist. For the 
most part this minority is composed of men whose 
minds are more on their trade union politics than on 
their craft, and include relatively few of the fully- 
skilled men. Without the support of the fully- 
skilled men, however, the industry could not be 
obstructed as effectively as with it, and, indeed, 
might sometimes be proof against an actual stoppage. 
The failure of non-technical management to recog- 
nise the value of the skilled men and to secure them 
their fair share of pay, gave the agitators precisely 
the handle they were needing for securing the 
support of these men; and incidentally it did 
much to discourage the class of man whose work 
should be valued not merely for its skill, but for 
the conscientiousness with which it is applied. 
Through the failure to realise the inevitable effect 
upon production, the practice of limiting, or even 
cutting, piece-work and bonus rates, provided a 
similar leverage on the attitude of the actual pro- 
ducers to the obstructive influences. 

Whether this is put forward or can be accepted 
as a complete explanation of our present chief 
industrial danger, no serious doubt can be felt 
that it is an essential factor of it. This conclusion 
lends weight to the several suggestions made for 
remedying the situation. One of these, on which 
much stress is laid, is that the education of those who 
are to be introduced into the trade shall be revised 
to suit existing conditions. Whether in the works, 
in technical schools, or in both, education suitable 
to produce a training, including works discipline, 
such as is required for the standard of skill that is 
needed in the majority of men under existing con- 
ditions, must be given more intensively and rapidly 
than it is at present, and similarly the more general 
technical knowledge to be expected in those who 
intend to be fully-skilled men, and those who hope 
to be promoted to some kind of foremanship. These 


reforms are mentioned because of their intrinsic 


importance, though they do not seem to bear 
directly on the question under discussion, and 
already much is being done to introduce them. 
A less recognised, but not less urgent, reform is that 
the education of those who hope to take part in the 
higher works direction shall include sufficient 
knowledge of business economics and accountancy 
to enable them to understand the point of view of 
the non-technical management. On the other hand, 
non-technical men must in some way learn to 
understand the workman’s point of view, and 
enlarge his mind to include both the ability to 
co-operate with men in measures that tend to their 
welfare without introducing the suggestion of 
patronage, and the necessity of a true perspective 
in considering matters such as* standardisation, 
research, safety, &c. In some way restriction of 
output or inflation of cost, whether direct or by 
means of demarcation regulations, must be abol- 
ished, in the same way as limitation of earnings by 
way of cutting agreed rates or similar methods. 
When both sides have adopted systems of education 
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to those ends, the unimpeded progress of the 
works to its utmost productivity will be reached 
by institutions within each works and uncontrolled 
from without, in which all parties will endeavour 
conjointly to promote the prosperity on which they 
all depend. 

The programme thus quoted in a very bare out- 
line, is put forward, not as a possible alternative to 
existing conditions, but as a necessary condition for 
the ultimate survival of the export trade. Already 
other countries have adopted its essentials. For 
instance, in America the doctrine seems to be firmly 
established that a man can be paid only for the 
service he gives, but is entitled to its full value. If 
we continue to insist on other standards, the export 
trade will go to more efficient producers, prices will 
rise, strikes will continue and increase, the popula- 
tion will fall to the level at which the land will 
support it and some day a Communist Government 
having exhausted all other sources of taxation, will 
collect a 50 per cent. toll on strike pay. Such is 
the fantastically logical end that Mr. Legros sees 
if industry continues to be conducted under the 
internal friction of existing conditions. 





THE TRAINING AND EMPLOYMENT 
OF JUVENILES. 

Ir was in 1911 that official provision was first 
made for assisting youths of both sexes to make the 
transit from the school to the factory or office. 
At some of the new labour exchanges then opened 
there were arrangements for advising inquirers on 
the choice of a career. Successive steps, influenced 
largely by the extension of unemployment insurance 
to youths, led to the existing system, under which, 
in some cases, the Ministry of Labour do the whole 
of the work, both of helping school “ leavers,’’ and 
their parents, with advice and information, and 
of distributing such unemployment benefits as are 
payable. In other centres some part of the work is 
undertaken by the local educational authorities. In 
both cases the work is directed by Juvenile Advisory 
committees, who attend school conferences, collect 
particulars from teachers and maintain relations with 
localemployers oflabour. In “difficult” cases, visits 
are also paid to the homes of the juveniles concerned. 
As matters stand, the earliest age at which a child 
can leave school is 14, and the supervision of the 
advisory committee ceases when the age of 18 is 
reached. Statistics show that in 1921 there were 
1,938,226 “ occupied” juveniles in England and 
Wales whilst in 1924-25 a total of 550,441 children 
of both sexes left the public elementary schools 
at the age of 14. Almost the whole of these went 
into some form of employment. Taking into account 
those who stay longer at school, it appears that some 
600,000 juveniles under the age of 18 leave school 
annually. The total employed between the ages of 
I4 and 18 is probably about two million. It is 
expected however, that this number will decrease in 
1933, owing to the low birth rate in the war years, 
toa minimum some 20 per cent. lower than the above 
figure, and though the number may subsequently in- 
crease, it is not thought likely that the total of to-day 
will be attainedagain. Of the annual total of 600,000 

leavers ” not 20 per cent. ure placed through 
public agencies, but it is claimed that the average 
chances for the average juvenile would be better if 
the organisations in question were more widely 
utilised. The committee, whilst admitting the 
naturalness of the common method of recruitment 
whereby employers give a preference to the sons 
of men already with them, hold that more recourse 
should be had to the Labour Bureau. The Post 
Office, it is stated, follows this practice in regard to 
boy messengers, girl probationers and telephonists, 
whilst reserving the right to select candidates else- 
where, and to give preference to children of deceased 
Post Office servants. 

Reference is made in the report to the psycho- 
eical tests now being made by the Institute of 
wig Psychology in London, and at Cam- 

ridge. It is considered that these experiments 
should be encouraged, but that the time has not yet 
come for expressing a final judgment on their 
Possibilities for good. There is still much to learn, 
Pa the methods employed are still in course of 
evelopment. In another ten or a dozen years it 





may be possible to compare the test observations 
with the after career of these students. One diffi- 
culty, to which attention is drawn, is that whilst it 
may prove practicable by such tests to determine with 
more or less precision the qualifications of a juvenile, 
the latter has not infrequently little choice open to 
him, but has to take the first job that offers. 

In the case of juveniles entitled to unemployment 
benefit, the latter may be used to compel attend- 
ance at some educational centre, but no pressure of 
this kind can be put upon juveniles, who are exempt 
from the obligation to attend school, but too 
young to come within the insurance scheme. To 
prevent the deterioration of character which may 
be the outcome of prolonged idling, the committee 
advise that it should be illegal to employ such a 
juvenile unless he can produce a working certificate 
issued by the labour bureau, and the bureau would 
be empowered to compel attendance at some 
approved course of instruction of any juvenile 
seeking employment. A provision of this kind is 
very general in the United States, but the require- 
ments for the issue of these working certificates 
vary greatly from State to State, and in some are 
a mere formality. 

Note is taken that the age of entry averages 
highest in the skilled occupations. The normal age 
for the engineering industry is said to be 16, and the 
committee advise that if a boy wishes to enter this, 
and also not to remain at school to 16, he 
should take up a temporary job in the meantime 
such as is provided by some “ blind alley” avocations 
which from this standpoint are stated to be not 
only necessary but advantageous. 

As regards apprenticeship, the committee report 
that not more than 10 per cent. of the boys leaving 
school are actually apprenticed. In many cases, 
moreover, the indenture contains a clause permitting 
the employer to “ stand off ” the apprentice without 
pay should there be no work for him, but in general 
an apprentice is not suspended until it has been 
necessary to pay off the majority of the adult work- 
people. 

An inquiry into the same question has also been 
held in Scotland, and is dealt with in another 
report. This committee also recommend the 
system of requiring juveniles to provide them- 
selves with a working certificate. They add that the 
number of advisory committees is insufficient, par- 
ticularly in the country areas, observing that 
juveniles in the rural districts need advice just as 
much as those in towns, and that many are better 
fitted for an industrial than for an agricultural 
calling. To facilitate the transfer of these to the 
towns, co-operation with the advisory committees 
in the latter should be secured. They also support 
strongly the policy of juvenile migration to the 
Dominions, after adequate training at home, of 
suitable emigrants. The committee also express 
the opinion that the school-leaving age should be 
raised to 15 at the earliest possible moment. 

In the London area the Juvenile Advisory Com- 
mittees are directly under the Ministry of Labour, 
but it is the London County Council which provides 
the facilities for the further education of juveniles. 
In a recent report the Education Committee of the 
Council express the opinion that too large a propor- 
tion of those attending these centres are qualifying 
for office rather than for industrial work, and that 
steps should be taken to restore the balance. 





NOTES. 

Tue STRENGTH PROBLEM IN SHIP CONSTRUCTION. 

Tur famous and, in their wide compass, still 
unique experiments, which Sir John Biles made in 
1903 on H.M.S. Wolf, led him to the conclusion 
that a ship was not nearly so strong and stiff as 
theory indicated, and induced him to assign a 
reduced modulus of elasticity E to the ship as a 
whole. To account for the smaller value of E, 
Pietzker suggested in his treatise on Festigkeit 
der Schiffe that, in the calculations of the longi- 
tudinal strength, the whole of the section of a member 
could not be considered as effective; a highly- 
compressed thin plate could not take its full share 
of the external bending moment, and the plate 
would buckle. When Mr. G. H. Hoffmann, of 
Delft, analysed Sir John Biles’ experiments in the 


light of the Pietzker theory in a paper read before 
the Institution of Naval Architects in 1925, Mr. 
Lockwood Taylor suggested that buckling would 
affect both the strainmeter modulus and the de- 
flection modulus deduced from the observations, 
and that shear strains would account for the 
departures from the assumed values, as Mr. A. M. 
Robb had pointed out in the same Institution, in 
1921, in his paper on deflections of bulk heads and 
of ships. The importance of the shear stresses 
in the calculation of longitudinal strength which 
was commonly overlooked, formed the subject 
of a paper on the “Space-Strength Problem in 
Ship’s Construction,’ which Dr. Ing. Gustav 
Wrobbel, of Hamburg, brought before the Schiffbau- 
technische Gesellschaft at the annual meeting 
held in Berlin last November. Taking measurements 
during the launching of river craft and on floating 
ships he found that the deflections in river boats were 
smaller than those calculated, but that they increased 
somewhat when the distance between the bulkheads 
was smaller than the breadth, without, however, 
attaining the higher values of sea-going craft. In 
the latter the deflection always exceeded the calcu- 
lated value, and this the more, the greater the lateral 
height compared to the length of the ship and the 
smaller the number of bulkheads. The absolute 
difference between the measured and calculated 
figures varied with the inclination of the ways 
during launching and with the load on board the 
floating vessel. The deck and shell took a consider- 
able portion of the stresses; plating under tension 
was mainly strained at 45 deg. to the direction of 
the main stress. The influence of deck openings 
was studied by means of experiments with rubber 
ribbon, 4 in. wide. That the main strain under 
torsion is at 45 deg. to the longitudinal axis had 
been confirmed by recent experiments of Graf and 
Mérsch with hollow cylinders of cast-iron embedded 
in concrete and with various kinds of reinforced- 
concrete. It was observed that neither straight 
vertical wires, nor series of rings, placed horizontally 
in a concrete cylinder, alone or in combination, 
increased the shear strength to any marked degree, 
whilst seven spiral wires embedded in the concrete 
near its surface, doubled the strength. From these 
considerations Dr. Wrobbel deduced that the 
sea-going ship should be built as a box girder, 
with diagonal girders and ample diagonal bracing, 
joined to the deck and shell, either directly, or 
indirectly through the longitudinal and transverse 
frames. This mode of design, already in use for 
rivercraft to a certain extent, would give increased 
strength with less material. 


THUNDERCLOUDS. 


Discoursing on thunderclouds at the Royal 
Institution on March 25, Professor C. T. R. Wilson, 
of Cambridge, explained how he and others had 
observed atmospheric potentials and thunderstorms 
for a dozen years at Cambridge, and more recently 
also on the Karroo in South Africa, 2,460 ft. above 
sea level, and elsewhere. Two kinds of test electrodes 
were used and connected through an insulated 
wire with a capillary electrometer, in which a 
mercury thread was moving in sulphuric acid 
with the rising or falling electric potential, the 
instrument being mounted in a hut in front of 
a photographic plate. The one electrode, a copper 
ball insulated by ebonite and sulphur, could be 
raised to a height of 5 m.; the other, for high 
potentials, was a perforated metal tray, 50 cm. in 
diameter, 14 cm. deep, filled with earth, and 
mounted insulated within a pit so as to be flush 
with the ground. The mean fine weather potential 
gradient was 100 volts per metre ; during a thunder- 
storm the potential would rise, and lightning 
discharges would show on the curve by sudden 
falls or rises of potential followed usually by a 
recovery within seven seconds or so. These changes 
of potential were of the order of 10,000 volts 
per metre below a thundercloud, of the order of 
1,000 volts at a distance of 10 km., and of the 
fine weather order of 100 volts, 20 km. away from 
the storm. The electric moments of the discharges 
(the product of quantity of electricity and the 
height) exceeded generally 30 coulomb-km., the 
quantity of electricity dissipated in a discharge 





was about 20 coulombs; the potential difference 
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developed in the cloud before the discharge was 
about one million kilovolts, and the energy spent 
in the discharge about 10!° joules. That changes 
in the electric field due to near lighting were 
predominantly positive, those caused by distant 
lightning (10 km. or more) mostly negative, and 
other facts were compatible with the view that 
a thundercloud was an electric generator moving 
between the earth and the conducting layer of 
the upper atmosphere. The upper portion of the 
cloud was generally positive (so-called positive 
clouds), the lower portion negative; there were 
continuous currents between the upper portion and 
the conducting layer from which ions were drawn, 
and further momentary discharges, mostly internal 
within the cloud, sometimes from the lower and 
also the upper cloud poles, to the earth. As there 
were nearly 2,000 thunderstorms in action at any 
moment all over the earth, and as the clouds were 
mainly positive, the storms might be the main 
source of the usual downward atmospheric electric 
current and the positive gradient of fine weather 
regions. Mr. Wilson mentioned that he differed 
from Dr. Simpson* as to cloud polarity and the 
origin of atmospheric electricity. In the electric 
fields of the huge dimensions of thunderclouds, 
which could not be imitated in the laboratory, 
electrons might be accelerated to the enormous 
speeds of the obscure highly-penetrating radiations 
supposed to be of cosmic origin.t 





ALPHA-RAYS AND ATOMIC 
STRUCTURE.— IV. 


On Saturday, April 9, Sir Ernest Rutherford, 
P.R.S., delivered at the Royal Institution the 
concluding lecture of his course on the above subject. 

He said that he proposed to discuss in greater 
detail the large angle scattering of « rays, which 
he had mentioned at the conclusion of his last 
lecture. He had then shown that Wilson cloud 
photographs taken by Blackett gave ocular proof of 
this type of scattering, and had pointed out that an 
analysis of these photographs showed that in these 
close collisions the ordinary laws of dynamics held 
good, both momentum and energy being conserved. 
He now proposed to consider what information we 
could get concerning the inner structure of the 
atoms by a further study of these large-angle 
scatterings. 

In the first place, it was necessary to bear in 
mind that the « particle and the nucleus of an atom 
were both positively charged, and accordingly 
repelled each other. Suppose, for example, that 
in Fig. 23 A represented the nucleus of an atom, 
and that an « particle approached along a path, 
which if the nucleus were uncharged, would pass A 
at a distance equal to p. Since, however, there 
was a strong repulsion between the « particle and 
the nucleus, the actual path followed by the «-particle 
would be curved as shown. Knowing the law 
of force between the « particle and the. nucleus 
and also the parameter p, this orbit could be calcu- 
lated and the results compared with observation. 
This had been done, and it was found that the orbit 
was an hyperbola, and the law of repulsion of the 
two charges was the ordinary inverse square law, 
originally formulated by Coulomb. The angle 
between the asymptotes of this hyperbola was 
denoted by ¢ and was known as the angle of scat- 
tering. 

The orbit followed depended not only on p, 
but also on the velocity of the « particles. This 
could be easily demonstrated by a mechanical 
model, for which he was indebted to Professor 
Andrade. It consisted of a sort of Matterhorn 
having the shape of an hyperboloid of revolution. If 
steel bicycle balls were fired so as to pass near the 
centre of the peak, they had to climb up the surface 
of the hyperboloid against the attraction of gravity, 
and it could be shown that the reaction between 
them and this surface was equivalent to a force 
repelling the balls from the axis of the peak 
with a force varying as the inverse square of the 
distance from this axis. With the model it was 
easy to demonstrate that it was easier to deflect 








* See ENGINEERING, December 17, 1926, page 764. 
+ See ENcrvgerme, February 19, 1926, page 229. 





slowly moving particles through a large angle than 
it was to divert swiftly moving ones ; whilst, on the 
other hand, with particles moving at a stated speed, 
the deflection was greater the closer the approach 
to the centre of repulsion. In the case of « rays 
it was only about one particle in 10,000, or perhaps 
in 100,000, which was scattered through an angle 
lying between 60 deg. and 90 deg., and the propor- 
tion deflected through angles larger than 90 deg. 
was very much smaller still. 

A peculiarity of wide angle scattering was that it 
depended on the mass of the atoms used as targets. 
Thus, suppose we took a piece of aluminium foil, 
having a stopping power equal to 5 mm. of air, 
then this was found to scatter the rays much less 
than a gold foil of exactly the same stopping power. 


Fig.23, SINGLE SCATTERING 
DIAGRAM. 









Fig.24. BIELER 
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Assuming that the repulsion between an « particle 
and the atomic nucleus followed the inverse square 
law, it was possible to calculate what proportion of 
the total number of « particles falling on a target 
would be scattered through any assigned angle. 
Denoting this proportion by y, we had, in fact, the 
relation 


y = nt.Qb2 cosect $ 


where x denoted the number of atoms in a cubic 
centimetre of the material used as a target. The 
thickness of the latter (assumed to be very small) 
was denoted by ¢, whilst Q denoted the number of 
«-particles striking the foil in unit time; b was a 
coefficient, and represented the smallest distance 
within which it was possible for the « particle to 
approach the nucleus, and this value of b was 
given by the expression 
2E. Ze 

mu2- 
where E denoted the charge on the « particle and 
Ze the charge on the nucleus. The mass of the 
particles was represented by m, and their velocity 
by u. 

Inserting this value of 6 in the expression already 
given, it would be seen that the number deflected 
through a stated angle @ was proportional to 


cosect g; to the square of the atomic charge on 


bn 





the nucleus; and to the thickness of the foil, and 
inversely proportional to the fourth power of. the 
velocity. Chadwick made use of these relationships 
to measure the resultant charge on the nucleus. 
Moseley, by investigating characteristic X-ray 
radiations, had found that the frequency of these 
varied from element to element, and was propor- 
tional to the square of a number which varied by 
unity in passing from one element to the next. He 
concluded that this number represented the resultant 
charge on the nucleus. As these experiments were 
somewhat rough, it was thought desirable to make 
a direct measurement of this charge, and some six 
years ago this was determined by Chadwick and 








Bieler, using the apparatus represented diagram- 
matically in Fig. 24. Here AA’ represented a flat 
ring of metal foil. The source of the rays was at R, 
and rays issuing from this and deflected through the 
angle @ were received on a zinc sulphide screen at §, 
each impact being accompanied by a scintillation. 
A thick guard, not shown in the diagram, prevented 
the particles passing directly from R to S. By 
removing this screen it was possible to determine 
the total number of « rays then falling on §, and a 
comparison of the two figures gave the proportion 
deflected through the given angle. In making this 
second count, with the screen removed, it was 
found necessary to cut down the number of rays 
reaching S directly from R by means of a revolving 
sector placed just in front of the screen, as otherwise 
the number of scintillations was too great for 
direct count. The following figures were obtained 
with the three metals experimented with :— 





Observed Nuclear 





Metal. Charge Ze.. Atomic Number. 
Copper 29°3 29 
Silver 46°3 47 
Platinum 77°4 78 





Considering the difficulty of the experiments, 
these results showed a very satisfactory agreement 
with Moseley’s deduction that the atomic number 
was equal to the resultant charge on the nucleus, 
when this was expressed in the fundamental 
units. 

It would be seen from the foregoing that not 
only had the study of «-rays led to the idea that 
the atoms had a nuclear structure, but they also 
provided the only means of measuring directly 
the charge on this nucleus. 

They also threw light upon the dimensions of 
the nucleus. If an «-ray were fired directly at 
the nucleus we might expect that so long as it 
did not actually get inside this nucleus, the 
inverse square law would hold good, but that 
if we increased the speed of the particle so that 
it fairly entered the nucleus, this law would no 
longer hold, nor would the laws of scattering based 
thereon. 

Experiments intended to detect a breakdown of 
this kind were made by Geiger and Marsden long 
ago, but it was decided to repeat the investigation 
at the Cavendish laboratory with improved 
apparatus. This was designed to determine the 
proportion of particles deflected through an angle 
of 135 deg. when the speed of the « particles was 
varied. Though simple in principle, the experiment 
took a very long time to complete, there being a 
multitude of small errors to be . voided. 

So long as the inverse square law held good the 
number of particles scattered through the stated 
angle should vary inversely as the fourth power of 
the velocity. The result actually found was that 
neither with copper, silver nor gold was there any 
indication of a breakdown of the inverse square law 
of repulsion. ae 

In the case of copper the « particles got to within 
1-23 x 10-12 cm. of the centre of the atom. The 
corresponding figures for silver and gold were 
1-94 x 10-2 and 3-15 x 10-12. Hence the inverse 
square law held good up to these limits, and we 
might be induced to conclude accordingly that 
the « particles had not penetrated into the nucleus. 
Since the atoms had dimensions of the order of 
10° cm. it was evident that the nucleus was 
very small compared with the atom, but the 
experiments did not show how small it really 
was. ; 

Similar experiments were next tried with 
uranium, a thin layer of which was sputtered 
on to a sheet of carbon. In this case the « particles 
got to within 3-2 x 10-!@ cm. of the atomic centre, 
and there still was no indication of any breakdown 
of the inverse square law. This was very puzzling 
because, from the radioactive properties of uranium, 
it could be shown that the particles in the above 
experiment must have penetrated deeply into 
the nucleus. This followed because the «rays 
emitted by uranium in its radioactive trans 
formation acquired their high speed in virtue of 
the repulsion between them and the aomegg' 
charged nucleus. Their speed was known, 22 
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it was thus possible to calculate that when they 
started on their outward path, these particles 
could not have been nearer the centre of the 
nucleus than 7 x 10-2 cm. We had here a very 
troublesome discrepancy. The experiments on the 
large angle scattering of a-rays showed that the 
inverse square law reigned supreme up to within 
3-2 x 10-2 em. of the centre, whilst the radio- 
activity of uranium showed that the radius of 
the nucleus must be at least 7 x 10-12 cm. 

Sir Ernest had given much thought to this puzzle 
during the last year or two, and had arrived at 
the conclusion that the nucleus of the uranium 
atom, and probably that of the atoms of all 
the other heavy elements, had a compound 
structure, there being in fact a nucleus within the 
nucleus. The main mass of the atom was concen- 
trated in the inner nucleus surrounding which 
were a few « particles, possibly in motion. Calcu- 
lation showed that these outer particles could not 
possibly be charged or the arrangement would be 
unstable. They were, therefore, neutral helium 
atoms, and were held in position by the 
polarisation produced by their close proximity 
to the heavily charged inner nucleus. It was 
into this outer nucleus which had a diameter 
twice or thrice as great as the inner, that the 
a-rays were able to penetrate, and as the helium 
particles there were uncharged there was no break- 
down of the inverse square law. 

As already mentioned, it turned out that the par- 
ticles in this outer nucleus could not possibly be 
charged, and he believed that they were held in 
place by the polarisation produced by the inner 
nucleus. It was possible, however, that magnetic 
forces were involved, but he was inclined to think 
that it was unnecessary to appeal to these. 

On this view of the nuclear structure, radio- 
activity might be attributed to the fact that in the 
intense field in which they moved, the outer particles 
were only able to retain the electrons, which neutral- 
ised them, by the fact that they were distorted by the 
enormous forces to which they were subject. If one 
of them got disturbed to such a position that its 
distortion became insufficient to permit of its re- 
taining its two electrons, it would be shot out under 
the repulsion of the inner nucleus as an « particle 
carrying two positive charges. To test this hypo- 
thesis, it would be necessary to determine the 
relative speeds of « particles with an accuracy of 
1 part in 2,000 or 3,000. On the above view, 
isotopes would have the same inner nucleus, but 
different numbers of uncharged particles in the 
outer region. 

With the heavier elements the results were 
as above described. When, however, we came 
to consider the case of a close collision of an « 
particle with the nucleus of a light atom, such 
as H, it was found that the inverse square law 
broke down completely, and the laws of scattering 
were all violated. The number scattered through 
a stated large angle decreased as the velocity 
diminished instead of vice versa, and the same rule 
held good in close collisions of an « particle with a 
helium nucleus. To account for this, Chadwick 
and Bieler had made the assumption that the 
nucleus of hydrogen was so much smaller than the 
% particle, that it might be treated as a point 
charge, and on this assumption they found that the 
observations could be accounted for if the « particle 
was of elliptical shape, with a major axis of 8 x 
10-8 om., and a minor axis of 4 x 10-3 cm. In 
all encounters in which the point of closest approach 
lay outside these limits, the inverse square law was 
obeyed, whilst in closer encounters the collision was 
akin in character to that of elastic solids, and the 
forces involved were very much greater than if the 
Mverse square law held good. 

As stated, the assumption made was that the 
nucleus of the hydrogen atom was so small com- 
pared with that of the helium atom, that it could 

€ regarded as simply a point charge, and hence 
different results might be expected when the colli- 
‘lon was cne between an « particle and a helium 
nucleus. On test, however, it was found that the 
collisions were identical in character to those which 
Sccurred with hydrogen ; and it would seem, there- 
fore, that the nucleus of the H atom must be as 


down, when the collision was so close, that the 
distance between centres was of the same order as 
the diameter of an electron. 

Nothing so far was known about the structure of 
an « particle. It might consist of four protons, 
held together by the electrons, which, if spherical, 
in the free state, would probably be greatly dis- 
torted in the enormous field in which they found 
themselves. It was also possible that it was mag- 
netic forces which held the protons together. It 
had been suggested that the electron itself had a 
magnetic moment, but calculations in which mag- 
netic forces were involved were very difficult. 

Some of the effects observed when « particles 
were scattered by aluminium, could be explained, 
if the distortion produced in the « particle in close 
approaches to the aluminium nucleus was so 
great that the normal repulsion between the two 
was replaced by an attraction. 

Of late, theoretical physicists had introduced a 
new type of mechanics, known as wave mechanics, 
which at large distances gave results in agreement 
with ordinary mechanics, but which it was hoped 
would lead to a breakdown of the inverse square 
law at short distances. They considered that 
every particle of interacting bodies sent out waves, 
and that « particles would tend to go where these 
waves reinforced each other. This, however, was 
a mere probability, and on this new mechanics no 
orbit could be actually specified. Work done during 
the past few months, however, had shown that in 
this wave mechanics the inverse square law would 
hold good, and hence it could not explain the 
breakdown actually observed in the case of a close 
encounter between an « particle and the nucleus of 
a light atom. 
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to Surface Chemistry. By Eric 
Cambridge: The University 


An _ Introduction 
KEIGHTLEY RIDEAL, 
Press. [Price 18s, net.] 
Dr. Ripeat has done useful work in compiling a 
survey of the present position of the phenomena 
of surface tension and colloidal chemistry. Physio- 
logists probably became impressed with the difference 
between matter in bulk and matter in fine subdivision 
before many chemists fully realised the part which 
physical factors play in chemical reactions. As 
research advanced, it became clear that the solid 
surface differed from the solid interior, quite apart 
from the question of polish, films of oxide or mois- 
ture and from other aspects of surface development, 
though not as in liquids which appear to be sur- 
rounded by a skin tending to contract. Dr. Rideal, 
lecturer in physical chemistry at Cambridge, has 
made noteworthy contributions to these studies, 
and the volume will be appreciated by advanced 
students. 

Weshould, however, hardly call his monograph an 
introduction to surface chemistry. The subject is so 
vast that the omission of special reference to surface 
combustion in a book which has much to say, of 
course, on adsorption and enhanced chemical activity 
in adsorbed gas films, need scarcely be mentioned. 
An introduction is not a primer; but we should 
expect to find in the former plain statements 
of the fundamental phenomena and clear defini- 
tions. What Dr. Rideal gives reads more like 
progressive and systematic comments on the theory 
of surface phenomena and their experimental in- 
vestigation. He begins well by pointing out that 
a boundary is not simply a geometrical surface 
upon one side of which there is one phase of uniform 
properties, and on the other side a second phase, 
distinct from the first and homogeneous in itself, 
and that the boundary may be regarded as a film 
or lamina of minute thickness of an entirely new 
phase, only two dimensions of which may be varied 
at will. But his description of Maxwell’s demon- 
stration of the contractive force in soap films might 
have been clearer and might have been explained by 
the well-known diagram. When he proceeds to say 
that “surface tension is thus exactly analogous to 
pressure in three dimensions except that the sign is 
reversed,”’ the reader may be puzzled, if he is really 
a student requiring an introduction to the subject. 


depression, Dr. Rideal does not refer to adhesion 
and cohesion at all, and his thermodynamic treat- 
ment is not applicable to frictional, irreversible 
phenomena. It is true that these terms do not help 
the reader much, and that the physical conceptions 
underlying the mathematical formule, which can be 
applied successfully to surface-tension calculations, 
are obscure ; but the reader might be told this, and 
also that the depressed meniscus of mercury in glass 
tubes is not observed (according to Schumacher, 
1923) when the glass is cleared of all gas films. 
Farther on we read that oil displaces water from 
the surface of metallic sulphides, and that the con- 
verse takes place at quartz surfaces “ which is the 
basis of the ore-flotation process.’”” Our own impres- 
sion is that the number of people who are confident 
that they can explain flotation has diminished very 
much in the past few years. Dr. Rideal speaks 
of amphoteric electrolytes and Zwitter ions, and, 
in another place, of lyotropic series, without any 
explanation of the terms. The section headed 
Hardy’s Rule of Precipitation, discusses the 
influence of valency on the precipitating power of ions 
by referring to the experiments of Schulze, Linder 
and Picton and others, without mentioning the name 
of Hardy at all, and no rule is stated. Otherwise the 
authority of Sir W. Hardy is often cited, and Dr. 
Rideal characterises his monograph in part as an 
attempt to present the phenomena of surface 
chemistry from the thermodynamic standpoint, 
as supplemented by the clearer visualisation of the 
molecular structure of surfaces by Sir W. Hardy and 
Dr. I. Langmuir. As regards lubrication he 
practically limits himself to Hardy’s view, which we 
do not share. Mention might also have been made, 
for instance, of the interpretation—regarded as 
heretical by some physical chemists—of the 
Helmholtz double-layer by Professor McBain and 
Miss Laing, and to Mardles on non-aqueous systems ; 
the subject index should also have been made more 
complete. On the whole, however, the volume 
betrays everywhere the extensive and unbiassed 
reading of the author; the 336 pages contain 
innumerable references. That these are not always 
to new theories in their latest corrected garb, must 
be ascribed to the rapid development of the theories. 





Regelung und Ausgleich in Dampfanlagen. By T. STEIN. 
Berlin: Julius Springer. [Price 30 marks.] 

CoMPARED with the perfection arrived at in the 
automatic control of prime movers and electric 
generators, the automatic regulation of steam gene- 
ration, storage and distribution had, until recent 
years, received little attention. The boiler plant 
was too often merely adapted to the altered condi- 
tions, for which more adequate provision might 
have been made in the original design, and fluctua- 
tions of load were chiefly met by means of manual 
devices. The steam pressure, it is now realised, 
influences the steam-consuming plant in a manner 
similar to that in which the speed reacts upon the 
governor or gearing. Hence, the recent rapid 
development of automatic steam systems, notably by 
Dr. Ruths, did not merely, or even essentially, consist 
of improvements of separate regulating devices. 
The exposition of these general considerations was 
one of the objects of Mr. Stein’s volume on ‘‘ Regu- 
lation and Balancing in Steam Plants.” But his 
chief aim was to present the engineer-in-charge with 
a review of progress in the application of automatic 
devices by means of which the fluctuating demands 
for steam can be balanced in large and small plants. 
For these reasons, Mr. Stein, a Berlin engineer, 
opens his volume with a general chapter on the 
influence of steam pressure in plants for direct and 
indirect steam heating, and on the regulators of the 
A.E.G., Arca, Ava, B.B.C. and other types—we 
shall revert to the use of these abridged designa- 
tions—in use for this purpose, before proceeding to 
the discussion of the dynamics of pressure regu- 
lation. The sudden fluctuations in steam demand, 
to which power plants are exposed, are not likely 
to arise in heating installations. Yet repeated minor 
fluctuations in the latter may become excessive when 
appliances reacting back on the regulator are not 
provided, although the pressure fall in the pipe 
system will itself exert a damping effect. Mr. Stein 
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Tolle’s Regelung der Kraftmaschinen (prime movers) 
whose equations he adapts to steam-pressure regula- 
tion. He expresses variations in the pressure and in 
the position of valve slides and gears by ratios, 
and he also makes use of Stodola’s time constants. 
The same treatment, first descriptive as to approved 
appliances and then theoretical, is afterwards applied 
to the control of furnaces and grates. A special 
chapter on boiler working and on load fluctuation 
is interposed, and there are further special sections 
on the boiler as a heat accumulator and on increased 
works production by means of unrestricted steam 
supply. The last sections further discuss—in addi- 
tion to examples already given—how fluctuations 
in consumption are actually met in collieries, on 
railways and in electricity works, where the demand 
may vary every minute, or mainly at certain hours, 
or during certain seasons. 

The treatment is systematic throughout, proceed- 
ing from the general to the special. Tables of the 
chief terms and symbols used, and also a good index, 
are given at the end of the book. But Mr. Stein 
has a terminology somewhat his own, and precise 
definitions would occasionally have made his 
meaning clearer. The various curves for the deter- 
mination of the cross-sections of flanges and pipes 
comprise some graphs marked “ Schluckfaihigkest 
t/h.”’ According to notes at the bottom of page 38, 
on which this appears, ¢ signifies temperature and h 
height of valve lift. On page 58, it becomes clear 
that the unusual term mentioned means the amount 
of steam, in tons per hour, that may flow through 
the valve. No doubt this may bea useful quantity, 
since a good deal of steam may be wasted when a 
safety valve remains partly open after blowing off ; 
but the term should have been defined at once. 
Again, while most dimensions are given in cm. in 
that portion of the work, this valve diameter is 
merely stated to be 150, which is obviously mm., 
though not so stated. We also notice that Mr. 
Stein speaks, without explanation, of pressures ata 
and ati, evidently meaning absolute and above 
atmospheric. He might further have indicated the 
manufacturers of the devices above mentioned, 
which are described simply by their trade names or 
by the abridged designations of firms. Almost all 
the references are to papers and books of the past 
few years, and the volume is certainly a valuable 
contribution to the scanty literature on a subject 
which has developed too rapidly for the busy engi- 
neer to keep proper pace with it. 


By Puitie Gates. London: 


[Price 5s. net. | 


Gears and Gear Cutting. 
Crosby, Lockwood & Son, 


Tue design and manufacture of the different types 
of gear in general use have now become sospecialised, 
that for adequate treatment of the subject it is 
almost necessary to devote a separate treatise to 
each type. It is not surprising, therefore, to find 
in the volume under review that there is still 
that falling short of which the author, strangely 
enough, complains in the preface in referring to 
former works, and has presumably sought to evade. 
Nevertheless, the book will be a useful one for 
conveying to the average engineer a broad outline 
of the principles underlying the design and produc- 
tion of the more common kinds of gear. For the 
more advanced worker, however, desirous of entering 
fully into the subject, it will hardly suffice. As far 
as it goes, the matter has been well arranged and 
fairly distributed, although, in view of the almost 
universal adoption by manufacturers of the involute 
form of tooth, no apology would be needed for 
excluding much of that applying to cycloidal shapes. 
The essential fundamental requirements—propor- 
tioning, drawing, cutting, checking, and strength 
of teeth—are all dealt with as fully as could be 
expected in the space available, the types of gear 
considered including spur, bevel, worm, helical, 
and spiral forms. 

There are numerous excellent illustrations of 
cutting machines and measuring apparatus, but 
the diagrams are not of a uniform standard, several 
being reproduced to too small a scale for ordinary 
reading. New books are, naturally, expected to 
contain more recent information than their prede- 
cessors, and there are numerous features embodied 
in this volume which give satisfaction in this 
direction. There are, however, a few additional 


matters of moment which might conveniently have 
been incorporated. For instance, some of the 
leading manufacturers now introduce corrections, 
where necessary, involving increased addendum on 
pinions with correspondingly reduced addendum on 
wheel teeth, with the object of eliminating inter- 
ference and improving the wearing qualities, while 
tooth profiles are now examined by direct projection 
on a screen to a much enlarged scale. Again, spiral 
gears, which are notoriously inefficient with point 
contact, can now be obtained with hollowed teeth 
in one member. The “ module,” originally a conti- 
nental term, is now being used in this country— 
in inch units, of course—to simplify the standardi- 
sation of worm gears. The explanation of these 
innovations is a simple matter and ought to be 
within the scope of a book of this nature. 
Generally speaking, the reasoning throughout is 
easy to follow, but in the chapter on helical gears 
some of the statements are confusing, the impression 
being left that in this type, rubbing of the tooth 
faces is eliminated and only rolling takes place. 
This is not the case, since at any one section there 
is the same action as in the equivalent spur gear, 
the advantage of the helical form being that the 
teeth engage more gradually, thus obviating the ten- 
dency to irregular wear, giving quieter running and 
increased load capacity. The question of the most 








suitable materials to use for gears in mesh with 
each other is often a vexed one, and does not appear 
to have been dealt with. It is something of a 
novelty to come across a book on this subject which 
does not mention that property of involute gears 
which permits slight variations in centre distance 
to arise without affecting the uniform velocity ratio, 
and which also does not discuss the provision of 
hunting teeth. Taken on the whole, this publica- 
tion has much to commend it, and should prove 
popular in the particular sphere to which it belongs. 








LETTERS TO THE EDITOR. 


THE ELASTIC DEFLECTION OF 
THICK PLATES. 
To THE Eprror oF ENGINEERING. 


Srr,—Regarding the portion of Mr. G. M. Russell’s 
article on ‘‘ The Elastic Deflection of Thick Plates,’’* 
dealing with fixed plates, he has shown experimentally 
that there is an additional deflection analogous to the 
so-called ‘additional deflection due to shear’ in 
beams.t In this connection, it is perhaps worth 
noting that although the equation of Grashof does not 
apply, yet the equation of Poisson will apply if the 
constants of integration are suitably chosen. This 
equation is 

: 12 (1— 0?) {pr Br , 

u —Ea {ar +t} . « 108) 
where w is the deflection of the middle surface at 
radius r, d the thickness of the plate, p the pressure 
and B and D constants. The equation of Grashof is 
derived from this by determining the constants from the 
dw 
dr 
radius of the plate. 


conditions w =Q0 at r=a, where a is the 


Suppose, however, the conditions 


are w = 0 and = =a atr=a. Then equation (1) 


becomes 


» = 0-2 (a2 — 2)2 — pd (a2 = r2) (2) 
za 


16 E d 

where a is evidently negative if it cause an increase in w, 
Now, taking the additional deflection in the form Kp 
(a® — r*)t where K is a constant, then 

dw _ 

dr 
Hence it appears that if the slope a at the edge of the 
plate is measured, formula (2) will apply, for this is 
equivalent to putting — 2 K pa for a which makes the 
additional deflection = K p (a? — r°). 

Suppose that, in addition to the slope at the edge 
due to the additional deflection there is also a slope 
due to lack of rigidity in the fixings. Let these be 
a; and a, respectively. Then equation (2) will evi- 
dently still apply, for the measured slope a at the 
edge of the plate would be equal to a; + as. It, there- 
fore, follows that if the slope at the edge of the plate 
and the deflection at some point with respect to the 


—2Kpr=—2K paatr =a. 





* See ENGINEERING, page 343, ante. . 

+ The Theory of Elasticity, A. E. H. Love, Sections 
310 c¢ and 312 c (1927). 

} A. E. H. Love, loc. cit. and C. A. 
Roy. Soc. A., vol. exii, page 559 (1926). 


Clemmow, Proc. 











edge are measured, then the pressure can be calculated 
by equation (2). 

A similar argument to the above could be used if the 
constants in equation (1) are determined from the 
conditions w=o at r=a and w=w, at 7 =ay, 
In this case the pressure could be determined by a. 
formula analogous to (2), if the deflections at two 
points with respect to the edge—at different radiji— 
are measured. 

Yours faithfully, 
H. Carrinaton. 

The College of Technology, Manchester, 

April 19, 1927. 


AMERICAN INDUSTRY. 
To THE Eprror OF ENGINEERING. 

Sir,—In the leading article of your issue of April 8, 
reviewing the report of the Government Mission to 
Canada and the United States of America to study 
industrial relations, I would call your attention to a 
chronological inexactitude. You will readily appre- 
ciate that it is of some importance to Mr. W. Francis 
Lloyd and to me that, since we journeyed to these 
countries on our own initiative many months before 
either of the other missions .were despatched, our 
investigations should not be thought to be ascribed 
either to the Prime Minister’s prompting or to the 
visit of the daily newspaper’s mission. In point of fact 
the reverse is the case. 

Mr. Francis Lloyd and I left England in October, 
1925, and returned on December 24, 1925. The 
report, American Prosperity, which you honoured us 
by reviewing, |was printed, and a few copies were 
distributed privately between January 6 and 
January 10, 1926. 

The suggestion for “ investigating closely what the 
methods are that enable the American workmen to 
enjoy a better standard of living than any other 
working people in the world, to produce more, and at 
the same time to have so much higher wages,” was 
made by the Prime Minister on January 27 in his 
memorable speech at Sunderland. 

The daily newspaper announced its intention to 
despatch a mission to the United States on February 12, 
1926, the date of their leaving being February 27, and 
of their returning about April 24, 1926. The Govern- 
ment mission left England on September 3, and 
returned just before Christmas, 1926. 

I am, Sir, yours faithfully, 
BERTRAM AUSTIN. 
2, Carlyle-mansions, Cheyne-walk, 8.W.3. 
April 12, 1927. 
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THE LATE MR. ALBERT GAY. 

WE regret to record the death of Mr. Albert Gay, 
borough electrical engineer of Islington, which occurred 
on Monday, April 11, at the age of 68. Mr. Gay, who 
was born at Barnstaple in 1859, was one of the once 
large, but now diminishing, band of electricity supply 
engineers, who were assistants to the late Mr. Robert 
Hammond, at a time when power stations were being 
established in various towns of the country. He was 
engaged for nearly four years on erection work for 
this firm, and thus gained considerable experience, 
which afterwards stood him in good stead. Mr. Gay 
did not, however, follow the usual procedure of passing 
direct from Mr. Hammond’s staff to the charge of a 
station he had helped to erect, but was employed for 
some time on similar duties with the Yorkshire Brush 
Company and the Birmingham and Warwickshire 
Company. From 1884 to 1887 he was engaged in 
consulting work in the West of England, while in the 
latter year he accepted the post of chief of the wiring 
department of the House-to-House Company. He 
then became chief engineer of the Eastbourne Electric 
Light Company, and subsequently was engaged in a 
similar capacity both with the Brighton and Hove and 
House-to-House companies. In June, 1894, he was 
selected by the Islington Vestry to design and erect 
a generating station for the supply of that district, 
and to take charge of it when completed. Mr. Gay 
was a member of the first Council of the Incorporated 
Municipal Electrical Association, and had been a full 
member of the Institution of Electrical Engineers since 
1895. He was co-author with Mr. C. H. Yeaman, who 
was for some years his chief assistant, and who is now 
borough electrical engineer of Stoke-on-Trent, of an 
excellent text-book entitled Central Station Electricity 
Supply. This, though modern developments have 
superseded its usefulness, was for long considered a 
vade mecum by those engaged in central station work. 
Though the Islington undertaking has developed under 
Mr. Gay’s charge from very small beginnings to 4 
connected load of the order of 25,000 kw., it may be 
doubted whether he regarded the commercial methods, 
which are now usual in managing such concerns, with 
any great favour. The engineering side was always his 
chief interest, though he realised that a cheap price was 
one of the chief factors in obtaining an increased out put. 
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THE LATE CAPT. R. J. WALLIS-JONES. 


We learn, with regret, of the death of Capt. R. J. 
Wallis-Jones, O.B.E., T.D., which took ‘place after a 
long illness on April 16, at the age of 64. Capt. Wallis- 
Jones received his technical training at Finsbury Tech- 
nical College, the Central Technical College and King’s 
College, London, at the same time as he was engaged 
on electric lighting work with the American Brush 
Corporation and the Brush Electric Light Company. 
He subsequently joined the well-known firm of Wood- 
house and Rawson, and superintended the erection 
of a number of the early electric light installations for 
them, including work in connection with the famous 
station at the Grosvenor Gallery and the plants in 
Barcelona and Paris. As chief electrical assistant to 
the firm of Messrs. Kincaid, Waller and Manville, 
consulting engineers, he was afterwards responsible 
for the erection of a number of other stations, including 
those at Salford and Portsmouth, and for laying the 
original electric tramway system between Birmingham 
and Bournbrook in 1893. 

In 1900, he entered into practice as a consulting 
engineer, in partnership with Mr. M. C. Dent, and carried 
out the electrical equipment of a number of well-known 
London buildings, including the Savoy Hotel, the 
offices of the Metropolitan Water Board, the original 
premises of Messrs. Selfridge, in Oxford-street and 
several theatres. He was also responsible for the 
electrical equipment of the Cardiff Town Hall and 
Law Courts, and for a great deal of country-house work. 
He was among the engineers retained by the African 
Concessions, Limited, to advise them on the utilisation 
of the Victoria Falls for power purposes, in the early 
days of that project, and in connection with the 
proposed scheme for transmitting energy therefrom to 
Johannesburg. For a short time he was engineer and 
manager to the Electric Welding Company, and 
during this period was responsible for introducing the 
Thomson system of welding into Woolwich Arsenal. 
For many years he was a lecturer on this subject at 
Faraday House. Recently he was responsible for the 
re-wiring of the building owned by the Institution 
of Electrical Engineers on the Victoria Embankment, 
including that part of the premises which is occupied 
by the British Broadcasting Company. 

Capt. Wallis-Jones had been a keen Territorial 
gunner for many years and was in possession of the 
Territorial Decoration. During the early part of the 
war he served with the 1/4th Welsh Brigade, R.A., in 
France and, after being invalided out, was appointed 
controller of Foreign Iron and Steel at the Ministry 
of Munitions. For his services in this capacity he was 
awarded the O.B.E. He was a full member of the 
Institutions of Civil and Electrical Engineers, and the 
interest he took in the social side of his profession 
gained him a large circle of friends, by whom he will 
be greatly missed. He leaves a widow, who is the 
daughter of Colonel Wallis, a former High Sheriff of 
Monmouthshire, and one daughter. 








THE LATE MR. H. T. CHAPMAN. 


Members of the Institution of Mechanical Engi- 
heers throughout the country will, we are sure, join 
with us in deploring the loss sustained by the death 
of its General Assistant Secretary,, Mr. Hemsley 
Theodore Chapman, which took place, somewhat 
unexpectedly, on Tuesday, April 12. Mr. Chapman’s 
connection with the Institution began when it was still 
at 19, Victoria-street. He joined the staff there in 
October, 1890, to assist in editing the Proceedings. 
Owing to the illness of the secretary, the late Mr. 
Alfred Bache, Mr. Chapman was called upon to take 
charge of the arrangements for the summer meeting at 
Belfast in 1896, and was complimented by the Council 
on his work, Thereafter, for several years, he was 
responsible for the organisation of the summer meet- 
ings. These, as a wide circle of members will know, 
have been uniformly enjoyable and pleasant, and 
whether held in this country or abroad their success 
has been very largely due to the efforts which Mr. 
Chapman made in ‘their preparation. The debt 
under which members have been to Mr. Chapman in 
= direction alone has certainly been consider- 

e. 

After the war, it became evident that, with the 
growth of the institution, staff changes were necessary, 
bee in September, 1920, Mr. Chapman was appointed 
Oint Assistant Secretary, his duties being of a general 
hature, as opposed to technical, and from this period 
© was, under the secretary, wholly responsible for 
editing the Proceedings. Mr. Chapman was pains- 
taking and methodical, and a skilful organiser. His 
— disposition and ready courtesy added to the 
igh and friendly esteem in which he was held by 
members and colleagues alike. Born in 1863, Mr. 


phapman had, generally, enjoyed good health, though 
orthe last year or so a heart affection had been some- 
what troublesome. 


THE NORTH-WESTERN BRANCH OF 
THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held on the 
7th inst., when the paper on “ Internal-Combustion 
Locomotives,” by Lieut.-Colonel E. Kitson Clark, 
T.D., was discussed. The discussion in London on 
this paper was reproduced in our issue of the 15th inst. 
(page 459 ante), and the paper itself, in abridged form, 
has been reprinted in our issue of the 15th and in the 
current issue (pages 451 and 500, respectively). 

Before proceeding to the business of the meeting, 
Mr. Harold Massey, chairman, made a presentation to 
Professor Dempster Smith, M.B.E., in recognition of 
his valuable services to the branch. Before taking up 
his present appointment, Mr. Dempster Smith was 
for many years the Institution’s hon. correspondent for 
the Manchester district, subsequently becoming hon. 
secretary when the local branch was formed. We are 
indeed pleased that the branch has thus given practical 
recognition to the able and acceptable manner in 
which Mr. Dempster Smith discharged the duties 
which fell to him. 

Mr. Windeler spoke first in the discussion, saying that 
the spirit Colonel Kitson Clark had shown in his work 
indicated that he might hope for great success. The 
Still system had already been in use for marine work. 
A great measure of success had attended the use of 
packing glands on internal-combustion engines. Dr. 
Morley had explained to them some time ago that 
large double-acting gas engines had run as long as 
14 or 15 months without a stop due to adjustment or 
repair of the gland packing, so that difficulties in that 
direction might be considered to have been removed. 
It was interesting to note the different effects that 
had been obtained by enlarging the diameter of the 
valves and ensuring that the jackets were designed 
so as to give a minimum resistance to incoming air. 
The high M.E.P.’s that had been obtained showed that 
the oil had been usefully burnt, and the amount of 
oxygen had been properly absorbed. He would like 
to know, however, whether the combustion was equally 
good at all the M.E.P.’s. 

Dr. Telford Petrie said that he was particularly glad 
to note that the solid-injection principle had been 
adopted. This method, whilst still presenting difficul- 
ties, was at once the simplest and most direct. There 
was, perhaps, too much tendency, at present, to try 
to create a suitable mixture by attempting to fill 
existing types of combustion chambers, and by con- 
trolling the movements of the air currents and of the 
oil jets inside such chambers. His experience had been 
that the oil spray came out of the very small holes in 
the nozzle, at any given oil pressure, in a shape and 
direction which was not controllable after it had left 
the nozzle. If one could build a combustion chamber 
round a group of such sprays, rather than attempt to 
fit the sprays into an existing combustion chamber, it 
was possible that more consistent results would follow 
than had been achieved in many cases. 

Mr. J. W. Smith said he would leave the question of 
the internal-combustion engine part to others, but 
one of the difficulties he had thought a good deal about 
was the arrangement adopted for coupling up the 
engine, beyond the springs, to the wheels which were 
running on the rails. It seemed to him a very good 
arrangement, and he hoped it would be successful. 
Although there was a fair number of valves, as compared 
with what they were accustomed to on a locomotive, 
a motor-car had a considerable number of valves and 
they worked quite satisfactorily there, so that there was 
no reason why they should not work on an ordinary 
locomotive. With regard to reversing gear, he did not 
see why that could not be made so that there was no 
possibility of having the steam gear to run the engine 
in one direction and the internal-combustion to run it 
in the other. He thought they might even reduce it 
to a rather simpler form than was proposed. 

Mr. A. H. Wareing asked whether, with regard to 
the steam gland on the piston rod, there was any special 
device to prevent the possibility of oil leaking along the 
piston rod. 

Mr. Jackson said the secret of the Diesel locomotive 
lay, of course, in the transmission gear. The intro- 
duction of the Still combination cut out the trans- 
mission gear. Electric locomotives functioned best, 
but, unfortunately, they were too costly. The same 
trouble arose with all engines which tried to combine 
two forms of prime mover. Comparisons had been 
made between the Kitson-Still engine and ordinary 
reciprocating locomotives, but it might have been 
better if the author had dealt with the latest form of 
locomotive, viz., the turbine locomotive, which certainly 
showed up better than the ordinary reciprocating type. 
Mr. R. C. Bond said there was not much doubt that, 
sooner or later, they would have to consider alternative 
forms of locomotive power for railway working, but 


type of machine which would have certain inherent 
advantages of its own, in addition to all the advan- 
tages of the steam locomotive, with any very compli- 
cated machinery there would not be much hope of 
success. The author had shown them a most interest- 
ing curve of fuel cost, but there was the other side of 
the question to be considered. Could he say with any 
degree of certainty that the cost of upkeep would not 
be excessive, and that the time that the engine was in 
traffic would compare favourably with the time that 
the steam locomotive could be kept in traffic? A far 
greater loss accrued to a railway company through 
having locomotives standing in sheds out of traffic 
than was generally realised. In the tractive diagram, 
the author had compared two classes of locomotive, 
and had shown that, on that basis, the Kitson-Still 
locomotive had certain advantages at spesds of above 
30 miles per hour. He, Mr. Bond, would like to know 
the weight of each of those locomotives in comparison 
with the Kitson-Still locomotive, and their respective 
axle loads. People were often not sufficiently clear 
in their bases of comparison. They showed curves 
which proved undoubtedly that their own particular 
locomotive was more efficient, but it was frequently 
found that they were comparing ancient steam loco- 
motives with modern and highly specialised pieces of 
machinery. He thought it was necessary that all 
comparisons should be made on some quite definite 
basis. The weight, in terms of the power available, 
was a fairly sound basis. He enquired whether the 
factor of adhesion of the proposed Kitson-Still locomo- 
tive was to be lower than the 4-2 or thereabouts usual 
in locomotive practice. Assuming that the vacuum 
brake would be required on the train, he asked how it 
was proposed that this should be done. 

The locomotive’ described to them that evening had 
5-ft. wheels. The two steam locomotives had 4-ft. 
10-in. and 5-ft. 8-in. wheels. Could they hope for a 
Kitson-Still locomotive that would be suitable for 
high-speed express passenger traffic, comparable with 
the work done by a locomotive with 6-ft. 9-in. wheels, 
or for a locomotive with 5-ft. 8-in. wheels to run one 
day on goods traffic and the next day on a heavy 
excursion train? Unless locomotive engineers had a 
machine which was of all-round utility, it would be at 
a very grave disadvantage, whether they were dealing 
with the Kitson-Still locomotive or any other. 

After a question by Mr. A. T. J. Kersey, Mr. G. W. 
Bailey said, with regard to the corrosion of the bolts 
used for holding the nickel steel block on to the piston, 
some time ago he had seen some case-hardening boxes 
which had been used for a time, which had been calorised 
in order to compare their performance with the ordinary 
steel-plate boxes; the former showed a very much 
better performance. 

Mr. E. Johnson asked, in regard to the handling of 
the engines, would the driver have a better oppor- 
tunity than usual for observing signals, etc., or would 
his attention be so much occupied that he would require 
a second man to watch the road ? 

Lieut.-Col. Kitson Clark, in reply, said, with regard 
to the management of the engine, the boiler was small, 
and the outlook was very much better than on any 
of the large engines at present. There would be two 
men on it, but the second man would have no trouble 
with firing at all. He would be practically a duplicate 
of the driver. The point was an extremely practical 
and important one. In reply to Mr. Bond, he would 
say that the engines which they had compared were 
among the most modern engines in the country. The 
engine would run at 400 revolutions, or 40 miles per 
hour easily. 

With regard to cost, it was true that the great main- 
tenance cost of locomotives was due to the time they 
required in the shed for repairs. The most expensive 
work involved was boiler work, but the boiler described 
in the paper was merely one long tube, and would be a 
very cheap thing to keep in stock for replacement. 
The engine was designed with a 17-tons axle load. 
All the moving parts were subject to pressure lubrica- 
tion. Vacuum for the brake would be derived in the 
ordinary way with direct steam. The steam from the 
boiler could be employed for heating the train and 
for all the ancillary work required in the case of a 
steam locomotive. The engine only used one-tenth of 
the water which an ordinary locomotive would use. 
Like a tank engine, it ran readily in either direction. 





ENGINEERING IN DENMARK.—The general depression 
in Danish industries which followed upon the war- 
boom, has also affected several of the shipyards. Some 
of these came into existence during the boom, and others 
were older undertakings. A number have had to close 
down definitely, whilst some seem to be weathering the 
adverse conditions. The most conspicuous transaction 
in this connection is the purchase, by the Burmeister and 
Wain Engineering and Shipbuilding Company, of the 
Copenhagen Floating Dock and Shipbuilding Company. 
This concern has been in existence for some decades and 
had been prosperous. Latterly, however, it had experi- 








he felt that, unless it was possible to produce some 


enced severe financial losses. 
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LABOUR NOTES. 


A TraDE Union Defence Committee has been set 
up for the purpose, apparently, of organising on a 
national scale the Labour Movement’s opposition to 
the Trades Disputes and Trade Unions Bill. It is 
composed of :—For the General Council—Mr. George 
Hicks (chairman), Mr. A. B. Swales, Mr. J. W. Bowen, 
Mr. A. A. Purcell, Mr. Ben Turner, Mr. Ben Tillett, 
and Mr. W. M. Citrine (secretary); for the Labour 
Party Executive—Mr. F. O. Roberts, Mr. George 
Lathan, and Mr. C. G. Ammon ; for the Parliamentary 
Labour Party—Mr. J. R. MacDonald, Mr. J. R. Clynes, 
Mr. J. H. Thomas, and Mr. Arthur Henderson. A con- 
ference of trade union executives has been called for 
April 29, and invitations to attend it have been sent 
to the National Executive of the Labour Party and the 
Executive of the Scottish Trade Union Congress. The 
afternoon session is to be devoted to a private dis- 
cussion of the campaign plans. 





The executive of the Miners’ Federation have passed 
the following resolution :—‘* This executive urges upon 
the Parliamentary Labour party and the General 
Council of the Trade Union Congress to make a 
united effort to offer every possible opposition to this 
Bill, which we‘regard as an attempt to deprive the 
workers of this country of every hope of emancipation 
from the present slavish conditions through unity of 
industrial and political organisation.” 





The Independent Labour Party, at its conference at 
Leicester last week-end, adopted a resolution denounc- 
ing the Trades Disputes and Trade Unions Bill as a 
declaration of war by the Government on the trade 
union movement; pointing out that the Bill will 
destroy the right to strike, except in very limited 
circumstances, and prevent sympathetic action by 
trade unionists on behalf of their fellow-workers and 
any organised resistance to war; condemning the 
proposed interference with the liberty of the trade 
unions to control their own finances; drawing atten- 
tion to the effrontery of seeking to cripple the political 
funds of the Labour Party in view of the notorious 
scandal of the sale of honours; welcoming the 
determination of the Parliamentary Labour Party to 
oppose the Bill at every stage ; and pledging the Inde- 
pendent Labour Party to co-operate in resisting the 
measure to the utmost. Two additions to the resolution 
were, after discussion, approved. One called on the 
Leader of the Parliamentary Party to state in the House 
of Commons that it would be the duty of the Party 
to repeal, at the first opportunity, any legislation 
directed against the trade unions, while the other 
protested against the proposal to prevent public 
servants associating with their fellow trade unionists. 





The Worker, the official organ of the National 
Minority Movement, is frankness itself on the subject 
of industrial peace in a recent issue. ‘‘ Any talk of 
industrial peace by Labour leaders is,”’ it says, ‘‘ sheer 
treachery, and the leaders responsible, conscious or 
unconscious, are simply agents of capitalist policy 
in the working class ranks. The Edinburgh Congress 
must,” it declares, “repudiate the industrial peace 
policy, and prepare its forces to meet these coming 
attacks in the only possible way, that is by the unifica- 
tion of the workers’ organisations, adoption of a 
common policy, a fighting leadership. These are the 
tasks before the Edinburgh Congress. A resolution on 
the agenda indicating such a policy would enable a 
discussion to take place that would give an oppor- 
tunity for the complete repudiation of the treacherous 
policy of industrial peace.” 


The Ministry of Labour Gazette states that while 
employment in a number of important industries 
remained very bad during March, there was in industry 
generally a pronounced improvement throughout the 
month. A satisfactory feature was a substantial 
decrease in the number of insured persons recorded as 
wholly unemployed. a Bie vgeie in employment 
occurred principally in ‘ailoring, pottery and earthen- 
ware manufactures, general and marine engineering, 
shipbuilding, the cotton industry, and textile bleaching 
and dyeing. In the coalmining industry there was a 
reduction in the numbers recorded as wholly un- 
employed; but this was more than counterbalanced 
by an increase in the numbers temporarily stopped. 


Among the workpeople (numbering approximately 
12,000,000) insured against unemployment under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland, the percentage unemployed (in- 
cluding those temporarily stopped as well as those 
wholly unemployed) in all industries taken together on 
March 21, 1927, was 9-9 as compared with 10-9 on 
February 21, 1927, and 9-8 on March 22, 1926. The 


percentage wholly unemployed declined from 8-8 on 
February 21 to 7-9 on March 21. 


In industries other than coal-mining, the majority 
of the wage changes which occurred in March resulted 
in reductions. Among the workpeople who sustained 
reductions were workpeople employed in the chain- 
making trade, various classes of railway traffic workers 
in Northern Ireland, penmakers at Birmingham, and 
workpeople employed in the non-trading services of 
certain local authorities in the East Midlands. There 
was an increase in the wages of iron puddlers and mill- 
men in the North of England. In the industries for 
which statistics are regularly compiled by the Ministry 
of Labour, the changes in rates of wages reported to 
have come into operation in March resulted in an 
aggregate net increase of nearly 47,0001. in the weekly 
full-time wages of nearly 200,000 workpeople, and in a 
reduction of 24,0001. in those of 148,000 workpeople. 





The principal changes of wages affected coal miners. 
At collieries in Yorkshire, the percentage addition to 
basic rates was increased by an amount equivalent to 
about 104 per cent. on total wages, while in the Rad- 
stock area the previous total was increased by nearly 
4} per cent. Wages were reduced in the Nottingham- 
shire and Derbyshire coalfield (excluding South Derby- 
shire) and also in the Forest of Dean, the reduction in 
total wages amounting to about 5} per cent. in the 
former district and to 6% per cent. in the latter. 





The number of trade disputes involving stoppages of 
work reported to the Ministry of Labour as beginning 
in March, was 22. Inaddition, 13 disputes which began 
before March, were still in progress at the beginning of 
the month. The number of workpeople involved in 
all disputes in March (including workpeople thrown 
out of work at the establishments where the disputes 
occurred but not themselves parties to the disputes) 
was about 14,000, and the aggregate duration of all 
disputes during March was about 137,000 working days. 
The aggregate duration of all disputes in progress in the 
first three months of 1927 was about 348,000 working 
days, and the total number of workpeople involved in 
these disputes was 32,000. The figures for the corre- 
sponding period of 1926 were 1,244,000 days and 52,000 
workpeople respectively. 





At a meeting in London last week, the Executive of 
the Miners’ Federation had under consideration sugges- 
tions from several districts that, instead of the existing 
organisation, one union should be formed for the whole 
of the mining industry. A sub-committee, composed of 
four officers of the Federation and three representatives 
from the districts, was appointed to examine the 
constitution of the Federation in the light of the 
proposals, and report to the annual conference. 





The Executive also appointed representatives to the 
trade union conference, which is to consider the report 
of the Blanesburgh Committee on unemployment 
insurance, and instructed them to protest against the 
report itself, and against the signing of the report by 
the three Labour members of the Committee—Miss 
Bondfield, Mr. Hodges, and Mr. A. E. Holmes. 





That the activities of the Anglo-Russian Joint 
Advisory Council are more likely to promote disunity 
than unity in international labour affairs has always 
been the view of reasonable trade unionists here and 
on the Continent. The text of the resolutions passed 
by it at its recent meeting in Berlin—which was 
published in this country last week—suggests that the 
Council itself, or, at any rate, the British representatives 
on it, are beginning to be of much the same opinion. 
The Russians desire an unconditional conference on 
trade union unity with the International Federation of 
Trade Unions, and the British General Council is 
supporting the claim. The International Federation 
of Trade Unions declines to have anything to do with 
an unconditional conference, and points out that if the 
Russians really desire international unity, they can 
easily achieve it by accepting the constitution of the 
I.F.T.U. and formally becoming a part of it. That, 
the Russians naturally decline to do, their idea of a 
constitution for such a body being the constitution of 
the Red International Labour Union. The Berlin 
conference dealt rather gingerly with the question, but 
as the matter is again to be considered by the 
Anglo-Russian joint council at about the time the 
International Federation meets in Paris, the danger of 
a split still appears to be hanging over the movement. 


In the Berlin resolution relating to the question of 
international unit, regret was expressed that the 
efforts to bring about a conference, without preliminary 





conditions, between the All-Russian General Council of 








Trade Unions and the International Federation of 
Trade Unions, had not had the desired result. The 
complete unwillingness of the majority on the con- 
trolling bodies of the International Federation of Trade 
Unions to meet the wishes of the British and Soviet 
trade unions obliged the Anglo-Russian committee to 
conclude that without a change in the policy of the 
I.F.T.U. further efforts by the British General 
Council to summon such a conference would not be 
successful. But “in the interests of unity,” the 
A.R.J.A.C. considered it to be essential to return to the 
discussion of the question before, or immediately after, 
the forthcoming Paris Congress of the International 
Federation of Trade Unions. 


Considering that nobody in this country has ever 
attempted to intervene in the domestic affairs of 
Russian trade unionism, another resolution passed at the 
Berlin meeting of the A.R.J.A.C. may seem somewhat 
curious. The trouble was, it will be recalled, that the 
Russians intervened rather often in the domestic 
affairs of British trade unionism. Part of the resolution 
is pure propaganda, but the two-thirds which follow 
are to the point :—‘‘ The A.R.J.A.C. considers as 
valuable and necessary the mutual co-ordination of 
activity in the sphere of international policy as between 
the General Council and the All-Russian Central 
Council of Trade Unions, together with the exchange 
of materials and experiences in respect of internal 
work. At the same time it considers that the fraternal 
alliance between the trade union movements of both 
countries embodied in the A.R.J.A.C. cannot and must 
not in any degree whatsoever impair the internal 
authority of the British Trade Union Congress General 
Council, or the All-Russian Central Council of Trade 
Unions, or infringe or limit their rights and autonomy, 
as the directing bodies of the trade union movements 
of their respective countries or allow any intervention 
in their internal affairs.” 





In the course of an interview reported in the official 
organ of the International Association of Machinists, 
Mr. J. T. Brownlie declared that comparisons of 
American and British wages were a futility. ‘‘ The 
level of American wages in comparison with ours is,” 
he said, ‘“‘a development of American conditions. 
Hence, the uselessness of searching in American shops 
for some sort of method, or catch phrase, to apply 
here and immediately raise British wages. As in 
the case of Australian and other Dominion develop- 
ments, American levels were built up under conditions 
not to be found in Britain. Instead of having an 
oversupply of workmen, notably skilled men, the 
industries of newer countries were in continual need 
oflabour. American industries first drew from Europe, 
then from their own countryside, being forced towards 
higher wage levels in order to get men. The trade 
unions held to it that that process was all to the good 
of the country by increasing its general purchasing 
power, and they have more or less drilled that idea into 
many employers’ heads. A combination of historic 
steps lie behind American wage levels and no 
‘‘hocuspocus” will reproduce those steps in a night in 
Britain. Our union steps are dictated by our national 
conditions—though trade union aims and ultimate 
objectives are getting to be pretty much the same the 
world over.” * 





An agreement recently made by a Pittsburgh engi- 
neering company and the International Association 
of Machinists stipulates that all time worked after 
regular working hours is to be regarded as overtime 
and paid at the rate of double time. For day shifts 
the working week is to be one of 44 hours, but for 
night shifts the working week is to be one of only 40 
hours, double time being payable for Saturday night 
and Sunday night. On construction, dismantling, 
maintenance and erection work the rate is to be $1.26 
per hour, and on general repair work the minimum 18 
to be $1 per hour. The minimum rate for shopmen 
who do no outside work is to be 85 cents per hour, and 
all night work is to be paid for at the rate of $1.50 
per hour. One apprentice is to be allowed for every 
five journeymen, and apprentices are to be paid at 
the rate of 40 cents per hour for the first year, 55 cents 
per hour for the second year, 65 cents per hour for the 
third year, and 75 cents per hour for the fourth year. 
On certain specified holidays double time is to be paid. 
‘* All machinists employed,” runs one of the clauses, 
“shall be members in good standing of the Inter- 
national Association of Machinists, and shall be hired 
from the Business Manager of District No. 6 or desig- 
nated representative.” In another Pittsburgh agree 
ment, the employer comes under the same obligation, 
but “if the said organisation does not furnish the 
desired help within a period of 72 hours,” he is to be 4 
liberty to hire whoever he chooses ~ providing — 
help is eligible to membership in the Internationa 
Association of Machinists.” 
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THE FUTURE OF SAILING VESSELS 
FITTED WITH AUXILIARY MOTORS.* 
By Captain C. Biom. 

In order to investigate the possibilities of increase 
in speed of large sailing ships, I have compared the 
resistances of a proposed design of a four-masted 
barque with those of three representative clipper 
ships and with one ship belonging to the class of the 
big modern steel sailing ships. The residuary resist- 
ances are computed from Taylor’s curves, and the fric- 
tional resistances from Tideman’s experiments as given 
in C. F. A. Fyfe’s tables in his Steamship Coefficients, 
Speeds and Powers. The resistance of a sailing ship when 
close hauled and heeled over to a considerable angle is 
different from her resistance when sailing on an even 
keel. Sailing ships, however, do a considerable pro- 
portion of their passages on a nearly even keel. The 
resistances from Taylor’s tables are only true for 
models closely resembling his standard series. While 


between 2 and 3 ft. deeper when loaded with tea, 
and the Pola and ships of this class considerably 
deeper when loaded with nitrate. The curves of cross- 
sectional areas up to the assigned water-lines are 
shown in Fig. 2, and the water-lines in Fig. 3. Table I 
gives the approximate coefficients of fullness of external 
volumes to main deck, Cy, of the ships here compared 
and of another well-known fast sailing ship, the four- 
masted full-rigged ship Lancing. The table also gives 
the block coefficients, Cg; and Cy, to the considered 
water-line for the five first-named ships. 

Particulars derived from the lines and used in com- 
puting resistances are given in Table V, and the total 
resistance in pounds per ton displacement in Fig. 6. 

Multiplying the ordinates in Fig. 6 by displacements 
in tons and converting the results into metric measures 
(because the curve used later for connecting wind 
pressure and velocity is given in metric measure), we 
obtain the longitudinal pressures necessary to balance 
the water resistances as shown in Table II. 





pressure varies as the sine of the angle of inclination 
of the yards to the apparent wind. The latest investi- 
gations in aerodynamics seem to indicate that higher 
pressures obtain, especially for angles of inclination 
between 35 deg. and 40 deg., confirming so far the 
trend of the results of Mr. Dines’s experiments (Pro- 
ceedings of Royal Society for 1890, No. 294); but the 
data from these investigations are still inadequate 
for the case before us. The assumption that the 
pressure varies as the sine will therefore probably give 
normal pressures that are below the truth. The 
relative performances of the ships in question will, 
however, not be particularly disturbed by using this 
rule; if anything, there will be some advantage in 
favour of the easier-driven ships at high wind velocity. 
Suppose, for example, that the ships are sailing with the 
apparent wind abeam and, further (for simplicity), 
that the angle of leeway is zero. The yards Y-Y in 
Fig. 7 are braced to 45 deg., dividing the angle between 
the middle line of the ship and the apparent wind into 





Fig. Z. CURVES OF SECTIONAL AREAS. 
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Taste I. TaBLe IT. two equal parts, which angle of bracing, until perhaps 
‘ quite recently, has been considered theoretically as 
Name of Ship. | Cu. | Cal | Caz Total Necessary Longitudinal Pressure the most advantageous. Assume WO to represent 
| Speed in Kilograms (SO). the direction and force of the apparent wind and PO 
Design Oo < «ct el al 0-471 ship to be the a panes ae A, 7 sails. an gue 
ames Ws 0-635 0-641 in ; Ther- Cutt pressure is taken to vary wi e sine e angle 
iightaing 0-633 0-506 0-514 | Knots,.| Design. Pola. | Lightning. a ree of inclination, in this case 45 de; . Thus PO= 
Cutty —. <a 4 ba WO sin 45 deg. The total longitudinal force necessary 
Lancing 0-634 fey tig , to balance the water resistance 
6 10 | 5,007] 5,914 4,006 3,321 3,330 ; ae : 
: { | a pe 8,469 _— 4,119 4,050 SO =P Osin 45° = W 0 sin2 45° = 4 Ww O. 
81 = block coefficients calculated on length of water line 2 2 10,506 6,1 5,014 4,980 SO is obtained from Table II, and the necessar 
Cuz = block i ; 13 | 8,604| 13,614 7,606 6,235 6,345 i ; , : y 
te tes Bel te ee ee on middle length of water-| 57 10/139 | 17,688 9'508 7:977 8,565 | pressure (sailing with the apparent wind abeam) 
ter line. : * 
pane: ss 11,908 asec 11,866 10,077 11,280 |of the apparent wind in kilograms per square metre 
admitting, therefore, the approximate nature of the| 7 iPass 41278 iets leans tee of sail spread by multiplying S O by 2 and dividing by 
resistances so calcul: h Table IV 
t 30 calculated, when any particular ship is} 18 | 18,442 | 60,300 26,117 23,671 24735 | the sail areas in square metres as in Table LV. 
considered, it is felt that the results as a comparison| 19 | 21,688 / 61,687 38,073 — — Assuming the wind pressures acting at the height of 
psa es similar conditions, will give sufficiently the centres of effort of the sails, some 20 metres above 
indications of the relative f 2 
ive forces to be overcome TABLE IIl. 


_ ships selected are :—Pola, four-masted barque, 
fas Laeisz, by Blohm and Voss, Hamburg, 
a Lightning, three-masted full-rigged ship, of the 
Ball Line, Liverpool, built by Donald Mackay, 
hi ton, 1854; Thermopyle, three-masted full-rigged 
wan of the Aberdeen White Star Fleet, built by 

alter Hood, Aberdeen, 1868 ; Cutty Sark, three- 
a Part acy ship, built for John Willis by Scott 
m Linton, and completed by Denny Brothers, 

— 1869. 

© conditi i ! ips i 

Page on for all the ships is chosen 


External volume to water-line 
External volume to main deck 
The Lightning and other cli i 
[ g ppers of the Australian 
—— trade in the ’fifties usually sailed on a light 
— me which was probably not very far from the 
— ne here used. The Thermopyle, the Cutty 
» and the other China tea clippers, were probably 


= 0-4624 (see Fig. 1.) 





* Paper read bef bie "a5 : 
tects, April 7, 1997, Vase ee eee 








{Sail{Spread in sq. m. 


Sail Spread in sq. m. 


Sail Spread. 


Sail Spread. 








Name of Ship. Displacement in Tons. 








Displacement§ in Tons. 


Area of Water-line. 





Wetted Surface. | 
| 








Design FN, as 0-878 | 12-476 | 1-704 3-058 
Pola .. ia ‘Si a 0-625 | 10-154 1-556 | 2-434 
Lightning oe 2 1-022 12-834 1-917 3-255 
Thermopyle .. aa 1-120 12-690 1-800 | 3-275 
Cutty Sark a | 1-073 11-997 1-749 | 3-132 





The sails dealt with in this comparison are the 
“plain sails” only and the areas are :—Design, 
2,516 sq. m.; Pola, 2,680 sq. m.; Lightning, 2,023 
sq. m.; Thermopyle, 1,628 sq. m.; Cutty Sark, 
1,500 sq.m. From these figures the comparison of the 
“driving powers” of the sails in the different ships 
given in Table III has been obtained. 

Our knowledge of the laws which govern wind pres- 
sures on sails of a large ship is still very uncertain. 
It is, however, possible to arrive at an approximate 
solution of the question of performances under sail 
by using the orthodox assumption that the normal 





the water surface, and accepting the curve connecting 
wind pressures and velocities of wind used by the 
International Congress in Rome, 1913, we can draw 
the diagrams shown in Fig. 8. The diagrams give the 
speeds calculated for the different ships here considered 
for different velocities of the real wind undér the given 
conditions of sailing and loading. The direction of the 
true wind, V O in Fig. 7, will make the same angle with 
the ship’s beam as long as the speed of the ship increases 
in the same ratio as that of the wind (angle a in Fig. 7). 
The diagrams give an idea of how long this condition 
holds for the different ships in question. 
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From descriptions of passages of Australian emigrant | capacity, until she was sold two years ago to be 
sailing ships, the best day’s run reported seems to be | broken up. 


432 miles, or 18 miles an hour. Suppose now that this 
speed was obtained with the apparent wind abeam. 


Following up the above outlined train of ideas, the 
| fitting a good trustworthy internal-combustion motor, 


From Fig. 8 it will be seen that the velocity of the|or perhaps better a Diesel-electric drive of moderate 
real wind necessary to give the Lightning this speed | power, to these comparatively easily-driven ships, will 


TABLE IV. 





| Pressure of Apparent Wind in Kilograms per m.2 























Speed | 
gem | Light- | Therf Cutt 
in Knots. oie ies ight- 1ermo- Sutty 
Design. Pola. | ning. pyle. Sark. 
| 
10 | 3-98 5:16 4-02 4-08 4-44 
11 4-88 6°32 | 4-98 5-06 5-40 
12 5°80 7-84 | 6-08 6-16 6-64 
13 | 6-84 10°16 7-52 7-66 8-46 
14 8-06 13-20 | 9-40 9-80 | 11-42 
15 9-46 16-70 11-72 12-38 | 15-04 
16 10-94 21-78 | 14-56 15-06 | 17-92 
17 | 12-60 30-80 | 18-10 19-44 | 23-00 
18 | 14-66 | 45:00 | 25-82 29-08 | 32-98 
19 | 17-24 | 60-96 37-64 - ie 
| 
Fig.6. TOTAL RESISTANCE. 
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would be approximately 21 metres per second, or force 
9 of Beaufort scale. The same wind would give the 
Pola a speed of 16} knots to 16} knots, while it can be 
expected that the design ship will obtain a speed of 
20} knots to 20} knots under the same circumstances. 
The German four-masted steel ships of some twenty 
years ago are reported often to have attained 15 knots 
to 16 knots as a day’saverage. With the apparent wind 
abeam, the Pola would require a 19-metre wind to 
obtain this speed, while the design would run at 19 knots 
under the same conditions, or 3 knots more. The tea 
clippers are reported to have often averaged 13 knots in 
a day’s run ina breeze. With the apparent wind abeam 
as above, the velocity of the real wind would have been 
about 12 metres per second for the Thermopyle and 
12} for the Cutty Sark (Beaufort scale force 6). 
The speed of the Pola would be 12 knots to 12} knots 
under similar conditions, while the design would make 
13} knots to 14 knots, or some 1} knots more than the 
Pola. 

These numbers go to show approximately the speed 
capacities that might have been expected from sailing 


can be seen from the published logs for several clippers 


| for runs from England to Australia that the motor would 


add regularity to their speed. If the motor be given 
| the power necessary to give the ship a speed of, say, 
| 84 knots in fine weather—or approximately 450 shaft 
| horse-power in the design here prepared for comparison 
—and it is proposed to use the full engine power only 
| when the speed under sail alone is 10 knots or less, it 


have to be used at full power for about one-half of 
the passage time. During the other half only one-fifth 
of the total power is supposed to be used, on an average. 


| The mean engine power during the whole voyage would 
| thus be 270 shaft horse-power. With an oil consumption 
| of 230 grammes (4 Ib.) per shaft horse-power hour, this 
| would result in a fuel consumption of approximately 
| 14 tons per day for the propulsive engine power. With 


&c.; in light breeze it would more than make up for 
doing away with studding sails and other flying kites 
formerly used. Electrical power will always be avail. 
for working the sails, weighing anchor, loading or 
unloading, for pumping and trimming the ship, for 
refrigerating, heating, ventilating, distilling or cooking 
purposes. Further, introduce into the sailing ship the 
technical improvements which are now so lavishly 
incorporated in other types of ships, apply them to the 
many details in ship and rigging, and you will be ina 
position to work the motor sailing ship of this type with 
a comparatively small crew. 

Before proceeding on the return voyage from the 
southern hemisphere, the bottom of the steel ship 
ought to be cleaned. Docking the ship for this purpose 
would entail expense and perhaps cause delay. With 
suitable pumping arrangement, however, and by intro. 
ducing wing ballast tanks (also useful for other pur- 
poses), it becomes a small matter to heel a ship of the 
form considered (when light) over some 50 deg. in a 
short time, bringing the greater part of the bottom 
above the water, when the keel and the keel strakes 
























































































































































































| oil at 41. per ton, the cost of fuel per day is 6l., which is | can be got at by using long-shafted scrubbers. Also 
#4 Fig &. 
2) | Fig / 
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TABLE V. ‘: 
| At Waterlines with corresponding Reserve-Disp!. 
7" | Medium} Maxi- | Height 
Displace-| Displace-| Length | 
ment ment of — Breadth = — Draught | oa Pris Mid- | wetted 
= in | Water- | water- | of Sec- | of | Amid- | p | —F—5! matic | SIP | surface 2 
Vessel. | Tons of | Tons | line in aoe ie tions in | Keel in | Ship to} > | (waa 5) Coefii- — F ae 
ieee kg. | English. | Metres. Metres. | Metres. | Metres. = | 100 cient. | Gj son sq. ft. 
| 
re doe L Lu B D H | L(t.) Cp Cc 2 
Ba | Ss - 
{ oe 
Design 2,010 | 2,864 | 94-38 | 83-60 | 13,600 | 8,000 | 5,000 | 2,720 | 96-2 | 0-522 | 0-887 | 15,900 | ae 
Polo --| 4,357 4,288 96 +30 95-34 | 14,325 8,530 4,854 | 2,950 | 135-6 0-742 0-856 | 18,535 | Le 
Lightning ..| 2,011 | 1,979 | 70-36 | 69-25 | 13,411 | 7,314 | 4,110 | 3,263 | 160-4 | 0-575 | 0-880 | 11,360 | 77") 
Thermopyle) 1,476 1,453 65-05 64-18 | 10,973 7,141 4,765 | 2,303 | 149-1 | 0-580 0-731 9,735 73.93 
Cutty Sark | 1,420} 1,398 | 63-72 | 62-81 | 10,973 | 7,113 | 4,390 | 2,500 | 152-7 | 0-604 | 0-747 | 9,235 we 
——- 








ships if their designs had followed more closely the lines | not a heavy tax to pay for the benefit that can be 
of the early clipper ships, when steel came into use | derived from the motor. The propeller would assist in 


and their hulls could be built longer. The Lancing, 
with her great length (registered length 356 ft.) and 


| bringing the ship out of and into port, in beating up 


against a head wind, in getting through the doldrums 


sharp form, is proof of this. Although originally | when crossing the line, in getting sufficient offing (for 
built (by R. Napier & Sons in 1866) as a steamer, this | instance off Cape San Roque), in obtaining a favourable 
ship, when transformed into a 4-masted full-rigged | position relative to an approaching gale or hurricane 
sailing ship, became a passage-maker of world fame—| (aided in this by wireless), in steadying the ship 
probably the fastest sailing vessel that ever existed—| when running before a storm, in avoiding getting 
and sailed for this reason successfully for her last} caught aback when the wind shifts in a squall, in 
owners, Messrs. Melsom and Melsom, of Oslo, for | avoiding heavy rolling in a sudden calm following a 
about twenty-five years in spite of her small carrying | cyclone (thereby diminishing the risk of dismasting), 





the propeller and the rudder can be inspected and : 
necessary repaired under such conditions, withou 
necessitating docking the ship. : - 
It is not consistent with the working of sails to 4 

deck upon deck in order to obtain lofty accommodation 
for passengers, as in the modern passenger steamer. 
It therefore becomes necessary in the sailing ship to 
use the between decks for accommodation, in addition 
to a long poop and forecastle. This reduces the —. 
ing capacity and limits the number of passengers. _ 
former is already seriously handicapped by the r 

of free-board, subdivision, and life-saving appliances 
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THE SCHOLES BOMB CALORIMETER. 


CONSTRUCTED BY MESSRS. G. 


CUSSONS, LIMITED, MANCHESTER. 




















ren ii. 9 * “3 
LETS EPON © 








Fig. 2. 
in British passenger ships. The design, only outlined 


M this paper, but worked out in considerable detail, 
shows nevertheless that it is possible in a ship of dimen- 
ons suitable for assuring good sailing qualities and 
andiness, and which satisfies all the above conditions, 
- arrange spacious and well-ventilated accommodation 
or the most exacting first-class passengers, at the same 
time leaving clear room on deck for working the sails 
and for a promenade for passengers. Fifty separate and 
roomy cabins for first-class passengers are provided for. 

ach cabin is intended for one person, but can be 
*earranged for two when desired. The ship’s company 
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of officers, doctor, seamen, engineers, cooks, stewards, 
and apprentices amounts to fifty-eight, twenty-five 
of whom are apprentices. The deadweight to the 
subdivision load-line (freeboard to margin-line 8 ft.) is 
about 1,500 tons. 

Innovations in the design of hull, machinery, rigging, 
equipment, and in pumping and flooding arrangements 
will entail expense, especially in the first ship. Outfit 
and upkeep must be as usual in a first-class passenger 
steamer in order to attract the proper class of the 
travelling public. The first cost and working expenses 
will therefore be high. It is probable, however that 
ships of this type would soon become popular on 
account of their speed performances, and be able to 
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command paying passenger rates. Such ships will, 
perhaps, not be numerous, and their primary raison 
@étre would be to realise what sailing qualities and 
improvements are possible to-day, and thereby to pave 
the way for the most suitable commercial motor sailing 
ship. But ships like the design here considered would 
also fulfil the mission of training ships and would revive 
the interest in ocean racing of the clipper-ship era. 





THE SCHOLES BOMB CALORIMETER. 


THE bomb-type of calorimeter, invented by Berthelot 
in 1879 and improved by Mahler about 30 years ago, 
is now so widely used for determining the calorific 
value of both solid and liquid fuels that it is perhaps 
rather remarkable that comparatively few attempts to 
improve upon the design of the instrument have been 
made within recent years. An exception to this 
remark must, however, be made in the case of the 
calorimeter, designed by Prof. G. E. Scholes, which 
is now being manufactured by Messrs. G. Cussons, 
Limited, of Lower Broughton, Manchester, and is illus- 
trated by the accompanying engravings. Of these, 
Fig. 1 illustrates the complete equipment, while Fig. 2 
shows two bombs separately, one being closed and the 
other open to show the internal fittings. Fig. 3, which 
is a section of the bomb, however, illustrates its design 
and construction most clearly. 

As will be seen from these illustrations, the bomb 
consists of two main parts, which may be described as 
the base and the body, and these are made of stainless 
steel machined from the solid billet. The lower end 
of the body is screwed into the base as shown, a gas- 
tight joint being formed by a rubber ring of U-shaped 
section which fits into grooves formed in the body and 
cover as will be clear from Fig. 3. The inner face of 
the body, it will be noticed, projects downwards in 
the form of a spigot covering the sealing ring and 
isolating it from the combustion space, and as a little 
water is placed in the base before carrying out a test, 
to absorb any nitric- or sulphuric-acid fumes caused 
by the combustion of the fuel, the sealing ring is 
completely protected. With this arrangement, it 
should be noted, there is no need to use a spanner to 
screw the two parts together or to take them apart 
after a test; they can easily be screwed together or 
unscrewed by hand, and the outer surfaces are knurled, 
as shown in Fig. 2, to give the necessary grip. The 
general design of the bomb, it will be noticed, facilitates 
the transmission of heat through the head and upper 
walls of the body and also enables the stirrer used to 
agitate the water in the calorimeter vessel to fit the 
body closely, thus ensuring efficient circulation. 

From the view of the base part given in the bottom 
right-hand corner of Fig. 2, and also from the section 
Fig. 3, it will be seen that two vertical ignition rods, 
which are of stainless steel, are fitted into the base, 
one being screwed into a tapped hole and the other 
passing through a clearance hole fitted with insulating 
bushes. It should be mentioned that, as water is 
placed in the base before a test, the insulating bushes 
are not exposed to the flame or heat produced by 
combustion, so that the joint should remain permanently 
gas tight. The insulated rod terminates externally 
in a spring plunger which presses on the bottom of 
the metal calorimeter vessel containing the measured 
quantity of water and so makes a good electrical contact 
with the vessel. This rod is fitted internally with a 
split sleeve capable of sliding longitudinally on and 
of rotating around the rod. To this sleeve is attached 
a cradle which serves to support the crucible containing 
the fuel to be tested. The ignition wire, which is 
of nichrome alloy, 0-004-in. in diameter, is placed in 
slots cut at an angle in each of the ignition rods and 
held in position by sleeves on the rods which are slipped 
down over the slots so as to grip the wire. The edges 
of the sleeves are chamfered, and by holding one of 
the sleeves and pulling the wire sharply upwards it 
can be cut off to the correct length, thus avoiding 
waste of wire. The arrangement ensures a perfect 
electrical contact between the rods and the wire, and 
is obviously a considerable improvement on the method 
commonly employed of merely twisting the wire round 
the rods. Sufficient length of wire is, of course, left 
between the rods to enable it to reach the fuel in the 
crucible, as shown in Fig. 3, where the wire is indicated 
by a dotted line. 

The oxygen is supplied from a steel cylinder through a 
central spring-loaded non-return valve, shown in 
section in Fig. 3, and is released, after a test, through a 
screw-down valve on the right of this illustration. Fig. 1 
shows the bomb connected up for filling, and when this 
has been done to a pressure of 25 atmospheres, the 
pipe union is unscrewed and replaced by the external 
valve and union nut shown in position in Fig. 3. The 
nut, it may be mentioned, serves for the connection of 
one of the wires conveying the ignition current, the 
other wire being connected to the calorimeter vessel. 
By using the spring-loaded non-return inlet valve, 
the troubles usually experienced with screw-down inlet 
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valves, which necessitate the provision of a gland and 
stuffing box, are avoided, and since the inlet valve 
passes clean oxygen only, the products of combustion 
being released through the separate valve, there is no 
likelihood of the inlet valve sticking or corroding. 
Both valves are arranged so that they can easily be 
taken out for inspection if necessary. 

The method of using the calorimeter calls for no 
particular comment. The equipment shown in Fig. 1 
includes, in addition to the bomb and filling valves, a 
copper calorimeter vessel with papier-maché covers, 
a copper shield vessel and a water jacket, together with 
the necessary stirring gear, ignition switch, and a 
grinding mill and briquetting press for coal. A 
Beckmann thermometer, having a scale extending over 
6 deg. C. with an adjustable zero, is provided, the scale 
being divided to read directly to 0-01 deg. ; with the 
aid of a magnifying glass, however, estimations of 
temperature can be made to within 0-001 deg. The 
water equivalent of the apparatus is obtained by burn- 
ing weighed samples cf some fuel of known calorific 
value, such as pure re-sublimed naphthalene or benzoic 
acid, and taking the mean of a number of tests. The 
usual correction for radiation is, of course, applied in 
these tests, as well as in subsequent tests to determine 
the calorific value of fuels. 





THE KITSON-STILL INTERNAL- 
COMBUSTION LOCOMOTIVE. 
Internal-Combustion Locomotives.* 

By Lieut.-Col. E. Krrson Ciark, T.D., M.A. 
(Concluded from page 453.) 


Having thus reviewed the experimental work, the 
leading features of the actual locomotive design are 
next presented. The main particulars are given in 
Table I. 
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TaBLe I.—Meuin Particulars of Locomotive. 
Internal-combustion engine, 8’cylinders, 4-stroke cycle. 
Cylinders : 13} in. dia. by 15} in. stroke. 
Gear ratio: 1-878 to 1. 
Designed engine speed: 450 r.p.m. 
Loco. speed at 450 r.p.m.: 45 m.p.h. 
Max. i.h.p. on combustion only: 1,000. 
.* » available: 1,200. 
Starting tractive force : 25,450 lb. 
T.F. at 45 m.p.h.: 7,000 lb. (assuming 80 per cent. 
overall mechanical efficiency). 
Boiler and tanks, 
Heating surfaces :— 
119 tubes 1} in, dia, outside by 9 ft. long: 490-6 


sq. ft. 
Firebox : 72-0 sq. ft. 
Total evaporating surface: 562-6 sq. ft. 
Regenerating surface :— 

36 tubes 2} in. dia. outside hy 17 ft. 4 in. : 448-7 sq. ft. 
2 tubes 6} in. dia. outside by 17 ft. din. : 59-0sq. ft. 
Total regenerative surface : 507-7 sq. ft. 

Firebox volume : 39 cub. ft. 
Water capacity : 1,000 gallons. 
Fuel oil : 400 gallons. 
Lubricating oil: 85 gallons. 


Combustion Gear.—The engine is directly reversible, 





* Paper read before the Institution of Mechanical 
Engineers, on Friday, April 8, 1927. Abridged. 











a sliding camshaft being employed for the purpose. The 
mechanism is of the scroll-cam and eccentric mounted 
rocker-lever type, with a forward and backward cam 
to each valve. Stops are provided which cause the 
roller ends of the levers to clear their respective cams 
as the camshaft slides from one position to another. 
These stops further ensure that both inlet and exhaust 
valves are lifted clear of their seats at the time, thereby 
effecting a pressure release during the process. 

Oil is supplied to the fuel-jet body by a plunger 
pump operated by a timed cam and driven from the 
crankshaft by gearing. The fuel-jet mechanism, Fig. 
11, consists of a spring-loaded valve seating in a nose 
through which small holes are drilled. At every 
injection stroke, the pump plunger builds up a pressure 
of the oil in the delivery pipes so that it lifts the jet 
valve off its seat and forces its way through the small 
holes into the combustion space at high velocity, 
thereby obtaining atomisation. The opening of the 
jet valve is dependent entirely on the timing of 
the pump cam. The length of injection period 
controls the variations in power, and the length is 
determined by the opening of a small valve in the 
delivery pipe line which is actuated by means of a 
trip gear connected with the pump rocking lever, 
Fig. 12. When this valve is opened, the unwanted 
portion of the pump discharge returns to the fuel 
tank. 


Fig.N. FUELJET ASSEMBLY. 
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travel is correspondingly increased or reduced: an 
inclination of the guides, by means of the reversing 
lever, to the opposite side of the vertical axis changes 
the sense of the valve motion. 

In full gear, a cut-off of 75 per cent. is produced 
with a guide inclination of 30 deg., and in this position, 
which occurs only at starting, the load on the slides 
is well below the capacity of the surfaces provided. 
In mid-gear, a 6 per cent. cut-off is produced, which 
distribution accords with the amount of regencrated 
steam available. The gear lies completely inside the 
closed entablature, and forced lubrication is supplied 
to all its moving parts. 

The boiler which supplies the steam is a simple 
structure. The primary evaporative surface consists 
of a corrugated flue forming the combustion chamber 
and a bank of tubes conveying the gases to the 
smoke-box, as in accepted locomotive practice. This 
surface is in service at starting and during overload 
conditions. For the period of ordinary service, the 
main oil burner will be shut as the heat of the exhaust 
gas is relied upon to provide for losses due to radiation 
and recuperation of any pressure lost at starting. 

The evaporative surface is to be distinguished from 
the regenerating surface. The’ latter receives the 
exhaust gases from the internal combustion. Exhausts 
of the front range of cylinders are passed back to mani- 
folds at the rear end, whence they return to mani- 
folds in the smokebox through nests of small diameter 
tubes. The exhausts of the hind range of cylinders 
are passed, via the hind manifolds, through separate 
nests of small tubes to the common smokebox mani- 
folds, and are collected in a breeches pipe and so taken 
to the chimney annulus. Thus the exhausts do not 
interfere with each other. 

The cooling-water pipes from the engine jacket and 
heads provide a circulating path for the water and 
assist the steaming properties of the boiler. 

The boiler assemblage is supported entirely by the 
main crankcase. is forms an engine entablature 
which houses main and jackshaft bearings and all the 
component parts of the power unit, rendering every 
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This system was selected because its well-known 
advantages seemed particularly applicable to loco- 
motive work :—(a) If a jet valve leaks or a spring 
breaks, oil is only injected at the opportune time, 
all pressure being reduced to atmospheric at the end 
of injection by the opening of a spill valve. (b) The 
fuel jet is free from mechanical control and operation. 
(c) There are no air compressors, intercoolers, &c. 
(d) The air supply is confined to that which is purposely 
admitted through the inlet valve, so that in case of 
jet trouble and chance excess of oil there is no excessive 
oxygen by which an unduly powerful explosion would 
be produced. 

The fuel pumps are reversed by the same control 
as the combustion valve gear, and are similarly 
reversed by the sliding camshaft and eccentrically- 
mounted rocker system. ! 

Steam Gear—The Hackworth principle is adopted 
for the steam valve gear. In this gear, motion of the 
valve is derived from the extremity of a vertical 
lever which is reciprocated by a single return crank 
en the end of the crankshaft. The fulcrum of the 
lever is supplied by a pin in a die block sliding between 
guides. As these guides are more or less inclined to 
the axis of reciprocation, the travel of the extremity 
of the lever is altered accordingly, and the valve 
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working member of the machine independent of road 
stresses. Though this entablature is enclosed, access 
is obtained to various parts by the easy removal of 
aluminium covers. 

For valve replacements, the inlet valve being caged 
comes adrift complete with spring and rocking lever. 
leaving an aperture through which the exhaust valve 
may be removed or re-ground in position. It is not 
necessary to disturb the air silencer pipes, thus only 
six nuts need be removed. The connecting rods may 
be removed without disturbing the crosshead or slide- 
bars, and, further to facilitate these operations or valve 
setting, a hand turning gear is provided on the engine 
crankshaft. 

Restrictions of load gauge do not admit an eight- 
throw shaft for the eight cylinders. A four-throw 
shaft is therefore inserted, and, in view of the necessary 
surfaces for bearings, a combination of connecting-rod 
big ends is introduced, such that one crankpin is 
common to a front and hind cylinder. In the present 
form, the outside circular shell of one big-end provides 
a bearing for the forked end of the other. The surfaces 
have been made so large and the lubrication so generous 
that the wear is likely to be inconsiderable; when it 
occurs it is to be taken up not by fitting but by re- 
metalling. 
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The friction-damped spring-drive is composed of the 
gear rim floating on two discs fixed to the jackshaft, and 
a series of spring elements engaged with both gear 
rim and discs (Fig. 2, page 450 ante). There are projec- 
tions on the gear rim and holes in the jackshaft discs, 
the latter straddling those of the former. Between 
them, making as it were a bridge connection, lie the 
spring elements. These are composed of two bolsters 
which face one another; their backs lie against the 
projections of the rim and the edges of the holes in the 
discs, respectively. Their faces present anticlines to 
one another. (These are not shown in Fig. 2.) 

In the cylinder unit, the various cast-iron portions are 
relieved of undesirable stress: the combustion head 
has a cast-steel shroud shrunk on, which relieves the 
bursting load due to boiler pressure inside, and also 
transmits all the combustion load to the cast-steel 
cylinder jacket, thus relieving the cast-iron head of 
tensional stress. The liner is free to expand through 
the packed gland at the steam end of the jacket, and 
is stressed only by the internal pressure of combustion 
and the exterior pressure of the steam-water of the 
jacket, the latter counteracting the more severe effects 
of the former. This jacket transfers the load to the 
entablature, the longitudinal walls of which are straight 
and unpierced and connect the cylinder flanges direct 
to the crankshaft bearings. The ensemble results in 
a sturdy construction. 

The controls consist of a steam regulator, oil regu- 
lator, reversing gear and the usual brake valves, 
handles for automatic brakes, cylinder cocks, and 
sanding gear; air-duct dampers are conveniently 
arranged. Injectors and hand brake will be under the 
care of the assistant. 

The traction curves in Fig. 16 are worked out on 
Professor Dalby’s system. Comparisons are made 
in the upper right-hand diagrams between three 
engines: a Kitson-Still, an engine with 20-in. by 26-in. 
cylinders and 5 ft. 8 in. wheels, and another engine with 
18 in. by 24 in. cylinders and 4 ft. 10 in. wheels, all 
drawing similar loads. In the lower right-hand diagram, 
a comparison is made of the same engines on the basis 
of the length of time it takes each of the engines to 
arrive at a specified speed; on the left-hand side are 
to be noted the distances which each of the engines 
will have travelled by the time they have reached a 
specified speed. 

It will be noted that while the 20 in. by 26 in. engine 
has the advantage in traction at one short period 
(see upper right-hand curve) the internal-combustion 
locomotive is in advance all the time (see lower right- 
hand curve). 

Two of the greatest difficulties to be faced, owing to 
the necessity of adding to an internal-combustion power 
unit the machinery of a variable transmission, are the 
distribution of the weight on the axles and the mainten- 
ance of a reasonable weight per horse-power. To 
meet the first, the concentrated engine entablature 
can be placed in such relation to the driving-axles as 
to bring about a satisfactory distribution. To deal 
with the second, the use of steam, partially created by 
the waste heat of the engine, provides one of the lowest 
weights per horse-power of the many attempts at the 
problem. 

Whilst not being able to state what the weight per 
horse-power of the later Diesel mechanical transmission 
locomotives is, a weight as low as 184 Ib. per horse 
power is obtained on the Kitson-Still proposal under 
normal power, and this, under overload conditions, is 
reduced to 120 Ib. 

It is submitted that though the cost of such new 
details as are involved in an internal-combustion power 
unit are out of comparison with the simple mechanism 
of a steam-locomotive, still there is fourfold the repeti- 
tion in this design and that of small and readily jigged 
parts. The expensive modern boiler is reduced to a 
comparatively simple regenerator, and the erection or 
maintenance of this particular locomotive may be 
carried out with the most meagre shop equipment. It 
does not appear unfair therefore to set the initial 
cost in a parity with a steam-unit of the same power, 
and as to maintenance and simplicity for repair it is 
hoped that this preliminary description will have 
Proved adequately reassuring. 

Fuel Consumption.—It is safe to assume that an 
overall figure, including oil burnt whilst firing the 
boiler for starts, will not exceed 0-4 Ib. per indicated 
orse-power-hour. Assuming 35,000 miles per annum, 
60 Ib. of coal per steam locomotive mile, and 8 Ib. of oil 
Per internal-combustion locomotive mile for compara- 
tive engines, the Kitson-Still locomotive, burning fuel 
at 80s. per ton, would cost roughly 500. per annum. 
rnd > comparative steam-locomotive, using coal at 
Lon 1. per ton, the fuel bill would be approximately 
0001. per annum. 

a. Consumption.—The consumption of water in 
Ps Na is one-tenth that of a steam-locomotive of 
po Tt power in equivalent service, and a still further 

ving could be effected, if necessary, by employing a 
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THE PENETRATION OF BRASS BY 
TIN AND SOLDER.* 
By H. J. MittxEr, M.Sc. 


Upon many occasions it has been noticed that certain 
brass articles develop cracks upon coming into contact 
with molten solder of the tin-lead variety. The crack- 
ing has most often been encountered with brass press- 
ings, and other articles which have been cold-worked, 
but it has also occurred with castings which have been 
under a stress. J. H. S. Dickenson described the failure 
of a manganese-bronze casting which had failed during 
service through coming into contact with molten solder. 
From the very nature of the cracks it has always been 
thought that the phenomenon presented a very great 
similarity to that of “‘ season cracking,” especially as a 
low-temperature anneal would eliminate the possi- 
bility of any cracking taking place. The object of 


this investigation was to determine the connection 
between these two phenomena, and to ascertain the 
actual stresses required for cracking to occur. 

During the course of the experimental work, some 
results were obtained which necessitated reference to 
the equilibrium diagram of the copper-tin alloys, and 


i. 


46a) Copper per Cent. 


this led to some observations which did not agree 
with those generally accepted. Some notes on the 
copper-tin equilibrium diagram are therefore given in 
Section IT. of the paper. 


Srorion I. 


Experimental Method and Materials Used.—For 
investigating the effect of molten metals upon the 
tensile strength of brass, a small container wound with 
nichrome wire for the heating element was constructed ; 
for each experiment, the test-piece was placed with its 
ends projecting out of the container, and asbestos fibre 
was then rammed tightly around the lower end. This 
was found sufficient to hold the molten metal, and, after 
adjustment of the temperature, the test was proceeded 
with in the usual way. For the experiments in which 
mercurous nitrate took the place of molten metals, a 
glass tube was substituted for the container, and in 
this case water-tightness was secured with the aid of 
plasticene. The test-pieces were cut from annealed 
brass strip of rectangular section, and the average size 
of the test-pieces was roughly 0-3 x 0-25 in., with 
a length between grips of about 5 in. For the purpose 
of elongation, measurements were based, in all cases 
throughout the whole series of experiments, upon 
original lengths of 4 in. It was found necessary to 
employ this length because the molten metals would 
have obliterated the markings if 2 in. had been taken 
as the standard. 

The composition of the brass strip from which the 
test-pieces were cut is given in Table I. :— 


Taste I. 





| 70 : 30 Brass. | 60:40 Brass. 





| 
Copper, per cent. ay 70-53 61-39 
Tin, per cent. mal 0-01 0-02 
Lead, per cent. .. -+ Nil Slight trace 
Tron, per cent. .. se wal 0-02 0-02 
Nickel, per cent. ae ee 0-01 0-01 
Zine (by difference) aa 29°43 38-56 





The tin used in the experiments was of the best 
commercial quality, while the lead was also of great 
purity, having been prepared by the reduction of red 
lead with charcoal. 

Stresses Essential for Cracking.—The influence of 
3 per cent. mercurous-nitrate solution upon the 
mechanical properties of 70: 30 and 60 : 40 brass, res- 
pectively, was investigated, as was also the influence 
of molten tin at 260 deg. C. Furthermore, the effect 





* Paper read before the Institute of Metals, London, 





of 50: 50 lead-tin solder at 220 deg. C. upon 70: 30 
and 60:40 brass, respectively, was the subject of 
experiment. The result obtained shows that the presence 
of mercury gives rise to greater brittleness in brass 
than either molten tin or solder, notwithstanding the 
fact that without the presence of any of these materials 
the strength is greater at the lower temperature. 
A deposit of mercury upon the brass had resulted in 
failure at 7 tons per sq. in., whereas the lowest 
figure recorded when either tin or solder was the 
surrounding material was over 14 tons per sq. in. 
The question of the time of the test was observed 
to be of prime importance upon the tensile strength 
when mercury was present, but it was not of so 
much consequence when either tin or solder were 
the surrounding metals; the same observation was 
made in regard to percentage elongation and reduction 
of area. With no corrosive metal surrounding the test- 
pieces, the time of the duration of the test was found 
to be of practically no importance as regards the tensile 
strength of either of the brasses at ordinary tempera- 
tures or at 260 deg. C.; later on in the experiments, 
time was found to be a factor when the temperature was 
350 deg. C. 
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INTERCRYSTALLINE FRACTURE OF 70/30 
x 300. Repvcep By ONE THIRD. 


Fia. 4. 
Brass. 


It was decided to extend the investigation to include 
lead, and a series of experiments when this metal sur- 
rounded 70:30 brass test-pieces was conducted. It 
was found that the brass had failed at a load equivalent 
to less than 7 tons per sq. in., and although this figure 
was somewhat affected by the fact that at the tempera- 
ture of 350 deg. C. the tensile strength of brass itself is 
influenced by time of testing, yet it must be admitted 
that lead is more drastic in its action than either tin or 
solder at the temperature at which those tests were 
carried out. It was thought that temperature might 
have a bearing on the question of the lowest stress at 
which brass would fail, and so the experiment, involving 
the attack by tin of 70: 30 brass, at 260 deg. C., was 
repeated with the temperature at 350 deg. C. The 
experiments, however, could not be continued for more 
than a five-minute period, owing to the rapid attack 
of the test-pieces by the molten tin. Nevertheless, 
sufficient evidence was obtained to show that tempera- 
ture had some influence upon the lowest stress at 
which the brass could be made to fail. 

Conclusions.—The results of the experiments based 
upon straining brass test-pieces while surrounded by 
molten metals led to the conclusion that a fairly high 
stress is necessary before tin or solder can penetrate 
into brass. This pointed to the view that, in actual cases 
of the cracking of brass during tinning and soldering 
operations, the stresses must have been abnormally 
high ; and it was decided to test this opinion with some 
stressed industrial articles. 

Some stressed brass tubes were obtained, the reason 
for the choice of tubes being that an internal stress can 
be readily induced into them, and that the stress is of a 
very uniform character throughout any particular tube. 
Four tubes were obtained (A, B, C, and D) which had 
progressive amounts of internal stress, D being under 
the greatest stress. The results obtained upon immers- 
ing these tubes in 3 per cent. mercurous-nitrate solution 
and various baths of molten metals are as follow :— 
A did not crack in mercurous nitrate or in any molten 
metal. B cracked in mercurous nitrate in 15 to 20 
minutes, but not in any molten metal. C cracked in 
mercurous nitrate in less than 1 minute, but it did not 
crack in any molten metal. D cracked in mercurous 
nitrate in a few seconds, and it also cracked in baths of 
molten tin, lead, and solder in times varying between 
5 and 60 seconds. 

Microscopic Evidence.—A microscopic examination 
of several samples was undertaken with the idea of 
finding out by what process embrittlement had been 
brought about. In the case of a square-sectioned tube, 
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enser of very moderate size. 





+ See ENGINEERING, 1920, vol. cx, page 556. 


which had cracked in solder, examination under the 
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microscope showed the fracture to be of an inter- 
crystalline type. Several of the broken test-pieces 
previously mentioned were also examined, and an 
intercrystalline fracture was found in all cases. Fig. 4 
which is of 70:30 brass broken while surrounded by 
tin, is typical of the whole and shows a definite inter- 
crystalline fracture. Along the sides of the test-pieces 
numerous cracks were observed, and these were found 
to extend right into the centre; they invariably 
followed an intercrystalline path. It is noteworthy 
that, in the case of 60: 40 brass, the tin seems to pene- 
trate along the sides of as many £ crystals as possible, 
evidently preferring them to the « constituent; this 
would imply that an «8 brass would be weaker than 
an « brass, and this is exactly what was noticed in the 
mechanical tests. Fig. 7 shows lead penetrating 
between the grain boundaries of 70 : 30 brass. 


Section II, 

The Copper-Tin Equilibrium Diagram.—In the 
microscopic examination of the brass test-pieces which 
had been penetrated by tin, an intermetallic compound 
was noticed between the brass and tin; it is not well 
defined in Fig. 4, but it revealed itself quite distinctly 
under higher magnifications. This constituent was of 
the same nature as that produced in ordinary diffusion 
between brass and tin, and in proving that it was also 
the same product that is formed between copper and 
tin, a subsidiary experiment was made with the rates 
of solubility of copper and brass in molten tin. The 
limits of solubility of copper in tin, at the temperatures 
fixed in the preliminary experiments, were observed to 
be far removed from the positions expected according 
to the equilibrium diagram of Heycock and Neville, 
and even more from that of other workers. Therefore 
the solubility limit was determined at several selected 
temperatures with the following results : 





. Copper. 

Deg. C. cae. 
At 240 the limit of solubility occurs with 0-90 
+» 290 AS a me 1-65 
+» 335 o ’ ” 3-00 
+ 385 ” »» ” 6-05 
+» 420 ” ” 7-90 


These results have been plotted in Fig. 2, together 
with the curve of Heycock and Neville, and another 
curve derived from a different experiment. (The 
curve of Heycock and Neville has been plotted here 
because it is the one which agrees most with those 
obtained in these experiments; other published 
curves were too far removed, one of them showing the 
eutectic to be as high as 5 per cent.) 

As another small experiment in connection with the 
equilibrium diagram, it was decided to make use of the 
fact that the intermetallic compound CuSn has a 
greater density than tin. Accordingly, if an alloy 
containing a little copper is maintained at a tempera- 
ture below its liquidus for a very long time, the CuSn 
which separates should sink to the bottom and the 
upper portion should be of the equilibrium composition 
for that temperature. In accordance with this theory, 
a series of alloys was made up: A, containing 0-9 
per cent. copper; B, containing 3-0 per cent. copper ; 
and C, containing 5-0 per cent. copper. The first was 
cooled at an extremely slow rate indeed, and analyses 
were subsequently made of the upper and lower 
portions of the ingot. The upper portion had an 
average copper content of 0-70 per cent., while a 
sample from the bottom showed a composition of 1-97 
per cent. copper. Alloy B was maintained at a 
temperature of 285 deg. C. for three hours, and was 
then quenched by pouring oil on to the surface and 
removing from the furnace. Subsequent analysis 
showed the topmost layer to have a composition of 1-83 
per cent. copper, while the bottom layer had a composi- 
tion of 5-22 per cent. copper. 

Alloy C was similarly dealt with at a temperature of 
340 deg. C., and the analyses of the upper and lower 
portions showed values of 3-45 and 7-36 per cent. of 
copper, respectively. Condensing the essential features 
of these results, it is evident that, at temperatures of 
227, 285 and 340 deg. C., equilibrium occurs with 
0-70, 1-83, and 3-45 per cent. of copper, respectively. 
These results have been plotted in Fig. 2, and it is 
seen that they confirm the curve derived from the 
limits of solubility rather taan Heycock and Neville’s 
curve. 

Microstructure—Some of the tin-rich alloys of 
the series were examined in order to determine the 
approximate eutectic composition, if possible. Chill- 
cast alloys, containing 2-3 per cent. and 1-6 per cent. 
copper, respectively, showed needles of CuSn embedded 
in a dark matrix of material richer in tin. In a 
chill-cast alloy containing 1-2 per cent. of copper, the 
CuSn needles could not be seen. With very slowly 
cooled ingots, the CuSn has more time to separate, and 
consequently exists in very much larger needles, as 
shown in Fig. 11. In the hope of determining the 
limit of the appearance of the CuSn needles, alloys con- 





taining 1-0, 0-9, 0-8, 0-7, and 0-6 per cent. of copper 
were made up and were cooled under very slow condi- 
tions. The microstructure was subsequently examined. 
In the 0-9 and 0-8 per cent. copper alloys, appreciable 
quantities of CuSn were still observed, but only a small 
quantity could be seen in the 0-7 per cent. alloy, and 
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none in the 0-6 per cent. alloy. The conclusion, there- 
fore, was that the eutectic lies between 0-6 and 0-7 per 
cent. of copper. This is considerably lower than that 
recorded by other investigators, Heycock and Neville 
giving it as 1 per cent., and Guertler, Shepherd and 
Blough as 2 per cent., while Giolitti and Tavanti 
placed it as high as 5 per cent. 





Tue INSTITUTION OF PuBLIC LIGHTING ENGINEERS.— 
The annual conference of the Institution of Public 
Lighting Engineers will, this year, be held at Brighton, 
from September 12 to 15 next. The incoming President, 
Mr. A, C, Cramb, of Croydon, will deliver his presidential 
address, and the following papers will be read and dis- 
cussed :—‘“‘ Public Lighting Scheme of the Borough of 
Brighton,” by Mr. J. Christie; ‘‘ Road Traffic and 
Public Lighting as Seen by a Chief Constable,’’ by 
Mr. R. L. Matthews; and “The British Engineering 
Standards Association Specification for Street Lighting,”’ 
by Captain L. B. W. Jolley and Mr. R. Watson. An 
exhibition of some of the most modern street-lighting 
appliances will be on view. Members and delegates, 
who intend to attend the Conference, are asked to 
communicate with the Hon. Secretary, Institution of 
Public Lighting Engineers, General Buildings, Aldwych, 
London, W.C.2, from whom further particulars may be 
obtained. 


Oxy-ACETYLENE WELDING IN THE HEATING TRADE. 
—The advantages obtainable by the employment of 
welding processes in place of screwed fittings or flanged 
joints on apparatus which is subject to high pressure, 
and where space and appearance have to be considered, 
were dealt with by Messrs. J. L. Musgrave and W. A. E. 
Taylor in a paper read before the British Acetylene and 
Welding Association on Thursday, April 7. The develop- 
ment of the method of warming, known as the Panel 
system, would, it was stated, have been seriously ham- 
pered without the assistance of oxy-acetylene welding. 
Electrical welding was also used for assembling the heat- 
ing coils employed. These coils were usually cast in the 
underside of the concrete floor, in order to warm the 
room below by radiation from the ceiling. The results 
of tests on three buildings had, it was claimed, proved 
the complete reliability of the method. These build- 
ings contained 4,341 panel coils, comprising 270,000 ft. 
of pipe, with 23,404 bends and 15,850 electric welds, as 
well as 125,800 ft. of additional piping with about 13,000 
oxy-acetylene welds. At present, however, the welded 
joint cost more than the screwed joint owing to the high 
cost of the gas, with the result that the proportion of 
the former to the latter in use was as 1: 100. 


CATALOGUES. 


Hardness Tester.—A descriptive leaf catalogue of their 
pendulum hardness tester is to hand from Messrs, 
Edward G. Herbert, Limited, Levenshulme, Manchester, 


Hand Blower.—Mr. O. N. Beck, 11, Queen Victoria- 
street, London, E.C.4, has issued a circular illustrating 
an electric hand blower for blowing dust out of machines, 
instruments, shelving, &c. 


Valves.—A priced list of renewable seatings for 
steam and other valves, known as Engels discs, have 
reached us from Mr. A. R. John Oswald, 2, St. Helens. 
road, Norbury, London, S.W.16. 


Boiler-Scaling Tools.—Messrs. Stevens and Stansfield, 
Sentinel House, Southampton-row, London, W.C.1, 
have sent us some further explanatory leaflets of their 
electric boiler-scaling and rust-removing appliances. 


Hand Barrows.—A catalogue of steel hand barrows, 
to hand from Mr. Thomas Vickers, New-street, 
Birmingham, shows eight types designed for handling 
coal, coke, refuse, pig-metal, &c. Several sizes of each 
type are made, of which dimensions and prices are stated. 


Pumps.—A gear pump and electric motor on a single 
base plate is illustrated in a circular received from 
the Parsons Oil Engine Company, Limited, Southamp- 
ton. Prices and dimensions are given for three sizes. 
These pumps are suitable for circulating systems or for 
general work. 

Runways.—A set of standard parts from which run- 
ways may be erected is dealt with in a special catalogue 
to hand from Messrs. Herbert Morris Limited, Lough. 
borough. The parts are applicable to a variety of con- 
ditions, either indoors or in the open, and may be erected 
by any mechanic. 


Book-Sewing Machines.—We have received a catalogue 
describing the book-sewing machines made by Gebriider 
Brehmer, of Leipzig-Plagwitz, Germany. Seven variations 
of the machine are made for work of different sizes. The 
agents are Messrs. R. Hurner, Limited, 123, Rosebery- 
avenue, London, E.C,1. 


Filling Machines.—A circular giving brief particulars 
of machines for filling fluids, powders, &c., into tins and 
bottles, for rinsing bottles with a sterilising solution, 
and closing containers with lids, stoppers or corks, is to 
hand from the Albro Fillers and Engineering Company, 
Limited, 34, Holloway-road, London, N.7. 


Railway-Truck Tipper.—The Mitchell Conveyor and 
Transporter Company, Limited, 50, Holborn viaduct, 
London, E.C.1, have issued a catalogue of their machines 
for tipping coal trucks. These machines are capable 
of emptying trucks at the rate of eight per hour by 
hand power, or sixty to eighty per hour by mechanical 
power. They are adapted for power stations, gas works, 
locomotive coaling stations, &c. 


Mowing Machines.—Several useful improvements 
in their mowing machine are described in a catalgoue 
received from Messrs. Blackstone and Company, Limited, 
Stamford, Lincs. These relate mainly to a more direct 
knife-driving gear, easier starting of the cuts without 
backing, improved lubrication, and ease of cleaning 
and repairs. Another catalogue describes a 5 h.p. 
stationary petrol engine for farm work. 


Machine Tools.—A machine tool of the universal type 
with equipment on a single frame for turning, planing. 
drilling, milling and grinding, all driven from one head 
by a single belt or motor, is dealt with in a catalogue 
received from Messrs. C. E. Lugard and Company, 
Ashover, near Chesterfield. Additional equipment, such 
as twist-drill grinders, &c., is also listed. This machine 
is intended for travelling workshops, garages, &c. 


Evaporative Condensing.—A description of the Con 
summate system of condensing exhaust steam and 
evaporating water with the extracted heat is given in 
a catalogue issued by Messrs. Edward Deane and Beale, 
Limited, 3, Monument-street, London Bridge, E.C. 3, who 
make the apparatus at their works at Swinton, York- 
shire. It is applicable to power plants, to cooling liquids 
and gases, and to cooling the cylinder-jacket water of 
marine oil engines. 


Pumps.—Messrs. Hathorn, Davey and Company, 
Limited, Leeds, have sent us a special catalogue ot 
pumps for handling the large quantities and low lifts 
encountered in irrigation works, water supply, sewage 
schemes, dock pumping, drift working in mines, &e. 
These pumps are known as the “ Gill-Helivane ” and 
“‘ Helivane,” and the advantages over centrifugal pumps 
claimed for work under certain conditions are worthy of 
consideration. 





LauncH oF THE §.S. ‘“ Kensrneton Court. ‘"—On 
Thursday, April 7, Messrs. Napier and Miller, Limited, 
successfully launched from their yard at Old Kilpatrick 
the single-screw cargo vessel Kensington Court, — 
they have built to the order of Messrs. Haldin anc 
Company, Limited, London. The vessel, which has the 
most up-to-date accommodation for the officers and crew, 
is a duplicate of the S.S. Framlington Court, built for the 
same owners in 1924, and has the following main dimen- 
sions: length, 396 ft.; breadth, 53 ft.; and depth, = 
ft., with a gross tonnage of about 4,860 tons and a deac - 
weight of 8,050 tons. The vessel is equipped for the ear- 
riage of bulk grain cargo. The main propelling machinery 
consists of triple-expansion engines, which are being 
supplied by Messrs. David Rowan and Company, 
Limited, Glasgow, the cylinder diameters being 26 aes 
42 in. and 70 in. with a stroke of 48 in. Steam is supp!e¢ 
by three boilers of 15 ft. 6 in. diameter and 11 ft. 4 mn. 





long, at a working pressure of 180 Ib. per sq. in. 
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THE 6,500,000-CUBIC-FEET RIGID 
AIRSHIPS FOR THE U.S. NAVY. 


In the account of the metal-clad airship for 
the U.S. Navy which appeared in our issue of 
December 26, 1926, it was mentioned that the Naval 
Committee of Congress, which considers the annual 
programme of fleet construction, had also recom- 
mended the building of two rigid airships, each of 
about six million cubic feet capacity. The reasons 
which moved the Committee to this recommenda- 
tion were also given in the article referred to, the 
chief being that the sphere of greatest usefulness 
for large airships was in their employment over the 
seas, their large endurance and independence of 
surface vessels rendering them valuable adjuncts 
to the fleet for scouting and reconnaissance duties. 
The Committee’s recommendation was adopted 
by President Coolidge in his message on the naval 
programme to Congress, but financial provision for 
the two airships was not included in the present 
year’s Estimates. It was, however, decided that 
the construction of the first of the two vessels should 
be taken in hand not later than June 1, 1928, and 
the cost of each was not to exceed four million 
dollars. 

The delay in proceeding with the construction of 
the two airships was interpreted as a desire on the 
part of the President to await the results of trials 
and experience with the metal-clad airship, whose 
contract date of completion is towards the end of 
the summer, and thus ascertain if there were any 
likelihood of this new type of construction displac- 
ing the conventional Zeppelin design of rigid air- 
ship. The postponement was unfavourably com- 
mented upon by those interested in naval aero- 
nautics, and prompted the chairman of the Naval 
Committee to move in the Senate that the President 
should be asked to approve of a much earlier start 
on the construction of the first vessel, and of the 
necessary funds to provide for this. He pointed 
out to the Senate that the delay in proceeding 
with the work would result in other nations obtaining 
experience in the operation of large airships at a 
far earlier date than the United States. The first 
of the new British airships, he stated, would be 
completed in the autumn of the present year, and 
France and Japan were making efforts to obtain 
such vessels at an early date. It has since been 
announced that the British airships will not be 
completed until next year. The Senate agreed to 
the motion, but no reply thereto has yet been given 
by the President. 

The Navy Department has, however, been engaged 
in preparing a preliminary design for the two air- 
ships, and in carrying out the necessary model 
experiments for the purpose of obtaining a form of 
hull possessing the most efficient aerodynamical 
qualities. According to reports in the American 
technical Press, the dimensions arrived at from these 
calculations and investigations were: Length, 780 
ft., and diameter, 135 ft. These figures compare 
with 680 ft. and 658 ft. and 79 ft. and 91 ft. in the 
Shenandoah and Los Angeles, respectively, and 
with 730 ft. and 130 ft., the published figures for 
the two new British airships, whose capacity is, 
however, 1} million cubic feet less. The fineness 
ratio, i.e., length to diameter ratio, for the new air- 
ships will thus be appreciably less than for the two 
previous United States vessels, but slightly greater 
than for the British. The United States model 
experiments and calculations, it is stated, have shown 
that a fineness ratio of between five and six secures 
the best result when hull resistance and economy 
m weight of hull structure are both taken into 
account. For a ratio of less than five, the weight 
of structure is considerably increased, as compared 
with greater values. Some remarks on the ratio of 
length to diameter were contained in the report of 
Professor Hovgaard to the commission—of which 
he was a member—appointed to investigate the 
Causes which led to the wreck of the Shenandoah. 
He recommended that a smaller ratio than the 8-6 
adopted in that ship should be worked to in any 

uture rigid airships, and mentioned that a fineness 
tatio of 4} could be adopted with advantage so far 
as hull resistance alone was concerned. Experi- 
ments had shown that the insertion of a cylindrical 
portion amidships—a feature in most Zeppelins— 





is unfavourable to resistance. Ships of relatively 
short length and great diameter are less susceptible 
to the effect of gusts, and although the aerody- 
namic forces may not be much smaller than in long 
slender ships, the resistance to withstand straining 
action increases materially with the diameter. 
On the whole, therefore, for the same total volume, 
airships with a small fineness ratio are superior to 
those with a large ratio in their power to resist 
aerodynamic forces. Finally, he stated in effect, 
steadiness on a course in either the horizontal and 
vertical directions may require a fineness ratio 
greater than that determined with sole regard to 
resistance to propulsion and weight of structure. 


Another step towards the construction of the 
two airships has recently been taken by the Navy 
Department, who have invited several firms to 
forward designs and tenders for the construction of 
one or both vessels, or any separable parts for them. 
These are to be forwarded to reach the Department 
not later than midnight, May 16 next, and will be 
examined and reported upon by a special Board 
appointed for the purpose by the Secretary of the 
Navy. The airships must be constructed within 
the United States, either by American citizens, 
or by companies or corporations of which not less 
than three-quarters of the stock is held by American 
citizens, and whose directors are wholly American. 
The tenders are to include a separate price for the 
design, and in the event of the necessary funds 
not being available to proceed at once with the 
construction of the vessels, the successful design 
will be purchased by the Navy Department at a 
price not exceeding 50,000 dollars. 

The outline particulars upon which the designs 
are to be prepared state that the airships, being 
primarily intended for scouting at sea, must possess 
a large endurance. They are to have machine 
guns mounted on them, and are to be fitted for 
carrying aeroplanes, and with the necessary fittings 
for releasing and receiving them whilst in flight. 
The ships are to be designed for helium as the 
buoyant gas, but the possibility of using hydrogen 
or a mixture of the two gases must be considered 
and arranged for in the designs. 

The gas capacity is not to exceed 6} million 
cubic feet, and the overall length, height and 
beam 780 ft., 155 ft., and 135 ft., respectively, the 
limiting length and beam—or diameter—agreeing 
with the figures given above. The maximum speed 
is to be not less than 70 knots, and the endurance 
at a cruising speed of 50 knots not less than 6,500 
nautical miles. 

The designers may adopt any form of hull or 
type of construction they desire, but are to forward 
complete calculations and experimental data with 
their proposals, to show that the form suggested 
possesses satisfactory aerodynamical qualities, and 
that the structure is capable of withstanding any 
probable straining actions when the ship is at rest, in 
flight, when attached to a mooring mast, or being 
handled on the ground. The volume of buoyant 
gas must be subdivided into not less than twelve 
compartments or containers, so designed that in 
the event of one being ruptured there shall be no 
escape of gas from the others. Each compart- 
ment or container is to be fitted with at least one 
automatically opening gas valve. Hand-operated 
valves are to be provided at the tops of the com- 
partments, not necessarily in each, but of such 
number and size that the total discharge of gas 
per minute is not less than 1 per cent. of the total 
gas volume. The outer cover is to be of a material 
which will be taut, durable, weather resistant, 
fire resisting, and non-absorbent of moisture. 

The number of engines or propellers is not to be 
less than four, or to exceed 12, and not more than 
2 engines are to be placed adjacent to one another. 
In previous airships, the propelling engines have 
each been placed in a car slung from the structure 
of the vessel, but as this method appreciably 
increases the appendage resistance of the hull, the 
designers of the new airships are to consider mount- 
ing the engines within the main hull, the inert 
helium permitting this, with suitable and efficient 
driving gear between each engine and the corre- 
sponding propeller. A new feature is called for in 
the outline design particulars, in the provision of 
means for obtaining a vertical thrust, both upwards 


and downwards, to assist the airship in taking off or 
landing-on operations. In earlier British airships 
this was arranged for by fitting swivelling arrange- 
ments to one or more of the ordinary propellers, but 
the American specification indicates independent 
engines and horizontally disposed propellers for this 
purpose. A water recovery plant is to be embodied 
in the design, a feature added to the Shenandoah 
and Los Angeles subsequent to their completion, 
with the view to economising in the loss of the 
costly helium gas by valving, and reported to have 
been very successful for the purpose. 

The control cabin is to be so placed in the airship 
that the best possible all-round view will be obtained, 
both when in flight and landing. Accommodation 
is to be provided for 10 officers and 32 men, a 
complement which the Navy Department considers 
sufficient for navigating and operating this size of 
vessel. The wireless equipment must have a range 
of 2,500 miles, and for design purposes the weight 
of the installation is to be taken as 500 lb., occupying 
150 cub. ft. of space, whilst the wireless cabin should 
be of about 1,000 cub. ft. capacity. 

The attention of designers is directed to six 
features which the Navy Department consider to 
be most desirable, and on which they hope to 
receive proposals, although it is not certain they 
will be embodied in the design. These are :— 
(1) The fitting of a detachable control cabin which 
will be sufficiently watertight to float in water ; 
(2) the silencing of the engines; (3) the heating 
of the control cabin and accommodation spaces ; 
(4) the protection of the fuel and oil systems from 
freezing; (5) the provision of a photographic 
laboratory ; and (6) the use of a suitable combus- 
tible gas as fuel. 

In their examination of the various designs which 
may be forwarded, the Board will award marks or 
points for various features which, in the letters of 
invitation to the firms are defined, together with 
the maximum number of points which will be given 
to each. Fifteen different features are enumerated, 
and the total maximum number of points is 100. 
Fifteen points each as maximum will be awarded 
for two features, viz.:—Ratio of gas volume to 
net weight of airship, and endurances at full power 
and at 50 knots. Ten points as the maximum will 
be allowed for one feature, viz., speed at 3,000 ft. 
altitude with full engine power. The remaining 
12 items each carry 5 points as a maximum, and 
are as follows :—Ratio of gas volume to air volume ; 
factor of safety in heavy and light conditions, the 
minimum value acceptable being 2}; factor of 
safety in extreme condition, minimum value 2 ; 
endurance of power plant and facility of attendance 
when the airship is in flight; accessibility of the 
structure and gas compartments in flight ; economy 
of construction and facility of repair ; subdivision of 
gas space ; economy of buoyant gas in leakage and 
valving ; ease of aerodynamic control; facility of 
mooring, landing and handling on the ground ; 
safety from fire and other accidents; and refine- 
ment of detail. Several of these features appear 
difficult to evaluate definitely without actual trial 
on the completed airships, and in the event of 
several designs being received, the task of the 
Board is likely to prove a long and delicate one. 

It is believed this is the first occasion on which 
the design of rigid airships has been thrown open 
to public competition, and the result of such an 
innovation by the U.S. Navy Board will be awaited 
with some interest. 





KING GEORGE’S DOCK, CALCUTTA. 


EaR.y in 1924 we gave a description of the large 
additions being made to the Port of Calcutta in 
the form of the new King George’s Dock, which 
has been under construction since 1920. We 
then explained that this work consisted of a large 
dock of 190 acres of water with a turning basin 
and two long parallel arms, 650 ft. wide and separated 
by a tongue 1,000 ft. wide, the whole connected 
with the Hooghly by means of an entrance lock 
and a double-ended dry dock, the latter being 
capable of use as two dry docks, or, should occasion 
arise, as an alternative entrance lock to the dock 
proper. At the time of the article in question the 





programme of construction laid down provided for 
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the completion by 1928 of a first stage, involving | 190 acres, and the total length of quayage some been led off from the box culvert at the head of 


the dry dock and entrance lock, and of five berths | 19,830 ft. each of the long branches, so as to encourage circu- 
in the main basin of the dock. Subsequent develop- Fig. 2 shows how the scheme will be actually | lation in the impounded water. The open canal 
ment at future dates was intended to cover the exten- | worked out. At the present time the Northern Basin | would have had to be some 80 ft. wide. and this 


sion of the two long arms which would altogether pro- | is in course of construction, with, as already stated, | would have interfered with the railway lay-out 


vide additional berthage to the extent of 25,000 linear | five berths as a first stage. On the south side of the | considerably. 


As it was further doubtful whether 


ft. This programme, on further consideration, was | Northern basin, ultimately three more berths will | the river side pumping station could have been 
not found to be altogether satisfactory on account | be provided, and it will be a simple matter to add | finished in the necessary time, the whole plan was 
of the fact that an important road cut right across | three further berths by the excavation of a part of | recast, and the decision arrived at to instal the 
the site. This is the Garden Reach Circular Road, | the South basin, as shown in this figure, leaving | main pumping plant at Chambers Point (Fig. 1) close 


which is indicated in the two plans annexed in 
Figs. 1 and 2. Some provision had to be made for 


actual completion to a later period. 
The intention is to impound water in the dock, 


| to the entrance of the Kidderpore Docks. The water 
|in these docks, as already stated, is maintained at 


the maintenance of satisfactory traffic conditions on | so as to obtain a depth of water independent of the | + 21, and as the level in the new docks is to be +- 15, 


this thoroughfare. 


The original plan contemplated | condition of the Hooghly, which not only varies | it is possible to supply the latter from the former 


and illustrated in our previous article (vol. cxvii, | with the tides, but is also subject to seasonal varia-| by gravitation, instead of involving additional pump- 
page 38, Fig. 1) would have meant that this road | tion from freshets in the monsoons. Thus, based | ing 4s would be required by the scheme reversed. 


would have to cross the two arms of the dock. | on the sill level of the Old Kidderpore Docks as zero | 


The revised pumping scheme may be traced in 


Referring to Fig. 1, annexed, the original scheme was | datum, H.W.S.T. at the season of highest levels is | Fig. 1, from Chambers Point pumping station, 
to cut both eastern and western arms direct from the | + 22-5, but at the low-water seasons is + 17.| through the docks and thence by an underground 
northern basin. The same figure shows the position | Neep tides reach a high level in the high-water | 60-in. and 44-in. pipe to the head end of the King 
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of the nearby Kidderpore docks, across which the 
Garden Reach Road is carried by a swing bridge. 
The. road is also liable to blocks at railway level 
crossings, and the first solution proposed was to 
prevent a recurrence of such troubles at the King 
George’s Dock by carrying it over the site on a raised 
viaduct. This scheme would have been expensive 
to carry out, and would have entailed awkward 
approaches, and a considerable amount of costly tem- 
porary work, as well as involving undesirable com- 
plications as the general scheme was advanced. It 
was therefore thought best to re-cast the general lay- 
out of the docks, so as to arrive at a simpler way out 
of this difficulty. Fig. 1 indicates the revised plan, 
from which it will be seen that the water area is cut up 
by two projecting tongues, one extending in from the 
east side, and one from the south, as originally 
intended, but of shorter length. The Garden Reach 
Road will be accommodated, as shown, on the tongue 
projecting from the east side, which will also be 
wide enough to serve on both sides for berths, and 
will be fully provided with all the requisite ware- 
houses and siding accommodation. The revision 
has eliminated one steamer passage, to say nothing 
of an overhead viaduct of something like a mile in 
length from end to end. Some economy has also 
been effected in quay wall construction. <A con- 
siderable saving is estimated on the scheme, the 
revised layout incidentally facilitating distribution 
of hydraulic and electrical power. With this new 





layout the water area of the dock will still be about 
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season of + 14-5, but only + 9-5 in the low- 
water seasons. The level in the Kidderpore Docks is 
maintained at + 21, so that an outward pressure 
on the gates exists for most of the time. The 
level selected for the new. dock is + 15, and the 
pressure on the sliding caissons at the entrance 
will, therefore, at certain times, be reversed. Water 
is pumped into the Kidderpore docks to maintain 
the level, the supply being drawn from a canal 
communicating with Tolly’s Nullah, a small stream 
leading into the Hooghly, east of the docks. The 
water in the Nullah is normally heavily silt-laden, 
and most of this is deposited in the canal, sub- 
sequently being excavated for use in brickmaking. 
This supply has barely sufficed for the Kidderpore 
Docks, and at first it was proposed to instal a new 
plant for pumping into King George’s Dock, and 
the Kidderpore Docks, placing this just west of the 
entrance to the new dock. This scheme proved to 
have disadvantages. The proposed arrangement 
is shown in Fig. 1 as the Camberbatchies Point 
scheme, marked in heavy black lines. It involved 
no less than 16,000 lin. ft. of open canal and box 
culvert construction to lead the supply round the 
King George’s Dock area to a pumping plant by 
which it would be lifted to the Kidderpore Dock 
level. 

The necessity of providing frequent crossings on 
this canal, and also the matter of suitable gradient, 
weighed heavily against this plan. The supply 





required for the King George’s Docks was to have 
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George’s Dock, this connection being indicated in 
dotted line in our plan. In addition, there will, of 
course, be the pumping plant on the island site at 
King George’s Dock, between the entrance lock and 
dry dock, to deal with the unwatering of these two 
parts. It is expected that this scheme will involve 
a certain amount of dredging, but it is anticipated 
that this will be largely localised in the basin close 
to the Kidderpore entrance lock, some of the sus- 
pended matter even probably passing out again 
through the entrance lock back to the river. The 
pipe connection between the two docks will only be 
6,000 ft. long, and a grade of 1 in 1,000 can be easily 
secured on this plan. A considerable capital saving 
is again estimated to accrue from this revision. 
The system of construction adopted for the docks 
was detailed in the article already referred to, and 
was not modified to any extent during the progress 
of the first stage, of which the heavy work con- 
nected with the floors and lower parts of the walls 
of the main structures is now practically finished. 
Briefly, the system adopted has been to sink rect- 
angular monoliths, by the well-curb and excavation 
method, spacing these some distance apart and 
subsequently filling the intervening excavated 
pockets to form a continuous structure. Excavation 
of the interior of the monoliths was done by hand 
until the depths reached rendered this method 
uneconomical, when grabs worked by cranes were 
substituted. The floors of the dry dock and entrance 
lock were originally designed for a single row of 
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monoliths running down the centre, the space 
between them and the walls being filled with mass 
concrete. The importance of avoiding all possible 
risk of movement of the walls during construction 
lent weight to the suggestion that the mass concrete 
should be reduced as much as possible at these 
parts, and it was therefore decided to sink three 
rows of monoliths instead of one, leaving very much 
smaller spaces for subsequent filling. It may be 
recalled that a considerable movement of gravity 
walls at the neighbouring Kidderpore Docks has 
been experienced at one time and another, and the 





that reproduced in Fig. 3 being the more recent. 
Both are taken from the river end, one looking 
straight down the lock and the other across it. 
The more recent, Fig. 3, shows on the left one of the 
sliding caissons under construction in its recess, 
while on the right may be seen the structural frame- 
work of the one export transit shed, now being 
taken in hand. The dry dock can be seen to the 
right of the entrance lock. Figs. 5 and 6 show the 
latter more clearly. These views are taken looking 
towards the wet dock which can be distinguished 
in both, but more clearly in Fig. 6. Both views 


break in the alignment of the berthage on this side 
of the dock. 

The work so far accomplished has, it will thus be 
clear, mainly consisted of sinking the monoliths 
for the entrance lock and dock and for the berths 
in the wet dock, the excavation of the wet dock 
dumpling, and the construction of the sheds referred 
to. Although at times the construction and sinking 
of the monoliths fell short of the expected average, 
after the preliminary period during which plant and 
staff were being collected, the actual total was con- 
tinually ahead of the final programme, and was 
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form of construction adopted for the new dock 
was based directly upon this experience and at the 
Tecommendation of the late Sir John Wolfe Barry 
and of Col. Cartwright Reid. The decision with 
regard to the construction of the floors entailed a 
large amount of additional sinkage, and while 
other sections of the work have progressed rather 
ahead of programme, the failure of the contractor 
for the supply of the additional curbs required, to 
deliver to time, threw this part of the work con- 
siderably in arrears. The well construction and 
sinkage required by the new plan, for this part of 
the scheme amounted to 12,280 lin. ft. instead of 
10,400 lin. ft. by the old. 

We reproduce some recent views of the work in 
Figs. 3 to 6, Plate X XIX, and others in Figs. 7 and 8, 
above - Dealing with the former, Figs. 3 and 4 are 
‘wo views of the work on the entrance lock, of these, 
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show the monoliths for the dock floor in process 
of being sunk by crane and grab, and work on the 
pockets between the monoliths. In the distance, 
particularly in Fig. 6, may be seen on the right the 
structural work of two of the three import transit 
sheds at present under construction. These will 
also be recognised in Figs. 7 and 8, the former 
showing actually all three sheds of this class 
in hand, this view being taken from the export 
berth opposite, while Fig. 8 shows sheds Nos. 
2 and 3 at an earlier stage when No. | had not been 
started. This view, however, is interesting as 
showing the monolith work for the quay wall, 
berth No. 1 being on the extreme left. Incidentally, 
somewhat to the right of the centre of Fig. 7, on 
the far side of the wet dock and in front of shed No. 2, 
may be seen the mosque referred to in our previous 
article as having necessitated a rather unfortunate 


| practically concluded last summer. This was some 
| time behind the original programme which contem. 
| plated only one row of wells down the lock and dry 
| dock. 

_ The provision of additional rows of smaller 
| wells not only delayed completion owing to non. 
delivery of the curbs, but also slowed down the work, 
;|@s excavation in the wells of smaller dimensions 
| did not prove so easy as in the large type. In the 
| wells sunk, a total of 891 shafts had subsequently 
| to be plugged with concrete. Of these 819 had been 
| plugged by last autumn. By this time also some 
| 992,000 cub. ft. of masonry superstructure for walls 

&c., had been completed for this part of the work. 

| The floors were also well in hand. 

In the wet dock, well sinking and construction 
| were completed by last autumn, and work on filling 
ithe pockets and building the super-structure was 
| advancing satisfactorily. The dumpling has been 
| mainly excavated by two drag-line machines, one 
|of which may be seen in Fig. 8. By last autumn, 
|some threequarters of the total area for the first 
| stage had been excavated. 
| Since the date of our previous article, various 
changes had been introduced to effect improvement 
jin speed of working. For instance, flood lighting 
was introduced in connection with the excavation 
'work. The ballast train working was put under an 
|assistant executive engineer, with the result that 
ithe efficiency of the wagons was enormously in- 
jcreased. Whereas in 1923 the number of wagon 
| trips per day amounted to 270 for 700 wagons, in 
| 1925 the trips had been increased to 650 for a totay 
| of 1,000 wagons. The cost of haulage per wagon 
j had correspondingly fallen from Rs.7 to Rs. 3 
| As. 12. 
| Bonus schemes were introduced in connection 
with the well sinking, &c., and were productive of 
good results. For a time wagons, and locomotive 
and crane power were short, but this was rectified 
in due course. The only real difficulty which seems 
to have arisen was due to the excavation by crane 
in the small shafts and narrow pockets not coming 
quite up to the estimated figure. In connection 
with the No. 1 caisson recess very difficult strata 
were encountered and the wells were difficult to 
manage, while when finishing off the floor of this 
recess a blow occurred of a considerable volume of 
water under pressure, which caused some delay. 
Other factors which have interfered with the 
programme were Hindu-Mahommedan riots in 
1925, during which 38 Mahommedans were injured, 
while others fled. As most of these were crane 
drivers and firemen the work suffered accordingly. 
Low level work was seriously handicapped also in 
1926 by heavy rainfall, one month’s normal amount 
falling in the space of three days. 

We are indebted for the above information 
regarding the progress of these works to Mr. 8. C. 
Stuart-Williams, chairman of the Calcutta Port 
Commission, under whose administrative super- 
vision the work is being carried out, with Mr. J. 
McGlashan, M.Inst.C.E., as chief engineer. Mr. 
W. C. Ash, M.Inst.C.E., is the officer actually in 
charge of construction, having been associated with 
the development since its inauguration and in 
charge since October, 1923. We understand that 
the credit for the two important revisions men- 
tioned at the commencement of this article, lies 
with Mr. Ash. We are further under an obligation 
to Mr. J. Angus, M.Inst.C.E., Westminster, the 
Commissioners’ consulting engineer and London 
agent for assistance in the preparation of this 
article, and of others which will appear in due 
course dealing with further features of interest 
relating to the new docks. 





(To be continued.) 
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THE THEORY OF THE STIFFENED 
SUSPENSION BRIDGE. 


THE great suspension bridge of 1750-ft. span 
recently erected across the Delaware River at Phila- 
delphia, has been proportioned on a theory which 
takes into account the fact that the chain of a 
stiffened suspension bridge suffers large deformations 
when the stiffening girder is unevenly loaded. A 
somewhat paradoxical result of this more compre- 
hensive analysis, is that these large distortions 





result in the stress on the stiffener girder being less 
than if calculated on the very common hypothesis, 
that the distortion may be neglected. The physical | 
explanation of this paradox suggested by Mr. | 
L. S. Moisseiff, one of the engineers of the bridge, is | 
that the distortion of the chain is resisted in part | 
by the dead load already on the bridge, but this | 
very plausible and natural assumption fails on} 
analysis to account for the actual facts. The | 
method of analysis adopted below shows that the | 
distortion of the chain can always be regarded ag | 
the sum of two different types of distortion, one of | 
which is symmetrical about the centre line of the 
bridge, and the other is equal and opposite on 
opposite sides of this centre. It is these distortions 
which are the most important, and such a distortion 
involves no change in the position of the centre of 
gravity of the dead load, and is, therefore, not 
resisted by the latter. The symmetrical distortions 
will increase the deformations on one side of the 
centre line and increase them by an equal amount on 
the other. The net effect of them is, therefore, an in- 
crease of the maximum stress on the stiffening girder. 

Whilst the physical explanation proposed fails 
as indicated, the numerical results of our own 
analysis confirm Mr. Moisseiff’s claim that the 
stresses on the stiffening girder are only about half 
as great as if calculated on the older hypothesis. 
From a letter which appeared in our issue of 
March 25 last, page 365, it appears that he intends 
shortly to publish particulars of his own method of 
integrating the differential equation to the curve 
of the distorted chain ; another method is given 


not hitherto been used for the solution of suspension 
bridge problems. 

The minimum number of primary assumptions 
have been made, and the effect of the dead load on the 
chain has been definitely included; it is proved 
to be of very little importance. The only assump- 
tion adopted which is not rigidly exact is that effects 
due to alterations in the length of the chain, or to 
small changes in the effective length of the span, can 
Je treated as additive. Even this assumption, though 
convenient and substantially true, is not actually 
necessary to the success of method of analysis used. 

By a fundamental principle in mechanics, the 
potential of a system in stable equilibrium is always 
a minimum. In the case of an arch, this potential is 
represented solely by the elastic work of deforma- 
tion, whilst in the case of an unstiffened suspension 
bridge, the potential is wholly gravitational, and 
the chain consequently assumes such a form that the 
centre of gravity of the load, taken as a whole, lies 
as low as possible. In the case of a stiffened sus- 
pension bridge, both forms of potential are involved, 
and the stresses can be determined by making the 
sum of the two potentials a minimum. 

For the sake of completeness, and to avoid the 
necessity of references to books or papers which may 
not be readily accessible to readers, it will be con- 
venient to start from first principles, and to establish 
the fundamental properties of a loaded catenary. 
Thus, consider a chain loaded so that it takes the form 
represented by the curve A B C in Fig. 1, where B 
denotes the lowest point of the chain. The tension 
at B is horizontal, and at the point D it is 
along the tangent to the curve. The length of chain 
between B and D is, therefore, held in equilibrium 
under the horizontal pull H, the tension T, and the 
applied load of, say, w, lb. per inch of span, 
which may either be uniform or may vary from 
point to point. The only horizontal forces acting on 
the length BD are H and T cos 0, and for equili- 
brium these must balance. Hence, at each and every 
point of a chain, the total tension T is equal to a 


cos @ 








where H is known as the horizontal tension. 


The only vertical forces acting on BD are the | due to a small change in the length ofthe chain, 
applied loads acting downwards and the vertical|or in the effective span between saddles. These 


component of T acting upwards. Hence, for equili- 
brium, we must have 
x£ 
Tsin 0 = | wdzx 
B 


But, as just shown, T = — Whence we get 


‘a 
H tan 0 = wdx 
B 


d see ; 
Since tan @ = 4 where y is the ordinate to the | 


curve of the chain, we may write this in the form 


a 
H d J = wdx 
dz B 


Now, H is a constant, being the value of the 
tension at the lowest point of the chain. Hence, on 
differentiating the above expression with regard to 2, 
we get 

eetae, 2 > 3 @ 
d x2 
which, adopting Lagrange’s convenient notation, 
may be written as 
Hy’ =w 

We thus see that in whatever way a chain is 
loaded, the pull at any point on the suspender 
there, reckoned per inch of span (not per inch 
of chain), is always equal to Hy’. This is true 
whether or no the chain be inextensible. Moreover, 
it is obvious from (1) that under a uniform load 
the chain will take the form of a parabola. 

There is one very characteristic and important 
difference between a loaded chain and a loaded 
beam. In the latter case, the deformation by any 
system of loads is (on the usual assumptions of 
the elastic theory) the sum of the deformations 
which would be produced by each load if it alone 
were in action. Thus, if a beam be laden with 
one ton applied at a distance of one-quarter span 
from the left-hand support, there will be a certain 
deflection at mid-span. If a second 1-ton load 
be added at one-quarter span from the right-hand 
support, the central deflection will be doubled. No 
corresponding rule applies in the case of a loaded 
inextensible chain. Thus, in Fig. 2, the chain 
which when unloaded takes the form of the dotted 
curve A, B, C may by the application of the heavy 
load W, at one-quarter span from A be transformed 
into the triangle AFC, and the corresponding 
central deflection is EB, which, it will be noted, 
is upwards and not downwards as in the case 
of a beam. If a second similar load be applied 
at the corresponding point on the opposite side 
of the span, the chain will take the form represented 
in Fig. 3, where the central deflection instead of 
being increased by the additional load, is actually 
diminished to BI. Hence, in the general case, the 
deformation of a chain due to a system of loads 
cannot be determined by simply adding together 
the deformations which would be produced by 
each if it acted alone. 

This peculiarity would greatly complicate the 
theory of the stiffened suspension bridge were it 
not for the fact that the very function of the 
stiffening girder is to limit the distortions of the 
chain to values which are fairly small in comparison 
with thedip. It has been usual, therefore, to assume 
that we might make use of the principle known 
as the ‘‘super-position of small quantities,” and 
that we were therefore justified in assuming that 
the effects of different loadings would be simply 
additive. This well-known principle is a direct 
consequence of Taylor’s theorem for the expansion 
of a function of several variables. Thus _ if 
k=F(ayz) and z changes to ++ Az, y to 
y+ ay, and z toz+ Az. then, to the first order 
of small quantities, Ak =A x = +A yok +Az ok. 
: ox oy Oz 
This procedure, as above indicated, would not be 
legitimate in the case of an unstiffened suspension 
bridge, and is rational only when the maximum 
distortion produced by any system of loads is 
small. It may possibly be a matter for debate 
whether the principle can be safely assumed as 
applicable to loadings causing sensible changes in 
the shape of the chain, and in what follows we shall 


alter the shape of the chain very little, and for them 
the principle of the superposition of small quantities 
Potion to be valid. We shall accordingly assume 
| it to apply to this particular class of deformation, 
| but, as already stated, though convenient, the 
| assumption is not necessary for the success of the 
'method of analysis developed below. 

| One important consequence of the principle 
;that such small distortions may be treated as 
simply additive, is that we may always, in the 
| first instance, assume that the chain of a stiffened 
| suspension bridge is inextensible, and can then 
|correct the results thus obtained by considering 
|separately the effects of changes in the length 
| of the chain or in the width of the effective span. 
In fact, if the chain does stretch under a change 
of load, this stretch could be cancelled by a 
reduction of temperature, and the form deduced 
on the assumption that there was no stretch would 
be the actual form at this definite temperature. 
Hence, by the principle of the superposition of 
small quantities, the form at the original temperature 
can be found by applying a suitable temperature 
correction to the results computed on the 
hypothesis of an inextensible chain.* In what 
follows therefore, the chain of a stiffened suspension 
bridge will be treated throughout as inextensible, 
and the error thus involved can be corrected by a sub- 
sequent consideration of appropriate changes in the 
length of the chain or in the distance between 
the saddles. 

As already noted above, all statically-indeter- 
minate problems can be solved by making use 
of the principle that the total work stored in the 
deformed structure must be a minimum. In the 
case of a stiffening girder, the work stored in it, 
when it is deformed by any load, is equal to 


Z 

| Me a2, 

9 2HI 
where M denotes the bending moment at any 
point of the girder, I its moment of inertia, and 
E Young’s modulus. If, at the same time, the 
chain is deformed so that the ordinate which was 
originally y becomes y+ 2, then, taking z as 
positive in the downward direction, the work 
stored up in deforming the chain is 


1 
- Dzdz 
0 


where D denotes the load in pounds carried per 
inch run of span before the deformation occurred. 
This follows because, as already mentioned, a loaded 
cord always takes such a form that the centre of 
gravity of the total load lies as low as possible. 
Hence, if this cord be inextensible, any deformation 
of its natural curve must involve a lifting of the 
load, and the total work thus done is obviously 


7 
—Dezdz 
0 


as stated. Hence if we neglect temporarily, for 
the reasons advanced above, the stretch of the 
chain, the total potential of the deformed structure 
is given by the expression 


1 
M2 
= — ~Dz)dz 
. |, (rE : 
Now z denotes the deflection of the girder as 


well as the distortion of the chain, and, by a 
well-known theorem in applied mechanics, we have 


2 é 
therefore the relation EI SS =M. Hence U can 


also be expressed in the form 
top 
ya | (ES (erp — dz . + (2% 
U (\@ (2”) D =) x 


which can be calculated if we can find an expression 
for z. 





* This principle is, of course, also applicable to arch 
problems. Hence, the simple graphical solution for the 
stresses in an arch, rigid both at the crown and at the 
abutments, invented by M. Mesnager on the hypothesis 
that the length of the rib did not alter when the load 
came on, is perfectly valid even when the actual change 





of length is appreciable. This change can, in short, 
always be dealt with as if it were a mere temperature 
correction. M. Mesnager’s method was described ™ 


assume the principle as valid only to distortions | Enamrerme, March 17, 1916, page 245. 
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The bending moment M on the stiffening girder 
can be expressed in terms of H and z, and of the 
bending moments at the piers, if any. Then we 
must choose H and these pier moments, if any, 
so that the above expression for U is a minimum. 

Since the general practice seems to be merely to 
support the stiffening girder at the piers instead of 
fixing it there, or continuing the girder through the 
piers to the abutments, we shall deal with the simpler 
ease only and assume that the pier moments are 
zero, but there would, of course, be no difficulties, 
save those of a purely arithmetical character, in 
treating the more general case. 

Now, as already proved above, the pull on the 
suspenders per inch run will be equal to H (y’+ 2’), 
where y denotes the ordinate to the curve of the 
chain under dead load only and at standard tempera- 
ture, whilst y-++z represents the corresponding 
ordinate (measured downwards from the level of 
the saddles) when a live load comes on to the 
bridge. Let this live load be L pounds per inch run, 
then the net load per inch run on the stiffening 
girder consists of D + L acting downwards and of 
the suspender pull which, as shown above, is 
given by the expression H (y” + 2”). The value of 
H will alter with changes in the load on the bridge, 
but, with any given loading, is constant from end 
to end of the span. 

The net load carried per inch run by the 
stiffening girder is, therefore, L + D + Hy’ 
+ Hz’. The positive sign is required before 
each term because y” and 2” are negative. For 
example, under a uniform load the equation 
to the parabolic curve then assumed by the 
chain is y = * (la — «?), in which expression Y 
denotes the central dip and J the length of the span. 
_8y 

[2° 

The value of H depends upon the value of z. 
and to determine z it will be found convenient to 
express the above loading as a Fourier series. Since 
y’ and D are,both constant we may write 


In this case y” = - 


D+Hy =(D+Hy) 45°! sin" ™*, 
a a, l 

in which expression ” represents each odd integer 
taken in turn and / is the length of the span. We 
can also, whether L be continuous or not, express 
itin the form of a similar series. If, for example, 
L be a uniform load extending from the left-hand 
end of the girder to mid span, we have 


eke l wr “1l2n l 
where in each summation 7 is always an odd integer. 
Now, by a well-known theorem in statics, if the 
loading of a beam can be represented by a con- 
tinuous function of 2, then its value at any point is 


p= %Lys* 1! nt *%, shy” 1 inves 


a2 5 2 

equal to ee EI os , where z is the deflection of the 
0 ® ) @ 

beam.” If we take I as constant which, in fact, is 

always permissible within small limits of error when 

the problem is merely to determine H, we get 


nwxr 


L Nagy l. 
B12” -(p+3 +Hy') = 2; sin F 





+ 2L > J sin 2% 72 +H2’. 
T n 1 
Integrating this expression twice we get, as the 

differential equation to the curve of the chain, 

Sir «= (D+ L Hy) ae 2 ag ttt 
2 w 142 ns l 
. Fes sin 2% 7? 4 we, 
w 472 ni l 

For brevity let us write b for D + a + Hy’, 


and we then get 





BO ge ot a 40 2 y l sin UFZ 
BI Id 3 l 
L 12 1 -_ 2nTn 
et. 2 ee: ee peschen Hdl 
“FE st ow 
The solution of this is obviously 
? 
oa oS ee 1 sosin ™ 72 
EI 75 ns HH new l 
EE” @ 
I 2 
46 — v Ligye See) ea RE ioe lel 
2E] re nis H 4 n2 72 





The first term on the right corresponds to dis- 
tortions symmetrical about mid-span. The second 
term is always zero at mid-span, and the corre- 
sponding distortions elsewhere are equal and oppo- 
site on opposite sides of the central point. 

ner 2 - 

Let us make the substitution ni =e a 1. ao 
then a purely numerical dimensionless coefficient, 
and we get 
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where 2, as already stated, is an odd integer. 
Integrating this, we get for the value of —{D zd2 


in equation (2) 
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since the coefficient of L in (3) disappears on inte- 
gration between the stated limits. 
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we have from (3) 
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If we square this and integrate between o and J, all 


” 








the terms except those of the form sin® pe disap- 
pear ; so that 
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[yevar= aS np > 
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Adding this to the expression already found, we get 
for U the equation 


It will be seen that the term depending on the 
gravitational potential is relatively small. 

We have then to choose a so as to make U a mini- 
mum, but this is subject to the condition that the 
chain is inextensible, since, as already indicated 
above, any stretch that may actually occur can be 


¥ Now, the length of the undistorted chain is given 
by the expression 


7 
| VIF (yi de 
and similarly the length of the distorted chain is 
represented by 
cz 
svi FW Fe de 
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Since y and y’+2z are always fractional, the 
radicals may be expanded in the form 


i care \2 
JTF ye = 14 YE -2 tt be, 


, , 2 
Ji =} (y’ as 2’)e =1+ yee _ ; . (y’ 4+ z’)4 + &e. 
In practice, all terms beyond the second may be 
neglected, since any error due to this is a small 
quantity and can, if necessary, be corrected for by an 
independent calculation. The condition to which 
the minimum of U is subject may, therefore, be 
written, as 
cl 
(2y’ 2’ + (2’)2)daz =0. 
t) 
Since 
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we get 
,_4Y 8 1 AW 2 
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whilst from (3) we get 
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Hence, 
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all the other terms disappearing when integrated 
between the given limits. 


Similarly, 
1 
1662 16 1 1 1 
‘\2 > seus os ea 1, a 
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(EI)?° 
Adding the two expressions and dividing by the 
common factor, we get as the condition to which the 
minimum of U is subject 
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In this expression we have for brevity replaced 
SY WEI by oe. 
i 
Since U is a minimum we get from (4) 
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Combining this with the foregoing restrictive condi- 
tion, we get 
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= @ minimum. 


Differentiating this with regard to a, we get 


ee [4 ey to} amyl _!} as the required condition a 
EI. 76 n2 (a + n2)2 n2” (a + 4n2)2 op a? = ( 1 1 me $ 
aes Fo Datiatneye | kn im) 
~ anh. Ba; 1 | ; . (4) da D n2 (a + n2) kn (a + ni?) 
nt a+tn2 


1 2 1 eg 
= ie eS ee ee ee 
~ sa “(a + n2)5 a kn* aoe 
2 
1 2 1 be 
oe Se ee iit) =0 (5) 
om (a+4n% | I6kn4(a + 4n2y2 ¢ 


This equation is less formidable than might at 


first sight appear, since the series involved are all 








dealt with as an independent correction. 





extremely convergent, and, in fact, are given with 
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considerable accuracy by the first term taken alone | treated as if its moment of inertia were constant, | form of resting spores, but these could not be found. 


for which » = 1. but the differential equation to the curve of the 


Search for it must be confined to an examination 


If the third term on the left were zero, the| chain can also be integrated if the value of I varies, | of the flora of boggy ground the water of which, 


even when this variation can only be represented 
by a graph. We hope to deal with this at a later 
date, as it is obviously important to know how the 


solution would obviously be b = 0. But 
b=D+ ; 4+Hy’ 


| | | ‘ ' ' 
Section No | 0 | 1 2 3 4 5 6 7° | ae 9 10 5 eb 


| | oe ie 
Deflection, in.| 0 32°4 55°5 64°3 57°1 35°6 | 45 —26°9 —49°2 —54°7 —50°8 | —29°9 lo 








B.M., in.-Ib. | 0 | 9°7x 108 1°45 x 109} | 


1°59 «109 1°46 x 109) 9°84 x 108|2-76x 107| 9°3 x 108 |1°41 x 109] 1°55x 109/ 1-41 x10) 944.108! © 
| | 








so that curve assumed by the chain is affected by local | 
1 7. 8i2 i. variations in the moment of inertia of the stiffening | 
He — a (Pts)-¥y .(D+5) girder. | 





theory in which the deformation of the chain is) WATER STORAGE: SOME BIO- 

neglected. The term in (5) involving L? is small, LOGICAL CONSIDERATIONS. 

and it follows, accordingly, that quite considerable | By Professor Davip Extis, D.Sc., Ph.D., F.R.S.E. | 

changes in the value of I have but little effect on | 

the value of H, the horizontal tension. 
Since 


| 
This is the value of H yielded by the ordinary elastic 
| 


Tue surface of a reservoir gives no obvious | 
indication that the water is almost continuously in | 
El x a state of gentle motion, quite apart from the! 
H ae /movements necessarily caused by the arrival of 

fresh water from the collecting grounds and by the 

Hy’ =—2ke removal of water through the main pipes. The 

7 movement referred to is due to the formation of 
If further, we write D = pk and L 5 ',| convection currents, which are set up by differences 
equation (5) becomes in the temperature of the surface water as compared 
, aan” 3 ex? 1 with those at different depths. It is necessary to 
(0 9 2a) _ ( >* Pla + wepe realise the existence of such movements in order 
to understand some of the abnormal occurrences 
which give so much trouble to the water engineer, 
and have occasionally brought Royal commissions 
| into being. ° 
| Generally speaking, the internal movements are 
in an upward and downward direction. Hence, 
water from the bottom, laden possibly with the 
resting spores of various plants and animals, ascends 
| to the surface. The viscosity of the water prevents 
| the immediate sinking of such spores, so that time | 
is given to them to germinate and breed afresh. | 
| 
| 


we get 
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In the case of the Philadelphia Bridge, the span is| A combination of circumstances may arise so 
21,000 in., the normal value of Y is 2,400 in.,| favourable to some particular plant or animal, 
whilst taking into consideration one cable only, D = | the spores of which have come to the surface, that, 
1,083 Ib. per inch of span, the corresponding value of | for a short time at any rate, it is able to multiply 
L being 500 Ib. per inch run. The average value of | very rapidly. In a brief period myriads of this 
EI appears to be about 3-04 < 10", and on solving | organism may be generated and bring about a very 
equation (6) the value of a comes out at 4-5 if the | bad condition of the water. 
term involving o° is neglected and as 4-512 if this be| It is usual to find the greatest number of orga- | 
taken into account. The corresponding value of| nisms in the spring and early summer. In the 
H is 3-069 » 107 Ib. and of Hy” = 1,336 lb. per | spring the comparative state of equilibrium charac- 
inch run. | teristic of winter conditions is disturbed, mainly 

With these data, the deflection of the girder and | due to the changes in the surface temperature of 
the bending moments can be calculated from | the water. The water is not only warmer, but the 
equation (3) and from the expression given above |light has greater penetrating power. There is a 
for 2”, the bending moment being equal to ET’. | general turnover of the water, and fine particulate 
The values found are given in the table above. | matter, including the spores of plants and animals, 

On the ordinary elastic theory, in which the|rise. After spring and early summer there is 
distortion of the chain is ignored, the maximum | another long period of comparatively stable condi- 
bending moment comes out at 3-48 x 10° inch-lb.. | tions, which are not appreciably affected by convec- 
or about twice as great as on the new theory deve- | tion currents. This period of stability continues 
loped by the engineers to the Philadelphia Bridge. | until autumn, when there is a second and smaller 
The saving, it will be seen, is enormous. | turnover, and a different group of organisms occupies 

The effect of the live-load stresses in changing the | the surface layers. During winter there is a period 
length of the chain, can be easily calculated. They | of stagnation, due to the temperature being below 
will produce a symmetrical deflection of the chain | that required for active growth. é 
and will increase the total deflections on one side| The organism known as Crenothrix polyspora, a 
of the centre, whilst diminishing it on the other. It} member of the iron bacteria, holds the record for 





! 

may be noted, though the point is not new, that if| rapid multiplication in reservoirs. Fortunately, 
the chain is parabolic at any one temperature, it will | it does not render the water poisonous, although it 
cease to be a parabola if the temperature changes. In| makes it both dirty and nauseous. Crenothrix is 
fact, an increase in the length of the chain necessarily | not confined to water reservoirs ; in fact, the writer 
transfers some of the dead load to the stiffening | has reason to believe that, under normal conditions, 
girder. If, however, the distortion of the latter | its development in this habitat is subnormal. On 
were parabolic, we should have EI: - 0. which | the other hand, he has found it in an obviously 

x | flourishing condition in bog waters, and in the 
pay Ul : § wx water of the River Clyde. It seems clear that 
by the stiffening girder. It is generally sufficient | Cyenothriz is normally a bog-water organism, and 
to assume that. in such a case, the deflection curve is | that it occurs in reservoirs after the water in the 
a sine curve, the central ordinate of which is equal to | jatter has been contaminated with bog-water. 


dh 5 : r : . baci 
Al. ir where A / denotes the increase in the length rhe preventive measures against its inroads must 
, : 


‘ rT oe ; : _ | take the form of a general search for it before it 
of the chain and 77 18 the ratio of increase of dip | has had time to do much damage. The writer was 


would imply that none of the dead load was taken 





to increase of chain length. In the case of the | not able to find it in samples of water collected 
Philadelphia bridge . . — 1-776. from the Cheltenham reservoir only a few years 


In the foregoing, the stiffening girder has been ' It is probable that the organism was there in the 


after that water was severely stricken by Crenothrix. | to deprive the organism of its food. 


either directly or indirectly, has established contact 
with the reservoir water. 


It must be mentioned here that the usual text- 


book diagrams of Crenothrix, taken under abnormal 
conditions, are of not much avail when a search is 
being conducted in the reservoir or in pools in the 
gathering grounds under normal conditions. The 
sketches reproduced in the accompanying engraving 
will, however, assist the engineer in identifying the 
organism. Sketch A shows a thread consisting of 
two cells about I}y in thickness. In this the 
enveloping sheath is not visible, although it is 
readily seen in Sketch B, which shows a young 
thread containing two cells. At this stage the 
organism has a certain amount of rigidity and is 














about 1}u in thickness. Sketch C shows a young 
thread as it normally appears before staining. The 
sheath, although present, is not visible. The cells 
are always arranged in a single line end to end, as 
shown, and are roughly about 1} to 1}y in thickness 
and from 4 to 6u in length. An older thread from 
which several of the cells have escaped is shown In 
Sketch D. The sheath, it will be noticed, is readily 
visible, especially where gaps have been formed by 
the escape of some of the cells. It is only very 
rarely that Crenothriz appears other than as 
represented in Sketches C and D. ms 

It is practically certain that in every case trouble 
with this organism has arisen because the water 
supply has established contact with bog-water. As 
a result of this, ferrous salts are taken up in solution, 
and trouble arises when oxidation takes place and 
insoluble ferric salts are formed. Remedial measures 
must be based on this knowledge. According to the 
facilities at command, one or more of the following 
remedies must be applied. Pos 

1. That portion of the reservoir supply which is 
known to be contaminated, either directly 0 
indirectly, with bog-water, must be cut off. 

2. The water must be filtered through sand to k oP 
back the organisms and retain all solid organic 
matter. 


as ssible 
3. The water must be aerated as much as poss! le 


Rage a . at feeds 
Crenothriz is essentially an organism that feeds 
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on organic matter, and the oxidation of the latter | 
by aeration nullifies its value as food. It is a 
mistake to suppose, as many do, that removal of 
Iron from the water will put an end to the depreda- 
tions of Crenothriz; it is to the removal of the 
organic matter with which the iron is associated, 
that attention must be directed. 

The tiny animals known as polyzoa sometimes 
multiply at an enormous rate. They are able to 
hold their own because they can fix themselves to | 
the pipes or to any other material support and feed 
on organic particles present in the water. Without 
f0ing too deeply into the matter, it may be stated 
that the polyzoa are so named because many of them 
unite to form a large colony. Although individually 
small, the colonies form large bushy or gelatinous 
nodules in the water, that may become formidable 
obstac les to the flow. In Torquay, in 1910, it is 
recorded that on one occasion eleven houses in one 
fow were without water because the ball-cocks and | 
Water-meter strainers were stopped up by an 
Srganism called Plumatella emarginata. In this’ 








case the trouble was remedied by the installation of 
mechanical filters. ' 

The general line of procedure for remedying | 
troubles due to these organisms is the same in| 


‘principle as that for” Crenothrix, although the | 
| details of the treatment adopted must be different. | 


An organism is present which, for its continued | 
sustenance, must obtain a certain kind of food. | 
Hence, the organism must be eliminated or its food | 
supply withdrawn. If it is feasible to intercalate | 
filters between the reservoir and the mains, this | 
should be done. Sand-filtration is generally effective, | 


| but care must be taken that the filters do not become 


clogged. This is the trouble with all filters. Their | 
efficiency depends on their retention of matter, and | 
unless there is some arrangement for the removal of | 


this matter, filtration ultimately does more harm | 


than good. Again, for the removal of polyzoan | 
organisms, aeration is as applicable as for Crenothriz, | 
since the oxidation of organic matter will make the | 
latter quite useless as a source of food. It will be | 
observed that there is no difference between the ' 
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methods recommended for the elimination of a 
plant pest (Cren:thrix), and those most suitable for 
getting rid of an animal pest (Polyzoa). These 
methods may be summed up by stating that both 
pests must be eliminated by filtration and starved 
by aeration. 

The term Algae is given to those lowly-organised 
plant organisms which possess some form of colouring 
matter. The culours represented are blue-green, 
green, brown and red. It is impossible here to 
consider them in detail, but the general conditions 
determining their existence and powers of repro- 
duction are the same for all, and they may, therefore, 
be dealt with in general terms. In spite of the 
diversity of colours all possess the green colouring 
matter called chlorophyll, the possession of which 
enables the plant to enrich the water with oxygen. 
So long as the plant is alive and active, the water 
is benefited by its presence. Unfortunately, the 
death of these plants puts a period to their utility. 
In fact, their dead bodies become a source of 
danger, for they add to the. organic matter already 
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present in the water; as already stated, the less 
the amount of organic matter present the greater 
is the purity of the water. Speaking in general 
terms, the benefits which accrue from the unres- 
tricted development of microscopic plant organisms 


(all the Algae found in reservoirs are microscopic), | 


far outweigh the evil effects which follow their 
death. It is therefore advisable to let the develop- 
ment of algal forms in reservoirs take its course. 
Indeed, it has been estimated that the measure of 
the vital activity of one of the algal groups, viz., 


the diatoms, is the measure of the degree of freedom | 


from bacterial contamination. 

Among the difficulties of the water engineer 
must be included the sudden spring into prominence 
of one or other of the numerous comparatively 
large water animals that may be found in the 


fauna of the water-pipes. These include one or| 


more representatives from the protozoa, sponges, 
hydrozoa, worms, mollusca, insects and _ fishes. 
Anyone desirous of ascertaining what may be found 
in the pipes should follow the example of Dr. 
Kraepelin of Hamburg, who fitted a very fine 
wire-gauze cage to one of the pipes and examined 
all the small organisms retained in the cage. In 
comparison with the organisms more specifically 
detailed above, these are comparatively large, and 
when one or more species multiply rapidly, their 
appearance is apt to be viewed with consternation, 
especially when the ratepayer finds them in water 
which he is about to drink. If the matter is urgent, 
a method of chemical precipitation should be 
employed to clear away the food supply of the 
organisms that have gained a temporary 
predominance. In any case, it may be assumed 


that the rapidity of growth of such organisms is | 


equalled only by the rapidity of their decline ; it 
is only a question of time before they succumb. 
It is impossible for any one organism of this kind 
to maintain its predominance for any length of 
time because the conditions are continually 
changing. Within a short period, without taking 
any action, the numbers of any organism that has 
rapidly multiplied in this way will decline, and it 
will once more take its place as unobtrusively as 
before its sudden rise into prominence. 


ELECTROLYTIC GENERATION OF 
HYDROGEN AND OXYGEN. 
(Concluded from page 482.) 


THE pressure boosters, previously referred to, were 
designed and constructed by the Bryan Donkin Com- 
pany, Limited, for the purpose of raising the gas pres- 
sure from $ in. on the suction side to 10 in. water 
gauge on the delivery side. The general arrangement 
of the plant and inter-connecting pipework, complete 
with isolating valves, automatic by-pass valve, oil 
separators on the outlet and by-pass governors, is 
shown in elevation and plan in Figs. 14 and 15 
on page 509. The plant consists of two motor-driven 
boosters of the rotary positive type, each capable of 
passing 2,000 cub. m. (70,000 cub. ft.) of hydrogen 
per hour and raising the pressure, as stated; the two 
machines may be run singly or together. The boosters, 
lettered A in Fig. 15, are of the two-blade improved 
Beale type and are fitted with specially deep stuffing 
boxes for use with hydrogen and with a pressure 
system of lubricetion. They are driven, through 
machine-cut double-helical gearing, by totally-enclosed 
compound-wound electric motors, each developing 12 
brake horse-power at 700 r.p.m. The by-pass governors, 
B on the plan and further illustrated in Fig. 16, on 
this page, are fitted in a by-pass line to each machine, 
and are designed to operate, when the pressure on the 
suction side reaches }-in. The governor operates a 
valve which allows gas to pass from the delivery to 
the suction side, the arrangement ensuring that 
the pressure on the suction side is prevented from 
falling below }-in. water gauge so eliminating the 
possibility of the boosters drawing air should the 
production of the cells fall below the capacity of 
the booster. The governor consists of a cast-iron 
cylinder containing water in which a floating bell is 
enclosed ; the interior of the bell communicates with 
the inlet side. When the bell sinks, the butterfly valve 
sbown opens and allows gas to pass over to the suction 
side. To put the governor into use, water is run 
into the cylinder until it escapes at the cock half-way 
up. The cock is then shut, and weights are put on the 
disc carrier, which is connected to the bell as shown, 
until the valve opens at the desired pressure; fine 
adjustment can be made by means of the small 
weights placed on the central carrier. The domed 
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cover forms an air cushion for the rising bell, and 
the pressure can be adjusted by means of the cock 
in the cover. The boosters draw from a 12-in. catch 
pot which is connected by a gas main to the cell room. 
It is shown at the bottom of Fig. 15. 

The oil separators, lettered C in Fig. 15, are connected 
on the delivery side of the boosters to prevent the 
lubricating oil used in the booster from being carried 
along with the gas. A by-pass line is coupled to the 
12-in. catch pot on the intake sides of the boosters 
and runs to a governing gas valve just outside the 
building, but not indicated in Fig. 15. In this 
by-pass pipe line, a valve D is fixed which remains 
closed when the boosters are operating normally. 
This valve consists of a hinged flap counterbalanced 
by an internal weight and lever. In the event of the 
boosters ceasing to operate, owing to failure of the 
electricity supply or any other reason, the pressure 
on the cells will gradually increase until the by-pass 
opens and releases the gas to atmosphere through the 
governing gas valve, fixed outside the building, as 
already mentioned. The by-pass valve D can be 
adjusted to operate at any predetermined pressure. 

Oxygen from the gas main in the cell room enters 
the 14-in. diameter oxygen main, which is indicated 
in Fig. 15. After passing through a catch pot and 
governor valve, the gas is blown to atmosphere outside 
the cell room. The oxygen governor, which is shown 
in section in Fig. 17, ensures that the pressure in the 
washer tanks and bells for both gases remains at about 
4 in. w.g. The cast-iron cylinder, as in the other 
governor, is partly filled with water, in which a bell 
floats. The interior of the bell communicates with the 
inlet side by means of the vertical pipe; throttling 
adjustments are made with the aid of the screw K 
if the governor should be too sensitive. When the 
governor is in operation, rise of pressure lifts the bell 
and opens the double-beat throttle-valve, to which it 
is connected. 

As regards the costs of electrolytic hydrogen and 
oxygen, the primary items to be considered are the 
price of electrical energy and the utilisation of the two 
products. Both these factors vary so much with local 
conditions that each case has to be studied on its own 
merits. At Port Sunlight, and other installations in 
industrial districts, there is a demand for both hydrogen | 
and oxygen; but many plants have been constructed | 
for the generation of hydrogen only, no use being | 
made of the oxygen. At Bussi, in Italy, 200 cells, 
running at an average of 5,400 amperes, supply 





hydrogen for the Societa Italiana di Elettrochimica. 
The current varies between 1,800 and 7,200 amperes, | 
and is supplied at times of light load from the hydro- | 
electric plant at Bussi, 190 km. from Naples; the cost | 
of the current is thus very low. The expenditure for | 
upkeep is small, and the general advantage of the | 





electrolysis of water is that neither the voltage nor the | 
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current need be kept constant and that cells may 
instantly be switched in and out. Distilled water has, 
however, to be provided. At Bussi this is done on 
the Wirth system, the special plant having been 
furnished by Messrs. Escher Wyss, of Ziirich ; steam 
from a still is compressed, and the latent heat recovered 
is re-utilised for the distillation. At the Erith Oil Works, 
Limited, one man attends to the 200 cells and the test- 
ing of the Knowles plant. For the cells installed at 
Sydney and Durban in 1913, no electrode renewals have 
yet been required. If the gas is to be compressed in 
cylinders, the expense is naturally increased consider- 
ably ; the cost of compression actually amounts to about 
half the selling price. Messrs. The International 
Electrolytic Plant Company, advise us that in tests of 
the first battery of 200 cells at Pierrefitte recently carried 
out, the purity of the gases was of a very high order. 
The guarantee figures were 99-5 per cent. for hydrogen 
and 99 per cent. for oxygen, while the results actually 
obtained were 99-5 to 100 per cent. for hydrogen and 
99-6 to 99-8 per cent. for oxygen. 





Directory oF Parer MAKERS, 1927.—First published 
51 years ago, the “ Directory of Paper Makers of Great 
Britain and Ireland,” for 1927, has just been issued. 
It contains alphabetical lists, comprising full names and 
addresses, together with machines employed, qualities 
of paper made, &c., of paper and millboard makers, and 
paper enamellers, surfacers and gummers. Other sections 
of the book are devoted to trade designations used by 
paper makers and wholesale stationers, paper-trade 
customs, standard names and sizes of papers and boards, 
and other matters of interest to the paper and stationery 
trades. The book is published by Messrs. Marchant 
Singer and Company, 47, St. Mary Axe, London, E.( ee 
The price is 5s. net, or 5s, 6d. post free in the Unitec 
Kingdom. 

Wrreess RECEIVER FOR Press MessaGes.—We have 
received from Messrs. Marconi’s Wireless Telegraph 
Company, Limited, Marconi House, Strand, London. 
W.C.2, a pamphlet déscribing their Press Receiver. Type 
Rg. 12, which is intended for the reception of pre as 
messages, time signals, &c., transmitted from eagoregee 
wave stations operating on long wave-lengths at the 
extreme limit of the ranges of these stations. The set 
is designed to give the highest possible degree of selectivity 
and to reduce atmospheric and other cetuebences “ ° 
minimum. It employs a frame aerial, three nee 
frequency filter circuits and two low-frequency filters, - 
conjunction with a local oscillator and note magnifier. 
Three models are made with the following wave- 
length ranges :—10,000 m. to 25,000 m., 4,000 m. to 
10,000 m., and 1,600 m. to 4,000 m. Reception - 
normally on head telephones, although recording 
apparatus can be supplied if required, and a calibrat = 
chart is provided to indicate the adjustments necessary 
to tune the receiver to all the principal long-wavé 
stations of the world, so that it can be used by 
telegraph operator without previous wireless experienc’ 


any 














rE. 


may 
has, 
e on 
been 
eam 
ered 
orks, 
test - 
d at 
have 
d in 
ider- 
bout 
onal 
ts of 
ried 
der. 
ogen 
tally 
and 


shed 
reat 
ued. 
and 
ities 
and 
tions 
1 by 
rade 
irds, 
nery 
hant 
.C.3. 
rited 


have 
raph 
don, 
[ype 
yress 
jous- 
the 
» set 
vity 
to a 
\igh- 
s, in 
ifier. 
ave- 
. to 
n 
ding 
tion 
sary 
rave 
any 














APRIL 29, 1927. | 


ENGINEERING. 





511 








3,250-H.P. DOUBLE-REDUCTION GEAR FOR AIR COMPRESSOR. 


BROWN AND SONS (HUDDERSFIELD), LIMITED, ENGINEERS, HUDDERSFIELD. 


CONSTRUCTED BY MESSRS. DAVID 

















3,250-H.P. DOUBLE-REDUCTION GEAR 
FOR DRIVING AIR COMPRESSOR. 


Weillustrate on this page, in Figs. 1 and 2, a double- 
reduction gear designed for coupling together a steam 
turbine and a reciprocating air compressor, which has 
recently been constructed by Messrs. David Brown 
and Sons, Limited, of Huddersfield, and is believed by 
them to be the largest reduction gear yet supplied for 
land service, The steam turbine, which is capable of 
developing 3,250 h.p., runs at 4,000 r.p.m., whilst the 
designed speed of the compressor is 120 r.p.m. The 
intermediate shaft runs at 518 r.p.m. The complete 
unit weighs 55 tons and, as shown in Figs. 3, 4 and 5, 
measures overall 15 ft. 3 in. by 11 ft. 3 in. by 8 ft. 9 in. 
in height. As best seen in Fig. 2, the centre lines of 
all three shafts lie in the plane of the horizontal 
part of the casing. The whole of the components 


are mounted on, and supported by, the lower half 
of the casing, whilst the upper half forms a mere 
cover, preventing access of dirt and loss of oil, and 
's readily removable for purposes of cleaning or in- 
Great rigidity has been aimed at in 


Spection. 
the desig 








n of the lower part of the casing. As 
een, it is very deep, and double walls 


will be g 


are provided under the bearings, as indicated in 
Fig. 5. 

The pinion shaft is supported on three bearings. 
Of these, two are arranged as close as possible to 
the pinion, so as to reduce to a minimum its deflection 
under load, whilst the third bearing is located close 
to the flexible claw coupling, shown in Fig. 6, by which 
the pinion-shaft is connected up to that of the turbine. 
A facing, shown on the left-hand bottom corner of 
Fig. 4, is provided for coupling up the gear-case to 
the turbine bed-plate, whilst another facing, concentric 
with the pinion axis, is provided to ensure correct 
alignment of the turbine rotor and the pinion-shaft. 
An oil-tempered 60-ton nickel-chrome steel has been 
adopted for the latter. After rough machining, the 
forging was heat-treated, and the teeth were then 
cut by ground hobs, The journals were finished by 
grinding, and when complete, the whole pinion-shaft 
was dynamically balanced. 

For the intermediate shaft a 36-ton steel has been 
adopted, and, as in the case of the pinion shaft, it 
was finished by grinding at the journals and at all 
important diameters. The wheel centre is a steel 
casting on which is shrunk the forged-steel ring in 
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60-ton nickel-chrome steel, which were shrunk into 
place before the teeth were cut, either on the wheel or 
on the pinions themselves. After completion, the set 
was carefully balanced before it was mounted in place. 





which the teeth are cut. The pinions are sleeves of 


For the wheels on the slow-speed shaft, cast-iron 
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centres were employed. These were hydraulically 
pressed into place and secured by keys and ring nuts. 
On them are shrunk the forged-steel rims in which 
the teeth are cut. 

The oil required for lubrication is supplied by a gear 
pump driven by chain and sprocket wheel, as indicated 
in Figs. 1 and 2. The upper sprocket, shown in Fig. 1, 
is driven by gearing from the intermediate shaft. 
Provision is made for adjusting the distance between 
the sprockets should the chain stretch. The oil from 
the pump is delivered to a manifold, which is bolted 
to the front of the casing, from which the lubricant is 
distributed to the various bearings by cored passages. 
The teeth are lubricated by sprayers, which, in the 
case of the first reduction, are fitted below the pinion- 
shaft. At the second reduction, the direction of motion 
being reversed, the sprayers deliver the oil to the upper 
surfaces of the pinion. The normal oil pressure is from 
8 lb. to 10 lb. per square inch. Test cocks connected 
by piping to each bearing provide the means of testing 
the oil flow when desired. The spent oil falls to the 
bottom of the casing, whence it is passed back to 
the pump through vertical multi-cellular coolers of 
the usual type. Oil strainers and magnetic separators 
are also provided. A steam-driven auxiliary oil pump 
serves as stand-by, and starts up automatically should 
the oil pressure fall below a predetermined limit. 
This pump is also used when the gear has to be started 
up from rest. 





LETTER TO THE EDITOR. 


SEPARATING THIN ROLLED SHEETS. 


To tHE Epiror or ENGINEERING. 

Srr,—Having recently inspected in Germany a novel 
and excellent machine for separating sticking sheets in 
sheet mills and tinplate mills, I think it probable that 
the particulars of this machine given below may be of 
interest to your readers, 

Probably one of the greatest difficulties which has 
been met with in sheet-mill practice has been, and still 
is, that of separating badly sticking sheets after 
multiple rolling. In every sheet works, a considerable 
percentage of the rolled production is spoilt, and duly 
scrapped, owing to inability to separate the sheets satis- 
factorily without tearing or otherwise spoiling them. 
The separation of sticking sheets is invariably done by 
hand and by the use of a guillotine knife, and the 
operation is always a difficult one and by no means 
successful. Notwithstanding all attempts hitherto 
made to recover such sheets, there is still a considerable 
loss, which in few cases falls below 5 per cent. of the 
total production of the mills, and, as far as the writer 
is aware, no machine has hitherto been successfully 
designed to handle this problem. 
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The writer, when recently visiting a number of im- 
portant Continental sheet works, discovered in one of 
these works an entirely novel machine which is now 
effectively separating the worst sticking sheets with a 
most remarkable speed and efficiency. To the best 
of his belief the machine he saw is the only one in 
existence at the present time, although a second 
machine is now being installed at the same works. 
The works in question are producing approximately 
1,500 tons per month of sheets varying from 20 gauge 
to 34 gauge, and of this production they admit that 
about 7 per cent. would either be partially or entirely 
wasted owing to the difticulty and cost of unsticking 
by hand. The whole of this 7 per cent. of badly stick- 
ing sheets are passed through the special machine, and 
approximately 70 per cent. of them are recovered in 
perfect condition, quite flat, and without kinks or 
other imperfections which always result from unstick- 
ing by hand, The small proportion which are torn 
through excessive sticking during the separating opera- 
tion areinvariably cut down in size, so that the actual 
scrap is an almost irreducible minimum. 

The machine is extremely simple but most ingenious, 
and undoubtedly functions perfectly, effecting a great 
saving in material and labour. One machine at 
present deals with all the sheets which do not freely 
pull apart from the above monthly output. Two 
labourers or boys work the machine, and standard sheets 
6 ft. 6 in. long by 3 ft. 3 in. wide are separated at the 
rate of one unsticking operation per minute. The 


average outputs of six 10-hour shifts, taken at random 
from the records of the machine, are given in the 
above table. 

The sheets were rolled from sheet bars made from 
ingots of either the Thomas or the Siemens-Martin 
processes, according to orders, and every care is taken, 
both in regard to mixture and melting at the furnaces, 
to produce good suitable ingots. The machine occupies 
a floor space of 8 ft. in length and about 6 ft. in width, 
including the driving motors and electric controlling 
gear. It is driven by two motors, one of about 5 kw. 
for dragging the sheets over the oscillating bars, and a 
smaller 3 kw. motor for driving the oscillating bars 
at a constant speed of 600 oscillations per minute. 
The dragging speed can be varied to suit the gauge and 
condition of the sheets being separated. The edges of 
the ends of the sheets, lettered A in the sketches 
reproduced in Figs. 1 and 2, are passed above and 
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below the oscillating bars into grips fixed below and 
above the centres of the bars, the grips securely holding 
the edges of the sheets. The machine is then started up 
and the sheets are pulled slowly over the rapidly oscil- 
lating bars. By this means even the hardest sticking 
sheets are speedily separated and at the same time re- 
main quite flat. When the whole length of the sheet has 
been pulled over the bars, the top sheet is removed and 
placed on the finished pile, and the under sheets are 
again taken to the front for the remaining sticking 
sheets to be separated in turn. 

The inventors claim that they are recovering sheets 
to the value of 250/. monthly, the bulk of which would 
otherwise have to be disposed of at scrap value. They 
are working the machine two shifts per day and claim 
additional profit due to the reduction in labour, and 
to the convenience attributable to the removal of con- 
gestion of the space adjacent to the mill. All the 
badly-sticking sheets from each mill are taken to the 
machine at intervals for treatment. 

Messrs. Demag A.G., of Duisburg, have obtained the 
rights for the machine as regards Great Britain and 
the British Colonies and Dependencies, and British 
and other patents have been applied for. 

I am, Sir, yours faithfully, 
Joun A. Smeeton, M.I.Mech.E. 

15, Victoria-street, Westminster, S.W.1. 





100-ToN PRECISION CRUSHING MACHINE: ERRATUM.— 
In the description of the 100-ton precision crushing 
machine given on page 383 ante, it was stated that this 
machine was installed in the cement testing laboratory of 
the Department of Overseas Trade in the Imperial 
Institute. We are asked to point out that the laboratory 
in question forms part of the Imperial Institute, and is 
entirely independent in every sense of the Department 
of Overseas Trade. The laboratories of the Institute are 
maintained by funds supplied by H.M. Government 
and the Governments of the Dominions, India, and 
Colonies Overseas, and the machine described has been 
installed in connection with government tests of British 
cements. It may be recalled that in 1925 (vol. cxix, 








page 273) we described a compacting machine for sand- 
cement briquette testing, also in use in these laboratories, 
in connection with the testing of cement for export to 
the Argentine. This machine it will be remembered was 
constructed in the Imperial Institute workshops. 





LauncH oF THE 8.8. “ British Cotony.”—A single- 
screw oil-tank steamer, the 8.S. British Colony, which 
is intended for the service of the Anglo-Persian Oil 
Company, Limited, of London, was launched on Monday, 
April 4, from the Neptune Yard of Messrs. Swan, Hunter 
and Wigham Richardson, Limited, to the order of the 
British Tanker Company, Limited, of London. The 
vessel, which is designed to carry over 10,000 tons 
deadweight of oil cargo in 22 main tanks and 10 summer 
tanks, is 454 ft. in length, with a beam of 57 ft. and a 
draught of 26} ft. The handling of the oil cargo is 
provided for by two pumps, each of 300 tons per hour 
capacity; the ballast pump and the oil-fuel pump are 
situated in a smaller pump room forward. The propel- 
ling machinery, all of which is being supplied by the 
builders, consists of a set of triple-expansion engines, 
steam being supplied by three large boilers burning oil 
fuel with the Wallsend-Howden system of forced draught ; 
over 1,400 tons of fuel oil are carried in a cross bunker, 
the double bottom, a deep tank forward, and in settling 
tanks. Accommodation is provided amidships for the 
captain, officers and a limited number of passengers. 
The engineers are housed on the poop deck aft, and the 
seamen and firemen will have their quarters on the upper 
deck forward. 





LABOUR NOTES. 


THE campaign against the Trade Disputes and Trade 
Unions Bill is formally to be begun to-day with a 
conference in London, chiefly of representatives of 
executive councils. The unions’ case, prepared by a 
Trade Union Defence Committee set up by the General 
Council of the Trades Union Congress and the executive 
of the Labour Party, is to be presented at the meeting, 
which will, after discussing it, decide the further steps 
that are to be taken to oppose the proposed legislation. 
It is urged against the measure that it will restrict the 
power to strike, leave untouched the employers’ right 
to lock-out, protect blacklegs, make picketing almost 
impossible, deprive the unions of their legal rights to 
raise political funds, prevent- civil servants linking 
up with their fellow-workers, interfere with a local 
authority’s power to unionise its staff, severely limit 
the right of a local government employee to strike, 
and permit the Attorney-General to interfere in the 
administration of trade union funds, 





‘The mere suggestion of the Bill,” says The Worker, 
the organ of the National Minority Movement, “is 
a challenge to the courage and self-respect of every 
worker. We must begin at once to organise such a 
mass protest as will teach Baldwin and all whom it 
may concern that we will not surrender the right to 
strike, either in detail or as a class, just when and 
where we please. We are the judges, and we alone, 
as to when a strike is necessary ; and the logical answer 
to Baldwin’s impudence is such a General Strike— 
a real one this time—as will bring him and his Bill 
smashing to the ground. By their deeds in the next 
two weeks, the leaders of the organised workers will 
decide the future—of themselves, first of all (since the 
rank and file are not to be played with for ever), and 
in the second place of the organised struggle of the 
workers, which (Bill or no Bill) will never end until 
Capitalism is overthrown and the workers’ rule 
triumphant.” 





Speaking at a conference in Manchester last week-end 
of engineering employers and employees, Mr. W. L. 
Hichens, chairman of Cammell Laird and Company, 
Limited, said that the time had come when there might 
be a full and frank co-operation of both sides. Those 
who held there were fundamental antagonisms were a 
long way behind the times—were talking in the terms 
of the mid-Victorian era, not those of the second 
quarter of the 20th century. Economic production 
postulated the payment of the highest possible, not 
the lowest possible, wage as a first step. It would bea 
sound thing if a general conference representing all 
employers and workers were called to discuss prin- 
ciples, leaving details to other bodies., At least, sucha 
conference could discuss three things—(1) Co-operation 
in order to secure the highest efficiency of industry ; (2) 
an industrial truce for a period of time; and (3) that 
detailed proposals for each industry should be drawn 
up by employers and employed in that industry, 
when far more financial information could be given 
than was at all customary where trade unions were 
concerned, 





Mr. W. M. Citrine, who also took part in the discussion, 
warned employers that British trade unionists had 
deep down the conviction that jt was not worth while 
to try to alter the present system of capitalist industry, 
which they believed to be doomed, and that therefore 
efforts to adjust matters inside capitalism should 
be left to the employers, In expressing that view, Mr. 
Citrine was, of course, scrupulously orthodox from 
the Socialist point of view, but the argument is, never- 
theless, singularly short sighted. The main trouble of 
the British industries which have to meet foreign 
competition is that their high manufacturing costs 
cripple them in their search for work. Even with 
nothing included for profit and next to nothing for 
charges their tenders are too high. Obviously, that is 
a matter which cannot be adjusted “‘ inside capitalism 
in the sense that Mr. Citrine and his friends use the 
words. Moreover, the high manufacturing costs which 
are crippling the unsheltered industries would hope- 
lessly handicap them under any system of industry, 
including those which find favour with Mr. Citrine. 





The ballot of the Boilermakers’ Society for or against 
the proposed shipyard agreement has gone against 
acceptance by 3,257 to 1,439. The total membership 
of the organisation is about 80,000. For various 
reasons, including the smallness of the total vote, the 
Executive Council have decided to ask the members 
to take a further vote on the question at the May 
meetings of the branches. The agreement, which 
seeks to set up machinery for the avoidance of disputes, 
was recommended to the members by the Executive 
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recommendation could be obtained. ‘‘ The total vote 
of 4,716 cast for and against the agreement is,”’ they 
now declare, ‘‘ most unsatisfactory, as it shows that our 
members have failed to appreciate the importance of 
the issues involved. In the 47 hours’ agreement we 
were parties, with the other trades, to a pledge that 
we would accept some form of national procedure for 
avoiding disputes. It is now about nine years since we 
entered into the hours’ agreement, with the consent of 
the members. It, therefore, c.nnot be said that we have 
in any way hurried the completion of the proposed 
agreement, All other trades concerned have either 
already accepted an agreement or are empowered to 
do so. We have had previous experience of complete 
isolation as a result of our decision against acceptance 
of agreements with other trades on common questions 
with results very far from satisfactory. All along our 
members have recognised the value of trade union 
unity in their affiliation to the Trades Union Congress 
and the Labour Party. With all other trades in the 
shipyards accepting a form of procedure for negotiating 
disputes in shipyards we, who are the principal ship- 
building trade, cannot dissociate ourselves altogether 
from any form of procedure for dealing with common 
questions. . ._ The alternative to this agreement may 
be a state of chaos in which negotiations will be impos- 
sible, and we shall definitely alienate the good will and 
support of other trade unions, and perhaps find them 
decidedly opposed to us on all trade questions. This 
is the alternative which the executive had to consider 
in their negotiations, and, in their opinion, the least 
of the evils is the draft agreement.” 


The Monthly Report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders states that 
at the end of March, 17,446 members were “ signing the 
books ”’ as compared with 20,380 at the end of February. 
The number of members drawing superannuation 
benefit declined from 4,237 to 4,221, and the number on 
the sick fund from 3,085 to 2,864. The expenses for 
March were 13,6691. Os. 5d.;. in February they were 
14,2481. 13s. 3d. 





According to The Ministry of Labour Gazette, the 
wages of workpeople engaged in the melting and 
rolling of iron and steel, which fluctuate in nearly all 
the principal districts under sliding scales dependent 
on the selling price of pig iron or of manufactured 
iron and steel, were either reduced slightly or remained 
unchanged during 1926, except in the case of blast- 
furnace workers in Cleveland, West Cumberland and 
North Lincolnshire, and iron puddlers and iron and 
steel millmen in the Midlands, who received small 
net increases. No general changes in rates of wages 
occurred in the engineering or the shipbuilding industry. 
In the tinplate industry in South Wales and Mon- 
mouthshire the temporary allowance of 74 per cent. 
which had been in operation since February, 1922, 
was reduced to 3} per cent. Workers engaged in 
the manufacture of iron and steel wire sustained 
a reduction in wages, In the chain trade there was 
a decrease in April, followed, in November, by an 
increase of the same amount. Electric cable makers 
also had their wages increased and reduced by equal 
amounts during the year. 





In the coalmining industry rates of wages in the 
principal districts remained unchanged during the 
first four months of the year at the minimum permissible 
under the Agreement of 1924. On the resumption 
of work after the stoppage the percentage additions 
to basis rates of wages were increased in Nottingham- 
shire, Derbyshire, Leicestershire, Warwickshire, Can- 
nock Chase, North and South Staffordshire and the 
Forest of Dean, and reduced in Northumberland, Dur- 
ham, Cumberland, North Wales and the Bristol and 
Radstock districts. In all districts the enhancement 
to basis rates of wages which were granted in 1919 when 
the hours were reduced to 7 per shift, were either with- 
drawn or reduced in consequence of the increase in 
hours to 8 or 7 per shift after the stoppage. At iron- 
stone mines in Cleveland and limestone quarries in 
Durham, there was a net increase in rates of wages 
during the year amounting to about 5 per cent. on the 
rates at the end of 1925. At iron ore mines in Cumber- 
land, there was a net reduction of 1d. per shift in 
the bargain price for miners, and a slight net increase 
in other rates of wages. The shale miners and shale 
oil workers in Scotland were subjected to a reduction 
of 5 per cent. 





hae a letter read at the annual meeting of the Aberavon 
visional Labour Party on Saturday! ast, Mr. Ramsay 
MacDonald said, with reference to the Trade Disputes 
ag Trade Unions Bill :— We are faced with one of 
© worst Bills that has ever been introduced into 


ness in every clause. The passion and enmity which 
were in the hearts of those who drafted it have made 
them forget that they were lawyers, and they have 
issued a thing the exact meaning of which no man can 
tell. If this Bill were to become law no Trade Union 
in the country would know what were its responsi- 
bilities. Almost everything they did would have to 
be subject to a court decision, so that the law might 
be straightened out and interpreted, and men and 
women involved in the most simple and apparently 
straightforward actions would find themselves in a 
position of doubtful legality, and might be prosecuted 
and punished, We shall fight this bill right through, 
but with a two hundred majority against us, our friends 
must not expect that we shall be able to put any- 
thing like justice, commonsense, or ordinary decency 
into it. What we can and will do, however, is that 
as soon as the country entrusts us with power we 
shall remove this disgraceful smirch from the Statute 
Book.” 


At last week’s meeting in Galashiels of the Scottish 
Trade Union Congress, a resolution was submitted 
pledging the conference to give full support to the 
joint campaign organised by the whole Labour move- 
ment against the Bill. It denied emphatically that 
any grounds existed for restricting the powers of 
trade unions or that any national purpose would be 
served by any of the proposals in the Government’s Bill. 
‘* In particular,” it added, “‘ this congress will resolutely 
refuse to allow any restrictions to be placed on sym- 
pathetic support being given by unions to one another 
or on the right of trade unions to deal with their mem- 
bers without interference by Courts of Law, or the 
rights of all workers, whether employed in State or 
municipal employment, to associate fully with their 
fellow-workers. This congress also affirms its deter- 
mination tg maintain the right of trade unions to raise 
and administer political funds by methods which have 
been followed with the consent of the unions for the 
past 14 years.” 





An amendment was moved describing the Govern- 
ment’s Bill as the high-water mark in the capitalist 
attack upon the workers. It called upon the entire 
labour and trade union movement to force a complete 
withdrawal of the Bill. The danger of relying upon 
purely Parliamentary constitutional means to defeat 
Government was emphasised, and labour was called 
upon to obstruct all business in the House of Commons. 
In conclusion it urged the General Council to get into 
touch immediately with the British Trades Union 
Congress with a view to joint action up to and including 
a general strike, if necessary, in order to smash the 
‘wage cutters’ Bill.”” The amendment was defeated 
and the resolution carried. 





The Ministry of Labour states that on April 19, 
1927, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,106,400, of wlom 882,000 were men, 30,000 boys, 
163,800 women, and 30,600 girls. Of the total number, 
67,300 men, 100 boys, and 600 women were normally in 
casual employment, 574,000 men, 22,900 boys, 79,200 
women, and 25,200 girls were wholly unemployed, 
and 240,700 men, 7,000 boys, 84,000 women, and 5,400 
girls were temporarily stopped. On April 11, 1927, 
the number of unemployed persons was 1,078,252, of 
whom 860,272 were men, 28,573 boys, 159,209 women, 
and 30,198 girls ; and on April 19, 1926, it was 996,646. 
of whom 774,957 were men, 30,288 boys, 158,734 women, 
and 32,667 girls. 





Mr. J. C. Goff, the managing director of Crosse and 
Blackwell, Limited, gave some interesting information 
regarding the effects in that business of the intro- 
duction of machinery. In 1924, in their Crimscott- 
street factory, there were 1,258 employees; at the 
present time there were 1,392, yet in the last two years 
they had put in 50,000/. worth of machinery. ‘‘ We 
were able to convince our people,”’ he went on, “‘ that 
they would not lose their jobs. They might be put 
from this job to that job, but the fact remains that 
by introducing machinery—and the most scientific 
and modern machinery that could be got in the world— 
we are to-day paying our average worker, taking the 
whole factory, an increase of 7s. per week on an average, 
and some a good deal more. In some departments 
girls who were getting 27s. per week in the past are 
now getting 42s., and men who were getting 48s. 
in the past are getting 61s. 6d. The number of hours 
worked was forty-eight per week in the past; we now 
work forty-seven per week, so, on the same turnover, 
with the introduction of modern machinery and modern 
scientific methods, we are getting more goods made, 
paying better wages, working shorter hours, and 


POPLAR ELECTRICITY STATION. 


Ir is only when the engineering history of electricity 
supply is closely examined that it is realised how 
standardised have been the methods employed since 
the very early days. Before many years had passed, 
the slow-speed reciprocating engine, which was the 
first prime mover used, gave place to the well-known 
Willans high-speed type; and this alteration, once it 
began, quickly became general. The same may be 
said of the replacement of the Willans engine, in its 
turn, by the steam turbine and of much of the other 
equipment, such as the mechanical stoker, which is 
now generally employed. Certain recent proposals, 
however, give rise to the speculation whether a change 
is not about to occur, and whether in the future 
progress may not take place along two different lines. 
There now exists one school which, while carefully 
investigating every method whereby greater economy 
can be secured, still clings to basic principles, which 
experience has proved can be satisfactorily employed, 
and a second, which is eager to adopt the new ideas 
embodied in the suggestion that we should employ much 
higher steam pressures and temperatures, and thus 
obtain a better utilisation of our fuel resources and 
lower generation costs. This divergency may possibly be 
hastened by the work of the Central Electricity Board 
and the changes which it will necessarily bring about. 

An interesting example of the activities of the former 
school is to be found in the new generating station 
of the Metropolitan Borough of Poplar, which was 
formally opened by Sir Andrew Duncan, the Chairman 
of the Central Electricity Board, on Monday, April 25. 
It represents no great departure from common modern 
practice, unless the use of pulverised-fuel firing can 
be so described. At the same time, close attention 
has been paid to securing both low capital and low 
running costs, so that its contribution towards the 
solution of the problem of cheap electricity in London 
may not be less useful than had other more spectacular 
methods been adopted. 

The new station is illustrated on pages 414, 515 
and 518, but before describing the plant in detail, a 
brief reference may be made to the development of 
electricity supply in Poplar. A supply was first 
given in October, 1900, from a station containing 
two 200-kw. and two 100-kw. direct-current genera- 
tors. This plant very soon required extension, and 
by the end of 1904 the capacity of the station 
had become 1,600 kw., and a supply on the high- 
tension direct-current system, at 1,500 volts, was 
being given to the outlying parts of the borough. 
Shortly afterwards, the two 100-kw. generators were 
replaced by two 1,000-kw. Parsons three-phase alter- 
nators, what has now become the standard system of 
generation and transmission thus being inaugurated. 
Other extensions followed on the same lines, until. 
in 1922, not only had all the reciprocating plant, but 
all the original turbine plant and boiler plant, been 
replaced, and the capacity of the station, though still 
covering the same area, had been increased to 16,000 kw. 
As, however, the demand for electricity continued to 
grow, it became necessary to consider the question of 
erecting a new station on a site closely adjacent to the 
original. After an examination of various possibilities, 
it was decided, on the recommendation of Mr. J. Horace 
Bowden, the borough electrical engineer, to adopt this 
plan starting with a capacity of 10,000 kw. in one unit, 
and equipping necessary steam-raising plant with pul- 
verised-fuel firing. 

Access to the site selected is available both by 
canal and roadway, so that water-borne coal can be 
used and ample supplies of water are also obtainable 
for circulating purposes. Before building commenced, 
however, considerable levelling was necessary, and 
in order to render the canal wall safe for bringing 
barges alongside, it was necessary to reconstruct the 
whole of the frontage. The new wall is 160 ft. long 
and 19 ft. high from the bed of the canal. It 
is constructed of reinforced-concrete sheet piling, 
horizontal slabs of the same material serving as a 
relieving platform and also as a base for the retaining 
wall, which is erected directly over the piling. The 
piles are 23 ft. 6 in. long, and are driven to a depth 
of 11 ft. below the canal basin. The relieving platform 
is 13 ft. 6 in. wide, and is supported by 16 in. by 10 in. 
reinforced-concrete beams, which span the sheet piles, 
and by 3 ft. 6 in. concrete blocks, which are carried 
down through made-up ground to the virgin soil. 
The wall is protected by steel rubbing pieces, which 
are placed approximately 7 ft. 6 in. apart. The sheet 
piles used were made of ciment fondu to expedite 
the work. They were driven in behind the original 
timber wall, which was left in position until the 
dredging operations were complete. The wall is 
pierced by the inlet culvert of the circulating water 
system, the chamber for which is of reinforced 
concrete, 18 ft. 6 in. deep by 10 ft. wide. The 
chamber opening is protected by an iron grid, and is 
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connected to the pump house by a 48-in. conduit. 
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This portion of work was carried out by Messrs. 
K. Holst and Company, the designs and specification 
being approved by the borough surveyor of Poplar, 
Mr. Harley Heckford, and by the chief engineer of 
the Lee Conservancy Board, Mr. C. M. Turner. 

The main power house building is divided into 
five sections, which are devoted to the following 
purposes ; pulveriser house, boiler house, turbine 
house, pump room and switch gallery, offices, &c. 
The building is of steel framework with 9-in. panel 
walls, except in the turbine room, where the inner walls 
above the operating floor level are of glazed brick. 
The roofs are covered with Robertson’s asbestos- 
protected metal sheets. The building and machinery 
loads are carried directly down to the underlying 
gravel soil by piers of mass concrete. The contract 
for this portion of the work was obtained by the 
Mitchell Conveyor and Transporter Company, who 
were also responsible for the outside cranes and 
chimney, and for the excavations required for laying 
the circulating-water pipes and cable trenches. 

It has been assumed that the whole of the fuel 
required for the station will be water-borne, and the 
lay-out has been arranged accordingly, special 
attention being paid to the provision of ample space 
for storage. On the wharf there are two grab cranes, 
one of which is intended as a stand-by and is operated 
by steam, the other being worked electrically. From 
these cranes the coal is delivered to one of two hoppers, 
which feed the storage ground and the main bunkers 
of the pulverising plant, respectively. In the latter 
case it passes through a motor-driven weigher and a 
magnetic separator, and is then raised a vertical 
distance of 70 ft. by a gravity-bucket elevator, whence 
it is discharged into one of the two main bunkers, 
which have capacities of 100 tons and 200 tons, 
respectively. 

Two patterns of pulverising plant are installed, 
one being of the Raymond and the other of the Bradley 
type. The former was supplied by Messrs. International 











Combustion, Limited, and the latter by the 
East Ferry Road Engineering Company, Limited. 
The two Raymond mills are each capable of dealing 
with 12,000 lb. of coal per hour, and they work in 
conjunction with rotary steam-heated Lopulco driers. 
As is usual, each mill is fitted with an exhauster fan, 
which is connected to a cyclone separator, where the 
air is removed. The pulverised fuel is then picked 
up by the main screw conveyor.’ The coal from the 
Bradley mill, which has an output of 7,840 lb. per 
hour, is passed by a short screw conveyor through a 
dust separator to a cross screw conveyor with a 
capacity of 10 tons per hour. This discharges to 
the vertical bucket-type elevator, which delivers the 
coal to the main pulverised-coal screw conveyor. 

Three storage bins are provided at the top of the 
boiler house, one over each boiler, from which the 
fuel is fed on the well-known Lopulco system* 
to the burners. In this case, there are five burners 
to each combustion chamber, the five corresponding 
feeders being arranged in one group and driven by 
one motor, which can be adjusted to run at any speed 
between 35 r.p.m. and 140 r.p.m. Each feeder screw 
may be isolated from the rest. The primary-air fan 
for each group has an output of 3,500 cub. ft. per 
minute against a static head of 16 in. water gauge, 
the temperature of the air being 300 deg. F. 

The initial steam-raising equipment consists of one 
double-circulation and two cross-drum boilers. These 
were supplied by the Vickers Boiler Company, Limited. 
The heating surface of each boiler is 6,200 sq. ft. and 
they are designed for a normal evaporative capacity of 
50,000 lb. per hour. The steam pressure is 325 lb. per 
sq. in. and the final temperature 700 deg. F. The boilers 
are fitted with economisers, superheaters and air pre- 
heaters, and their equipment generally follows the usual 
Lopulco practice. The economisers were supplied by 





* For further details see ENGINEERING, 1926, vol. 
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the Power Speciality Company, Limited. They each 
have a total surface of 2,196 sq. ft. and raise the feed- 
water temperature to 240 deg. F. The superheaters each 
have a heating surface of 3,950 sq. ft. and were manufac- 
tured by the Fergusson Superheater Company, Limited. 
The air pre-heaters are of the Usco plate type and 
were supplied by the Underfeed Stoker Company, 
Limited. Each heater has a surface of 6,950 sq. ft. Both 
forced and induced draught is provided, the former by a 
fan with a capacity of 30,000 cub. ft. of air per min. 
This air is discharged through the air pre-heater. 
The products of combustion, after passing through 
the economiser and air pre-heater, are drawn by the 
induced-draught fan into a main flue, which is common 
to all three boilers, and thence pass to the single 
chimney. Each induced-draught fan is capable of 
dealing with 45,000 cub. ft. of flue gas per min., at a 
temperature of 380 deg. F. against a static head of 3 in. 
water-gauge. All the fans were manufactured by 
Messrs. Musgrave and Company, Limited. =, 

An interesting feature of the station is the provision 
of a compressed-air service for general use. This allows 
flexible connections to be attached at convenient 
positions throughout the building. The electrically- 
driven compressor used for this purpose is of the 
Sentinel type. It was manufactured by Messrs. 
Alley and McLellan, Limited, and is capable of com- 
pressing 200 lb. of free air per minute to a pressure of 
100 lb. per sq. in. ay 

Much attention has been paid to the provision of a 
pure feed-water supply. For this purpose, a flash evapo- 
rator for breaking down the raw water has been installed, 
together with a de-aerator for treating all the foed 
water passing to the boilers. The evaporator obtains 
its steam supply, at a pressure of 30 lb. per sq. 1”- 
absolute, through an 8-in. bore bleeder connection from 
an intermediate stage of the main turbine and, under 
normal working conditions, is designed to vaporise 
3,500 Ib. of water per hour. The vapour is condensed 
jn the low-pressure feed-water heater, and is brought 
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into the condensate system by being discharged through 
a steam trap to the condenser. 

The de-aerator is fitted between the surge tank and 
the feed-pump suction, the steam supply for the heating 
element being drawn from the feed-pump exhaust at a 
pressure of 10 Ib. per sq. in. gauge. Under normal 
full load conditions, the de-aerator is designed to treat 
109,100 lb. of feed water per hour. Provision has also 
been made for utilising the steam generated in a 
dust destructor plant, on an adjacent site, as a feed 
make-up supply for the new station. Eventually the 
steam from this plant will be supplied to a feed heater 
between the feed-pump discharge and the economiser 
inlet connection. The condensed steam will be taken 
erek a steam trap to the low-pressure heater and 
, ence to the condenser, so that in addition to supplying 
eed-water make-up it will also be used for feed-water 
heating. 

It 18 anticipated that:-this steam, when available, 
will be sufficient to supply all the make-up feed-water 
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required for the present installation, and that, when in 
use, it will be unnecessary to have the evaporator in 
service. It has thus been necessary to provide an 
alternative source of steam supply from the low- 
pressure feed-heater, in order that, with either method 
of working, the feed-heater temperature at the de-aerator 
inlet will be approximately that for which the de- 
aerator is designed. For this purpose, a 6-in. bleeder 
connection has been provided on the main turbine to 
supply steam to the heater at a pressure of 9-6 lb. per 
sq. in. absolute, when the evaporator is not in use. 

The feed system is entirely closed. There are two 
standard turbine-driven Weir feed pumps, each of 
which is capable of supplying the whole of the require- 
ments under normal running conditions. The de- 
aerator is of the Contraflo pattern, and was supplied 
by Messrs. Vickers Limited, while the feed heaters 
are of the floating head type, and were manufactured’ 
by Messrs. Caird and Rayner, Limited. 

To assist in the efficient operation of the boiler 
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house, a very complete system of control instruments 
has been provided. An instrument panel is mounted 
in front of each boiler on the control platform, and 
on this are fixed apparatus for measuring and re- 
cording the temperatures and quantities of the steam 
and feed water, and also the air and flue-gas tempera- 
tures. A master panel for recording the total steam and 
feed is mounted on the gauge-board on the starting 
platform in the turbine room. These instruments were 
all supplied by the Electroflo Meters Company, Limited. 
The master panel also carries a Cambridge multi-point 
temperature recorder giving the air and flue-gas 
temperatures on any of the boilers. 

The use of pulverised fuel predicates the employment 
of a large number of motors for driving the necessary 
equipment, and these, in turn, require appropriate 
control gear in order that they may be operated with 
efficiency and reliability. At Poplar, this control gear, 
which has been supplied by Brookhirst Switchgear, 
Limited, may be divided into four groups. The first three 
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of these comprise all the plant which deals with the 
fuel on its way from the barge to the combustion 
chamber, including the cranes, elevators, driers, and 
mills, while the fourth comprises the boiler-house fans, 
pumps and ash disposal plant. The principal con- 
sideration in the first three groups is unbroken sequence 
of operation. The various controls are therefore inter- 
locked in such a way that, if a breakdown occurs, 
all the machines in the particular group affected are 
shut down. Provision is also made for the motors to 
be started in a pre-determined order, the last motor 
in the sequence being started first. The fourth group 
does not necessitate sequence operation, but interesting 
features are that the no-volt releases do not operate 
until the pressure has fallen to one-quarter of its 
normal value, and that the overload releases are fitted 
with a restrainer which, while preventing tripping 
during starting, leaves them free to operate on severe 
overload or short-circuit. 

The turbine room equipment is standardised. The 
station is designed to accommodate some 25,000 kw., 
10,000 kw. of which has at present been erected in one 
set, a view of which is given in Fig. 3, on page 518. 
This set was constructed by the General Electric Com- 
pany, Limited, and supplies three-phase current at a 
pressure of 6,600 volts and a frequency of 50. The 
turbine is of the Fraser and Chalmers standard pattern, 
and has a normal speed of 3,000 r.p.m. It is supplied 
with steam at 300 Ib. per sq. in., with a total tempera- 
ture of 700 deg. F. and exhausts into a surface con- 
denser which maintains a vacuum of 28 in. The 
alternator is cooled by the totally-enclosed system of 
ventilation, the fans being driven by a 110-h.p. G.E.C. 
motor. . The tubes of the surface cooler are traversed 
by the condensate and make-up feed water. 

The surface condenser is of the Contraflo type, and was 
manufactured by Messrs. Vickers Limited. It has a total 
cooling surface of 14,500 sq. ft. The circulating water 
pumps were supplied by the Mirrlees Watson Company, 
Limited, and have a capacity of 9,000 gallons per min. 
They are driven by 150-h.p. squirrel-cage motors, 
running at 415 r.p.m. 

The main 6,600-volt switchgear, an illustration of 
which is given in Fig. 4, is of the metal-clad type. It 
was supplied by the Metropolitan Vickers Electrical 
Company, Limited. Each of the breakers has a 
rupturing capacity of 500,000 kv.-a., and they control 
the generator, the feeders between the old and new 
stations, the two stepdown transformers for supplying 
the auxiliaries, and the duplicate ’bus-bar interconnec- 
tion. They are solenoid operated from the control 
board through push buttons and contactors, the 
control panels also being equipped with the usual 
instruments and indicating lamps. Merz-Price protec- 
tive gear is provided on the alternator and the auxiliary 
transformers, and balanced protection on the feeders. 

Two 600-kw. transformers of the Metropolitan 
Vickers Electrical Company’s manufacture are installed, 
each of which is capable of dealing with the auxiliary 
load. These are of the outdoor type, and are mounted on 
rollers, an arrangement which facilitates their removal. 

The low-tension switchboard was supplied by Messrs. 
George Ellison and Company, Limited, and is divided 
into three groups for dealing with the alternating- 
current equipment and lighting, the direct-current 
three-wire supply, and the battery supply, respectively. 
The switches, which are mounted on cast-iron pedestals, 
are of the draw-out type. 

The cables connecting the new and old stations were 
supplied by Messrs. Glovers, Limited, and are of the 
paper-insulated lead-covered type. Each cable has a 
cross-sectional area of 0:35 sq. in., and is laid in 
earthenware ducts. They enable the whole output of 
the new station to be supplied to the ’bus-bars of the 
old station. 

The whole of the specifications for the plant we have 
just described were drawn up by Messrs. International 
Combustion, Limited, in conjunction with Mr. J. 
Horace Bowden, the general manager and electrical 
engineer of the Poplar electricity undertaking. 





BRITISH TRADE WITH EGYPT. 


A RECENT issue of the Monthly Journal of the 
British Chamber of Commerce of Egypt contains the 
report, for 1926, of the President of the Chamber, 
Mr. H. E. Barker. This is, in effect, a statistical 
summary of British trade activities in Egypt, and much 
of the information contained in it is of direct interest 
to the engineering industry. Mr. Barker states that 
the long-continued coal stoppage in England has 
greatly increased the difficulties of the British manu- 
facturer, and has been the cause of an appreciable 
decrease in Great Britain's share of the Egyptian 
import trade during 1926. In 1922, the United Kingdom 
was responsible for 34 per cent. of the total imports. 
During the succeeding years, this figure declined 
steadily until it stood at 25-2 per cent. in 1925, while 
the year 1926 witnessed a further marked fall to 21-8 per 





The total imports from Great Britain amounted 
to 11,405,6661.E., in 1926, as compared with 
14,660,6641.E., in 1925. Speaking generally, the 
trade in machinery was not quite so good during 1926 
as it was during 1925. Imports of machine tools and 
parts, however, showed an increase from 32,8261.E., 
in 1925, to 40,9111.E., in 1926. Great Britain’s 
share in 1925, was 11,1341.E., and in 1926, only 
5,8401.E. ; the increased trade was done with Germany, 
Belgium and France. Again, electrical plant imports 
increased from 138,887/.E., to 141,784l1.E. While, 
however, Great Britain’s share was 21 per cent. in 
1925, it fell to less than 14 per cent. in 1926. In this 
latter year, France supplied 28 per cent. and Germany 
20 per cent. of the trade. 

In the matter of railway material, on the other 
hand, the United Kingdom appears to hold a pre- 
eminent position, and, taking as a basis the value of 
the imports in this section, British manufacturers 
supplied two-thirds of the locomotives and about 
one-half of the rolling-stock purchased during 1926. 
In an article dealing with Egypt as a British market 
which appeared in our issue of December 3 ‘last, on 
page 699, we stated that it was perhaps in motor- 
vehicles that Great Britain showed the least achieve- 
ment. According to figures quoted by Mr. Barker, in 
his report, the position at the end of 1926 was much 
the same as it was at the close of the previous year. 
The tractor business, for instance, remains almost 
entirely in the hands of American manufacturers ; out 
of a total of 413 tractors imported during 1926, 407 
came from the United States, and only two were 
supplied by Great Britain. Again, out of 4,396 cars 
and chassis imported during the same year, more than 
half, namely 2,234, emanated from the United States, 
and only 238 from Great Britain; Italy supplied 
1,106 cars and France 662. It is satisfactory to note, 
however, that British motor tyres are gaining in favour. 
The 1926 imports, which were valued at 43,000/.E., 
out of a total of 185,099/.E., were nearly double the 
previous year’s figure. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 


Scottish Steel Trade.—There has been practically no 
change in the state of the steel trade during the past 
week. The demand from the shipyards for both plates 
and sections is as pressing as ever, and a few other con- 
sumers are also pressing for supplies, but fresh business 
is being booked very slowly. Inquiries for forward lots 
are of such a limited nature that some makers are taking 
rather a pessimistic view of the future, while others state 
freely that their opinion is that before long many new 
contracts are quite likely to be fixed up, and that active 
conditions will continue. In the black sheet trade there 
is still quite a fair tonnage going through, but mostly 
against old contracts. Buyers are not placing orders 
with any feverish haste, and it is still said that they are 
holding back till the last moment in the hope of securing 
more favourable terms. Prices all round show no change, 
and the following are the current market quotations :— 
Boiler plates, 11. per ton ; ship plates, 87. 7s. 6d. per ton ; 
sections, 71. 17s. 6d. per ton; and sheets, under ¥ in. 
to tin., 101. to 12/. per ton, all delivered Glasgow 
stations. 


Malleable-Iron Trade.—The West of Scotland malleable 
iron makers are once again suffering from a scarcity of 
orders. Old contracts are pretty well cleared off now, 
and it is chiefly the day-to-day demand which keeps the 
works running. New business is of a very restricted 
nature, and the tonnage overall is small. In the steel 
re-rolling departments quietness is also general and the 
outlook is not very hopeful. The price of ‘‘ Crown” 
bars is unchanged at 11/. 5s. per ton, delivered Glasgow 
stations, 


Scottish Pig-Iron Trade.—In the Scottish pig-iron trade 
the main feature at the moment is the consistently steady 
demand for hematite iron. All that is produced meets 
a ready sale, and order books are well filled up. Foundry 
grades on the other hand are slow, and even the output of 
the small number of furnaces in blast is more than equal 
to the current demand. Prices are easier afid are as 
follow :—Hematite, 85s. to 87s. 6d. per ton. delivered at 
the steel works; foundry iron, No. 1, 90s. per ton, and 
No. 3. 85s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, April 23, only amounted to 157 tons. 
Of that total 147 tons went overseas and 10 tons 
coastwise, 


Shipbuilding.—Messrs. Alexander Stephen and Sons, 
Limited, Linthouse, have received an important contract 
from the P. & O. Steam Navigation Company, Limited, 
London. It is to build an up-to-date liner of about 
20,000 tons gross, designed for the owners’ first-class 
mail and passenger service.—The Burntisland Ship- 
building Company, Limited, have secured an order from 
the Brussels Steamship Company, Limited, for a cargo 
steamer of 800 tons deadweight and about 630 tons gross. 
This vessel will be specially designed for passing through 
the canal locks and under bridges between Antwerp 
and Brussels, and will have adjustable masts, ventilators, 
and funnel. She will be asistership of the City of Brussels 
built by the same firm in 1925 for the same owners. 





NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 


The Coal Trade.—Following the holidays the market 
has hardly had time to settle down, with the result that 
it is difficult to gauge prices with any degree of accuracy. 
New business is coming along but slowly, and, though 
the bulk of the collieries have sufficient tonnage in dock 
and orders on hand to keep them going for the next 
couple of weeks, the outlook at the moment is none too 
bright. Prospective buyers are, in fact, looking for a 
drop in prices, but salesmen anticipate that orders are 
being held back, and that the loss in production caused 
by the holidays will enable them to maintain values. 
Admiralty large coals are easy on the basis of 23s. to 
23s. 6d. for the best descriptions, but Monmouthshires 
are in plentiful supply and easy at 21s. to 22s. for Black 
Vein large, 20s, 6d. to 21s. for Western Valleys, and 
19s. 6d. to 20s. 6d. for Eastern Valley large. Drys are 
also easily available and weak at 19s. 6d. to 21s. Smalls 
are about steady at 14s. 6d. for the best bunker descrip- 
tions, with cargo sorts from 12s, 6d. Shipments ——e 
in the past week amounted to 470,690 tons, compare’ 
with 519,740 tons in the corresponding week of last Mer’ 
exports from Cardiff totalling 276,500 tons against 302,17 
tons ; from Newport, 83,570 tons against 89,080 tons ; from 
Swansea, 55,680 tons against 77,070 tons ; from Port 
Talbot, 49,620 tons against 46,460 tons ; and from 
Llanelly, 5,320 tons against 4,960 tons. 


Iron and Steel.—There was a considerable falling of 
in the shipments of iron and steel goods in the past : -— 
in consequence of the holidays. Shipments of tinp ate 
and terne-plates were reduced from 9,096 tons, @ — 
earlier, to 3,902 tons, black plates and sheets from woe 
tons to 698 tons, galvanised sheets from 3,470 — 
1,447 tons, and other iron and steel goods from 0,95€ 
tons to 4,412 tons. The demand for Welsh —— 
remains quiet, and prices are on the easy side at 19s. ie 
to 19s. 73d. per box. Welsh tinplate bars are _ - 
61. 10s. per ton, whilst foreign bars are obtaina oS 
51. c.i.f., and it is contended in some quarters that 


price of Welsh bars must ae down —~— ae 
i inplate trade. icentats 
can be expected in the tinp rking st 6 


however, declare that they are already wo a 
loss and will have to shut down some of the furnaces. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Sales of Cleveland pig-iron 
are on a very limited scale. Producers are absorbing 
the bulk of the output at their own steelworks, and, 
declaring that they have little surplus iron to dispose 
of, adhere to prices that have ruled for some weeks past, 
notwithstanding customers’ persistent efforts to secure 
price concessions. Merchants have hardly any iron to 
offer for early delivery, but they are quite prepared to 
make speculative forward sales at figures below those 
asked by makers. The situation is resulting in further 
purchasing of Continental iron for consumption here at 
fully 5s. below ruling rates for Cleveland qualities. No. 1 
Cleveland is 82s. 6d.; No. 3 g.m.b., 80s.; No. 4 foundry, 
79s.; and No. 4 forge, 78s. 6d. 

Hematite.—The East coast hematite branch of trade is 
very dull. Though quotations have sunk well below 
cost of output, producers, in their anxiety to keep furnaces 
in blast, are pressing sales, but with only moderate 
success, and fear is expressed that unless an unexpected 
turn for the better occurs in the near future, the limited 
make will have to be curtailed. Nos. 1, 2, and 3 are no 
more than 82s, 6d., and 83s, is a full quotation for No. 1 
quality. 

Foreign Ore.—There is no new feature in foreign ore. 
Users are heavily bought, and imports against running 
contracts are heavy, but fresh transactions are hardly 
heard of. Sellers, however, still base market rates 
nominally on best rubio at 22s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Local consumers of blast-furnace 
coke continue to complain that prices are too high, but 
values are gradually moving in favour of buyers, and 
are now approaching levels at which substantial contracts 
may be arranged. Durham good average qualities are 
onsale, at 23s., delivered to consuming works in this area, 
and possibly the figure named could be shaded. 

Manufactured Iron and Steel.—Finished iron and steel 
producers are busy, but they experience difficulty in 
securing orders to follow on contracts that will run out 
early in the third quarter of the year, and they are 
somewhat uneasy as regards the future. Prices of some 
descriptions of material tend downward. Common iron 
bars are 111. 15s.; best bars, 127. 5s.; best best bars, 
12/. 15s.; iron rivets, 121. 5s.; steel rivets, 121. 10s. ; 
packing (parallel), 82.; packing (tapered), 111.; steel 
billets (soft), 72. 12s. 6d. ; steel billets (medium), 82. 2s. 6d. ; 
steel billets (hard), 87. 12s. 6d. ; steel ship plates, 8/. 7s. 6d.; 
steel angles, 7/. 17s. 6d. ; steel joists, 71. 17s. 6d. ; heavy 
sections of steel rails, 87. 10s. ; and galvanised corrugated 
sheets (No, 24 gauge, in bundles), 147. 15s. 








THE Krtson-Stint INTERNAL-CoMBUSTION Locomo- 
tive: Erratum.—In connection with the report of the 
discussion of Lieut.-Col. E. Kitson Clark’s paper at the 
Institution of Mechanical Engineers which appeared in 
our issue of April 15, on page 459 et seg, the figures 
relating to the last trip of the Dolius should read 45,000 
miles and not 4,000 miles to 5,000 miles. 





Personat.—Messrs. Laidlaw, Drew and Company, 
Gilmour-street (Simon-square), Edinburgh, are now 
officially registered to carry on business as a limited 
company under the name of Laidlaw, Drew and Company, 
Limited.—We understand that the well-known monogram 
A.H. enclosed in an oval, employed for many years by 
rr = Herbert, Limited, has been registered as a 

rademark, 





TrriaL Trip oF THE §.S. ‘ ARABISTAN.”—On Monday, 
April 25, successful sea trials were carried out of the 
single-serew steamer Arabistan, which has been built 
by Messrs. Wm. Gray and Company, Limited, of West 
Hartlepool, to the order of Messrs. Frank C. Strick and 
Company, Limited, of London. A description of the 
vessel, written on the occasion of her launch, will be 
found on page 123 ante. 





Conrracts.—Among recent orders of interest received 
by Messrs. The East Ferry Road Engineering Works 
Company, Limited, of Millwall, London, E.14, are the 
following contracts : Complete hydraulic installation for 
the Victoria Jute Company, Limited, Calcutta, which 
comprises two hydraulic wharf cranes with motor-driven 
hydraulic pressure pumps and a suitable accumulator. 
Three 2-ton capacity electric luffing cranes for Messrs. 
Leach and Company, Limited. Fourteen hydraulic 
capstans for the Port of London Authority, for their 
East India and Millwall Docks.—The Electric Furnace 
Company, Limited, 17, Victoria-street, London, S.W.1, 
re received orders for six Ajax-Wyatt brass melting 
urnaces, each of 600 lb. capacity, for a French firm, 
and also a 100 kw. resistance furnace for annealing 
aluminium sheet in Scotland.—A new automatic tele- 
phone exchange at Stratford, New Zealand, was recently 
ed by Messrs. Siemens Brothers and Company, 
ted, Woolwich, London, S.E.18. The exchange 
aS an initial equipment for 600 ordinary lines and 50 
— and party lines, with an ultimate capacity for 
vs and 100 respectively. The equipment includes a 
os manual board and a one-position test desk. 
So i Mirrlees, Bickerton and Day, Limited, of 
7 OcKport, have received an order from Messrs. 


a ck and Dykes, consulting engineers to the 
— corporation, for a six-cylinder 1,715 brake 
'se-power Mirrlees-Diesel engine for installation at 


meikate.—The General Electric Company, Limited, have 

say nine months’ contract for the supply of Osram 

— filament and Robertson carbon filament lamps, 
om the Bolsover Colliery Company, ; 








NOTICES OF MEETINGS. 





Tue INSTITUTION OF MECHANICAL ENGINEERS.—To- 
night at 6 p.m., at Storey’s-gate, S.W.1. ‘‘ The Failure 
of Some Steel Wires under Repeated Torsional Stresses 
at Various Mean Stresses,’’ by Professor F. C. Lea and 
Mr. F. Heywood, M.Sc. 


THE Junior InstiTuTION oF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘* The 
Design and Balancing of Three-Phase Low-Tension 
Distribution Systems,” by Mr. W. F. Cooper. Friday, 
May 6, at 7.30 p.m.; Durham Bursar’s Paper, by Mr. 
W. A. Sallis. 


THe INnstITuTION oF ENGINEERING INSPECTION.— 
To-nigh@ at 7.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ The Stress-Strain Dia- 
gram and its Application to the Testing of Rolling Stock 
Drawgear,” by Mr. L. H. Evans. 


THe INSTITUTE OF BRITISH FOUNDRYMEN: NEw- 
CASTLE AND District Brancu.—Saturday, April 30, at 
6.15 p.m., at the Neville Hall, Newcastle-upon-Tyne. 
Annual General Meeting. Followed by General Discus- 
—_ on ‘ Foundry Problems,” introduced by Mr. W. J. 

aulin, 


THe Socrety or ENGIngeers.—Monday, May 2, at 
5.30 p.m., at the Geological Society, Burlington House, 
Piccadilly, W.1. ‘‘The Internal Combustion Boiler 
(Brunler Flame),’’ by Mr. O. Brunler. 


Tue Royat Society or Arts.—Monday, May 2, at 
8 p.m., at John-street, Adelphi, W.C.2. Cantor Lecture, 
‘*'The Measurement of Light ” (Lecture IT), by Mr. J. W. T. 
Walsh, M.Sc. Wednesday, May 4, at 8 p.m., Ordinar 
Meeting. ‘‘ English Railways,” by Professor W. i 
Dalby, F.R.S. Friday, May 6, at 4.30 p.m., Indian 
Meeting. ‘‘ Assam,’’ by Mr. B. C. Allen. 


THe Institution or Crvit ENGINEERS.—Tuesday, 
May 3, at 6 p.m., at Great George-street, S.W.1. James 
Forrest Lecture. ‘‘ Some Recent Services of Metallurgy 
to Engineering,” by Professor H. C. H. Carpenter, F.R.S. 


THe Institution oF ELEcTRICAL ENGINEERS. 
WIRELESS SEcTION.— Wednesday, May 4, at 6 p.m., at 
Savoy-place, Victoria Embankment, W.C.2. “The 
Holweck Demountable Type Valve,” by Mr. C. F. Elwell. 
‘Silica Valves in Wireless Telegraphy,” by Mr. H. 
Morris-Airey, Mr. G. Shearing and Mr. H. G. Hughes. 
*“Cooled-Anode Valves, and Lives of Transmitting 
Valves,’’ by Mr. W. J. Picken. 


Tue INsTITUTION OF SANITARY ENGINEERS.—Wed- 
nesday, May 4, at 6 p.m., at Caxton Hall, Westminster, 
S.W.1. ‘‘ House Refuse Collection and Disposal,’’ by 
Mr. F. Wilkinson. 


THe Iron AND STEEL INstITUTE.—Annual Meeting, 
Thursday, May 5, and Friday, May 6, at the Institution 
of Civil Engineers, Great George-street, 8.W.1. Thurs- 
day, May 5, at 10 a.m. Presidential Address by Mr. F. 
W. Harbord. Presentation of Bessemer Gold Medals to 
Mr. Axel Wahlberg and Professor C. Benedicks. ‘‘ Some 
Aspects of the Technical and Economic Conditions of the 
Heavy Metallurgical Industry of the East of France, 
with Particular Reference to the Utilisation of Gases and 
Motive Power,” by Professor J. Seigle. ‘‘ An Experi- 
mental Inquiry into the Interactions of Gases and Ore 
in the Blast-Furnace,”’ by Professor W. A. Bone, Dr. L, 
Reeve, and Dr. H. E. Saunders. At 2.30 p.m. ‘The 
Metal Manganese and Its Properties ; also the Produc- 
tion of Ferro-Manganese and Its History,’’ by Sir Robert 
Hadfield. ‘‘ Low-Carbon Alloys of Iron and Manganese,” 
by Sir Robert Hadfield. ‘‘ Alloys of Iron Research ”’: 
Introductory, by Dr. W. Rosenhain. Part V.—Prepara- 
tion of Pure Chromium, by Mr. F, Adcock ; Part VI.— 
Preparation of Pure Manganese, by Dr. M. L. V. Gayler ; 
Part VII.—Preparation of High Purity Silicon, by 
Mr. N. P. Tucker. “‘ Alloys of Iron Research, Part VIII. : 
The Constitution of Alloys of Iron and Phosphorus,” by 
Dr. J. L. Haughton. At 7.30 p.m., Annual Dinner, at the 
Connaught Rooms, Great Queen-street, W.C.2. Friday. 
May 6, at 10 a.m. ‘‘ The Drawing of Steel Wire and Its 
Relation to Qualities of Steel,” by Mr. E. A. Atkins. 
‘‘ Heat-Resisting Steels,” by Dr. W. H. Hatfield. ‘“‘ The 
Influence of Annealing Temperature on the Properties of 
Mild Steel Sheets,” by Professor C. A. Edwards and 
Mr. J. C. Jones. ‘‘Some Notes on Cold-Rolled Strip 
Steel,” by Dr. T. Swinden and Mr. G. R. Bolsover. 
‘“The Manufacture of Steel in India by the Duplex 
Process,” by Mr. B. Yaneske. At 2.30 p.m., ‘‘ Theory 
of the Growth of Cast Iron Repeatedly Heated,” by 
Professor C. Benedicks amd Mr. H. Léfquist. ‘‘ The Ac1 
Range in Special Steels,” by Professor J. H. Andrew and 
Mr. H. A. Dickie. ‘‘The Properties of Some Nickel- 
Chromium-Molybdenum Steels,” by Professor J. H. 
Andrew, Dr. M. 8S. Fisher and Dr. J. M. Robertson. 
‘‘A Further Investigation of the Indentation Hardness 
of Metals,” by Professor K. Honda, and Mr. K. Takahasi. 
““'The Phenomenon of Temper-Hardening in Steels,’’ by 
Mr. T. Matsushita and Mr. K. Nagasawa. ‘‘ Notes on 
Pseudo-Twinning in Ferrite, and on the Solubility of 
Carbon in Alpha Iron at the Ay Point,” by Dr. 8 
Tamura. 


THE INSTITUTION OF ELECTRICAL ENGINEERS.—Thurs- 
day, May 5, at 6 p.m., at Savoy-place, Victoria-embank- 
ment, W.C.2, Annual general meeting. 


THe Soctety or CHEMICAL INDUSTRY: CHEMICAL 
ENGINEERING Grovup.—Friday, May 6, at 6 p.m., at the 
Imperial College of Science and Technology, South 
Kensington, §8.W.7. ‘Chemical Fire Extinguishers,” 
by Dr. W. RK. Ormandy, 





THe Instrrvution or SrtrucTuRAL ENGINEERS.— 
Friday, May 6, at 6 p.m., at 10, Upper Belgrave-street, 
S.W.1. Joint Meeting with the Société des Ingénieurs 
Civil de France. ‘‘ Engineering Features of the Channel 
Tunnel” (in French), by Monsieur le Trocquer. 


Tue InstiTuTIOoN or MunIcIPAL AND COUNTY 
ENGINEERS: South Eastern District.—Saturday, 
May 7, at 4 p.m., at the Grand Hotel, Dover. “ Notes 
of the Earlier Housing Schemes of the Corporation,’’ by 
Mr. J. A. Jarvis. ‘‘ Notes on Housing in the Tower 
Hamlets District of the Borough of Dover,” by Mr. W. 
Bryan. “The Pier District Improvement Scheme, 
Dover,” by Mr. F. V. How. ‘‘ Dover—Notes on Recent 
Municipal Activities,” by Mr. W. B. Smith. 


Tue Institute oF British FOUNDRYMEN: LANCA- 
SHIRE Brancu.—Saturday, May 7, at 4 p.m., at the 
College of Technology, Sackville-street, Manchester. 
‘*Some Aspects of Foundry Work,” by Mr. E, Longden. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The more hopeful tone in some of the 
finished engineering branches is not reflected in basic steel 
manufacture. Nosolution is forthcoming to the problem 
of dear coke, and though pig-iron prices are a shade easier, 
they are still too high to permit of the production of bulk 
steel at prices similar to those offered by Continental 
competitors. Hence contracts are not arriving at the 
rate at which arrears of business are expiring. Deliveries 
of hematites for special steel manufacture are below the 
average. The latest official quotations are as follow :— 
Hard basic steel billets, 9/. 2s. 6d.; soft basic billets, 
71. 10s.; West Coast hematites, 4/. 5s.; East Coast 
hematites, 4/.; Lincolnshire No. 3 foundry iron, 41. ; 
Lincolnshire forge and Derbyshire forge, each 3/. 15s. ; 
Derbyshire No. 3 foundry, 41. 2s. 6d.; bars, 1ll. 5s. ; 
and sheets, 13/. 10s.—in each case per ton delivered at 
local works. In the engineering and machinery sections 
employers point out that while works may not be 
operating at full strength, capacity for output since pre- 
war has in some instances been doubled or even trebled. 
A fair proportion of Admiralty contracts has been placed 
with Sheffield and district firms for steel, semi-manu- 
factures, and steel products. The Sheffield Corporation 
propose to build 25 double-deck tramcars under com- 
petitive contract, and to erect a similar number in their 
own workshops. The gross expenditure is estimated at 
117,0002. Makers of tool steel and tools expect to benefit 
from the greater number of contracts booked by general 
engineering and shipbuilding firms. The motor industry 
is absorbing considerable quantities of tool steel and alloy 
steels. A slight improvement is noted in the lighter 
branches. Quarry tools are an active line, but orders 
are still needed in file manufacture. 


South Yorkshire Coal Trade.—House coal merchants 
complain of a paucity of purchases, though official 
quotations for the best brands are fully maintained and, 
as compared with a week ago, in some cases are 6d. to 
9d. per ton higher. Only a limited business is being done 
for stocking purposes. Industrial fuel is a shade firmer. 
The big consumers are slowly rebuilding depleted stocks, 
and despite keen competition export trade is steadily 
undergoing reorganisation, The demand for coking 
smalls is quite equal to the supply, but rough slacks are 
6d. per ton lower. Quotations :—Best hand-picked 
branch, 34s.; best house coal, 27s. to 29s.; screened 
house coal, 23s. to 25s.; screened house nuts, 19s. to 
21s.; Yorkshire hards, 18s. to 20s. ; Derbyshire hards, 
18s. to 20s.; rough slacks, 10s. 6d. to Ils. 6d. ; nutty 
slacks, 8s. to 9s. ; smalls, 3s. to 5s. 6d. 








Dave oF THE British INDUSTRIES Farr.—Speaking 
at a dinner held on Friday, April 22, to celebrate the 
twenty-first anniversary of Messrs. Venner Time Switches, 
Limited, Mr. E. E. Sharp said that in the course of 
a recent tour he had heard many criticisms of the time 
of year at which the British Industries Fair was held. 
There were plenty of people anxious to visit this 
country on a combined business and pleasure trip, 
but not in February. He, therefore, suggested that 
the Fair should take place either in May or June, and 
should be concentrated in London, where there was 
ample hotel accommodation available. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case. The Victorian Government Railways are calling 
for tenders, to be presented by June 1, for the supply 
of track relays. Contract No. 40386. (Ref. No. BX. 
3457).—The Deputy Director of Posts and Telegraphs, 
Melbourne, Australia, is calling for tenders, to be 
presented by June 28 next, for jacks, switchboard 
instruments and number plates (Schedule No. 199; 
Ref. No. BX. 3474).—The City Cleansing Engineer’s 
Department, Municipal Council of Sydney, is inviting 
tenders for the supply and delivery of a new refuse 
destructor at Pyrmont. Tenders must reach the Town 
Clerk, Sydney, Australia, before 3 p.m., on July 18, next. 
(Contract No. 1/27; Ref. No. AX. 4609).—The Auck- 
land Electric Power Board, New Zealand, is calling for 
tenders for switchgear, to be presented by July 4 next, 
(Ref, No, BX. 3471.) 
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NEW GENERATING STATION FOR THE BOROUGH OF POPLAR. 
MR. J. HORACE BOWDEN, M.I.E.E., BOROUGH ELECTRICAL ENGINEER. 
(For Description, see Page 513.) 




















Fie. 3. GENERAL View oF TURBINE Room. 
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Offices for Publication and Advertisements, 
36 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 





that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 


TELEGRAPHIO \ “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


~ SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 








For the United Kingdom _.................... £3 5 0 
For Canada— 
Thin paper copies ...............00.00+ £218 6 
Thick paper copies _.................... £3 3 0 
For all other places abroad— 
Thin paper copies ................0000 £3 3 0 
Thick paper copies.....................04- £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. TT. Willmett and Co., Townsville, North Queens- 
land. W. C. Rigby, Adelaide, South Australia. Melville 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

Canapa, Toronto, Ont.: Wm. Dawson and Sons, Limited, 
87, Queen-street East. 

EDINBURGH : John Menzies and Co., Limited, Rose-street. 

France, Paris: Boyveau and Chevillet, 22, Rue de la Banques. 
For advertisements, Office de Publications Commerciales, 
167, Rue Montmartre, Paris (2e). 

Comers : Hermann H. Fromm, Liitzowstrasse 84, Berlin, 

Jo. 
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GLascow : William Love, 221, Argyle-street. John Menzies 
; and Co., Limited, West Nile-street. 
NDla, Calcutta: Thack 5 ; 
gy er, Spink and Co., Bombay; Thacker 
ITALY: U. Hoepli, Milan. Anonima Libraria Italiano, Torino, 
and any post office. 
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THE ORGANISATION OF SCIENTIFIC 
RESEARCH. 

By the middle of 1915, it was recognised that as 
the country then stood, it could not manufacture 
the munitions and other commodities it needed, 
and the means for doing so were very wonder- 
fully improvised. Independently, however, the 
apprehension was felt that after the end of 
the war, the country would be unable to im- 
prove, or even to maintain, its industrial posi- 
tion, unless by means of scientific and industrial 
research it created reserves of knowledge of the 
same order as were possessed by the most highly- 
organised of its competitors. Up till that time the 
State had had little to do with research. At the 
beginning of the century it had made the Royal 
Society a grant of 13,0007. for the buildings and 
equipment of the National Physical Laboratory, 
and an allowance of 4,000/. a year for five years 
for its maintenance, raised about the end of that 
term to 7,000/. It had given a subsidy of 20,000/. 
a year to the Royal College of Science and the 
Royal School of Mines, which, in 1907, it had 
transferred to the Imperial College and thereafter 
increased to 30,0007. The war experience served, 
however, to convince the Government that it could 
no longer leave the provision of research to chance, 
and at the end of July, 1915, it set up the Com- 
mittee of the Privy Council for Scientific and 
Industrial Research, known as the Research De- 
partment. The annual report of this body for 
1925-26 we dealt with on the 8th inst. 

As a whole, the work is acknowledged to have 
been successful, and even unexpectedly successful. 
On paper, indeed, there was a good case for institut- 
ing the Department, but many difficulties seemed 
likely to beset it, which might readily have been 
fatal to its success. The most dangerous of these 


science and industry, which had not always been 
happy. Practical men were inclined to be distrustful 
of science, while scientific men were impatient when 
what had been done demonstratively in the labo- 
ratory was not reproduced in the works. Not ali 


.| Scientific circles were prepared for anything but 


trouble and inefficiency as the result of entrusting 
the organisation of research to a condominium of lay 
and scientific men. The risk of such trouble, in 
fact, must have been the gravest to which the new 
Department was exposed, and in the event it seems 
to have been the most completely avoided. 

The reason for this fortunate result appears to 
have been two-fold. Though the lay Committee of 
Council cannot divest itself of its final responsibility 
to the State for the measures it sanctions, it appears 
.by its constitution to take no steps without the 
recommendation of its Advisory Council, a non- 


3| bureaucratic body of periodically changing com- 


position, on which both industrial and scientific men 


7| are represented. By appointing to this Council a 


certain number of men who were eminent both in 
science and in industry, the satisfactory position 
was reached that each side, both scientific and indus- 
trial, had a substantial majority on the Council if 
sides had to be taken, and accordingly had only 
itself to blame for anything that might be done 
contrary to its wishes. Whether through this 
ingenious contrivance or not, no dissension or 
taking of sides seems to have been heard of in the 
Council’s proceedings. In one essential respect, 
moreover, the policy no less than the constitution, 
of the Department has also been conducive to peace. 
Officers of all sorts may cite high and venerable 
precedent for magnifying their office. The Depart- 
ment, on the contrary, seems to have done nothing 
for itself that it could get some other body to do 
equally well, and a large part of its energy has been 
spent in beguiling other people to take over what 
those who knew no better might have thought to be 
the Department’s work. The policy has more than 
one obvious advantage. The mere saving of funds, 
for instance, must be a consideration to a research 
department whose entire income for all purposes 
is less than a single American company spends 
every year on electrical research alone. Probably, 
however, the chief advantage must be that the 
bodies and their constituent members who are thus 
led into undertaking the work, acquire an interest 
in it that they would not be likely to feel under other 
conditions, and will be the keener to lose no oppor- 
tunity of applying its results. 

By its policy, no less than by its constitution, 
the Department seems to have made the best 
of both scientific and industrial worlds, and to 
have laid a sound foundation for its future develop- 
ments. It may be assumed, too, from the recent 
report that this policy is established firmly, and 
that no change in it need be conjectured from the 
imminent retirement of Sir Frank Heath, who has 
been the Department’s Secretary from the outset, 
and the appointment of Mr. H. T. Tizard, F.R.S., 
now Assistant Secretary, as his successor. It is 
impossible, indeed, to exaggerate the importance 
of maintaining a continuous policy. Research work 
in this country is as yet on a wholly inadequate 
scale, unless the United States and Germany are 
grossly extravagant. Against the 500,000/. a year 
spent by the Research Department, and perhaps 
a further 100,000/. subscribed by industrial research 
associations, the United States spends on industrial 
research about 15,000,000/. a year, of which not 
far short of half is spent by manufacturers on 
laboratory research alone. Corresponding expendi- 
ture in Germany is more difficult to ascertain, but 
it was announced recently that one industrial group 
had devoted 600,000/. to experimental work on 
the distillation of ‘coal. In spite of the relatively 
small scale of British research, results have been 
already obtained in some industries that have 
repaid many times over all that has been spent 
on research. The Electrical and Allied Trades 
Research Association, for instance, has spent some 
100,000/. on research over five years, half of it 
provided by the Department ; but the saving made 
in the supply industry through the results of only 
one research, is already over 300,000/. per year, and 
will be over 1,000,000/. when applied to the entire 
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held to justify a demand for British research to 
be conducted on a larger scale; and if a sufficient 
supply of the right kind of men is to be available 
for the work, the research service must maintain 
the continuity of policy that will enable it to 
offer such opportunity and security of employ- 
ment as will attract them. Its programmes also 
must be drawn up far enough ahead for the results 
to be in time. 

Of the many directions in which the Depart- 
ment’s work has grown, the possibility of develop- 
ment in two seems to be of special importance. 
The practical success of many processes and forms 
of construction depends no less on scale than on 
design, and in some instances requires research on 
a large scale. In the United States, for instance, 
a tunnel for the accommodation of motor-cars 
is to be driven in New York State under the 
Hudson, raising some questions of ventilation 
beyond available data, and these are to be 
determined by driving a trial tunnel into a hill, 
before the arrangement of the river tunnel is 
settled. The Stevenson Creek arch dam, to be 
raised gradually to a height of 100 ft. and then 
tested to destruction, is another example of 
experimental full-size working being recognised as 
necessary to sound practice. We described this 
dam in our issue of Sept. 18, 1925, and the experi- 
ments on it in our issue of Nov. 5, 1926. In 
this country the older history of low-temperature 
carbonisation illustrates how much may be lost by 
omitting this large scale stage. Some trials of this 
sort are doubtless the proper business of the 
industry, but in some the State would find 
advantage in taking a hand. Of all the Depart- 
ment’s possible activities such full-size experimental 
working has been the least often seen. It is to be 
hoped that appropriate occasions for exercising it 
may not be overlooked. 

Another outlet for the State organisation of 
research, foréshadowed in the Department’s report 
and in that of last year’s Imperial Conference, 
is the co-ordination of research activities throughout 
the Empire. From every point of view this appears 
to be a proposal of immense practical importance. 
Not its least attraction is that it does not seem 
necessarily to involve a large expense. The 
research organisations of this country must in 
numberless ways be potential sources of assistance 
to similar institutions in the Overseas Empire, 
and the variety of products lying unexploited in 
the Dominions offers endless opportunities to 
research workers in this country to extend their 
knowledge. Association in sport with various 
parts of the Empire, though only occupation for a 
holiday, is recognised as a valuable inter-Imperial 
cement. Co-operation in research must have at 
least as powerful an influence, and comes within 
the day’s proper work. It enables the communities 
whose representatives exchange visits to maintain 
the intimate touch that promotes better knowledge 
of their subjects and of each other. The details 
of the scheme do not seem to have been defined 
precisely, and doubtless will be a complex business 
to work out. It may be questioned, however, 
whether it is really more complex than the 
Department’s development of the last ten years, 
or less likely to be successful than the Department 
itself was when it was first started. Certainly no 
organisation can be better worth instituting at 
the present juncture of Imperial industry. 





THE PROGRESS OF CIVIL AVIATION. 


Ir appears from “he report recently issued by 
the Air Ministry, that civil aviation made steady, but 
not remarkable, progress in this country in the 
course of last year. Although the machine mileage 
flown in the regular air transport services was 
actually less than in the previous year, viz., 840,000 
as compared with 862,000, the passengers carried 
increased in number from 11,193 to 16,775, and the 
weight of goods transported from 550 to 679 tons. 
These figures, it may be pointed out, compare very 
unfavourably with those for the United States 
and for some of the Continental countries. In the 
German commercial air service, for instance, the 
mileage flown in 1926 amounted to about 3,800,000, 
the passengers carried to 56,268 and the goods to 








929 tons. We have, however, already referred 
tothe development of civil aviation in Germany on 
page 392 ante. In the British subsidised services, 
85 per cent. of the scheduled flights, and 93 per 
cent. of the flights actually commenced in 1926, 
were completed without interruption, the corres- 
ponding percentages for the previous year being 
74 and 91, respectively. Weather conditions 
accounted for about half the number of involuntary 
landings made in the course of the interrupted 
flights, and engine or installation defects for about 
one-third of the number. 

The report to which we are now referring actually 
covers the period from April 1 to December 31, 
1926, it having been decided that future annual 
reports shall relate to the calendar year instead 
of the financial year, as formerly. From the 
point of view of accidents to civil aircraft, the 
period covered by the current report has been less 
satisfactory than the previous year, since 13 
accidents, 8 attended by loss of life, have occurred 
in which the Air Navigation (Investigation of 
Accidents) Regulations of 1922 were applicable. 
Only one serious mishap occurred on the British 
established air route. In this, a machine owned 
by Imperial Airways, Limited, and travelling from 
London to Paris, was forced by engine failure over 
the Channel to alight on the sea. None of the 
occupants was injured, however, and all were 
rescued before the machine sank. In all other 
cases, the cause was attributed by the Inspector 
of Accidents to error of judgment on the part of 
the pilot concerned. Of these accidents, six occurred 
in the so-called “‘ joy-ride ” services, five in connec- 
tion with light-aeroplane clubs, and one, in which 
5 persons were killed, occurred to a captive spherical 
balloon at a charity féte; the last-mentioned 
accident, however, can hardly be said to have any 
connection with what is usually regarded as civil 
aviation. Two serious accidents to French machines, 
which occurred in this country during the period 
covered by the report, may be mentioned. In 
one case, the machine, in making a forced landing 
owing to fog, collided with the roof of a farm building 
and crashed. The pilot, mechanic and two of the 
13 passengers carried were killed. In the other case, 
a machine took fire’ at a height of 2,000 ft. and 
fell to the ground killing all of the occupants, seven 
in number. The primary cause of this accident 
appears to have been the fracture of one of the 
big-end bearings owing to a defect in the lubrication 
system. 

Some new aircraft have been introduced during 
the year, in accordance with the policy of increasing 
the reserve of engine power available in order to 
obtain a greater degree of safety. The modern 
three-engined machine has the advantage that 
it can remain in flight with one engine out of com- 
mission, and, even with two engines stopped, can 
descend in a long and gentle glide which greatly 
diminishes the risks attendant on a forced landing. 
Two machines of the type referred to have been de- 
veloped during the year, viz., the Armstrong-Whit- 
worth Argosy, fitted with three Jaguar engines, and 
the De Havilland Hercules, in which three Jupiter 
engines are mounted. Three machines of the former 
type are now in use in the cross-Channel services 
of Imperial Airways, Limited, and three of the 
latter type on the Cairo-Karachi service. Another 
interesting machine referred to in the report is the 
Handley-Page Hamlet, with slotted wings, which 
is being completed as an experimental small-type 
aircraft. This machine is now being re-arranged 
and fitted with two Lynx engines for further experi- 
mental work. Two large all-metal boat seaplanes, 
each with accommodation for 15 passengers and 
fitted with three Jupiter engines, are under construc- 
tion, and a twin-engined boat seaplane, for the 
Southampton-Channel Islands service, is also being 
built. Another machine is being specially con- 
structed for freight service over land. In connec- 
tion with engine developments it may be mentioned 
that experiments are being made to obtain a satis- 
factory reducing gear for air-cooled radial engines, 
in order to increase the crankshaft speed, and conse- 
quently the power developed, while maintaining a 
high propeller efficiency. A heavy oil engine, using 
compression ignition, is also on the test bench. 

The construction of the two large airships, one, 





the R.100, by the Airship Guarantee Company, 
at Howden, and the other, the R. 101, by the Govern- 
ment at Cardington, is progressing satisfactorily, 
and it is hoped that flying trials will be carried out 
with both airships during the course of next year. 
The shed and mooring mast at Cardington have now 
been completed and considerable progress has been 
made with the airship bases in Egypt and India. 
The possibility of erecting mooring masts in Canada, 
South Africa and Australia, in connection with 
demonstration flights which it is proposed to make 
in 1928-29, is also under consideration, in accordance 
with one of the recommendations of the Imperial 
Conference held in London in October last. 








SOUTH AFRICAN RAILWAYS AND 
HARBOURS. 


One of the advantages of a State-owned system 
of railways is that the administration is required 
to present an annual report to Parliament. The 
bureaucrat moreover delights to collect data and 
prepare statistical tables. The result is, therefore, 
much fuller information regarding finance, policy, 
operation and progress than when more reticent 
private enterprise is in control. This expansiveness, 
when applied to railways, would in any event 
produce a document of great interest to engineers. 
In the case of the South African Railways and 
Harbours, the general manager’s report on which, for 
the year ended March 31, 1926, has now been 
received, that interest is accentuated. For this 
administration is responsible for the operation of 
the most extended 3 ft. 6in. system in the world, 
it has lately introduced electric traction on a large 
scale, and has inaugurated a widespread road motor 
service, as a feeder to its main lines. In addition, 
it deals with a considerable suburban traffic in 
the neighbourhood of such places as Capetown and 
Durban, has a large and varied inwards and 
outwards goods traffic, encompasses mountain 
grades, and penetrates into sparsely populated 
fastnesses. A great deal can therefore be learnt 
from a detailed survey of its operations. Even so, 
a doubt may be expressed whether some 200 pages, 
abounding in statistics, maps and repetitions, are 
not too generous a measure. We are confirmed 
in this opinion when we learn that it cost 670/. to 
print. It may be added that though the report 
deals with the year ended March 31, 1926, it is 
dated November 17, of that year, and some of the 
data refer to the end of August, 1926. This is 
sometimes a little confusing. 

In 1925-26 favourable rains proved a great benefit 
to the livestock and the maize crops, and brought 
a period of prosperity to South Africa. The 
mineral output, generally, showed an increase, and 
the gold production was a record. The platinum 
industry is soon likely to prove a valuable asset. 
Both the passenger and goods traffic were the 
highest’ recorded, and a surplus of 769,69Il. 
resulted on the year’s working, instead of an 
estimated deficit of 66,4027. This satisfactory 
state of affairs is likely to be stimulated in future 
by an active policy of new railway construction 
and the inauguration of further road motor 
services, while the improvements, which are being 
undertaken to the harbours under the admini- 
stration’s control, will act in the same direction. 

The value of imports during the year totalled 
67,799,3161., an increase of 1,904,535/. over the 
1924 figure. Textiles represented about 30 per 
cent. of this amount, and machinery and vehicles 
together almost as much. 

Exports, excluding ship stores and bunker coal, 
increased by 8,823,796/., the figure for 1925 being 
86,840,612/.. Of this sum, 77,424,886/. represented 
the value of goods produced in South Africa. The 
increase was mainly due to the rise in the quantities 
of foodstuffs despatched, maize especially increasing 
by no less than 5,177,404J. So great, in fact, was 
the increase in this commodity that special orwaig 
including the reduction of the passenger service, . 
to be adopted to deal with it. The export of gold, 
on the other hand, fell by 5,870,0041., though 
standing at 34,329,376J. it is still the chief export. 


Wool also fell by 668,5071. ee pe 
o i ver, had a favourable eifec 
overall expansion, however, hada 94,151,407. 


the revenue, which rose by 2,403,7761. to 
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an increase of just over 11 percent. On the other 
hand, the gross working expenditure was higher 
by 1,876,7547. and, standing at 18,735,325/., 
represented an increase of 11-13 per cent. over 
the previous year. This was partly due to the 
increase in traffic and partly to additional expendi- 
ture on track renewals. The number of passengers 
increased by 5,450,398 to 76,282,587; and thus 
created a record. It is interesting to note that 
the increase under this heading since 1909 has been 
170-59 per cent., representing a rise in revenue of 
116:37 percent. The train mileage was 44,329,230, 
or an increase of 4,066,445 train-miles over the 
previous year. No less than 524 miles were added 
to the system during the year, the total mileage 
being 12,002. 

During the year under review the work of con- 
verting 175 miles of the Natal main line from steam 
to electric traction reached a stage, which enabled 
a full electric service to be introduced between 
Glencoe and Pietermaritzburg. Though the experi- 
ence with this new method of operation has as yet 
been small, the statement is made that the electric 
locomotive has been quick to demonstrate its 
superiority by giving a higher speed on gradients 
and an increased availability for traffic purposes. It 
appears that while electric locomotives are ready for 
service during 90 per cent. of twenty-four hours, 
steam locomotives under the same conditions, are 
not available for more than 50 per cent. of the time. 
In addition, it has been possible to haul heavier 
trains at higher speeds, with the result that the 
passenger train schedule has been reduced by about 
half-an-hour on an eight-hour run over a particular 
section. A typical goods train schedule for the 
same section shows a reduction of no less than 
6 hours in one direction and 4 hours in the other. 
Moreover, it is no longer necessary to split a train 
up before it is hauled up the steep inclines, up to 
a maximum of 1 in 50, for which this line is noted, 
and the average speed between Estcourt and Mooi 
River, where the ruling gradient is 1 in 65, has been 
increased from 8 m.p.h. to 21 m.p.h. for a 1,500-ton 
train. On an average the electric units run 
7,000 miles per month, as against the steam 
locomotives 2,700 miles, and some of them have 
performed 75,000 miles without serious overhaul. 
This compares favourably with the 30,000 miles 
run by the steam locomotive, before it is necessary 
to take it out of service. Up to now the highest 
tonnage moved in one day on this section has been 
27,104 tons. But when more locomotives are 
available, there seems no reason why this should not 
be increased to 40,000 tons. 

Last year* we gave some details of the power 
supply to, and the equipment of, this electrified 
section. A large amount of additional information 
on these matters is to be found in a paper by Mr. 
T. P. Pash, which was published in “ The Transac- 
tions of the South African Institute of Electrical 
Engineers,” for May, 1926. Electrification has, 
It appears, been under consideration since 1903, 
and, as a result of a report by Messrs. Merz 
and McLellan, it was proposed to begin by 
converting the Capetown-Simonstown and Durham- 
Pietermaritzburg sections. Operating difficulties 
in Natal, however, led to a revision of this pro- 
gramme; and in the event a start was first made 
on the Maritzburg-Glencoe scheme, to which the 
teport and the paper more particularly refer. 

The onerous climatic conditions and the numerous 
curves imposed considerable difficulties on the 
erection of overhead track equipment. Catenary 
construction is used, which is suspended and doubly 
insulated from a light steel structure of a pattern 
suitable to the position in which it is installed. The 
design of locomotives was not facilitated by the 
3 ft. 6 in. track or the road conditions, but that the 
problem has been successfully solved is amply 
Proved by the figures, which we have just given. 
Indeed one difficulty has been to prevent the 
drivers operating the trains at too high a speed. 

connection with this scheme of electrification 
considerable extensions have been made to the new 
marshalling yard at Pietermaritzburg, while the 
conversion of the Howick branch line is nearly com- 
Pleted. The suburban lines in the neighbourhood 
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* See ENGINEERING, vol. cxxi, p. 402, March 26, 1926. 





of Cape Town are now also being electrified, though 
it has been decided not to proceed with a similar con- 
version on a short section from Monument station 
to the docks. Facilities for passengers between the 
town and the docks are in fact, to be provided 
partly by a steam service and partly by motor buses. 
Nothing further is said about the large “‘ gas-electric ” 
locomotive which, it was reported, would be ready 
for operation during the year. 

Early on in the report some remarks with a 
familiar sound are made on the subject of competi- 
tion from road transport agencies. The claim is 
made that the railways should be placed in the 
same position as these agencies, when forced to 
compete for the conveyance of traffic. Later on it 
appears that there is some justification for this, 
in that the Railways Administration now provide 
nineteen districts with this form of transport, 
compared with only eight during the previous year. 
Most of these new routes must, however, be 
comparatively short, as the mileage operated 
only increased from 1,050 to 1,551 miles. The 
passengers carried rose from 190,084 to 297,407, 
and the goods from 7,547 to 9,997 tons. The 
revenue earned was 32,207/., and the expenditure 
30,6007. As showing the type of product dealt 
with it may be mentioned that no less than 94,735 
galls. of cream were conveyed by this means. The 
rail motor services now in operation are also being 
extended. Between Walvis Bay and Swakopmund 
24,798 passengers were carried, while the number 
conveyed between Pretoria and Brits was 15,848, 
in both cases with satisfactory financial results. 
On the other hand the Cape Town —Malmesbury— 
Paarl service has not paid, while the service between 
Pinetown and Hill Crest on the Natal main line has 
had to be withdrawn, owing to the heavy grades and 
sharp curves. Careful tests are being made with a 
variety of designs of this t pe of rolling stock, and 
the Administration is keeping in close touch with 
what is being done in other countries. The con- 
ditions are, however, severe and it would seem that 
the traffic available, the service required, and the 
type of country to be traversed are all factors which 
will have to be carefully weighed. 

During the year special attention was paid to 
improving the signalling arrangements throughout 
the system. New standard signalling was completed 
at 21 stations, and was in process of installation at 
13 more. In order to cope with the increasing number 
of train movements, arrangements have been made 
to replace manual by power signalling at Capetown, 
and to provide automatic and semi-automatic 
signalling between Capetown and Wynberg, so 
as to permit of a larger number of trains being run. 
Three-position colour-light signals are to be used. 
The employment of the closed circuit system of 
telegraph working is being extended, as is also 
selector telephone operation, so as to expedite the 
movement of traffic. Wooden poles suitably treated 
to prevent the depredations of white ants are being 
used, in place of light iron poles, thus effecting a 
saving of 10s. per pole. The electric lighting of 
stations is being extended, and electricity is being 
largely used for power purposes in connection with 
the operation of running sheds and grain elevators. 

At March 31, 1926, 13,906,637]. had been ex- 
pended on harbours and lighthouses, of which 
703,9351. was incurred during the year, principally 
onimprovements and additions to plant at the more 
important harbours. The revenue amounted to 
1,607,340/., as against an expenditure of 689,418/. 
The increase in revenue of 232,295/. over the previous 
year was mainly accounted for by the fact that 
5,232 ships called at the various harbours, and that 
8,239,776 tons of cargo were dealt with. This 
figure marked an increase of 1,100,947 tons over 
the previous year, which in its turn was a record to 
date. The quantity of cargo shipped advanced 
from 4,360,802 tons to 5,291,178 tons, which again 
marked the highest figure for export trade through 
the Union ports. 

At Table Bay harbour the erection of pre-cooling 
chambers and shed accommodation for the storage 
of fruit was retarded by the delay in the delivery of 
material, owing to industrial troubles. The work 
of widening the south arm and of extending the 
breakwater by 1,500 ft., however, progressed satis- 
factorily. The component parts and machinery 





for a 500-ton offshore floating dock are now being 
assembled. The overall dimensions of this dock 
will be 137 ft. 6 in. long by 40 ft. in breadth, while 
the height of the keel blocks will be 3 ft. 8in. The 
dock will submerge to a depth of 15 ft. below 
H.W.D.N.T. to the top of the keel blocks. At 
Port Elizabeth harbour, the fruit trade is also an 
important feature, and four refrigerator lighters 
are shortly to be placed in service. This plant has 
been specially designed to meet local shipping 
requirements and to afford cold storage facilities. 
Each lighter is insulated and equipped with refrige- 
rator machinery. At East London a mass concrete 
wall with foundations down to a level of 36 ft. 
below L.W.D.S.T. is being built to replace one of the 
old timber wharfs, while the completion of a deep 
water berth, which this will allow, and its equipment 
with modern electric cranes will be of considerable 
assistance in dealing with the trade of the port. At 
Durban an extension of the south breakwater by 
300 ft., as suggested by Mr. M. F. G. Wilson, was 
authorised. The coaling facilities are also to be 
improved by extending the belt-conveyor plant by 
370 ft., while the adjacent ground coal storage 
scheme, which will provide accommodation for 
60,000 tons of coal, is well in hand. The hydraulic 
cranes originally installed are being replaced by 
electrically operated cranes and capstans. 

It is gratifying to learn that little trouble has 
been experienced with the staff. This numbers 
nearly 100,000 persons, Europeans and non-Euro- 
peans, an addition of 4,782 being made during the 
year to cope with the new work. The crisis imposed 
by the unprecedented increase in the maize traffic, 
to which reference has already been made, was 
followed by a personal appeal to employees to use 
every effort to expedite the handling of this com- 
modity. This appeal met with a commendable 
response. The Hours and Duty Committee, which 
was appointed some time ago, recommended the 
application of a general eight-hour day on the basis 
of a guaranteed fortnight of ninety-six hours to all 
sections of the running staff, and that forty-eight to 
sixty hours per week should be worked by the other 
grades according to conditions. For financial 
reasons however, this report could not be accepted 
in toto, though a good deal has been done along the 
lines suggested, particularly in the way of removing 
anomalies. Appeal boards on which the grade to 
which the appellant belongs is represented, have 
been established; and further right is given to 
appeal instead to the head of the Department, or to 
the general manager. It will be interesting to learn 
how this procedure works. Up to now the results 
have been quite satisfactory. New arrangements 
with regard to a superannuation fund came into 
operation during the year. This is to be managed 
by a joint committee, to which six representatives 
of the staff will be elected. 

The report as a whole indicates that the manage- 
ment of an undertaking, whose importance to the 
Union of South Africa can hardly be overstressed, 
is being conducted on efficient and modern lines. 





NOTES. 
Mittine MacurIne ACCIDENTS. 

In view of the large number of milling machines 
now in use, a circular issued by the Home Office 
relating to the efficient guarding of the cutters 
is of considerable importance. Draft regulations 
have been drawn up which include a provision 
that the cutters of horizontal machines shall be 
completely encased, with the exception of the 
actual cutting surface, and opinions are invited 
upon the regulations from those responsible for 
the control of such machines. It appears from 
the reports of the factory inspectors that accidents 
are particularly frequent on milling machines, 
more especially those of the horizontal type. In 
the circular referred to it is stated that many 
employers have already provided their horizontal 
machines with guards, but that this is by no 
means always done, and accidents due to neglect 
to take proper precautions are still of frequent 
occurrence. Section 10 of the Factory and Workshop 
Act, 1901, contains provisions in regard to the 
fencing of all dangerous parts of machinery, and 





till recently these provisions were regarded as 
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requiring the fencing of the cutters of horizontal 
milling: machines, and were applied accordingly 
by the factory inspectors. It would appear, 
however, from a recent decision of the Court of 
Session in Scotland that the provisions are not 
sufficient to ensure that the cutters are provided 
with proper guards. In any case, the section 
referred to does not impose any obligation on 
the part of the workers to use and maintain the 
guards in proper adjustment. In these circum- 
stances the Secretary of State has now certified 
horizontal milling machines to be dangerous, and 
a draft has been drawn up, as stated, covering 
the proposed regulations for their use. Briefly, 
the draft lays down that the floor surrounding 
every horizontal milling machine shall be maintained 
in good and level condition, effective measures 
being taken to prevent it becoming slippery. The 
machines must be adequately lighted, and where 
artificial lighting is used, the points shall be so 
placed or shaded that direct rays cannot reach 
the operator’s eyes. The cutter must be provided 
with a suitable guard to enclose the whole cutting 
surface except such part as is necessarily exposed 
for the milling operation. The guard shall be 
provided with a side flange extending beyond the 
root of the cutter teeth. When suds or other 
cutting lubricants are used, adequate provision 
shall be made to enable the operator to apply 
such lubricant and adjust the supply pipe without 
risk, and suitable and safe means shall be provided 
for removing the swarf. The guards or other 
appliances required by the regulations shall be 
maintained in an efficient state by the owner of 
the machine, and the operator is required to adjust 
the appliances correctly and to constantly keep 
them in position while the cutter is in motion. 
Copies of the draft may be obtained from the 
Factory Department, Home Office, London, S.W.1, 
and objections must be lodged before June 1 
next. Objections must be in writing, and must 
state the draft regulation objected to, the specific 
grounds of objection, and the omissions, additions, 
or modifications asked for. 


Rest PAvssEs. 


Among the first results for which F. W. Taylor 
became famous in the matter of works management 
were those he obtained with Schmidt, the first-class 
man, who, by resting during stated periods for 
prescribed parts of each hour, stacked several times 
as much pig-iron as his unguided brawn had been 
in the habit of handling. The same sort of result 
was obtained at various times in racing and trench- 
digging, and has been a favourite subject of re- 
discovery among investigators of industrial fatigue. 
The latest observations are recorded in a report to 
the Industrial Fatigue Research Board by Dr. H. M. 
Vernon and Mr. T. Bedford, assisted by Mr. C. G. 
Warner, on rest pauses in heavy and moderately 
heavy work [Report No. 41, H.M. Stationery Office. 
9d. net]. In an earlier paper Dr. Vernon had 
divided all work into five classes of three grades 
each, ranging from very light to very heavy, and 
the present observations consisted in noting the 
time and duration of each stop each man made. 
Except for 138 workers at the coal face of a mine, 
and 18, 12 and 11, men at three other occupations, 
the number in each occupation varied from 2 to 9. 
In all, 23 occupations were examined, divided into 
six degrees of severity, ranging from just under 
very heavy to moderate. Most of the observations 
extended only for an hour or two on each occupation ; 
and in the absence of information about the relative 
dexterity of the subjects their number does not seem 
sufficient to justify much inference. The conclusions 
suggested are that in uniform work the worker, if 
left to himself, adopts an approximately regular 
alternation of activity and rest, the extent of rests 
varying with the arduousness of the operation, and 
that rests imposed by interruption of work through 
outside circumstances were much less effective in 
relieving fatigue than pauses introduced spontane- 
ously as the worker liked. In some work, however, 
it seems possible that judiciously prescribed rests 
may give even better results, as Taylor showed with 
his pig iron. By an ingenious comparison of the 


extent of voluntary rests taken with and without in- 
voluntary interruptions, the conclusion was reached 





that the value of such rests in relief of fatigue is 
about one-fifth the value of spontaneous rests. The 
Board has also just published a report by Mr. S. 
Wyatt, reviewing a number of recent results on the 
subject [Report No. 42, H.M. Stationery Office. 
9d. net]. As in all Mr. Wyatt’s work, a fair and 
conscientious account is given of the subject matter 
as far asit goes. It would have gained in perspective 
if it had given more information about the results 
obtained by the earlier industrial masters of efficient 
production, whose striking improvements in practice 
ought not to be forgotten when considering the 
work of their academic successors. 


THe New RHONE-MARSEILLES CANAL, 


The Rove canal tunnel forming part of the water- 
way connecting Marseilles with the Rhone, and 
thence with practically the whole of the inland 
water system of France, of which we gave a detailed 
illustrated description in our issue for April 7, 
1916, was formally opened on Monday last, the 25th 
inst., by M. Doumergue, President of the Republic. 
Our former article gave a history of the canal 
scheme and data concerning the construction then 
in progress. As will be remembered, the most 
interesting portion of the work from the civil 
engineering standpoint is that part of the canal 
which runs underground in a tunnel cut through 
the Nerthe range of hills, the Rove tunnel here 
referred to. This is 7,265 m., or just over 4:5 
miles in total length. Its largest inside width, 
level with the two side paths, is 22 m. (72 ft. 2 in.) ; 
the two side paths are each 2 m. (6 ft. 6 in.) wide, 
leaving 18 m. (59 ft.) for the width of the water- 
way. The height of the tunnel section is 15-40 m. 
(50 ft. 6 in.) from the crown of the arch to invert. 
This is, we believe, the largest tunnel section ever 
built. Our former article illustrated the manner 
in which the tunnel excavation work proceeded. We 
may add, from further data we have received, that 
this work has involved the excavation and removal 
of 2,500,000 cub. m. (8,830 million cub. ft.) of 
stone and débris which have been used for build- 
ing the dykes near Marseilles forming part of the 
canal scheme. The war having, unfortunately, 
retarded construction, the canal as a whole is not 
yet completed. The part between Port de Bouc 
and Marseilles is alone available so far for a limited 
amount of traffic, since in this section there still 
remain to be carried out several installations and 
improvement works. The deepening and widening 
of the canal between Arles and Port de Bouc have 
been postponed and, for the present, craft of 
comparatively large carrying capacity will have to 
proceed, from Arles, down the Rhone to Port de 
Bouc, via St. Louis and the Gulf of Fos, returning 
by the same route. 








HIGH-FREQUENCY CURRENTS. 


THE eighteenth Kelvin lecture was delivered 
before the Institution of Electrical Engineers on 
Thursday, April 21, by Dr. E. W. Marchant, pro- 
fessor of electrical engineering in the University 
of Liverpool. The subject was “ High-Frequency 
Currents,” which, as the lecturer pointed out, had 
not been dealt with before in a Kelvin lecture. Its 
treatment is peculiarly appropriate this year, con- 
sidering the part the President of the Institution, Dr. 
W. H. Eccles, has paid in the development of its 
technique. 

Professor Marchant took as his starting point the 
paper by Kelvin (then Professor William Thomson), 
“On Transient Electric Currents,” which was 
published in the Philosophical Magazine for 1853. 
This paper contained the solution of the differential 
equation for the discharge of a condenser : 

Se Ete, 1... 
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where K was the “ galvanic” resistance, A the 
quantity we now call self-induction and C the 
electrical capacity of the condenser, or, as Kelvin 
termed it, the electro-dynamic capacity of the dis- 
charge. A clear mathematical explanation of the 
phenomenon of oscillatory discharge, to which atten- 
tion had been called by Henry in 1842, was thus 
provided, and its frequency, rate of decay and 
the transference of energy from the electrostatic 





to the electro-dynamic state throughout the period 





for which the discharge lasted, were traced. The 
solution was not complete, in that it did not take 
into account the energy lost by radiation when a 
high-frequency current passed round such a circuit. 
It was, however, sufficiently close to actual con- 
ditions in the large number of cases in which the 
circuits were not good radiators of wave energy. 
It was difficult to overestimate the importance of 
this paper. It was the foundation of a greater 
amount of development than anything else Kelvin 
had published. Hertz’s researches on electro-mag- 
netic waves were based upon it, and it lay at the 
root of much of the experimental work which had 
increased our knowledge of the fundamental nature 
of matter. 

Turning to a consideration of high-frequency phe- 
nomena in dielectrics, Professor Marchant recalled 
Faraday’s polarised-particle theory of: the constitu- 
tion of these substances, and pointed out that its 
recent mathematical development by Mossotti had 
enabled it to be used as an explanation of many of 
the obscure results that had been observed. Stated 
in modern terms, this theory assumed that there were 
present in all materials free electrons which, owing 
to the closeness of the molecules to each other and 
to the large inter-molecular forces acting in the inter- 
molecular spaces, were able to move readily from 
one molecule to another. These free electrons 
enabled the substance to conduct electricity. There 
were also present polarised particles, which con- 
tained bound electrons, and positive ions, which be- 
came polarised, i.e., formed electric doublets, when 
an electric force was applied to the substance. 
The polarised particles in most dielectrics could be 
ionised and this ionisation gave rise to a current 
which had been called the absorption current. The 
production of ions in a dielectric was apparent in 
the phenomenon of frictional electricity. The rubbing 
together of two substances, such as glass and silk, 
brought the molecules into sufficiently intimate 
contact to detach electrons from one substance, 
leaving it positively charged, and to give an excess of 
electrons to the other, leaving it negatively charged. 

The polarisation of a dielectric could be regarded 
as due to the formation of a number of polarised 
particles and, since the specific-inductive capacity 
of most substances was independent of the voltage 
stress to which they were subjected, it must be 
assumed that the electrical moment of the polarised 
particle was proportional to the electric force pro- 
ducing the polarisation. If it was assumed, purely 
as a working theory, that the particle consisted 
of two identical spheres, one filled with positive 
and the other with negative electricity, and if 
these imaginary spheres were superimposed and 
coincident, they would form an uncharged body. 
If one sphere was displaced in relation to the other, 
there would be positive and negative charges on 
the two opposite faces, and a substance which 
behaved in this way was said to be uniformly 
polarised. It was not unreasonable to assume that 
a polarised particle might be produced by a slight 
distortion of the orbits of the electrons round the 
nucleus of an atom. It had also been assumed by 
Debye that the molecule might contain fixed 
doublets, which were formed of electrons and posi- 
tive ions. These remained in a molecule of constant 
moment, and permanently electrically polarised, 
which could be turned under the influence of the 
electric field so as to produce effects analogous to 
the permanent magnetisation of magnetic sub- 
stances. ; : 

Considering the evidence in favour of the polarised- 
particle theory, the lecturer showed that, if a mole- 
cule were assumed to be a conducting sphere, it was 
possible to find the volume occupied by the molecule 
of a gas in terms of the specific-inductive capacity 
of the latter. It might be suggested that the assump- 
tion of a conducting molecule was not justified in the 
light of modern theory. It was now known, 
however, that all matter had electrons associated 
with it. In a perfect dielectric, each electron was 
attached to a molecule, though it might vibrate 
within certain limits. The molecule might be 
regarded as consisting of a cluster of electrons 
normally at rest or moving in stable orbits. W hen 
an external electric force acted on the molecule, 
the orbits were displaced and took up fresh positions. 
When the new position of equilibrium was reached, 
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the outer surface of the molecule was equipotential. 
The conception of conducting spheres might there- 
fore be abandoned without impairing the theory, 
their surfaces being replaced by shells or rings of 
electrons in rapid motion. In this way, the Mossotti 
theory could be brought into line with modern 
views on the structure of matter. 

The capacity of a dielectric could be regarded as 
being made up of two parts, one due to the vacuous 
space and the other due to the polarised particles. 
Lorentz had shown that the specific-inductive 
capacity should increase with the increasing fre- 
quency of the applied electric force. This effect, 
however, was, in general, relatively small, as, when 
a dielectric was subjected to the influence of a 
rapidly moving electric force, the polarisation of the 
particle would occur almost instantaneously. There 
was, however, another phenomenon, which was well- 
known in connection with dielectrics, i.e., normal 
absorption. If a steady polarising force were 
applied to a dielectric, a current would pass through 
it, which would gradually die away and cause a 
resultant polarisation greater than the initial 
polarisation. A great deal of discussion had taken 
place on the reason for absorption, but it seemed 
reasonable to assume that the absorption current 
was due to ionisation. Some very interesting work 
had been published by Gunther Schulz, which 
showed that it was possible to explain the anomalous 
conductivity of glass at high field strengths by 
assuming ionisation in the solid dielectric. This 
seemed much the most likely theory that had been 
put forward to explain the anomalous behaviour of 
dielectrics, and it provided an explanation of the 
well-known phenomena of residual discharge when 
dielectrics had been polarised and the polarising 
force was removed. If the effect of the absorption 
current on the apparent specific-inductive capacity 
of the substance were considered, it was obvious 
that it explained the well-known fall in the apparent 
specific-inductive capacity with increasing frequency. 
It was evident that the shorter the time in which 
the absorption current flowed, the less the ionisation 
and the less the charge that would be accumulated 
in the dielectric. It could be shown mathematically 
that the existence of an absorption current neces- 
sarily led to power loss in the dielectric when an 
alternating electric force was applied to it, and 
this loss should be given by an equation of the form : 

W =GE,s" 

where m was an index with a value less than unity, 
i.., the loss per cycle decreased with the increasing 
frequency. In a report by Hartshorn,* some 
examples obtained by Fleming and Dyke were 
quoted for crown glass, and it was shown that the 
relation between alternating-current conductivity 
and frequency was exactly fitted by taking suitable 
values for G and m. Speaking generally, it might 
be said that the power loss in dielectrics at telephonic 
frequency was explained satisfactorily by absorption. 
It seemed possible also that ionisation might be 
affected by the frequency of the polarising forces, and 
that the increased ionisation caused by the more 
rapid rate of change of polarising force might be 
tesponsible for the greater dielectric viscosity 
which Bairstow had observed in dielectrics at very 
high frequencies. That the loss per cycle at high 

uencies was not very large could be shown 
experimentally. 

One of the most interesting observations that 

been made in connection with alternating 
currents was that the dielectric strengths of such 
materials as ebonite, glass and porcelain were very 
much less when subjected to an alternating stress 
than when the stress was continuous. Experiments 

1 shown that there was little or no evidence of 
fatigue analogous to elastic fatigue. Recently, 

beler had published some figures for dielectric 
strength, using frequencies between 85,000 and 
120,000 cycles per second at a maximum pressure of 
140,000 volts. He found that the breakdown 
strength of air between flat plates and spherical elec- 
trodes was the same as for direct-current, whereas 
with needle points the breakdown strength was 
considerably lower than at 500 cycles, the difference 

ming greater as the length of the gap increased. 
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With glass, the breakdown voltage was only one- 
third that needed at 50 cycles. With porcelain it 
varied from one-third to one-half, and with ebonite it 
was only one half the breakdown voltage at 50 cycles. 
Those phenomena might be explained by the pola- 
rised-particle theory of dielectrics, for the electric 
field necessary to break down a gas was inversely 
proportional to the pressure of the gas, and, as 
Gunther Schulz had pointed out, the breakdown 
of liquids and solids could be regarded essentially as 
a “masked gas discharge.” The breakdown of a 
solid dielectric might, in fact, be assumed to occur 
when the electric force available at the surface of the 
metal plate on one side of the dielectric was sufti- 
cient to detach an electron from the metal. This 
electron, flowing from the negative plate, would be 
strongly attracted by the positive pole of a polarised 
particle, which it might strike with sufficient velocity 
to cause an electron to be emitted from the latter. 
If the electron adhered to the particle it became a 
charged ion. This process would be repeated until 
an electron, though not necessarily the same one 
during the whole journey, had completed its journey 
to the opposite plate. It was clear that, if polarised 
particles were present in the medium, the electric 
forces available to move the electron would be 
more powerful, and therefore a smaller voltage 
would be needed to break down the dielectric 
than was required to break down a vacuum. 
Therefore, it was assumed that, in a substance like 
glass or ebonite, the polarised particles were much 
larger than a single atom. Some of the electrons 
in such a molecule might be quite loosely held, i.e., 
the force acting on them, corresponding to a given 
displacement, might be relatively small. Indeed, 
assuming the ionisation theory, the fact that 
ionisation took place was evidence that the control- 
ling forces on the electrons were in some cases not 
very large. It therefore followed that the period 
of vibration of some of the electrons in these large 
particles might be comparable with the period of the 
alternating electric forces. 

Professor Marchant then went on to consider 
the question of magnetisation at high frequencies. 
According to the modern theory of magnetism, 
magnetic forces were produced by the motion 
of electrons, for an electron revolving in a 
circular orbit produced the magnetic analogue 
of an electric doublet. It was evident, therefore, 
in dealing with magnetism, that the action of 
particles of extremely small size was being 
considered, and it was not surprising that these 
particles should be able to respond to the highest 
frequency of magnetising force that it had been 
possible to produce. Many experiments, moreover, 
had shown that iron remained a magnetic material 
and could be used with suitable precautions at 
the highest frequency that could be produced. 
The quantity which was of the greatest practical 
importance in electrical engineering was the loss 
of energy which took place when iron was 
subjected to alternating magnetisation. Both the 
hysteresis loss and the permeability were some- 
what less at high than at low frequencies, but, 
on the other hand, the eddy-current loss was 
very much greater. McLachlan had shown that 
the actual power loss in silicon iron at a frequency 
of one million per second was 1 kw. per lb. with a 
maximum flux density of 100 lines per sq.cm. This 
might be compared with the normal figure of about 
1 watt per lb. at a frequency of 50 cycles, with a 
maximum flux density of 10,000 lines per sq. cm. 
Owing to this great loss, the design of high-frequency 
alternators, which was very difficult for purely 
mechanical reasons, had been made even more 
complicated, since it was impossible to use flux 
densities in the iron in excess of a few hundred 
lines per square centimetre. It was of great 
importance, when using iron at high frequencies, 
that the specific resistance of the material should be 
as high as possible, and the employment of silicon- 
iron for high-frequency magnetisations appeared, 
therefore, to be a practical necessity. But not 
only did the specific resistance of the material 
affect the iron losses; it also changed the depth 
to which the magnetisation penetrated. The result 
was that the apparent flux densities with silicon 
iron and pure iron, using constant magnetising 


at ordinary flux densities the permeability of 
pure iron was not very different from that of 
silicon iron. The equivalent depth of magnetisation 
was about three times as great for silicon iron, 
as it was for pure iron. For a given value of 
the maximum flux density and frequency, the 
higher resistance of the silicon iron, however, 
caused a reduction in the watts lost per kilogram. 
The rather surprising result was that the power 
factor of a coil containing silicon iron, and working 
at a given magnetising force, was greater than 
that of a coil containing pure iron for values of the 
magnetising force H of the order of 1 to 4, in spite 
of the fact that, for given values of Bmax and 
plate thickness, the losses in the latter material 
exceeded those of the former. In an exceedingly 
thin plate, in which the flux density was more 
or less uniform, the eddy-current loss would be 
relatively small, and the energy loss in pure iron 
would be smaller in proportion to the magnetising 
current than in silicon iron. The advantage of 
silicon iron as compared with pure iron, therefore, 
became less as the flux density and frequency 
increased. 

One of the most interesting phenomena observed 
at high frequencies was due to the eddy currents 
produced in neighbouring conductors. With the 
large high-frequency currents that were now being 
used in wireless-transmitting stations, it was not 
unusual to find that the walls of the room contain- 
ing the high-frequency equipment, if damp and 
semi-conducting, became heated by the eddy 
currents that were produced in them, and, if a 
metal girder happened to be built near to one of 
the tuning inductances, there might be excessive 
heating when the latter were carrying their full 
current. An unexpected phenomenon was that the 
energy loss, when eddy currents were produced in 
a metal plate, was less when the plate was very 
thick than when it was thinner. It had been 
shown that, with a frequency of 50 cycles per sec., 
the eddy-current loss in a copper plate reached 
its maximum value when the plate was about 
0-2 in. thick. At higher frequencies, the energy 
loss was a maximum with much thinner plates. 
With a frequency of 500,000, for instance, it was 
a@ maximum with a plate 0-002 in thick. The ex- 
planation was that the current wave, which was 
produced by the electromotive force and was 
reflected from the back of the plate, increased the 
current that was induced by the main wave. As 
the energy lost in any given section of the copper 
varied as the square of the current, an increase 
in thé value of the latter still further increased the 
former. When the plate was thicker, the wave 
moved forward continuously through it and the 
reflected wave from the other surface of the plate 
was weaker, so that the effect produced by the 
summation of the currents that were produced 
by the main and reflected waves was less marked, 
and the total loss of energy due to eddy currents 
was actually less than with the thinner plate. 
This result was only obtained to any marked degree 
with copper. 

Steep-fronted waves of high frequency along 
a transmission line might produce a dangerous rise 
of pressure at a point where a change from an over- 
head line to an underground cable was made. The 
chief danger of such high-pressure surges was 
the risk of breakdown in the cable insulation, but 
in certain cases there was an almost equally grave 
risk owing to the mechanical forces which came 
into play when high-frequency currents flowed. 
With the increasing size of power stations, the 
currents that would flow when a short-circuit 
occurred were enormous and it followed, therefore, 
that the voltage that was produced when a free 
oscillation took place would also be relatively 
high. It was well to remember that high-frequency 
current might be produced on both direct and alter- 
nating current systems if an are or spark occurred 
at any point and the resulting current would gene- 
rate very high pressures. This question had been 
recently investigated by Rutgers.* 

The lightning flash was, of course, a high- 
frequency discharge, and its oscillatory character 





* Observations of Disturbances such as Short-Circuits 
by High-Frequency Effects, by F. Rutgers. Schweizerische 





force, were in the ratio of about 2-5:1, though 


Electro- Verein Bulletin, page 389, July, 19265. 
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was pointed out by Kelvin in his 1853 paper. Some 
interesting experiments had recently been made in 
the laboratories of the General Electric Company of 
America, on transients similar to those which occurred 
when lightning arresters flashed over, and photo- 
graphic records of transients lasting only a few 
millionths of a second had been obtained. These 
were probably the highest frequency effects that 
had yet been photographed. 

Another research due to the same source was the 
production of Lichtenberg figures by using appa- 
ratus consisting of a brass rod 1 cm. in diameter 
placed upright on a film with the emulsion side 
in contact with the electrode. This film was placed 
on a glass plate. On the reverse side, and opposite 
the electrode, was lead foil of opposite polarity. The 
brass rod was connected to one side of the gap, 
across which the pressure due to the steep wave 
front was to be observed. It was found that 
the Lichtenberg figure obtained on developing the 
film increased in size, not only with the pressure, 
but with the steepness of the wave front of the 
transient. The actual increase was from 0-2 mm. 
to 15 mm. for a change of gradient in the wave front 
from 0-01 volts per micro-second to 100,000 volts 
per micro-second. This method of observation had 
given valuable information as to the character of 
the lightning flash on certain transmission systems 
where the trouble had been serious. 

In conclusion, Professor Marchant remarked 
that the production of electric waves, and still more 
their reception, was a matter of common knowledge, 
and that the technique of high-frequency currents 
was now better known, he would not say more 
clearly understood, than Ohm’s law. Not only had 
the increase in the production and detection of 
electric waves taught us a great deal about the 
transmitting qualities cf the atmosphere and the 
behaviour of the earth’s surface when subjected 
to high-frequency currents, but it had enabled us 
to realise quite clearly how the state of ionisation 
of the upper atmosphere varied from hour to hour. 
He had not described more than a mere fraction 
of the applications that had arisen as the result 
of the start which was given to the study of high- | 


frequency currents by Kelvin’s 1853 paper, and | consists of twelve 6-in. guns mounted in twin turrets 
he thought, therefore, that it might be justly | grouped three on each side at the after end of the ship, 








said that, but for this classical contribution, a great 
deal of the progress that had been made within 
the last seventy years would have been impossible. 








RECENT BRITISH NAVAL CON- 
STRUCTION. 


Ir will be remembered that in order to maintain the 
ratio of 5:5:3 for the capital ships of the British, 
United States and Japanese Navies, in accordance with 
the terms of the Washington Treaty, it was necessary 
for Great Britain to lay down two new battleships, 
which were ordered late in 1922 and named Nelson and 
Rodney. The contract for the first mentioned was 
awarded to Messrs. Sir W. G. Armstrong, Whitworth 
and Company, Limited, and the vessel, which has been 
constructed at the firm’s yard at High Walker-on-Tyne, 
has just been completed. The accompanying illustra- 
tion, Fig. 1, shows her proceeding down the Tyne 
on Friday of last week on her way to Portsmouth. 
The machinery of the Nelson has been constructed by 
the Wallsend Slipway and Engineering Company, 
Limited, Wallsend-on-Tyne. The second vessel, viz., 
the Rodney, is now being completed by Messrs. Cammell 
Laird and Company, Limited, at Birkenhead, who are 
responsible for both hull and. machinery. 

Considerable interest attaches to the design of these 
vessels, which are the first capital ships to be built within 
the limitations of the terms of the Treaty, and also the 
first in which the lessons learnt in the late war have 
been fully incorporated. The Hood, it will be remem- 
bered, was designed during the course of the war, and 
subsequently modified as a result of experience gained 
at Jutland; she was launched in 1918 and completed 
two years later. The new battleships are smaller 
than the Hood, their displacement, viz., 35,000 tons, 
being the maximum allowed by the Washington 
Treaty, whereas that of the Hood is 41,200 tons. The 
Nelson was launched in September, 1925, and the 
Rodney in December of the same year. Some particu- 
lars of the general design of these two ships were given 
on page 805 of our 120th volume, and from this we 
may repeat the following main dimensions :—Length 
on waterline, 702 ft.; extreme beam, 106 ft.; and 
draught, at standard displacement, 30 ft. 

The main armament, as there suggested, consists of 
nine 16-in. guns mounted in triple turrets forward and 
incapable of firing astern. The guns of the two fore- 
most turrets can be fired ahead, but all can, of course, 
be fired in a broadside. The secondary armament 





and, in addition to these, there are ten 4-in. anti-aircraft 
guns, four 3-pdrs., one 12-pdr. landing gun, five machine 
guns and ten Lewis guns, Particulars of the armour 
are not available, but the main belt, we believe, is of 
14-in. thickness; heavy bomb-proof protective decks 
are provided over the magazines and machinery spaces. 
A noticeable feature of the design, clearly shown in the 
photograph of the Nelson reproduced in Fig. 1, is the 
large tower located aft of the main turrets and con- 
taining the fire direction and observation stations as 
well as the navigation controls. Aft of the tower is a 
single funnel, on which two searchlight platforms are 
provided, while four additional searchlight-platforms 
are mounted on a tripod mast located near the after 
end of the ship. Both ships were laid down under the 
1922-23 programme, and it is of interest to mention 
that they were the last battleships to be designed by 
Sir Eustace Tennyson d’Eyncourt in his capacity of 
Director of Naval Construction. 

Two other vessels, constructed under the 1924-25 
estimates, have recently been added to the Fleet, 
viz., the destroyers Amazon and Ambuscade. Of 
these the latter, which we illustrate in Fig. 2, 
opposite, was constructed by Messrs. Yarrow and 
Company, Limited, Scotstoun, Glasgow, having 
been laid down in December, 1924, launched in 
January, 1926, and completed in September last. 
She is a little smaller than the Amazon, which was 
built by Messrs. J. I. Thornycroft and Company, 
Limited, at Southampton, and completed at about the 
same time. The main particulars of Messrs. Yarrow’s 
boat are :—Displacement, 1,210 tons; length, 307 ft. ; 
breadth, 31 ft.; and mean draught, 8 ft. 3 in.; while 
those of the Amazon are :—Displacement, 1,330 tons; 
length, 311 ft. 9 in.; breadth, 31 ft. 6 in.; and mean 
draught, 9 ft. lin. Both carry four 4-7-in. guns, two 
2-pdr. pom-poms, five machine guns and six 21-in. 
torpedo tubes, the latter in two triple mountings on 
deck amidships. The machinery is of the Brown- 
Curtis geared type, supplied with steam from Yarrow 
type oil-fired boilers and has been designed to give 4 
speed of 37 knots. The principal features of the 
destroyers of this class are the all-steel bridges, higher 
freeboard and improved cabin accommodation, de- 
signed to give a greater degree of comfort to the 
personnel than has hitherto been provided in destroyers. 








Tue Roya Gotp Mepat FoR ARCHITECTURE.—The 
Royal Gold Medal for architecture has been awarded to 
Sir Herbert Baker, A.R.A., F.R.I.B.A. The medal will 
be presented to Sir Herbert at the banquet of the Royal 
Institute of British Architects, on June 23 next. 
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LITERATURE. 


———— 

Unemployment: The Gateway toa New Life. By Gro. W. 

Motus, M.B.E, London: Longmans, Green and Co., 

Ltd. [Price 6s. 6d.] 
Tux author of this essay, an experienced Birming- 
ham manufacturer or merchant, gave an address 
on the cause of unemployment to the Birmingham 
Business Club, and by its reception was encouraged 
to develop his thesis in its present form. It is not 
the first time that a Birmingham man of business 
has published a work, not derived from Academic 
inspiration, but based on the results of his own 
thought, and free from the catch-words of the 
market place. While embodying the fruits of an 
evidently wide reading, grafted on to a prolonged 
practical experience, the book displays its material 
in the form and order imposed by the author’s 
careful scrutiny of all the many topics to which he 
refers. Here and there he is drawn into using 
a cant phrase, as when he conceives ‘‘ remedies in 
dynamic and not in static terms”; but with these 
Tare exceptions he seems to have wrestled with 
every proposition he discusses until it made sense 
without the aid of unexamined clichés, and, as he 
says, looks to his readers for similar constructive 
thought in considering his argument. 

The book may perhaps best be regarded as a 
syllabus of the author’s conclusions, with evidence 
that supports them when applied on a restricted 
scale, and a challenge to test them in a more general 
application. Its 140 pages of large type cannot be 
expected to do more, and the author’s anxiety to 
neglect no relevant aspect of the subject must have 
made the task more difficult for him than it.would 
have been for a less conscientious writer. The 
matter is divided into four chapters. The first 
discusses the nature of unemployment as a problem 
of capital no less than of labour, involving idle 
Plant, idle factories, and a reduced buying capacity, 
9 examines separately fifteen independent causes 
: : have been suggested as responsible for it, 
ach of which for assigned reasons is found unsatis- 
actory by the author. 
pe ¢ fundamental cause of unemployment, as de- 
*loped in the second chapter, is that the propor- 
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|tion of men engaged on producing the primary 


necessities of life, such as food, keeps no balance 
with that which is engaged on industrial manu- 
facture, and, in fact, is usually too small. The 
primary remedy, therefore, is explained in the 
third chapter as lying in increasing the number of 
men in industrial occupation by shortening the 
hours of work, increasing the number of shifts, and 
applying to agriculture the hours diverted from 
manufacture. The extent of unemployment may 
be taken safely as probably not more than 10 per 
cent. of the employed population. If the usual 
Saturday half-day were struck out of the industrial 
week, and 7 hours were worked on each of the other 
five days, the present industrial production would 
be conducted on a 35-hour instead of a 48-hour 
week. This would require 25 per cent. more 
labour, and the alteration, if applied only in a 
certain proportion of trades would thus absorb the 
whole of the unemployed. To enable the industrial 
workers to live on the fruits of this reduced manu- 
facturing energy, the time saved, on the author’s 
scheme, would be devoted to agriculture, to be con- 
ducted on areas of half to one acre. Its fruits would 
be reserved for the personal consumption of the 
producers, and the vast total of transit, exchange, 
distribution, and other intermediary expenses would 
be saved. 

The principal mechanism suggested is the creation 
of self-contained communities in which factories and 
small farms of the proposed type would be provided 
in suitable proportions, and the farms of half or 
one acre each would be owned by the workers subject 
to the condition that they should be reserved 
strictly for part-time working, and their produce for 
the owner’s or presumably other local consumption. 
The workers would thus have both a stake in the 
country, and a function of which they would see the 
actual product. Unemployment, should it occur, 
would at worst not deprive them of food; the 
greater aggregate production would induce and 
provide the means for greater consumption and an 
improved standard of living; and capital would be 
used more efficiently in manufacture because plant 
would be worked more continuously. The system 
could be tried experimentally, and for choice in 











| connection with seasonal trades, where the peaks of 


agricultural needs happened at the same seasons 
as the depressions in the industry. This is an outline 
of the fundamental remedy suggested, the complete 
application of which would take probably half a 
century or perhaps a whole century. Secondary 
remedies are discussed for application in the 
meantime. 

This is by no means a complete summary of a 
book in which every page, more or less, contains a 
fresh proposal or argumen?, with such evidence as 
space and circumstances allow. It is enough, how- 
ever, to show the scope of the work, and to suggest 
that it may be worth the attention of readers in- 
terested in its particular subject, and who care to 
follow it in a short, novel, but very earnest discussion. 
Before economics were as much talked of as they 
are to-day, a favourite social exercise was to debate 
the merits of free trade and protection, and to 
discover that an irrefutable case could be made out 
for either if only the figures were judiciously selected. 
A good deal of Mr. Mullins’s thesis seems to be on a 
similar footing, and it can certainly not be con- 
sidered with the prospect of a practical decision 
without some indispensable figures, which for his 
present purpose have had to be assumed. 





Text Book of Mechanics. By E.H. Woop. New York: 
John Wiley and Sons, Inc. London: Chapman and 
Hall, Limited. [Price 15s. net.] 

In this book the treatment of the subject follows 

the usual lines, and the text and diagrams are both 

commendably clear. 

As each phase of the subject is developed, 
problems are propounded for solution by the 
student. Many of these are of a distinctly novel 
nature and will certainly encourage the careful 
thought that the writer wishes to stimulate. It is 
unfortunate, however, that answers to the problems 
are not appended, for these give the student the 
opportunity to revise calculations that may have 
resulted in an incorrect solution; such revision is 
always instructive. 

The distinction between speed and velocity is 
carefully emphasised, but the general diagram 
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given might with advantage have been supple- 
mented on this point by a more familiar case, say 
that of circular motion. 

The author has intentionally used the ‘free 
body” method of treatment throughout. This, 
although correct in principle, proves rather cum- 
brous when fairly complicated frames, such as roof- 
trusses, are under consideration and, in lettering 
the diagrams, many advantages might have been 
secured by the adoption of the familiar ‘‘ Bow’s 
notation.” 

Co-ordinate geometry and simple calculus have 
been freely used throughout. Simpson’s rule for 
the estimation of areas is clearly explained. The 
method described of determining the moment of 
inertia of a body, by pendulum suspension, is 
described and, in many cases, this would prove a 
useful check on calculation. Chapters are devoted 
to balancing work, energy, momentum and a 
brief discussion of gyrostatic action. 

The diagrams are clear, and that illustrating 
direct central impact is especially good. The 
book is well arranged and readable, and should 
prove very useful to earnest students of the subject. 


Technische Hydrodynamik. By Dr. Franz PrASIL. 
Second edition, Revised and enlarged. Berlin: Julius 
Springer. [Price 24 marks.] 

Tue second edition of Professor Prdsil’s well-known 
work includes, in addition to the admirable 
exposition of the subject contained in the earlier 
edition, a fairly complete account of the progress 
made during the thirteen years which have since 
elapsed. This revised and extended treatment 
compels the same admiration, evokes the same 
praise, and invites the same criticism as were 
accorded to the work at its first appearance. The 
source of admiration and of criticism alike may 
be said to arise from the fact that Professor Pra3il 
is a true mathematician. He breathes the atmo- 
sphere of mathematics, and wields its weapons 
with unusual skill and dexterity. 

Regarded broadly as a mathematical treatise, 
the book cannot fail to leave the reader profoundly 
impressed with the author’s powerful insight and 
independence of thought. To criticise in detail 
the methods which he adopts, and the theories 
which he expounds, is a task which few mathe- 
maticians would venture to undertake. The mere 
engineer, lost in admiration, is left to search for 
useful results. Here, however, he will discover 
that Professor Prasil has gone further to conciliate 
him than most mathematicians. He has confined 
his treatise to branches of the subject which have 
possible interests for the practical man, he has 
discussed his results in many instances from the 
physical standpoint, and has illustrated them by 
diagrams and photographs, which convey more 
to the engineer than some of the results themselves. 
The geometry of streamlines is worked out in 
detail for several cases, including the orifice, weir, 
and certain streamlined sections, and the method 
of constructing these diagrams is fully explained. 

When, however, the engineer, in his severely 
practical manner, begins to inquire how these 
results will help him in his work, wherein the 
laboriously constructed “net diagram” for a 
perfect fluid possesses practical advantages over 
the photograph of water in its natural flow, or 
why the theoretically-constant coefficient for an 
orifice may vary as much as 10 per cent. in practice, 
he begins to realise how wide is the gulf which still 
separates theoretical hydrodynamics from practical 
—or, one might almost say, empirical—hydraulics, 
and how far even Professor Prasil fails to complete 
the bridge. The engineer does not complain. He 
realises the enormous technical difficulties which 
the mathematician encounters in attempting to 
portray in symbols the complex, almost capricious, 
behaviour of fluids in nature. He admires, as it 
were from a distance, the manipulative skill which 
achieves a measure of success under conditions 
which seldom or never occur, and for a fluid which 
does not exist. He is perhaps mildly interested 
in the qualitative results which take account of 
the physical properties of the fluids he uses, and 
which he can usually foresee by simpler methods, 


which aeronautical science owes to the mathe- 
matician, and he therefore looks forward to a time 
when the gulf between hydraulics and hydro- 
dynamics shall also be bridged over, and applied 
hydrodynamics shall, in fact, become theoretical 
hydraulics. 

It might be said that Professor Prasil is at work 
on this bridge, to which he has added more than 
most men of our time, and for which he undoubtedly 
deserves our warmest thanks. But he is working 
at the end of the bridge more remote from the 
engineer, the end at which progress is apt to be 
belittled and appreciation dimmed by the laws 
of perspective. The engineer is inclined—unkindly 
perhaps, but not unnaturally—to assess theoretical 
work at its market value at the present day, and 
results which serve his immediate needs appeal 
more strongly to him than those which have great 
possibilities in the rather distant future. These 
needs can best be appreciated at the present time 
by a study of the problems of engineering from 
the standpoint of the engineer, and this must be 
done in combination with sufficient physical insight 
to separate the essential and non-essential condi- 
tions, and sufficient mathematical ability to give 
quantitative, even if approximate, results. If 
hydraulics could be placed on a rational, for want 
of a theoretical, basis, a far greater benefit would 
be conferred on the engineering profession than 
has been accomplished by those who have helped 
to build up the splendour of classical hydro- 
dynamics. Our ideal author must have the training 
and instincts of an engineer, and will need to be 
a master, not a slave, of mathematics. 





‘THE LATE MR. ARTHUR HILL. 


WE record with regret the death, at the age of 69, of 
Mr. Arthur Hill, C.I.E., who retired from service in 
India in 1913. Mr. Arthur Hill was the son of the late 
Rev. A. Hill, of Leicester. He entered the Royal 
Engineering College, Cooper’s Hill, in 1876, passing out 
in 1879. After a year’s practical training with Messrs. 
Westwood and Baillie, on bridge work, &c., at Green- 
wich and under Mr. Bernays on the Chatham Dockyard 
Extension, Mr. Hill joined the Public Works Depart- 
ment service of Bombay, in 1880, as an assistant irriga- 
tion engineer. He was at first under Mr. W. Clarke, 
executive engineer, on the Mutha Canal, but after 
eight months was transferred to the Nira Canal, where 
he was at first under Mr. J. E. Whiting, executive 
engineer. He was promoted to executive engineer in 
1892, and to the grade of superintending engineer in 
1906. 

From 1906 until his retirement in 1913, he was 
Chief Engineer and Joint Secretary to the Government 
of Bombay. He was in this way connected with many 
of the important irrigation developments inaugurated 
and following the Viceroyalty of Lord Curzon. In his 
junior days he was engaged on the calculations for the 
designs of the original Bhatgar Dam, having served also 
onthe survey of this project, and had actual charge, as 
executive engineer, of the construction of the dam and 
weir. This structure was about 4,000 ft. long and 
100 ft. high. This was intended to ensure an all-year- 
round supply for the Nira Canal. The dam impounded 
4,642 million c. ft. of water when full, of which about 
4,148 million were available for irrigation. The water 
drawn off was regulated by headworks at Vir, where 
there was additional storage. Mr. Hill was connected 
with the latter work, having temporary charge of the 
construction of the 2,000-ft. weir at this point. The 
Nir canal system commanded about 136,000 acres, the 
main canal having a length of 101 miles, with distri- 
butaries of a length of 110 miles. These works are 
illustrated and described in Buckley’s Irrigation Works 
in India. 

It may be remembered that the original Bhatgar 

Dam has now been superseded by a much larger 
structure known as the Lloyd Dam, a work 5,333 ft. in 
length and 190 ft. high. This dam contains 214 
million c. ft. of masonry, and is said to exceed in this 
respect any other dam in the world. The amount of 
water now impounded is 24,000 million c. ft., the area 
of the lake formed being 15,000 square miles, and sub- 
merging the old dam. The total area commanded by 
the new work is 900,000 acres, 
Another important storage work with which Mr. 
Hill was connected was the Tansa dam of the Bombay 
Waterworks. For this Mr. Hill was lent by the Govern- 
ment to the Municipality of Bombay, and he acted as 
assistant resident engineer on the dam works for some- 
thing like two years, until their completion in 1891. 
He was awarded the C.I.E, in 1903. 





but he is not unmindful of the increasing debt 


THE LATE DR. A. W. BRIGHTMORE. 


A wiDE circle of engineers will hear with regret of 
the death of Dr. Arthur William Brightmore, engineer. 
ing inspector in the Ministry of Health, at the early 
age of 62. After passing through the engineering 
course at Owen’s College, Manchester, where he took 
the degree of B.Sc. and was elected to a Berkeley 
Fellowship, Mr. Brightmore was articled, in 1884, to 
Dr. G. F. Deacon, M.Inst.C.E., and was engaged upon 
the design of many special works in connection with 
the aqueduct of the Vyrnwy water supply for Liver. 
pool. He acted as assistant engineer on the Oswestry 
section during the years 1886-1888, and in this capacity 
was connected with the building of extensive filter beds, 
an embanked reservoir, tunnels, and other aqueduct 
works. In 1887 Dr. Brightmore graduated M.Sc. at 
the Victoria University, and in the following year was 
appointed resident engineer on part of the Vyrnwy 
scheme, being in charge of the erection of the Norton 
water tower, with a tank capacity of 650,000 gallons, the 
crossing of the aqueduct under the River Weaver and 
the Manchester Ship Canal, &c. Five years later he 
set out, under the late Mr. J. Mansergh, 20 miles of the 
aqueduct of the Elan water supply of the Birmingham 
Corporation. This work ineluded two long tunnels, 
heavy cut and cover works, &c. In 1894 he was 
appointed resident engineer of the section. 

For eight years, until 1907, he was professor of 
structural engineering at the Royal Indian Engineer- 
ing College, Cooper’s Hill, after which he entered the 
service of the Local Government Board. 

During his career, Dr. Brightmore was the recipient 
of several awards from the Institution of Civil Engineers 
in connection with papers which he read before that 
body. The first of these was the Manby Premium 
for a paper on “ Experiments on the Steam Engine 
Indicator,” read in May, 1886; the second, a Telford 
Premium, for a paper read in 1902 on “ Formule 








Relating to Saturated Steam.’’ In 1907 he received 
the Watt gold medal for a paper on “‘ Loss of Pressure 
in Water Flowing through Straight and Curved Pipes ”’ ; 
and, in November, 1908, with Sir John W. Ottley, he 
presented a paper on “ Experimental Investigations 
of the Stresses in Masonry Dams subjected to Water 
Pressure,”’ for which George Stephenson gold medals 
were awarded. Dr. Brightmore was joint author 
with Dr. J. H. T. Tudsbery of The Principles of Water- 
works Engineering, which reached its third edition in 
1905. He was also the author in 1908 of Structural 
Engineering. He became a member of the Institution 
of Civil Engineers in 1896. 





THE SANDFIELDS PumpING STATION: ERRATUM.— 
We regret that in our article on the Sandfields Pumping 
Station of the South Staffordshire Waterworks Com- 
pany, we stated near the bottom of the third column 
of page 473 that the Lenix belt-tightening gear, fitted 
to the generator and turbine drives, was made by 
Messrs. F. C. Smidth and Company, Limited. The 
gear in question was actually supplied direct by 
Messrs. Sulzer Brothers, of London, in common with 
the pumping plant and other auxiliaries. 

P. & O. LINER witTH ELECTRICAL TRANSMISSION.— 
Messrs. Alexander Stephen and Sons, Limited, Lint- 
house, Glasgow, have received from the P. & O. Steam 
Navigation Company, an order fora 19,000-ton passenger 
liner, for the Indian trade. The vessel, which will be 
over 600 ft. in length, will be driven by high-pressure 
turbines, taking steam from Yarrow boilers working at 
375 lbs. pressure, and the transmission to the propeller 
shaft will be electrical, giving a speed of 19 knots. Ac- 
commodation will be provided for about 400 first-class, 
and 300 second-class passengers, and it will be on a scale 
suitable in respect of size and luxury to a vessel of this 
class. 


THE NaTIONAL PuHysicaL LABORATORY IN 1926.— 
The report for the year 1926 of the Executive Com- 
mittee of the National Physical Laboratory, records 
that steady progress has been maintained. The 
maintenance of standards and the researches for boards 
and committees of the Department of Scientific and 
Industrial Research, on behalf of which the report 1s 
published by H.M. Stationery Office [price 7s. 6d. net], 
and for other official bodies, claim more and more atten- 
tion, and the need for a physics building is again em- 


phasised. The building of the high-tension electric 
laboratory is now complete for the instalment ot the 
The physics 


equipment to give one million volts. pl 
building has not yet advanced beyond a recognitio 
its need by the authorities. Notwithstanding the 
adverse industrial conditions of last year there 1s - 
material diminution in the test work done for firms an 

outside bodies ; the routine work of the Engineering . 

Metrology departments has indeed increased, and t e 
diminution in the total number of tests of the Laboratory 
is largely due to a smaller demand for clinical eget 
meters, though there was @ general decrease oe : 
physical testing work. Sir William Smith, who had _— 
chairman of the Tank Advisory Committee 1n successes 
to Lord Rayleigh since 1919, has retired, and Sir ee 
Tennyson d’Eyncourt has taken his place ; Sir W — 
Abell has been given a seat on the committee as repr 

sentative of Lloyd’s Register. 
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Fig. 3. PART PLANS. BLOCKS & REINFORCING STEEL BEFORE BEAM /S FILLED. 
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HODGKINSON SYSTEM OF REIN- 
FORCED CONCRETE BEAMS. 

WE illustrate on this page, Figs. 1 and 2, an experi- 
mental beam of reinforced concrete constructed on a 
system devised by Mr. A. J. Hodgkinson, A.M.Inst. 
Struc.E., of 32, Acre-lane, Middleton, Leeds. Mr. 
Hodgkinson contends that though concrete reinforced 
with steel is a most efficient structural material, yet 
there is still room for an increased efficiency and a 
reduction of cost in its applications. He has therefore 
aimed at reducing to a minimum the amount of 
shuttering or shoring required in the process of 
construction. He also reduces the quantity of 
material in the neighbourhood of the neutral axis 
which, of course, contributes little or nothing to the 
Strength of the beam, and he is able to employ with 
safety, aggregates-such as ashes and slag, which are 
not generally considered suitable for use when the 
concrete has to set in contact with the steel. To this 
end he employs hollow pre-cast blocks, which can be 
made in a workshop or yard equipped with suitable 
labour saving appliances, and where adequate super- 
vision is more easily secured than is the case when 
concrete work is executed in situ. The experimental 
beam was built up of nine hollow pre-cast blocks, which 
were bound together by inserting the reinforcement in 
grooves cast on the sides of the blocks and subsequently 
concreting them into place. This procedure makes it 
certain that each rod occupies the position intended 
by the designer, an end which is attained generally 
only by very careful inspection of work in progress. 

Views of the test beam, both during the process of 
erection and after completion, are reproduced in Figs. 
1 to 5, above. It will be seen from Figs. 1 and 3 
that the blocks were cast hollow with a diagonal brace 
from corner to corner of the opening. This brace is 
designed to take compression only but can be rein- 
forced if necessary. The horizontal reinforcement of 
the test beam consisted of four }-in. mild steel 
rods, which were fitted into the grooves in the blocks 
as indicated in Fig. 3. A vertical reinforcement was 
also provided, which was laid in the grooves formed 
by the chamfered ends of abutting blocks. In the test 
beam these bars, which were j-in. rods, were carried 
Tound the upper and lower horizontal faces of the beam 
a indicated to the left of Fig. 4. In the case of a 
deep beam or wall built up of several tiers of blocks, 
these rods would be carried up through the whole 
sey of tiers from bottom to top. In the test beam 
he total steel was 2 per cent. of the concrete in the 





“ENGINEERING 


A 1:2:3 mixture was used for the pre-cast blocks. 
These, when hardened, were assembled on a suitable 
support, and after the reinforcement had been put in 
place shuttering was added, and a grout consisting 
ofa 1:2: 2 mixture, having the consistence of cream 
was run in, filling all the interspaces between the 
blocks and the shuttering, and firmly concreting the 
reinforcement into place. The shuttering was re- 
moved next day, and seven days later preliminary tests 
were made, which showed that owing to the great 
rigidity: of the beam, special arrangements would be 
required for accurate measurements of its deflection 
under load. These were provided and the tests 
resumed 28 days later. In these tests the steel- 
work was subjected to a calculated stress of 18,000 
lb. per square inch. There was no visible crack, and 
no permanent set after the removal of the test load. 
In later tests the stress on the steel was increased up 
to a calculated value of 24,000 lb. per square inch. 
The permanent set after removal of the load was 
4 mils, and, as the result of a close examination, only 
two fine cracks were discovered in the concrete. 





THe INSTITUTION OF ENGINEERS, AUSTRALIA.— 
Published by the Institution, at Macleay House, 16, 
College-street, Sydney, N.S.W., Australia, the fifth 
(1924) volume of the Transactions of the Institution of 
Engineers, Australia, came to hand recently. The volume 
contains a number of interesting papers, one of which is 
entitled ‘“‘The Preservation of Wooden Poles.’’ The 
authors, Messrs. J. M. Crawford and R. V. Hall, state 
that considerable saving has been effected in the Post- 
master-General’s Department by the use of a satisfactory 
preservative for wood poles used for carrying electric 
cables. In Australia the white ant is the principal 
enemy against which poles have to be guarded, and, after 
many trials, a satisfactory preservative solution has been 
devised and brought into use. This contains crude oil, 
arsenic and soda. The authors also describe a method 
of treating the base of poles with a tar-creosote mixture, 
which treatment poisons the soil round the base of the 
pole, and prevents the growth of grass. In another con- 
tribution, on the subject of “‘ Limes and Cements,”’ Mr. 
W. Poole puts forward a new method of classification of 
limes and cements, and a new index to compare quanti- 
tatively their cementing values. Other papers include 
‘* Wind Force and Roof Truss Design,’ by Professor A. 
Tomlinson ; “‘ The Flow of Gases,’ by Mr. R. J. Donald- 
son; ‘Explosives and Fires in Mines,” by Mr. J. T. 
Watson; ‘* Steam Governor Characteristics,” by Mr. 
J. W. L. Varey; ‘‘ Municipal Refuse,’”” by Mr. A. G. 
Gutteridge; ‘‘ Construction of Herdsmen Lake Tunnel,” 
by Mr. A. M. Hutchinson; and “The Osborne Power 





“pper and lower flanges of the beam. 





Station, Adelaide,” by Mr. F. W. H. Wheadon. 
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DESIGN AND CONSTRUCTION OF 
HIGH-SPEED MOTOR BOATS.* 
By Davip NIcoLson. 


In dealing with the above subject it becomes neces- 
sary at the outset to divide the types considered into 
at least five distinct classes: (a) Fast displacement 
hull; (6) V-bottom hulls; (c) Inverted V-bottom or 
sea sled hulls ; (d) Multi-step hydroplanes ; (e) Single- 
step hydroplanes. In placing these classes in this order 
it may be observed that this is done with the object of 
commencing with the least efficient type, and proceeding 
through the series or classes to the most efficient type 
of hull for purely speed purposes. In general it may 
be said that, inversely, the first-mentioned class is the 
most sea-worthy, and the last class the least seaworthy, 
but as regards the intermediate three, it has been 
proved that the multi-step hydroplane has equally 
good seaworthy qualities as the V-bottom and sea-sled 
types. 

Class (a).—In the study of the evolution of the 
design of the displacement hull it is observed that 
whilst at the commencement the lines of these hulls 
were quite normal, i.e. the midship section was bold 
and had plenty of floor, and the run of the after-body 
buttock lines had a big negative angle of attack, the 
tendency after a few years of racing experience was to 
fine out the fore-body water-lines, often making a weak 
midship section, but to flatten considerably the run 
of the after-body buttock lines, giving the after-body 
transverse sections a very flat floor with a consequently 
very hard bilge and good.stability. Further experience 
gained led to the introduction of a fuller fore-body 
with, in many cases, bows of a decided U-section, 
which naturally helped to lift the fore-body clear at 
top speeds. Another type of displacement hull intro- 
duced by Messrs. S. E. Saunders, Limited, of East 
Cowes, was that embodying a bulb-shaped bottom, 
in which bulb the engine was placed, consequently a 
low centre of gravity was obtained with increased 
transverse stability; and good sea-going qualities 
whilst the bulb being of a good stream lined form caused 
little or no extra resistance. In this way, at the period 

when hydroplanes commenced to oust the displacement 

boat for purely racing purposes, one can observe the 

latter type becoming distinctly the prototype of the 

present-day V-bottom hard chine semi-skimmer. The 

most successful boat of this type was Ursula, owned by 

the Duke of Westminster. Fig. 1, page 528, shows the 

profile of this boat. Regarding the construction of the 

early displacement type boat, much can be said in its 

favour. Greater strength for a given weight can be 

obtained, due primarily to greater continuity of trans- 

verse constructional material. The majority of these 

boats were of more than one skin, and in the case of 

Ursula and other famous hulls were of two skins, the 

inner skin being laid diagonally and the outer one 

fore and aft. In boats with three skins, two of these 

would be laid from keel to gunwale in opposite diagonals 

|in one length, each pair having interposed a sheet of 

| oiled calico, silk, or other material. The outside 

| skin would run fore and aft, or in a much more acute 

| diagonal if this better suited the lay of the planking, 

|and the whole would be sewn together by copper 

| wire, while the timbers, where possible, would run from 

| gunwwale to gunwale, and so without the usual extra 

| transverse stiffening, producing a remarkably strong 

|structure. It has been definitely proved that in this 

| type of hull a certain flexibility is to be desired and 
|aimed at. At least this is true as far as the panting of 
* Paper read at a meeting of the Institution of Naval 
Architects, April 7, 1927. 





































































528 





ENGINEERING. 





[APRIL 29, 1927. 








the sides is concerned, although naturally the bottom | 


needs to be kept rigid in a fore-and-aft direction, both 
from the point of view of preserving the boat’s form 
and maintaining the alignment of the transmission 
shafting. 

Class (b).—-In the V-bottom type of boat, little was 
done in this country with this type before the war, 
apart from the 21-ft. B.M.B.C. class of boat, although 
in the United States their development was considerably 
advanced. Whilst unquestionably faster than the 
previous class considered, they have several disadvan- | 
tages, and one of these is the hard angle of the chines 
in the bows (Fig. 2). In a very moderate seaway, | 
even in only a slight “‘ popple ” this hard angle breaks | 
up the normal flow of the water, and causes light broken 
spray, and if the wind is only slightly on either beam 
this spray is blown abroad to the utter discomfort of the 
boat’s complement. This, of course, is also true of a 
displacement boat in a bigger seaway, but the displace- | 
ment boat will certainly stand more sea at speed with | 
equal comfort. Another drawback is that the rolling 
motion of a V-bottom boat is of a quicker period than 
the bilge boat, due to its greater initial stability, other | 
things, of course, being equal. To begin with, these | 
boats were closely modelled on the lines of the bilge | 
boats of the period, a hard chine being introduced at 
the middle of the turn of the bilge, and straight-line | 
sections being worked away from this to gunwale and 
keel. The usual rocker of the keel was to be observed | 
in the profile of the boat’s bottom, but in the develop- | 
ment of this type one can again observe the flattening 
of the after-body run, and flare being introduced into | 
the forward bottom, 7.e., in the transverse section | 
from keel to chine in the fore-body. This, no doubt, | 
was with the object of throwing down the broken 
spray already mentioned. Finally, in the high-speed 


runabouts common to-day, boats capable of attaining | 
speeds in the neighbourhood of 50 m.p.h., one finds a | 


perfectly straight keel, with very little dead rise to the 


transverse sections, a considerable angle of attack to | 


chine and keel both at rest and at speed with the weights | 


all aft; in other words, a one-step hydroplane in the 
strict sense of the term, and a long fine bow to cushion 


easily and comfortably any porpoising that may arise. | 
As regards construction, although it is generally under- | 
stood that this type is simpler and cheaper to construct, | 


this is in reality fallacious. As much time must be 
spent by skilled men in constructing a really sound 
V-bottom hull, as in a bilge boat, this being especially 
true in the case of hulls having the flaring forward 
bottom referred to, and plenty of shape in the top sides, 
which is essential to any hull in which appearance is a 
consideration. There will be found to be as much 
sny in the planking as in a bilge boat, the transverse 
framing, if efficiently done, will take as long as timbering 
the ordinary boat, and in addition there are two extra 
seams each side in the chine rabbets to be carefully 
worked to ensure a watertight job. That a cheaper 
boat can be produced with this form than with a 
displacement type is, of course, true, but the foregoing 
notes are intended to deal only with types of construc- 
tion which from experience ‘are known to be able to 
withstand the heavy strains imposed upon all kinds of 
really high-speed craft. 

Class (c).—The inverted V-bottom or sea-sled hull 
was developed in Canada by Mr. Albert Hickman, 
of Viper fame, who had spent many years experimenting 
with ordinary V-bottom hulls to prove the efficiency 
of the surface propellers. Some years ago he conceived 


the idea of inverting the ordinary V-bottom, and by | 


so doing collecting air in the bows of the boat which 
would help to cushion the boat, and also reduce skin 
friction (Fig. 3). A variation of this type is one which 
has been patented by Mr. S. E. Saunders, of East 
Cowes, and in this design a tunnel has been introduced 
in the centre of the boat’s bottom to obtain greater 
air-collecting powers for cushioning effect and improve 
the directional handling qualities. The  sea-sled 
boats have changed very little in design since this 
conception, as the type does not lend itself to much 
variation in form design. The construction of this 
type is also of a more or less standardised form. The 
transverse framing is very complex, taking the form of 
a W with a horizontal member fastened across the 
apex of the centre members, these same horizontal 
members usally forming the floor bearers. As most 
of these boats have been fitted with Hickman surface 
propellers, it has become more convenient to mount 
twin rudders on the sides of the hull in the form of 
flaps, which are hinged on the forward end and are 
operated by push-rods extending through glands in 


Class (d).—In considering the multi-step hydroplane, 
this type of hydroplane was first brought into pro- 
minence in 1909 by Monsieur M. Fauber, and these 
boats showed a marked improvement in performance 
over the existing displacement or V-bottom hulls. 


| The main features governing the design of this type are 
|as follows: —Firstly, a series of steps is embodied in 


consequently balancing or the position of the longi- 
tudinal C.G. is of less importance. The last feature is 
unquestionably the cause of the superior sea-going 
qualities of the multi-step hydroplane over the single. 
step, as it logically follows that a boat supported on 
several points will be steadier in a seaway than one 
supported on only two. Regarding the construction 


Fig.1. CLASS (a). LINES OF'URSULA" PARTICULARS IN APPENDIX. 
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Fig. 2. CLASS (6). LINES OF TYPICAL V-BOTTOM LAUNCH. 
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Fig. 3. CLASS (c). LINES o TYPICAL SEA SLED 
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the side of the hull, and thus holding a rudder or flap the bottom of the hull (Figs. 4 and 6), consequently offer- 
away from the side of the sled at the desired angle. | ing a series of inclined planes to the surface of the water, 
Several of these boats have been planked with Con- | which give a definite lifting effect as soon as the boat 
suta, and this material makes an ideal job, as all| attains a certain speed, and at the same time reduces 
plank seams are thus entirely eliminated, there being | the wetted surface with consequent reduction of skin 
only the chine and keel seams to make and keep | friction. Secondly, the angle of attack of these planes 


watertight, which is a comparatively simple operation. 
Furthermore, there is a considerable reduction in 
labour, as with this construction individual planks are | 
not required to be shaped, prepared and fitted. 


must be carefully considered, as this is of the greatest 
importance to the efficiency of the hull. Thirdly, 
due to the existence of several steps, the boat is more 
easily kept in trim than the one-step type of hydroplane, 





of this type, the built-in type of construction must be 
carefully worked out for strength in the bottom, Ps 
the breaking up of the continuity of the fore and aft 
members has to be thoroughly compensated. Exper!- 
ence has shown that unquestionably the soundest 
work is obtained by building the inner hull complete 
and obtaining the stepped effect by superimposing 
the steps. 
Class (e).—We now come to the class of single-s tep 
hydroplanes, which of late have put up such wondertu 
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performances and proved themselves to be the most | separately running. 
efficient type for speed purposes, and shown in Fig. 5, 
As long ago as 1877 patents on this type were taken out 
in this country, and various forms of single-step 
hydroplanes have appeared from time to time. Some 
have been designed with the after plane to be the main 


one, and the forward one a balance plane; others use 


Fig.4. CLASS (d). LINES OF MOST MODERN MULTI -STEP HYDROPLAN 
1927 sh HbuMa cass RACER. B . 
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same remarks apply here as in the last type considered | 


should the front step be added to a main inner hull, it 
is then possible, in the event of the boat being slightly | 


front step, and by means of this construction this is | 


Regarding construction, the | heavy and the other nose light, or by the head and 
by the stern respectively. 

Model tank tests have never been used extensively 
for small boats, mainly because of the high relative 
cost, as the work entailed in testing the model of a 
30-ft. boat is very little different from testing a model 
of a 600-ft. ship. However, if a small one-design class, 
| or standard boat, were to be produced, it might be an 
| advantage to carry out model tests rather than finish 
| the boats and then make changes in order to get the 


type of step. Furthermore, | 


this by an alteration to the | 





| best combination of hull, motor, and propeller. Model 
tanks tests are at times of great value, but they have 
many restrictions, especially for boats with speeds of 








50 knots and over. The first limitation is the speed 








of the present tank carriages; secondly, the models 




















being so small makes a high degree of accuracy in 
the measurement of small forces very difficult. Again, 
rough water trials, even with wave-making apparatus, 
do not give accurate results of porpoising, or show how 
considerable the spray would be, and as the model 
is confined to a straight run it does not yaw as in 





‘practice. For boats of very high speeds it is the 





| writer’s opinion that wind tunnel tests would prove 














to be very valuable, as the hull and outline must be 
kept as clean as possible, for even with small appen- 
dages their total resistance might almost equal that of 
| the hull itself. Any external fittings, such as propeller 
brackets, or rudder-posts, should be stream-lined in 
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Fig. 6. ARRANGEMENT PLAN OF 30-F!’PUMA'CLASS RACER. 
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| easily accomplished. 


1, as po mmed but for steadiness in running and general | shown that in the one-step type of hydroplane the | 
1 aft th menoy the soundest design is the one which spreads | above-mentioned centrally balanced boats have much | 
peri- Ze york equally over both planes—that is, it is neces- | better performances than the type which has the | 
dest z ry “s design the boat with its longitudinal C.G. mid- beamy front step with 

plete : 7 i een the centres of pressure of the forward | tudinal C.G. forward of or adjacent to the step, or that 
sing oat ; . planes, keeping these as alike in area and | with its longitudinal C.G. well aft, and consequently 
sane 1g angle as possible, consistent with the neces- | big angle of attack on the aft step and a neutral or very 
step se Me owances- being made for the difference of dis- | small angle of attack on the front step—both of these 
arful @ and undisturbed water in which the planes are|are apt to porpoise badly in a sea, one being nose 




















Experience has undoubtedly | 


| section to reduce frictional resistance, as one of the main 
features of designing a fast boat consists in keeping 

At the 
commencement of a design the question of saving 
weight must be carefully considered ; at the same time 
strength must not be sacrificed, as great stresses are 
set up by the fact of travelling at high speeds. Quite 
a considerable amount of weight can be saved by cutting 
out lightening holes, spindling and grooving, chamfering 
off sharp corners of metal-work as well as woodwork ; 
also, the inside skins of the planking might be of cedar 
instead of mahogany. The use of stiff oak knees should 
be avoided, and steamed rock elm knees fitted in 
their place, as the hard wood knees are liable to fracture 
the planking when the hull is working at high speeds. 
Throughout the planning of the boat every detail must 
be designed with great care to ensure perfect tuning 
up of the hull. It is no use taking a heavy hull and 
just reducing the scantlings. 

In the past there has been much discussion regarding 
the relative merits of the round-bottom boat and the 
hydroplane, and there still exists a doubt in the minds 
of some people as to why the one type should be used 
in preference to the other. It is the writer’s opinion 
that the hydroplane will be universally adopted where 
high speed is demanded, but where moderate speed is 
required the round bottom still has its place dne to 
the fact that it is stronger for a given weight. It 
might be interesting to give results (Table T., page 530) 
of two boats which were built to give actual figures 
regarding the merits of a round-bottom boat (R.) 
and a hydroplane (H). Many tests were made over a 
measured half-knot course, and it was found that when 

| the engine was running at 1,000 r.p.m. to 1,400 r.p.m. 
+ the speeds of both boats were similar, but when the 
engine was opened up to 1,600 r.p.m. and over, the 
hydroplane started to plane, thus greatly reducing the 
wetted surface, and hence the frictional resistance and 
| the difference in speed then became apparent. Another 
advantage for the hydroplane type is than when 
building a standard boat it can be powered with several 
increasing sizes of engines, and give a good return in 
speed for each increment of power added, while it 
| would be purely a waste of money and motor to add 
|more power to a round-bottom boat beyond a speed- 
| length ratio of about 3-8. 

Many countries realised the great value of high- 
speed motor boats in the late war, and they are now 
giving these types of vessels a thorough testing. 

Foreign navies at one time came to this country for 
| their pioneer boats, but unless we show that we are 
| making evident progress they will go elsewhere. We 
‘have an example before us at present, as the French 
have become very enthusiastic about fast boats and 
are building some at the moment; the Minister of 
Marine is taking advantage of this to get the young and 
keen men to take up this department of the Navy. 
One of the most important factors we must not lose 
sight of is the training of personnel for high-speed work ; 
these men, like the naval architects who design the 
| craft, must be specialists and have a long training. The 
| design and construction of high-speed motor boats 
| proved to be exceptionally valuable previous to the 
late war, as all flying boat hulls were practically evolved 
from our hydroplanes ; and I feel sure that the data 
obtained from fast boats will have a great influence on 
the design and construction of flying boats and seaplanes 
| in the near future. 
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narrow stern, and the longi- 





APPENDIX. 


In dealing with the performances of fast displacement 
racing boats, Table II gives figures for some of the 
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most successful and best-known British boats. (A) 
Ursula was a most successful boat and won prizes at 
Monaco and elsewhere for several years. She competed 
in the motor-boat races there in 1909 and the three 
foliowing years, during which time she won practically 
every race it was possible to win. (C) Napier was also 
very successful and was a bulb-bottom type of boat 
with excellent sea-going qualities. 

Dealing, secondly, with the V-bottom type of boat, 
figures are given in Table III of a few successful racing 
and runabout boats. (A) and (B) were both crack 
boats of the 21-ft. B.M.B.C. class during their respective 


8-metre class which was so active in 1910-11. (C) 
Maple Leaf IV was built as a challenger for the B.I. 
Trophy, and successfully brought that trophy back 
to this country from America in 1912, and defended it 
with the same result in 1913. It is interesting to note 
that this hull is still in commission, and holds the 
Motor Boat Cup for the fastest boat in this country, 
being now powered with two Liberty engines and 
attaining a speed of 47-4 knots. This is a sea-mile 
contest of six runs, and the above is the mean speed. 





The Liberty engines can be rated at 400 horse- 

































































power. The hull is as sound as when built. This is | 





than any other boat for years past. In 1926 she won 
practically every race for which she entered, including 
two international races within a few months; also 
beating the American, Canadian, French, and German 
in the Duke of York’s Gold Trophy. She is the fastest 
boat in the world of her class. Maple Leaf VII, 
produced by Saunders some years ago, attained a 
speed of 83 miles an hour, thus acquiring the title of 
the world’s fastest motor boat. 





POCKET REVOLUTION COUNTER. 


THE accompanying illustration is reproduced from 














TABLE I. 
—— : ——j|a photograph of a particularly neat and convenient 
| | D | Vv B form of revolution counter, made by the Brown and 
Length. Breadth. | Displacement.| B.H.P. | Speed. | Fp Ve 7 Sharpe Manufacturing Company, of Providence, R.L., 
| 5 U.S.A., and sold in this country by Messrs. Buck and 
ces l Fc wee aa <= ——= —— Hickman, Limited, 2 to 6, Whitechapel-road, London, 
| Feet. Feet. Lb. Knots. : | E.1. It consists of a metal disc, } in. ia thickness and 
R 30 | 6 | 3,650 100 23:00 BOSD) | Sask | 0-20 18 in. in diameter, having in one side an eccentric 
H. 30 6 | 3. 600 100 | 98.00 | 36-0 5-1 | 9-20 circular recess in which a counter wheel is fitted. Two 
= HBhne ned el sets of figures, engraved on the edge of the wheel and 
the = ‘ es reading in opposite directions from 0 to 95, in steps of 5, 
TABLE II.—Ctass (a). are visible through slots cut in the body of the instru- 
$$$ z 2 — ment. The wheel is driven by a worm cut on the 
nities | Length. | Beam. | Displacement. | B.H.P. | Speed. | ae | ? 
iin. | Be ia: Lbs. | Knots. | 
(A) Ursula... re at 49 0 6 9 12,880 | 2-375 | 35-3 17-2 0-138 
a — Siddeley I. .. | 4 0 | 6 : | = | aie | ~<a Pit i 
y apier.. os | 39 3 5 | 3,86 7 23 55: “12 
(D) Flying Fish oe waLom 6 0 6,160 2-70 23 44 0-153 
(E) Nigella .. os --| 40 0 | 6 2 7,120 | 2-6 22 59-2 0-154 
| | each | 
TABLE III.—Ctass (6). 
CRIES RMON soe = ~s 
- Length. | Beam. Displacement. B.H.P. | Speed. | icp. z 
oo ae ee a us : = 
ft. in. | ft. im | Lb. | | Knots. 
(A) Angela2.. =... | 20 6 40 | 1,32 | 44 | 87 28 0-195 
(B) Angela 3.. i 30° “| «a4 952 | 50s 29 19 0-228 
(C) Mekong .. : Yo 0- | “eo 3,920 | 120 | 29-25 32-6 0-187 
(D) Yacht Tender .. ‘| 40 | 56 2,520 | 100 || (6 25-2 0-222 
(E) 30-ft. Standard . : 30 0 | 5 9 | 3,360 | 30 | 16°5 112 0-191 
; ae oe spindle, which extends tangentially from the body, as 
q ee ana sdeonaui siabiiataseimeaceall oat shown in the illustration, and makes one complete 
| sony Nl ie tp | B revolution for each 100 revolutions of the spindle. The 
Length. | Beam. | Displacement. | B.H.P. | Speed Pp | L latter is fitted with a rubber point which is placed in 
a r ; —_-|the usual way in the centre of the shaft, or other 
ft. in. | ft.in. | Lb. 1 eareste | rotating part of which it is required to determine the 
(A) x | 22 0 | 5 7 | 5485 | 6 | 26— 84-5 0-25 speed of rotation; another form of rubber tip is 
= ae > aa nye = it 4 4 supplied with the instrument for use on flat surfaces, 
. ° -' | ~' © « ‘o Ze 2 
(D) 7 23 0 | 7 0 8/160 325 36-7 35-1 0.25 or on a point such as a lathe nose. 
(KE). . 32 0 | 7 6 | 9,920 370 34-8 26-8 0-234 The recess in the body containing the counter wheel 
a i a Ol i eM 250 25-6 51-4 | 0-212 | is covered by a thin disc of spring steel, which is held 
- — eee —________ |in place by a flat-headed screw passing through the 
>Vv_o¢ centre. On the steel disc, an indentation, projecting 
; - a Deh iitiinie i. 7 inwards, is formed, as shown in the figure, and a 
| Pe | aie | Dp | 8B |ound-headed pin, fitted into the side of the counter 
a | Length. | Beam. | Displacement.| _B.H.P. | Speed. | HP c wheel, comes into contact with the indentation in the 
aaa eameamee —___—____— Le Sense eres een steel disc once in each revolution of the wheel. The 
ft. in. ft. in. | Lb. | Knots user holds the instrument with his thumb over the 
‘i Colman e if : 4 ce 2400 | 360 =| = 40 23-2 0-162 indentation in the steel disc, which, of course, lifts 
( umbine ea ite 26 « | 4 7 | 1,680 | 800 32 21 0-176 i j : 1r wheel passes 
(C) Maple Leaf IV .. e 40 0 8 5 | 11°7380 900 50 ‘3-1 a slightly each time the pin on the counter w heel p 
= over the indentation. By applying the spindle to a 
- — Hs $$ | shaft for a minute and counting the number of times 
TABLE VI.—Ctass (e). | the disc lifts during that period, the user can mentally 
> —_—_——_— ee ce ee | record the number of hundreds of revolutions | a 
_ , , Picea rats © | a5: ie | D | B minute, and by adding to this the appropriate reading 
| ae. | mae. | Sapiens. a) a le iP from one of the scales on the counter wheel, pre viously 
Po toa es ee Saga oa 2 SS eer aa | set to zero, the exact number of revolutions of the shaft 
7 ft. in ft. in Lb. | | Knots. |can be obtained. Arrows are stamped on the edges of 
‘B) po ng or i. = . n = —— — 4 5-9 0-268 | the slots to indicate which scale to use, according to 
Arde ° pe is 2 | > } 12 7 | 35-2 +25 ° ° . . * . “3 2 
(C) Ardenrun Il... --| 17 0 | 4 6 1,008 64 | 35°6 ba | i | the direction of rotation. _Our illustration shows the 
(D) Newg ..  .. «. | 18 6 410 | 1064 | 64 37°75 16-7 0-265 | instrument almost to full size, so that it will be seen 
(E) Newg supercharged mS | #1 | 1,450 | 90 | 40 16-1 0-265 | that it can easily be carried in the waistcoat pocket. 
(F) Oma I és ‘s 30 0 8 0 | 8,180 | 450 43°5 2 9 | 4 : a apeerres 
| e 0-268 | Its weight is only 14 0z., and the workmanship is quite 





| up to the makers’ usual high standard. 








. . . 1 . | 
periods, the latter attaining some of the highest speeds | a wonderful tribute to the lasting qualities of Consuta | 
ever recorded in the class. The boats of this class, | construction. iP ce : > §.8.  Lacninepoc.”—On Tuesday, 
however, were too small to be called sea-going boats, | Particulars of some of the most successful boats in April 5, the S dee ceed the five single-screw 
g r 3] j 7 7 oki 2 os ° . . ’ - ’ : & oki 
and the extreme boats of the class required very skilful | the one-step hydroplane class are given in Table VI.|steamers ordered by Messrs. Paterson Steam Ships, 
handling. (E) This standard boat is good considering | It will be observed that Newg’s performance with | Limited, Fort William, Ontario, Canada, was successfull) 
her high draught horse-power. One of these boats was|same horse-power as Ardenrun II was considerably | !aunched from the Southwick yard of Messrs. a 
fitted with a 60 brake horse-power engine and gave 19/in advance of the latter; this was due to the boat | Hunter and Wigham Richardson, Limited. The binge w 
knots ; the same boat fitted with 100 brake horse-power | being considerably better balanced both fore and aft which has been specially —- ~ canon 353 ft 
6 » | \, i res 4 . Law B, IS ave 4 
gave 27 knots. P , | and transversely. A flatter transverse section improved : eappece —_ i ggoeticonhage ta si ype forecastle ; 
The figures given in Table IV deal with the perfor- the performance, a deep V-section in Ardenrun causing | pec Poin ao oak baaiien of cargo, winches have been 
mances of a series of sea-sleds of varying sizes and | her to run from chine to chine incessantly, whilst the | installed by Messrs. Harfield and Company, Limited, 
powers. It is interesting to note that the majority of | shortness of the boat, and consequently short distance Blaydon-on-Tyne, to serve seven large cargo hatches: 
these boats have the same B/L figure of 0-25. | between the steps, caused her to porpoise slightly even | The captain, officers and seamen are all accommodated 

_Multi-step boats with well-known names and con-| in favourable weather conditions, both of which actions | it @ deckhouse forward, while the engineers, ecg a. 
siderable Successes give figures as shown in Table V | must detract from speed. Oma II was a single-ste penta suet eo cya i gertivdeagy > uchges fitted 
(A) Pioneer was one of the first successful racing | hydroplane with a bulb bottom introduced, and with | °@!™88+ Steam heating ane oy ecg daft 
1 i ‘Ma : : free 4 ee throughout. The main engines, which are situated ¢ 

iydroplanes built in this country, and may be said to | this combination shows a very good performance. | ,..4 ps of the ordinary inverted marine type with three 
have sounded the knell of the displacement racing boat. | Newg, one of the latest productions in high-speed boats, | cranks, are being built by Messrs. MacColl and Pollock. 
(B) Columbine was the most successful boat of the! has done more to popularise fast boats in this country | Limited, Wreath Quay Engineering Works, Sunder! nd. 
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THE INFLUENCE OF CALCIUM ON 
ALUMINIUM CONTAINING SILICON.* 
By J. D. Groaan, B.A. 

In view of the improvement in physical properties 
imparted to aluminium by the addition of small 
quantities of magnesium in association with silicon, 
it was desired to determine the effect of substituting 
for magnesium the chemically related element calcium. 
Calcium forms a comparatively stable silicide, CaSiy,. 
It was considered probable that this compound would 
be formed by the interaction of calcium and silicon 
in aluminium, and that it might impart the property 
of age-hardening to the metal. It has, however, been 
found that, while the compound CaSi, is formed under 
these conditions, its solubility in solid aluminium is 
extremely low and it does not cause age-hardening. 
Because of this extremely low solubility, it was con- 
sidered probable that the addition of suitable quan- 
tities of calcium would remove silicon from solid 
solution in commercial aluminium, and so improve 

the electrical conductivity. 

The aluminium used in the present research was 


2 a 





Fia. 6. Canctum 8°85 Per CEnt. 
UNETCHED. xX 500. 


commercial aluminium of the highest obtainable 
purity. On analysis it gave the following composition : 


Per cent. 
Iron... Nias ao tie are 0-16 
Silicon oe wen es soe 0-16 
Aluminium... remainder. 


The silicon used was massive silicon. On analysis it 


gave: 


Per cent. 
Silicon- ioe aan ee a 96-4 
SiOg... aa ws ree — 1-1 
Tron... ee re aaa dav 0-94 
Aluminium... os “xe pon 0-54 


The caleium used was in the massive form. Owing to 
the rapid oxidation of any cut surface, and the conse- 
quent difficulty of obtaining a satisfactory sample, no 
analysis was made. Instead, the hardeners made from 
it were analysed. 

In view of the large amount of work entailed in a 
systematic study, even of a short range of ternary alloys, 
the present investigation was carried out on explora- 
tory lines. For the preparation of the alloys, calcium- 
aluminium and silicon-aluminium hardeners were 
prepared, and from these a series of alloys was made 
containing calcium and silicon in the ratio 1: 1-4, 
as demanded by the compound CaSi,. A similar 
Serles was prepared containing silicon alone. Two 
alloys were also prepared containing, respectively, 
1 per cent. and 2 per cent. calcium without any added 
silicon. These alloys were cast into chill-moulds 1 in. 
in diameter, and were forged hot to 3-in. blanks. They 
were then reheated and quenched, and Brinell tests 
made on them from time to time to measure their 
age-hardening. They were then hot-rolled to 0-1 in. 
and cut up for tensile tests, both in the quenched and 
slow-cooled conditions. 

The silicon hardener was prepared in the usual way 
by adding the requisite quantity of silicon to aluminium 
Previously melted and heated to about 800 deg. C. 
When the silicon was all dissolved, the alloy was 


— 
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skimmed and cast in notch moulds. For the prepara- 
tion of the calcium hardener, high-grade commercial 
aluminium was melted in a Salamander crucible and 
heated to 850 deg. C., and sufficient calcium was added 
to give an alloy containing about 8 per cent. calcium. 
The calcium was added in two approximately equal 
portions, each of which was held, until molten, under 
the molten aluminium. Alloying took place quietly ; 
only a slight tendency to catch fire was exhibited. 
The alloy was skimmed and cast in a notch mould. 
The alloy, on solidification, forces large bubbles of liquid 
out through the solid surface crust. Microscopic 
examination of polished sections showed these bubbles 
to consist of pure eutectic. Two alloys on analysis 
gave the following results :— 


(1) (2) 

Per cent. Per cent. 
Calcium ... re aan 7-17 8-85 
Tron ie eee wae 0-10 0-18 


Silicon ... ore aa 0-09 0-33 
Preparation, Forging, and Rolling of Alloys.—The 
aluminium was first melted in a small gas-fired furnace, 
and calculated quantities of the hardeners were added 





in the furnace. They were broken after ageing in 
air for one month. Table I gives the results obtained. 

Micrography.—tIn polishing these alloys the proce- 
dure used for the polishing of high-grade aluminium 
was followed, and the same precautions were necessary. 
Polishing was carried out on a revolving pad until 
the surface of the specimens was free from emery, 
and then finished on chamois leather. Magnesia was 
used as polishing agent. According to Donski,* 
calcium forms with aluminium the compound CaAl,. 
This compound forms with the aluminium solid solution 
an eutectic containing 8-1 per cent. of calcium, melting 
at 610 deg.C. Fig. 6 shows this compound in a slightly 
hypereutectic alloy containing 8- 85 per cent. of calcium. 
The primary compound occurs as elongated prisms in 
a groundwork of eutectic. When silicon is added 
to the calcium-aluminium alloys a new constituent 
appears. This constituent is thought to be the silicide 
CaSi,. Evidence in favour of this is given below. It 
is not, however, shown that the constituent does not 
contain aluminium, either in combination or solid 
solution. Fig. 8, of the alloy containing 1-9 per cent. 
Ca and 2-7 per cent. Si, shows this constituent in the- 
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to it. The molten metal was cast at as low a tempera- 


ture as possible in 1-in. cast-iron moulds. All the 
alloys were analysed. In all cases the composition 
found approximated closely to that intended. The 
series of 1-in. chills were forged at 460 deg. C. to % in. 
for half their length, reheated and forged to 3 in. for 
the other half. After 30 minutes’ annealing at 
460 deg. C., they were quenched in cold water. All 


Fig. 8. Catctum 1°9 Per Cent. 








Smnicon 2°7 Per Cent. 
x 500. 


UNETCHED. 


form of primary crystals and as a eutectic with the: 
aluminium solid solution. The primary crystals occur 
as elongated prisms, and appear in section as long 
needles or as polygons, pale blue in colour when polished 
with magnesia and water. In appearance this con- 
stituent is similar to the compound magnesium silicide 
when associated with an aluminium solid solution. 
Its colour, however, is considerably paler than that of 




















appeared quite soft and forged easily and well, except ! magnesium silicide as usually polished. In the eutectic 
TABLE I. 
Analysis. | Quenched. Quenched. Slowly Cooled. 
= | 
Brinell . Ultimate im Ultimate ; 
Calcium. Silicon. Hardness. Yield. Stress. Elongation. Yield. Stress. Elongation. 
Per cent. | Per cent 10 mm British | British | Per cent. British | British —— 
Fi : | 500 kg.” Tons /in.2 Tons /in.2 on 2 in. Tons/in. Tons /in.2 on 2 in. 
| 

— 0-16 19-4 2-6 4:6 44-0 | 1-6 | 4:5 42-0 
0-13 | 0-13 18°5 1:8 4:6 48°5 | 1+8 4:6 47-0 
0-20 | 0°35 22-4 2-2 5-6 41-0 2-1 5-6 40-0 
0-32 0°54 25-9 2-5 | 6-3 36-0 23 | 62 37°5 
0-40 | 0-71 27°7 30 | 69 32-0 26 | 67 32-5 
0-52 | 0-95 | 30-2 31 | 7:5 29°5 | 30 | 7°3 29-5 
0-99 1-35 33-6 34 | 82 32-0 |} 34 | 8-3 29-0 
1-94 2-67 41-0 4:1 | 8-6 20-5 | 38 | 88 23-0 
1-0 | oa | 23-6 25 | 6-0 41-5 } Qe 6-0 46-0 
2:05 | 0-10 31-8 so | 73 31-5 2-6 7-2 32-0 
- | 0-35 | 22-0 20 | 5-2 36-0 1°5 5:3 37-0 

- | 0-56 25-4 23 | 6-1 34-0 | 145 | 58 38-0 

_ 0-78 26-6 26 | 6:5 36-5 | 165 | 5:8 38-0 

= 0-99 28-4 2:6 | 6-9 37-0 | 24 | 59 34°5 

e 1-64 29-3 29 | 7:8 33-0 | 19 | 58 40-5 
2-82 32°3 2-6 7-4 34-0 18 | 6-1 41-0 





the alloy containing 1:94 per cent. calcium and 
2-67 per cent. silicon, which showed considerable 
edge cracking. After quenching, Brinell ball tests 
were made at intervals, using @ 10-mm. ball and 
500-kg. load. As no age-hardening was observed, 
mean hardness figures only are quoted (Table 1). 
The 3-in. blanks, after heating to 460 deg. C., were 
rolled to 0-lin. From each strip, so obtained, two 
pairs of strip for test-pieces were cut longitudinally. 
These were heated to 460 deg. C. for 30 minutes. One 








pair was then quenched in water, the other slowly cooled 


this constituent forms long, very slender needles in 
a ground-mass of aluminium solid solution. It has 
recently been shown by Lothar Wohler and O. Schlie- 
phakef that calcium and silicon form the two compounds 
CaSi and Ca,Si, as well as the compound CaSi,. To 
investigate the question of the formation of other 
calcium-silicon compounds in solid aluminium, a series 
of melts was made containing 2 per cent. of silicon and 





* Z. anorg. Chem., 1908, vol. 57, page 201. 
+ Z. anorg. Chem., 1926, vol. 151, page 1. 
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1-4, 2-8, and 4-2 per cent. of calcium, giving alloys 
containing calcium and silicon in the ratios required 
by the compounds CaSi,, CaSi, and Ca,Si. The melts 
were cast in 1 in, diameter sand-moulds, and transverse 
sections were polished. The first showed primary 
crystals of CaSi,, and the usual eutectic of needles 
of CaSi, embedded in aluminium. No other con- 
stituent was present except a little FeAl,. The second 
showed primary crystals of CaSi,, and needles less 
sharp and more rounded than the first. Associated 


with these needles was an eutectic of CaAl, and alumi- | 


nium (Fig. 10). The third showed a similar structure. 


More CaAl, was present, and the CaSi, needles were | 


still less sharp, having become in many cases narrow 
prisms rather than needles. 

Under these conditions, therefore, only the one sili- 
cide, CaSi,, is formed even in the presence of excess of 
calcium. ‘This compound is formed in preference to 
Mg,Si in aluminium alloys containing calcium, silicon, 
and magnesium. Consequently calcium is able to 
suppress the age-hardening phenomenon associated 
with Mg,Si. If alloys are made up containing calcium, 
silicon, and magnesium in small quantities, the silicon 
is taken by the calcium until all the latter is converted 
toCaSi,. Such alloys will not age-harden. 
silicon be added, the compound Mg2Si is formed and the 
age-hardening phenomenon returns. Two alloys, 
A and B, were made up containing : 

A—Ca 0-79 per cent., Mg. 1-76 per cent., Si 0:96 per 
cent. : (CaSig; 4Mg). 

B—Ca 0-77 per cent., Mg 1-78 per cent., Si 1-84 per 
cent.: (CaSig; 2MgpSi). 

These two alloys were heated at 530 deg. C. for 2 hours 

and quenched in cold water. Brinell hardness measure- 

ments were made at once and after air ageing, using 

a 10-mm. ball and 500-kg. load. The following results 

were obtained : . 


Brinell Hardness. 

Aged 10-15 minutes. 
a 46-1 
B. 45-0 


Aged 15 days. 
46-7 
72-3 
Electrical Conductivity Experiments.—A number of 
alloys were made up and cast in the form of | in. 
diameter chill bars. These were forged hot to 3-in. 


blanks, and then rolled hot to 0-05in. sheet. From this | 


sheet strips were cut on which electrical conductivity 
determinations were made both in the rolled condition 
and after annealing for 30 mins. at 450 deg. C. and 
cooling in air. Analyses and conductivity figures are 
given in Table IT. 

TaBLe II. 


| Conductivity. 


Composition. 


























| : 
| | 
| Calcium.) Silicon. | Iron. | As | me 
| Per cent.) Per cent.) Per cent.) Rolled. Annealed 
Nebr et -_ 
( - | 0°27 0-13 | 60-1 | 
: ‘eae ee ee 0-12 57°9 
— siitcneed + ae 0-56 0-13 57-0 | 
a ws 0-63 | 0:13 | 56:8 | 
| 1:36 | 0-15 | 56-3 
( ce. ieee 0-16 | 61:7 | 61°5 
ee : 0-11 0:17 0-11 | 62-0 | 62-9 
Calcium-silicon |+ 9.35 | 0-50 | 0-17 60°9 61°5 
0-71 0:98 0:17 59°7 60-0 
(0-38 0-46 0-14 60 +2 60°7 
: 0-34 0:49 0-13 60-4 62-0 
Calclum inereas-| } 9.99 | 0-48 | 0-14 | 60-2 | 61-5 
8 **|)0-73 | 0-46 | 0-14 59°6 60-7 
0-90 0-43 0°13 59-6 60-4 
(0 57 0-14 | 0-16 60-9 61-8 
: 0°57 0-44 0-16 60-8 61:8 
Silicon increas 19.57 | 0-60 | 0-16 | 60-6 | 61-7 
& **!)0-56 | 0-80 | 0-17 59-6 60-6 
0-55 0-99 0-16 57:9 57-9 














The values of conductivity are referred to the International 
Standard for annealed copper, of which the resistance for a 
centimetre cube is 1-7241 michrohms at 20 deg. C. The density 
of aluminium is assumed to be 2-71. 


The results obtained may conveniently be summa- 
rised as follows :-— 

1. Increasing Silicon.—With increasing silicon con- 
ductivity falls rapidly until the silicon content reaches 
about 0-6 per cent. Further increase in silicon pro- 
duces much less reduction in conductivity. 

2. Calciumand Silicon Increasing in the Ratio 1: 1-4. 
—With high-grade aluminium containing 0-16 per 
cent. silicon, the addition of equivalent calcium increases 
the conductivity of both as rolled and annealed 
material. Further addition of equivalent quantities 


of calcium and silicon steadily reduces the conductivity, 
which, however, in the range examined, remains 
considerably higher than that of aluminium containing 
similar amounts of silicon without calcium. 

3. Silicon 0-47 per cent. ; Increasing Calcitum.—Con- 
ductivity increases rapidly on first addition of calcium, 
reaching a maximum at about 0-34 per cent. calcium, 


Tf still more | 


| the quantity demanded by the compound CaSiy. 
| Further addition of calcium gradually reduces conduc- 
| tivity. 

4, Calcium 0-56 per cent. ; Increasing Silicon.—Addi- 
| tion of silicon has very little influence until the quantity 
| demanded by the compound CaSi, is reached. Presu- 
|mably, in small quantities, the influence of one 
| insoluble compound is equal to that of another insoluble 
|compound. Further addition of silicon causes the 
| conductivity to fall rapidly. 

The following conclusions may be drawn from these 

| results : 
(a) The limit of solid solubility at room temperature, 
|of silicon in aluminium, is about 0-6 per cent., the 
| concentration at which a conductivity curve, if plotted, 
| would flatten out. The tensile strength curve of 
| annealed material would also show a similar change 
| at this composition. 

(6) Calcium and silicon together 
|combine to form the compound CaSi,. Any conduc- 
|tivity curve plotted, involving these two elements 
| together, would show breaks at ‘compositions indicating 
| this compound. No similar breaks occur to indicate 
|a compound CaSi. 

(c) The solubility of the compound CaSi, in solid 
| aluminium is extremely small. The addition of 0-14 
| per cent. calcium to aluminium containing (-16 per 
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| cent. silicon raises the conductivity of the aluminium 
| considerably by precipitating the silicon as calcium sili- 
| cide. 

Evidence for Assuming the Compound formed in 
Calcium-Silicon Alloys to be CaSi,.—Microscopic 
examination shows that only one new constituent is 
formed when silicon is added to calcium-aluminium 
alloys. In alloys containing calcium and_ silicon 
in the ratio 1: 1-4 required by the compound CaSi, 
this constituent alone appears. Addition of calcium 
to such alloys causes the appearance of the compound 
CaAl, in addition to the calcium-silicon compound. 
No additional constituents of the types CaSi and Ca,Si 
appear. The addition of calcium to aluminium alloys 


hardening due to the compound Mg,Si, unless the 


to convert all the calcium into CaSi,. 
calcium to aluminium, containing silicon, rapidly 
raises the electrical conductivity until sufficient calcium 
has been added to convert all the silicon into a com- 
pound CaSi,. The addition of still more calcium causes 


of silicon to aluminium containing calcium produces 
little change in electrical conductivity until sufficient 
has been added to convert all the calcium into a com- 
pound CaSi,. The addition of further silicon causes 
the electrical conductivity to fall rapidly. It is 
thought that the silicon unites with the calcium to 
form the nearly insoluble compound CaSi,. Excess 
of silicon enters into solid solution in the aluminium, 
and so lowers the electrica] conductivity. 





APPENDIX. 
Tue EstiMaTION OF CALCIUM IN ALUMINIUM ALLOYS. 
By P. G. Warp, B.Sc., A.R.C.S. 


Two grms. of the alloy are treated with 15 c.c. of 
caustic soda solution (1 in 2). When all action has 
ceased, the liquid is diluted to 300 c.c. with hot water 








containing magnesium and silicon suppresses the age- | 


amount of silicon present is graater than that required | 
The addition of | 


the electrical conductivity to fall slowly. The addition | 


and allowed to stand on the steam-bath until the 
precipitate has settled. The latter is filtered off and 
washed once with hot water. The iron and aluminium 
are separated from the calcium by dissolving the 
precipitate in hydrochloric acid, making the solution 
practically neutral with ammonium hydroxide and 
precipitating with an excess of 10 per cent. ammonium 
benzoate solution. The calcium in the filtrate is 
precipitated as oxalate, and weighed as oxide in the 
usual manner. The accuracy of this method has been 
checked by the three following methods :—(1) Removal 
(of the aluminium by volatilisation in a current of 
chlorine, and estimation of the residual calcium: 
(2) Removal of the aluminium by precipitation as 
the hydrated chloride,* and estimation of the calcium 
in the filtrate; (3) Precipitation of the calcium as 
oxalate in presence of the aluminium, the latter being 
| kept in solution by ammonium citrate. 





aluminium | 








THE PHYSICAL SOCIETY. 


At a meeting of the Physical Society held on Friday, 
|March 11, at the Imperial College of Science, with 
| Professor O. W. Richardson, F.R.S., in the Chair, a 
| paper entitled ** Measurements of Absorption Coefficients 
| of Light Filters,” by G. M. B. Dobson, D.Sc., and I. 0. 
Griffith, M.A., was presented. In the paper a new 
spectro-photographic method of measuring absorption 
, coefficients was described. A portion of the slit of a 
| spectrograph was covered by the absorbing medium, 
‘and in front of the photographic plate, or of the slit, 
a neutral wedge was placed. The resulting spectogram 
consisted of two parts, one due to light which had 
passed through the filter and the wedge, the other to 
light which had traversed the wedge only. It was 
shown how from a knowledge of the distance between 
two points, one in each part of the spectogram, which 
were of the same density, the absorption coefficient of 
|the filter at any wavelength might be determined. 
| The source of light need not be constant. 

The next communication was entitled “A Com- 
| parison of the Behaviour in Thermal Diffusion of 
| Nitrogen and Carbon Monoxide, and of Nitrous Oxide 
| and Carbon Dioxide,” by T. L. Ibbs, M.C., Ph.D., and 
| L. Underwood, M.Sc. In the paper the thermal 
| separation obtained in gas mixtures containing nitrogen 
| was compared with that obtained in mixtures containing 
|carbon monoxide. A similar comparison was made of 
| mixtures containing carbon dioxide or nitrous oxide. 
|The gas analysis required in the measurement of the 

effect was made. by means of the Shakespeare katharo- 
|meter. The behaviour of nitrogen was found to be 
similar to that of carbon monoxide. The effect given 
| by carbon dioxide was generally a little greater than 
that given by nitrous oxide. The pairs of gases 
examined provided a special case for the application of 
| the Enskog-Chapman theory, as in each pair the mole- 
| cular weights and mean collision areas were the same. 
| It could thus be deduced that the molecular field of 
| nitrogen was similar to that of carbon monoxide, and 
that the field of carbon dioxide differs little from that 
of nitrous oxide. 

In the discussion Professor S. Chapman said that the 
molecular similarity of the gases discussed, which had 
already been shown by Rankine and Smith, was still 
more directly proved by the present method. Thermal 
diffusion was a phenomenon discovered by means of 
mathematical analysis, and it was very difficult to 
form any physical picture of the way in which it arose, 
wherever a temperature gradient existed in a mixture 
of gases a separation of the components took place 
until equilibrium with the mixing effect of ordinary 
diffusion was established. The phenomenon dis- 
appeared when the attraction between molecules 
varied as 7~°, and its magnitude afforded a measure of 
(n — 5) when the attraction varied as r-”. Every point 
on the curves obtained by the authors gave a measure 
| of n, whereas in the viscosity experiments » had to 
be inferred from the viscosity at two temperatures, 
from the formula 

(n—1) 


log v = {e=5} log T, 


| where v was the viscosity and T the temperature. 
| Further, the coefficient of log T was not very sensitive 
| to variations of n, so that the present method afforded 
| a far more delicate measure. On the assumption that 
n was 2 in stars where ionisation was complete, the 
quantity (n — 5) would be negative, and the effect 
of thermal diffusion would be reversed in sign, the 
heavier molecules moving towards the higher tem- 
perature. 

The next paper, entitled b 
'Lamp when Momentarily Extinguished at | oltages 
below the Striking Potential,’ was read by Robert R. 
Nimmo, M.Sc., Assistant to the Professor of Physics, 
University of Otago, Dunedin, New Zealand. The 
paper gave an account of an investigation on the time 





“ Relighting of a Neon 








* Havens, Amer. J. Sci., 1897 [iv.], vol. 3, pag 111. 
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for which the continuous discharge of a neon lamp | 
might be interrupted without putting out the lamp. 
This time, which had been found to be of the order of 
50 micro-seconds, depended on the voltage across the 
lamp, and also on the current passing through it. 

Opening the discussion, Mr. A. G. Tarrant said that 
he and Mr. Oschwald had recently measured not only 
the minimum time of interruption, but the actual 
voltage at relighting for interruptions down to 3 micro- 
seconds, and had found no case where lighting took 
place below the upper critical voltage. He suggested 
that in the author’s apparatus surges of current might 
take place, owing to the presence of inductance in 
instruments and leads, and so raise the starting voltage 
above the applied D.C. voltage. This view was con- 
sistent with the effect of varying R asfound by the 
author. Further, the author deduced the duration 
of the interruption from an expression involving the 
difference between two large voltages not accurately 
known. It would be of interest for the author and the 
speaker to experiment on one another’s lamps, in order 
to eliminate divergences of result due to differences 
between the lamps. 

Mr. R. P. Fuge, said that he had measured the time 
taken to light up for various voltages lying between 
the upper and lower critical voltages, the lamps being 
allowed to rest in the dark for half an hour with their 
terminals short-circuited after each experiment. The 
time taken at a given voltage by a given lamp varied 
irregularly between astonishingly wide limits, but the 
averages for a number of trials lay on a smooth curve, 
part of which was accurately linear. 

Dr. D. Owen said he had experimented with a simpli- 
fied circuit comprising a battery of 140 volts, a resis- 
tance 7, and a lamp with critical voltages of 120 and 
145, the lamp being shunted by a condenser. The 
lamp ceased to flash when r exceeded a value a, depen- 
ding on the capacity c of the condenser. In accordance 


with the formula ¢t = cr log me, there is a linear 


relation between a and : and a plot of this gave the 


battery resistance as 17, a good approximation to the 
accurate value of 21. 

The last paper was entitled ‘“ Electricity of Dust 
Clouds,” and was contributed by G. B. Deodhar, M.Sc., 
Physics Department, University of Allahabad (India). 
It stated that observations on electrification of varicus 
dusts had been made by using a large volume of air 
at a high speed. The climatic conditions were totally 
different from those under which similar observations 
were previously made. The number of substances 
tried was considerably increased. In some cases the 
sign of electrification observed agreed with that found 
by Rudge. The factors governing the phenomena of 


electricity of dust storms were stated as follows: | 


(1) Material of the dust. (2) Its size. (3) The gas 
raising the cloud. (4) The velocity of the gas. (5) 
The temperature. It appeared that the. electricity 
developed was of frictional nature. Some quantitative 
estimates of electrification of chlorides and nitrates 
of sodium and potassium were made. The chlorides of 
sodium and potassium were equally efficacious, whilst 
sodium nitrate was about 44 times as efficacious as 
potassium nitrate. Dusts of various roughly uniform 
sizes were obtained with the help of a few graded 
sieves. The magnitudes of the various sizes were 
obtained after observations under the microscope. 
It was shown graphically that, other things being 
the same, the number of volts developed by blowing 
increased very rapidly as the size grew less. 

In the discussion Dr. P. E. Shaw stated that the 
experiments by Mr. Deodhar, and the well-known 
earlier ones by Mr. Rudge, had special interest for him, 
as he had recently sent a paper bearing on this topic 
to the Society. The effects, however, which he obtained 
Were due to the impact of only two like bodies, and in this 
way the condition of the impacting surfaces could be 
ascertained and varied at will. The dust cloud experi- 
ments were interesting, as they were closely analogous 
to the natural phenomena found in the open air under 

» topical conditions; but one might doubt if they 
Were not altogether too complex to yield a solution of 
the problem involved. For instance, in these dust 
impacts the particles struck one another at all possible 
angles, and with a great range of speed. Such variables 
could not be ignored. The curvatures of the striking 
surfaces must be very varied, and with the varied 
curvatures there would be different conditions of their 
eure layers. Also, among the variables mentioned 

y Mr. Deodhar in the first clause of his paper, the 
ygrometric state was not mentioned, though it was 
well known that moisture played a very important 
tole in such electric effects. 

Phasing again, the charges observed in the apparatus 
ag were compounded, in unknown relations, of 
i r parts :—(1) Net charge, say — ve left on the 
Mpacting particles; (2) the contrary, say + ve, and 
equal to the charge on ions emitted to the air; (3) charges 


particles on the walls and gauze“of' the chamber; (4) 
ions, corresponding to these, emitted to the air. True, 
a net charge from all these remained in the chamber, 
and was recorded on the electrometer when the air 
had been blown through it; but how was it possible 
to disentangle the effects and eliminate those due 
to the chamber itself? * Without anticipating the 
results of his own paper, he might say that the electrical 
nature of surfaces might change fundamentally when 
rubbed or struck, so that it was possible to obtain a 
+ ve or — ve charge at will from like solids. In a 
dust cloud we might expect some impacts to yield 
net — ve, some net + ve. When the particles were 
very small, then, for the same total mass in a cloud, 
there would be correspondingly more contacts and 
greater charges, as Mr. Deodhar found. How far the 
charges on, and motions of, colloidal particles, as in 
the Brownian movements, could be attributed solely to 
electrical charge arising by their impact, as in these 
experiments, one could not say; but there appeared to 
be very interesting developments in this direction. 
The molecular kinetic theory would account for two 
particles striking one another ; but their rebound would, 
in part, be due to repulsion of like charges, caused by 
impact. 

Mr. J. H. Coste said that the paper dealt with a 
subject of considerable interest, not only from the 
meteorological point of view, but in relation to indus- 
trial powders, and probably to explosions due to organic 
dusts. The author might find that he could grade his 
particles more easily by a process of sedimentation after 
sieving. For pure substances, in which the particles 
were of uniform density, sedimentation in liquids which 
had not solvent action, and which were relatively dense 
or/and viscous should be fairly satisfactory. It would 
probably be as well not to rely entirely on the calcula- 
tion of particle size by Stokes’ equation, but to verify 
the dimensions hy the microscopical method, as Mr. 
Deodhar had done. Sedimentation was likely to be 
more trustworthy than elutriation. A method of 
precipitation from solution might be found to yield 
particles more uniform in size and form than grinding 
e.g., NaCl could be precipitated from very dilute alco- 
holic solutions by dry gaseous HCl, yielding fine particles, 
and other salts by adding to their solutions suitable 
liquids in which they were sparingly soluble. The 
curve, showing that voltage produced was an inverse 
function of particle size, lent support to the view that 
the change was directly related to the total surface 
on which it was distributed, and that with the velocities 
used a maximum change was obtained. It would 
be interesting to know what precautions were taken to 
ensure the freedom of the air from dust before it 
reached the powder, and whether its humidity was 
determined or regulated. 








CATALOGUES. 


Conveyors.—Several useful applications of their con- 
veyors are illustrated in a folder received from Messrs, 
Herbert Morris, Limited, Loughborough. 


Fans.—Messrs. James Keith and Blackman, Company, 
Limited, 27, Farringdon-avenue, London, E.C.4, have 
issued a folder illustrating fans for mine ventilation, 
boiler draught and smiths’ hearths. 


Oil Engines.—Messrs. Norris, Henty and Gardners, 
Limited, Patricroft, Manchester, have issued a supple- 
ment to their engine catalogue dealing with improve- 
ments in electric starting, governing and connecting rod 
parts. 


Cutting Oil.—A booklet describing the qualities of a 
new cutting oil named “ Filmac,’’ and giving particulars 
of tests carried out with turning, milling and gear-cutting 
tools, is to hand from Messrs. Henry Wells Oil Company, 
Limited, 11, Haymarket, London, S.W.1. 


Electrical Machinery.—A leaf catalogue illustrating 
a 200-kw. turbo-generator reconstructed and converted 
to a 240-kw. rotary converter, is to hand from Messrs. 
W. E. Burnand and Company, 66, Shoreham-street, 
Sheffield. 


Pumps.—A pumping set, consisting of an Aster 
petrol engine of 3 h.p. and an impeller pump of the Rees 
Roturbo type, is described in a circular received from 
the Rees Roturbo Manufacturing Company, Limited, 
Wolverhampton. 


Iron and Steel.—Messrs. Boleckow, Vaughan and Com- 
pany, Limited, Middlesborough, have issued a new edition 
of their booklet giving dimensions of rolled-steel rails, 
plates and sections ; sizes of sheet bars, billets, blooms 
and slabs ; and analyses of pig irons. 


Thermometers.—A card illustrating the markings, 
from — 10 deg. Fahr. to + 550 deg. Fahr., of their 
dial thermometers is to hand from the Cambridge 
Instrument Company, Limited, 45, Grosvenor-place, 
London, S.W.1. 


Power Transmission.—Messrs. Grimston, Prichard and 
Plutte, Limited, 83, Queen-street, London, E.C.4, having 
been appointed agents for the ‘‘ M.K.W.” ball and roller 
bearings made by the Wattwil Company of Switzerland, 
and also for the ‘“‘ Ehrag ” belt pulley, have issued lists, 
of which we have received copies, with the usual catalogue 





of unknown sign and amount, due to impact of the 


information. 


Switches.—The General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, have issued 
new catalogues of the following items :—Theatre switches, 
double-pole switches and fuses in. cast-iron cases, 
Bakelite moulded parts, high-speed circuit breakers 
and field regulators. 


Hacksaw Blades.—A priced list of high-speed steel 
hacksaw blades, containing 14 per cent. of tungsten, is 
to hand from Messrs. Sir W. G. Armstrong, Whitworth 
and Company, Limited, Openshaw, Manchester. The 
blades are made in the usual sizes and the catalogue 
gives a list of prices for re-sharpening. 


Fans.—A series of blowing and exhausting fans for air 
pressures ranging from 4 oz. to 10 lb. per square inch, or 
vacua up to 12 in. mercury column, which are made in 
sizes requiring from }-h.p. to 100 h.p., are shown in a 
catalogue received from the Allen and Billmyre Company, 
730, Grand Central Palace, New York, U.S.A. 


Drilling Machines.—A number of types of drilling 
machine arranged for drilling the holes in cylinder 
covers, crank-cases, connecting rods and_ similar 
parts, are illustrated in a catalogue received from the 
United Machine Tool Company, Limited, 14, Holborn 
Hall, Gray’s Inn-road, London, W.C.1. 


Electric Motors.—Messrs. E. Brook, Limited, Hudders- 
field, have issued a new catalogue giving a brief, clear 
description of their alternating-current motors, which are 
made in sizes ranging from 1 to 60 h.p. for single, two- 
and three-phase circuits. Suitable control gear is also 
dealt with. 


Engines.—A recent issue of the journal issued by 
Messrs. Sulzer Brothers, 31, Bedford-square, London, 
W.C.1, contains articles describing the firm’s two-cycle 
marine oil engines for inland waters, new governing 
methods applied to back-pressure engines, and heating 
and ventilating plant. 


Drill-Grinding Machines—A machine for grinding 
twist drills, both sharpening arid point thinning, is 
described in a catalogue received from Messrs. William 
Asquith (1920), Limited, Halifax. The machine is 
suitable for drills from } inch to 3 inches in diameter and 
has an attachment for checking the cutting angles. 


Ultra- Violet Radiation.—A special catalogue of artificial - 
sunlight lamps, instruments and supplies has been 
issued by Messrs. Watson and Sons (Electro-Medical), 
Limited, 43, Parker-street, Kingsway, London, W.C.2, 
with some general explanatory notes on the analysis of 
light and the physiological effects of heat and light. 


Casting and Machining.—Steel castings up to 5 tons in 
weight and machining operations of all the usual kinds, 
including gear cutting, thread milling and grinding, are 
the subjects of catalogues received from Messrs. Kryn and 
Lahy Metal Works, Limited, 39, Corporation-street, 
Birmingham. The firm supplies castings unmachined, 
rough machined or finished to fine limits. 


Railway Signalling.—Descriptions of a signal instal- 
lation at Castleford, near Leeds, in which the ordinary 
single-line token system has been superseded by a track- 
circuit system, and of the operation of points and signals 
by electro-pneumatic gear are given in two new cata- 
logues received from the Westinghouse and Saxby Signal 
Compeny, Limited, 82, York-road, King’s Cross, London, 
N.1. 


Scientific Instruments.—We have received a copy of an 
interesting pamphlet from Messrs. Adam Hilger, Limited, 
20, Rochester-place, Camden-road, London, N.W.1, 
containing an annual review of their business activities . 
under the headings of new instruments produced, trade 
development, public references to their products, a list 
of some recent sales, and a list of their research 
publications, 


Locomotives.—Some particulars are given in a pamphlet 
received from the D. P. Battery Company, Limited, 
Bakewell, Derbyshire, of the operation of an electric- 
battery locomotive in a power-station yard hauling coal 
and ashes. In the first twelve months, 467,831 tons were 
hauled, generally in 100 tons loads, with a battery dis- 
charge of 22,757 units. 'The locomotive was constructed 
by the English Electric Company, Limited, and the 
batteries by the D. P. Battery Company, Limited. 





BRITISH CHEMICAL STANDARDS.—Established in 1916 
after some years of preliminary work, the British 
Chemical Standards Movement completed its tenth 
year of operation on September 30, 1926. A report 
issued recently by the organisers shows that since 
October, 1922, 47 fresh standardised analyses have 
been completed and issued. There are now 28 standard 
samples of carbon and alloy steels, cast irons, basic 
slag, ores, and white metal available, representing, 
in all, 139 standardised elements. The range and number 
of co-operators has been widened, the total number 
now being 74, of whom 17 represent France, India, 
Italy, Egypt, Spain, and the United States, and 57 the 
British Isles. The number of users has also increased 
considerably. They numbered 400 in September, 1922 ; 
now, however, the total is over 700. Of these 125 are 
in Belgium, France, Holland, Poland, Egypt, South 
Africa, Australia, Canada, the United States, and other 
countries and British Dominions. The Movement, 
as at present constituted, is a voluntary one; it is 
unsupported by any grant, and relies for its recognition 
solely on the value of its work. In order to place the 
organisation on a sound financial basis, however, it has 
been recommended that it should be subsidised. Copies 
of the above-mentioned report and further particulars 
regarding the standard metallurgical samples issued by the 
organisation may be obtained from the Organisers, British 





Chemical Standards, 3, Wilson-street, Middlesbrough. 
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‘“* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned the Specification is not 
tllustrated. 

Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the | 
Patent has been sealed, when the word ‘*‘ Sealed’ is appended. | 

Any person may. at any time within two months from the date of | 
the advertisement of the acceptance of a Complete Specification, | 
give notice at the Patent Office of opposition to the grant of a | 
Patent on any of the grounds mentioned in the Acts. | 





GAS ENGINES, PRODUCERS, HOLDERS, &c. | 


261,153. H. Widdop and Co., Limited, Keighley, | 
and H. Widdop, Keighley. Fuel Injectors. (2 Figs.) 
September 30, 1925.—The invention relates to fuel 
injection nozzles for supplying liquid fuel in the form of a 
spray to the combustion chamber of an internal com- | 
bustion engine. The nozzle a has an opening 6 through | 
which the liquid fuel is forced in the form of a spray into 
the combustion chamber. The opening 6 is formed 
considerably larger than heretofore and within the | 
nozzle a a seating ¢ is provided for a ball or spherical | 


Fig.1. 


~ 
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valved. This ball valve is forced into contact with the 
seating ¢ by a spiral spring f, the pressure of which may 
be regulated by a screwed compressing piece g. The 
seating c is formed of a tapering or conical shape and 
is formed with two, three or more grooves h. These 
grooves h provide, when the spherical valve d is pressed 
against its seat, the only passages through which the 
liquid fuel can enter the combustion chamber. If the 
pressure increases the valve d is raised and the fuel 
passes to the combustion chamber. (Accepted November 
24, 1926.) | 


MOTOR ROAD VEHICLES. | 


260,119. Douglas Motors, Limited, Kingswood, | 
Bristol, and C. G. Pullin, Staple Hill, Bristol. 
Mounting Electric Generators on Internal-Combus- 
tion Engines. (fig. 2.) December 3, 1925.—-The in- 
vention relates to the mounting of electric generators on 
internal-combustion engines. According to the invention, 
the generator 2 is secured to a part of the engine, such as 








“~ (260,119) 


the cover 4 for the timing gears, and is spaced from it by 
seating blocks 10 arranged around its axis and adapted to 
limit the surfaces in contact and also to provide an air 
space minimising the conduction of heat. The spindle 7 
of the generator extends through the cover 4, and a 
pinion 8, mounted thereon, connects with a gear wheel 9. 
(Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 








260,345. Reavell and Co., Limited, Ipswich, and 
W. Reavell, Ipswich. Leck GearofShips. (8 Figs.) 
July 28, 1925.—The object of the invention is to provide 
a system by which winches, capstans, windlasses, 
steering gear and other deck machinery may be driven by 
compressed air at a lower fuel cost than with steam and 
at a lower initial cost than where electricity is used. The 
invention comprises a system whereby winches, capstans, 
windlasses, steering gear and other deck machinery may 
be driven by compressed air, according to which the air 
engine on each of the machines referred to is constructed 


low-pressure air in varying quantities. The air engine is 
constructed with three or more radial cylinders 1 formed 
in a frame 2 and having their pistons 3 connected to a 
single crank on a shaft 6. The frame 2 is double walled 
and the jacket space 8 is connected to the compressed 
air supply at 9 or 9a and the central crank chamber 10 
to the exhaust. The admission of air from the jacket 
space 8 to the outer end of each cylinder 1 is controlled 
by a cylindrical valve 12, which is closed by a spring and 
is pushed outwards to uncover lateral ports by a rod 15 
bearing on a cam 16 on the crank shaft 6, the one cam 
operating the several valves 12 in turn. The exhaust 
is through the gudgeon 17 of the connecting rod, the 
oscillation of which opens and closes ports in the piston 
at the required times, the exhaust passing away through 
the crank chamber 10. In the compressed air winch 
constructed on this system, illustrated in Fig. 3, the 
engine and winch barrel 19 are mounted at right angles 
on a common base 20 and the winch has a worm wheel 21 























(260,395) 





engaged by a worm, not shown, on a spindle in line with 
the engine crank shaft 6. The winch is operated by 
means of a three-way valve or plug cock, whose three 
branches may be connected respectively to the com- 
pressed air receiver, not shown, the atmosphere, and 
the engine respectively, that is to say at inlet 9a, since 
in this case this is the only inlet provided. If the valve 
be in one extreme position, the winch barrel will be 
driven for hoisting or lowering a load; in the mid- 
position the valve is closed; and in the other extreme 
position it enables the hook and light load to be lowered; 
by adjusting the position of the valve the speed can 
be varied. Further, the valve or plug cock is so con- 
structed that the exhaust can be partially or totally 
closed so that the load proper can be lowered at any 
desired rate or arrested in any position without using the 
reversing gear for lowering. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


260,342. The United Kingdom Self-Adjusting 
Anti-Friction Metallic Packing Syndicate, Limited, 
Liverpool, and F. G. Brooks, Seaforth. Metallic 
Packings. (4 Figs.) July 28, 1926.—The invention 
relates to metallic packings particularly applicable for 
use in connection with expansion pieces for steam pipes 
to turbines. T is the turbine casing with a stuffing box 
tl in its face; asleeve K is fitted in the stuffing box and 





to work efficiently with low-pressure air, and advantage 
is taken of the intermittent nature of the work done by | 
such machinery to combine with them the use of an air 
storage reservoir, a constantly running air compressor 80 | 
proportioned that the pressure in the reservoir rises and | 
falls in accordance with the intermittent demand and a 
reducing valve or valves in association with the reservoir 
ensuring that the machinery is continuously supplied with 


is held in position by a gland P. The face of the bottom 
of the stuffing-box #1 is normal to the axis of the steam- 
pipe expansion piece, and the end face of the sleeve is 
correspondingly shaped. The diameter of the main bore 
of the sleeve is sufficiently large to permit of the intro- 
duction of a series of packing rings, the bore at k3 being 
reduced to a diameter which is just sufficient to allow 
the expansion-piece to pass freely through. The shoulder 








k4 in the sleeve K is a spherical surface struck from the 
centre k5, and a packing ring A abuts against this 
shoulder, the outer face of the ring A being normal to 
the axis. This ring A is a free fit in the sleeve. Fitting 
against this ring is a cone ring B, the external surface of 
which is clear of the interior surface of the sleeve K; 
a portion of the bore 61 of this ring is a close fit on the 
expansion-piece, the other portion of the bore b2 being 
coned and extending from b1 to the periphery of the ring 
so as to house two soft bearing rings C and D, whic}; 
are so shaped that the ring B and the bearing rings 
C and D form together a composite ring of rectangular 
cross-section. Each bearing ring C and D is provided 
with three through diagonal cuts cl and d1, respectively, 
and the outer face of the bearing ring D is normal to tl 
axis. Next in order is a pair of rings E and F, the outer 
face of the ring E being a spherical surface struck fromm 
the centre e2 with the same radius as that of the shoulder 
k4. Against this seating the correspondingly shaped 
seating of the packing ring F fits. The bores of the 
rings E and F fit freely over the expansion piece, the 
outer periphery of the ring E making joint with the 
interior of the sleeve K, and the ring F being a free fit 





WG 
WML 

Y KY 

B vs) 


i 
Y 

AY WW 
ed 4) i 


DE 





Z 








LY 
7. 
7 















































An 


(260.542) 





in the sleeve. The outer face of the ring F is normal to 
the axis, and a wedge or cover ring B1 abuts against 
the ring F, the ring B1 being adapted to house two soft 


packing rings C1 and D1, this combination of rings- 


Bl, Cl and D1 being respectively similar to the rings 
B, C and D and forming together a second composite 
ring of rectangular cross-section. The assembly of rings 
described above usually fills up the length of the bore 


of the sleeve K, and the interior surface of the gland P’ 


forms a continuation of the interior surface of the sleeve 
K. The bore of the gland P is adapted to house a ring 
El and a ring F! similar respectively to the rings E 
and F, the inner face of the ring E1 abutting against the 


outer face of the packing ring D1. Against the outer 


face of the ring F1 a spring-box ring N abuts, the ring 
being provided with a series of recesses nl in one face 
and each recess being provided with a peg or pin n2 
so as to form locating pegs for a series of spiral springs 
n3, the outer ends of which extend beyond the face of 
the ring N and engage with the shoulder p?2 on the gland P 
at the inner end of the gland, the springs n° being 
compressed as the gland is screwed home. (Sealed.) 


262,165. W. Whittaker, Burnley. Furnace Grates. 
(9 Figs.) May 10, 1926.—The invention relates to furnace 
grates having longitudinal compartments extending 
along their undersides, the bottom of each compartment 
being closed or opened by a pivoted plate and the front 
end of each compartment being provided with an air 
induction tube for use in conjunction with a steam Jet, 
the supply to which can be turned on for creating a 
forced draught when the plates are in their closed posi- 
tions. A are grate bars, and B a tray mounted under- 
neath the grate bars. This tray comprises a number of. 
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upright walls B. Extending along the centre of “~ 
of the compartments formed by the upright plates B 1s 
arodc. The front end of each rod is provided with a 
hand wheel c2 for turning the plates C, by =— 
movement they may be caused to assume a vertica 
open position cr a closed horizontal position as gyn 
such plates being rigidly fixed on the rod c. a . 
sired, the rods may be geared together by an cen 
chain and sprocket wheel or by gearing so that when 
one hand wheel or other turning device is actuated it 
opens or closes all the plates simultaneously. (Sealed. 
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SUPER-SATURATED EXPANSIONS. 


In ENGINEERING, October 10, 1919, page 484, the 
suggestion was made that in the expansion of 
supersaturated, steam beyond the Wilson line, or 
supersaturation limit, the temperature of the 
steam was always that corresponding to the super- 
saturation limit, whilst the temperature of the 
water which separates out in minute droplets was 
practically the “saturation” temperature corre- 
sponding to the actual stcam pressure. If we make 
the assumption that the steam behaves in the same 
way when it passes through a turbine as it would in 
the cylinder of a reciprocating engine, it can be 
shown that the above hypothesis (as to the respec- 
tive temperatures of the vapour and the condensate) 
leads to results which are in good quantitative 
agreement with those observed in actual practice. 
Whilst, however, it seems possible to form a mental 
picture of the physical phenomena accompanying 
the expansion of supersaturated steam in a cylinder, 
it is by no means clear that this picture will hold 
good in its entirety when the expansion is made 
through a turbine. It may, nevertheless, be of 
interest, whilst awaiting further enlightenment, to 
ignore this difficulty, and to assume that, on the 
average, whatever local differences may arise, the 
law of expansion is the same in both cases, and 
that, as in a cylinder, so in a turbine, expansions 
below the saturation line are never effected in 
conditions of thermal equilibrium. There is direct 
experimental evidence supporting this conclusion. 

Direct temperature measurements, for example, 
have shown that, at the exhaust flange of a 
turbine, the temperature observed is, at times, 
some degrees lower than that corresponding to 
the pressure, although the vapour streams past 
the thermometer pocket at a speed of 100 
miles per hour or more, and the consequent adia- 
batic compression of the impinging vapour, should, 
if anything, have caused the thermometer to 
indicate a temperature slightly higher, instead of 
considerably lower, than that corresponding to the 
pressure. Of course, no thermometer can indicate 
the true temperature of super-saturated vapour. 
The very fact that the steam is super-saturated 
causes it to deposit a film of moisture on any solid 
surface immersed in it, and a thermometer records 
accordingly the temperature of this film and not that 
of the actual vapour. The higher the velocity of the 
current, the lower will be the reading of a ther- 
mometer immersed in the vapour, since the rapid 
flow thins the jacket of quiescent and hot steam, 
which is necessarily generated over the moist surface. 
In no condition, however, is it possible to get by a 
thermometer the true temperature reading. High or 
normal readings are readily intelligible whatever 
the true character of the expansion. The low 
readings observed in some careful tests seem, 
however, explicable only if supersaturation persists 
down to the final pressure of discharge. So far 
as “cylinder” expansions are concerned, the 
most direct experimental evidence that the steam 
remains super-saturated in such expansions as 
above considered, is afforded by the classical experi- 
ments of Mr. C. T. R. Wilson made in 1897. In 
these experiments, saturated, but dust-free, air 
was cooled by rapidly expanding it. No conden- 
sation occurred until the temperature was reduced 
nearly 30 deg. C. below the dew point. There was 
then a sudden formation of a cloud consisting of 
droplets having a radius of about 5 x 10-§ cm. 
There were myriads of these droplets, which, as 
Mr. Wilson pointed out at the time, proved that the 
nuclei on which the condensation occurred must 
have been the coaggregated or double molecules, 
of which each cubic centimetre of steam contains a 
prodigious number. 

_ When the expansion was continued beyond the 
limit at which this condensation occurred, Wilson 
found that there was further condensation, but 
this came down on additional co-aggregated mole- 
cules and not on the droplets already formed. 
Now such nuclei cannot act as centres of conden- 
sation unless the temperature is some 30 deg. C. 
orso below the saturation temperature corresponding 
to the pressure, and it was this observation which 
led to the conclusion that, in all expansions beyond 
the Wilson line, the temperature of the steam was 





that corresponding to the supersaturation limit 
and not to the saturation line. 

Of course, as pointed out in the article* in which 
these supersatuated expansions below the Wilson 
line were first discussed, it is quite true that an 
examination of the blading of turbines shows that 
moisture is deposited on them when the saturation 
line is crossed. Super-saturated vapour, however, 
will deposit moisture on any solid immersed in it, with 
the possible exception of non-hygroscopic bodies. 
In Wilson’s experiment, for example, moisture 
was freely deposited on the walls of his expansion 
chamber, although there was no condensation in the 
general body of the vapour. Hence, in spite of super- 
saturation, moisture will deposit on the blading of a 
turbine immediately the saturation line is crossed, 
although there may be no general condensation 
throughout the body of the vapour. 

In a series of articles on “‘ The Proportioning of 
Steam Turbine-Blading,” published in ENGINEER- 
ING, January 6, 13, 20, 27, and February 3, 1922, 
an empirical rule was given for estimating the heat 
available in expansions below the saturation line. 
This, according to the super-saturation theory, 
must be materially less than if the expansion 
proceeded in a state of thermal equilibrium. If u 
denotes the adiabatic heat drop below the saturation 
line as ordinarily estimated on the basis of thermal 
equilibrium, then the heat actuaily available in an 
expansion with an hydraulic efficiency 7, may be 
denoted by  u, where ¥ is some coefficient. 

The value y was estimated by the empirical 
formula 

= 1-0352 , Le : 3 iad 

Y= 1-0352 40-08 F — (0 089 + 0-047 10) 
where x denotes the ratio of the pressure when the 
saturation line was crossed to the exhaust pressure, 
and 9 was the hydraulic efficiency of the turbine. 

This empirical formula was framed to agree at 
large values of x with Mr. Baumann’s empirical 
rule for losses due to wet steam, as given in 
the very valuable and comprehensive paper he 
read before the Institution of Electrical Engi- 
neers in 1921 (see ENGINEERING, April 8, 1921, 
page 435 et seq.). At low ratios of expansions on 
the other hand, the above formula was made to 
agree with the case of an expansion ranging only 
from the saturation line to the supersaturation line, 
for which cases a rational value for y is easily 
derived. 

Repeated tests of the empirical formula above 
quoted have proved that it gives results in re- 
markably close agreement with the records obtained 
in actual trials of turbines made under the most 
varied conditions. With its aid, direct comparisons 
can be made of the hydraulic efficiencies of tur- 
bines working in ordinary conditions and of those 
recorded in special tests in which the steam 
remained superheated throughout the whole ex- 
pansion. Thus treated, all tests made under even 
the most widely varying conditions, plot down 
satisfactorily on the appropriate curve. 

As will be shown below, this empirical rule 
gives results in remarkably close accord with 
the hypothesis, based on Wilson’s experiments, 
that in supersaturated expansions the steam 
temperature follows the Wilson line, and the 
condensate temperature the saturation line. This 
must hold true in “ cylinder” expansions, and on 
the assumption that, on the average, “ turbine” 
expansions follow the same law, leads, as stated, to 
a rationalisation of superheat corrections. 

In Wilson’s experiments, the supersaturation line 
was crossed at — 16 deg. C., and the ratio of the 
actual pressure of the water vapour to that of 
saturated vapour at the same temperature was 7-9. 
In certain experiments made by Dr. Stodola, in 
which the Wilson line was crossed at about 95 
deg. C., the ratio of these two pressures was 
found to be 3-1 to 3-3. In ENGINEERING, 
May 18, 1923, page 607, it was shown that both 
results were in close accord with the formula 
log 2 — =, which is based on Lord Kelvin’s 

8 
theory as to the necessary conditions for equilibrium 
of a drop of water immersed in steam at the 
absolute temperature T. In this equation, p denotes 








* See ENGINEERING, 1918, vol. cvi, page 1. 





the pressure of the vapour in equilibrium with the 
drop, ps; the pressure of the steam were it 
“saturated ” at the absolute temperature T, whilst 
o denotes the surface tension of the water at the 
temperature T. 

On this basis, the annexed revised Table I of the 
properties of steam at the Wilson line, or super- 
saturation limit, has been prepared. It differs only 
in minutiz from that published on page 607 of our 
issue of May 18, 1923: 


TaBLE I.—Properties of Steam at the Wilson Line. 
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—10 | 0-31995 878-66 589-27 | 2-0173 19-02 | 0-97625 
0 | 0-60625 480-93 593-99 | 1-9642 29-72  0-97532 
10 | 1:0907 276-80 | 598-58 | 1-9162 40°36 | 0-97443 
20 1-°8738 166-51 603-08 | 1-8725 50-94  0-97358 
30 | 3-0899 104-14 607-46 | 1-8325 61-48 0-97252 
40 | 4-9120 | 67-465 | 611-69 | 1-7958 71-96 0-97175 
50 | 7:°5547 | 45-106 | 615-80 | 1-7621 82-39 | 0-97045 
60 | 11-282 31-022 619-88 | 1-7308 92-78 | 0-96944 
70 | 16-358 21-878 | 623-70 | 1-7018 | 103-04 | 0-96864 
80 | 23-191 15-799 27-30 | 1-6749 | 113-32 | 0-96757 
32-155 11-644 | 630-70 | 1-6498 | 123-50 | 0-96638 
100 | 43-644 8-7457 633-91 | 1-6261 | 133-61 0-96505 
110 58-138 6-6850 636-91 | 1-6040 | 143-65 0-96390 
120 76-131 5-1892 639-69 | 1-5832 | 153-62 | 0-96259 
130 | 98-155 4-0888 642-28 | 1-5635 | 163-53 | 0-96127 
140 124-68 3-2641 644-7 1-5449 | 173-36 0-95999 








Now let us assume that, in a certain turbine, the 
Wilson line is crossed at 100 deg. C., and that, in the 
subsequent further expansion, the condensate 
formed has sensibly the temperature corresponding 
to saturation, whilst the temperature of the steam 
is that corresponding to the supersaturation limit 
at the pressure p. 

The total heat remaining in the “emulsion” of 
steam and water will then, at any stage of the 
expansion, be y (Hip — ts) + ts, where y is the actual 
dryness fraction, which, of course, is not the same 
as it would be were thermal] equilibrium attained. 

At the start* of this expansion below the satura- 
tion line the total heat was yg (Hw — te)o + te. 
Hence the work taken out of the steam will be 
the difference between the initial and the final 
total heats, or 


Yo (Hw _ ts)o “pb ts — y (Hw = ts) —ts 


But this is also equal to 
144 
->. f[1-Vap 


where n denotes the hydraulic efficiency, which we 
shall assume to be constant throughout the expan- 
sion. In all such expansions, moreover, the rela- 
tionship between volume and pressure can, with 
considerable accuracy, be represented by the 
formula Vpa = k, where kis a constant and a is of 
course the inverse of A in the more usual form of 


the law of gaseous expansion, viz.: p V* = constant. 
Hence the value of the integral is 


144 n 


; Vo-—p.V 
5 —. (Po p.V) 





Moreover, a is given by the relationship 





_ log V —log Vo _ logy Vw — log yo Vuo 
log po — log p log po — log p 


Now, if y be the dryness fraction, we have the 

relationship V = yVw, where Vy is the volume of 

1 lb. of steam when on the verge of condensing 

at the Wilson line. Values of Vy are given in Table I. 
We have then 


Yo (Hw —ts)o + to — y (Hw = ts) — ts 
an 144. 9 ts Ve =o ¥ 

7 ‘to (po Vo — p V) 
44 

J 


a 


= AL - (Pom Vu0 - py Vo) 





* When condensation occurs at the Wilson line, there 
is a definite loss of energy to the walls in the form of 
radiation, of which, at any rate in the case of a “‘ cylinder 
expansion,” but little seems to finds its way back into the 
steam. This point will be discussed further below. 
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Using Centigrade heat units, J = 1,400, whence, on | these limits will be H; — H,, where H; denotes 
substituting for a, we get 
9-722 . [yo (Hw — ts)o + to — ts — y(Hw — t,)] | Sion and H, the tabulated value corresponding to 

= Po Yo Vu0 —py v.; | ‘w => 100 deg. C. 
“ (a _ logy V — log yo Yo) The a thermodynamic head is then 
log po — log p ———*, where n represents the hydraulic 
From this expression we can determine the value of | efficiency with which the expansion was effected. 
n corresponding to any assumed value y of the dry-| The value of n is easily calculated from the rational 
ness fraction at the end of the expansion, and can | formyla* 
determine the corresponding total thermodynamic | 


head expended. 
Thus, let us assume that the supersaturated 








| equal to 
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X = 0-23077 9 

































































expansion starts with the crossing of the Wilson | CHU. 
° s . 139 
line at ty—= 100 deg. C. In the experiments of 
Sir J. J. Thomson, and also in those of Townsend, | 
the assumption was made that the amount of | 138 
moisture which separates out when supersaturated 
steam condenses was the same as if the steam had | 
been expanded down to the same pressure in condi- | 137 
tions of thermal equilibrium. It is, perhaps, open % 
to question whether this be strictly true. In| § 
, oa | 136 
most mechanisms, when a condition of unstable | = \ 
equilibrium at last gives way, there is a tendency | & | \ 
for the stable condition to be overshot. It seems | Ess 4 
not impossible, therefore, that when super-saturated | = 
steam condenses, there may be, momentarily, an | > | 
excess of condensation. This possibility should | 3" 
be borne in mind when considering the physics | Re 
of the phenomenon. The probability of such a| - 2 
° Sine . ° | w 133 t 
momentary overshoot is distinctly greater in the | | 
case we are concerned with here than it was | | 
in the experiments just quoted, in which the | 132 =. \ 
neuclei were’ electrons artificially introduced and | 
the degree of super-saturation moderate. If, how- | | | 
ever, we take the usual view, then from Table I we 05 * rr 08 09 7-0 
have Y = 0-96505, tsg = 133-61, Hyp = 633-91, | (9460) Values of ] ENGINEERING” 
TABLE II. 
Value of y at the end of the expansion os ~~ . ° 0-91 0-88 0-85 0-82 
Corresponding Hydraulic efficiency, » .. es ay - ee ° 0-5297 0-6632 0-8005 0-9423 
Work done y, (Aiy — ty)o + tgo — Y¥ (Hyp — ty) — ty = W. (C.H. units) . | 73-24 90-20 | 107-12 124-05 
; w 
Total thermodynamic head = : (C.H.U.) 138-28 136-01 133-82 131-63 
ee ee ee | 
TABLE III.—Comparison oF THEORETICAL AND EmprIrRicaL FoRMULA. 
Initial absolute pressure p, Ib. per square inch ae we 80-0 110-0 165-0 
Useful work done w = H, — Hy, C.H.U. é si6 25-29 29-02 33-65 
Hydraulic efficiency, » ; tte 3 at 0-9781 0-7284 0-5807 
Corresponding thermodynamic head Ul = OU: 2 | 25-85 39-84 57°94 
| 
Thermodynamic head below Wilson line from diagram, C.H.U. .. ais os xe ns 131-15 134-98 139-40 
Total thermodynamic head available in expansion to final pressure of 0-60612 Ib. per square | 
inch, C.H.U. .. 8 Se ay ween ws Seg - af .. | 157-01 174-82 197-34 
Adiabatic heat drop (in thermal equilibrium) to the same final pressure, u, C.H.U. | 168-49 179-95 193-96 
rae x es... 
’ = 1-0352 + 0-04 i007” (0-089 + 0-047 iva) | 0-9407 0-9802 1-0200 
wu . | 158-50 176-19 | 197-80 





TABLE IV.—CompaRISON OF THEORETICAL AND EmMpiricaL ForMULA FoR LARGE RANGES OF EXPANSION. 























Initial absolute pressure Ps, Ib. per square inch 400-0 | 350-0 300-0 250-0 225-0 
Hydraulic efficiency, » a% oe os os se we 0 -6006 0-6535 0-7358 0-8745 0-9907 
Total thermodynamic head expended from initial to final pressure, — _ os ile 
C.H.U. 211-44 203-95 194-76 183-30 176-21 
wu C.H.U. 214-93 206-3 196-50 184-48 176-82 
Vwo = 8-°7457, and log pp = 1-63999. Assume | where 


that the expansicn finishes when p has the value | 
0-60612 lb. per square inch, which, it will be seen | log ps — log Pw 
from Table I, corresponds to ty = 0. We then have | In this way we get the values given in line 4 of 
teom the table, Vw = 480-93, Hw = 593-99, ba Shad | Table III for the thermodynamic head expended 
29-72. Substituting these values in the equation | between the saturation line and the Wilson line 
above established, we get the results given in | when the latter is crossed at t= 100 deg. C. 
Table II on this page. In line 5 of the table are entered corresponding 
Plotting these values, we get the curve repro-/ values of the thermodynamic head expended 
duced in the accompanying diagram, from which | hetween the temperature of 100 deg. C. at which 
we can read off the thermodynamic head corres-| the Wilson Line was crossed and the final pressure. 
ponding to any statec value of 7. These values have been measured from the diagram. 
We have next to consider the work done and the | phe total thermodynamic head expended. between 
thermodynamic head expended in an expansion | the jnitial pressures entered in the first line of the 
from the saturation line down to the Wilson line, | table and the final pressure of 0+606 Ib per sq. in., 
assuming the latter to be crossed at the point | is then the sum of the entries in lines 4 and 5. These 
corresponding to fw = 100 deg. C. | sums are tabulated in the sixth line of the table. 
Let us assume that the initial pressure at the! We have next to compare these values, obtained 
saturation line had the values tabulated above in| on the hypothesis stated at the beginning of this 
Table ITI. We know then the corresponding initial | a ;ticle, with the results of actual tests. The 
volume and initial total heats, and we also know, empirical formula quoted above was framed to fit 
| these, as has been already explained. The thermo- 


log (V; — 0-016) — log (Vw — 0-016) 





Res 
X 


| 


from Table I, the pressure, volume, and total heat | 
corresponding to tw = 100 deg. C. 


the total heat at the commencement of the expan- | 


| dynamic head obtained from this formula is entered 
in the last line of the table. As will be seen, the 
agreement with the theoretical value entered in 
the sixth line is very close. 

The value of py tabulated above was measured 
from the alignment chart reproduced in ENGINEER- 
ING, February 3, 1922, page 129. It will be noted 
that the total thermodynamic head as found by 
the empirical formula (which, as stated, is based 
on practical experience), does not differ by more 
than a fraction of 1 per cent. from the value 
derived rationally from the conclusion (based on 
Wilson’s experiments) that in supersaturated ex- 
| pansions the steam temperature is always ft, and 
| the condensate temperature sensibly equal to ¢, the 
saturation temperature. 

The same conclusion is reached if we consider the 
| case of the Wilson line being crossed at 140 deg. C., 
| and the expansion continued down to a pressure of 
| 1-0904 lb. per square inch absolute, corresponding 
| to fy = 10 deg. C. 

The comparison is shown in Table IV. 

Here, again, the agreement with experience is 

| satisfactory. In his invaluable paper on ‘“ The 
Economic Advantages of High Pressures and 
Temperatures,’* Mr. H. L. Guy states that, in prac- 
tice, the gain has proved to be less than was esti- 
mated. In making these estimates, an empirical 
| ‘* wetness correction ” was used, based on experience 
| with ordinary pressures. Now, as the table shows, 
| the rational formula suggested, whilst in agreement 
| with the empirical at normal pressures, yields 
| distinctly lower figures for the thermodynamic 
| head, when the saturation line is crossed at pres- 
| sures of more than, say, 200 Ib. per square inch. 
In any case, the theory does support the use of 
‘this empirical formula as an adequate basis for 
proportioning blading and for reducing test results. 
| It is well known that the “efficiency ratio” is 
|unreliable and misleading when used as a basis 
for comparing turbines operating under different 
conditions. 

The definite physical theory proposed above 
seems therefore to accord better with practical 
/experience than the empirical formula, when ithe 
latter is extrapolated beyond the range of the 
| observations on which it was based. In the case 
of a turbine, however, there are some outstanding 
difficulties in formulating a detailed description 
|of the phenomena involved. Thus it will have 
| been noted in the foregoing discussion that there 
| was assumed to be a break in the expansion 
|curve when the supersaturation line is crossed. 
| Just before condensation occurs, the total heat in 
ithe steam is Hy. Immediately afterwards, it is 
| yH., and the question arises where the missing 
| energy has gone to. 
| Bohr’s explanation of how radiation is generated, 
|and Planck’s quantum theory, however, seem to 
|afford, at least in rough outline, a reasonable ex- 
| planation of this discontinuity, and also to provide 
|a basis for at least, a partial elucidation of two 
| difioulties connected with condensation at the 
| Wilson line, and, indeed, to afford some explana- 
| tion of the whole process of condensation. 

In the first place, how is it possible for con- 
densation to occur at all? When a molecule con- 
denses, energy, represented by the latent heat, 1s 
liberated. Now, as Stcdola has observed, the 
|droplets which condense at the Wilson line are 
| built up in about ivan o If the 
| latent heat were liberated as heat, it would be 
| sufficient to raise the temperature of these droplets 
| to some 500 deg. C. or 600 deg. C. In short, con- 
'densation would be stopped before it had fairly 
‘commenced. It is evident, therefore, that the 
| energy cannot be liberated as heat, and there can 
| be but little question, from recent work in physics, 
that this energy is shot out in the form of one 
‘or more quanta of radiation, and the first molecules 
| which condense accordingly remain quite cold. 
The question then arises, if the phenomena be 
|as suggested, why the droplet does not remaim 
'cold and serve indefinitely as a nucleus for further 
‘condensation. That this does not happen was 
‘definitely established by Wilson’s experiments, 
_which showed that once the radius of the droplets 
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f a second. 









The useful work done in the expansion between | * See ENGINEERING, 1918, vol. evi, page 53. 


| 


* See ENGINEERING, 1926, vol. exxii, page 643. 
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became of the order of 5 x 10-5 cm., further growth 
ceased and any further condensation came down 
onfresh nuclei. The answer to the problem involved 
would appear to be that the quantum of radiation 
emitted when a molecule condenses may pass off 
in any direction. If the condensation occur at 
the surface film, it will, in nearly half the cases, 
pass through the droplet itself. In this passage it 
will be reflected from electron to electron, just as 
X-rays are scattered. In each encounter, part of 
the momentum of the quantum will be transferred to 
the electron, and by the latter to the molecule with 
which each is associated. Molecular motion, it 
will be remembered, is heat. In this way, as the 
drop grows in size it traps more and more of the 
energy of the radiation and gets hotter and hotter, 
and when it reaches the dimensions observed by 
Wilson and Stodola it becomes too hot to serve as 
a nucleus for further condensation. On the 
other hand, the radiation emitted passes very freely 
through the surrounding vapour. Experiments 
on gas engines have shown, in fact, that gases 
are very transparent to their own radiations. 
Hence most of the radiation emitted passes 
directly to the walls and is dissipated by con- 
duction. The vapour must, however, absorb some 
part of the radiation, otherwise there would be 
no limit to the condensation which occurs when an 
expansion is carried down to the Wilson line. 
Part of the radiation energy emitted will, no 
doubt, be returned to the steam from the walls 
by conduction in the form of heat. In the case 
of a reciprocating engine, in which, in the very 
nature of things, a steady state is never attained, 
there seems little difficulty in accepting the view 
that this return of heat is too slow to effect much 
before the end of the stroke is reached. In this 
case, as Wilson showed, the steam certainly remains 
super-saturated throughout the whole of the 
expansion. 

In this connection, it is of interest to note that, 
in the Bulletin de la Société d@ Encouragement pour 
Industrie Nationale, published in 1897, Mr. E. 
Lefer discusses indicator cards which he had taken 
during the previous 20 years from different single- 
cylinder engines. He notes in these the persistent 
occurrence of certain undulations, which he says 
have, by most experimenters, been hastily attri- 
buted to indicator defects. He found, however, 
that they occurred in the same way in diagrams 
taken with different indicators, and he concluded 
accordingly that they represented real phenomena, 
undergone by the steam in its passage through 
the cylinder. If this be so, it seems not unreason- 
able to conclude, in the light of present knowledge, 
that the undulations in question arose from a sudden 
condensation at the Wilson Line. 

Some idea as to the character of the radiation 
to be expected from condensing steam is afforded 
by Callendar’s equation connecting the total heat 
of steam with its pressure and volume. Neglecting 
a small correcting term, this may be written (in 
lb. centigrade units) as p V = 22436 (H — 464). 
The term 464 represents the energy expended in 
separating the molecules from the liquid, and cal- 
culation shows that it is equivalent to 5°77 x 10-8 
ergs per molecule. Equating this to Planck’s 
quantum, we get 


hv =5:77X 1073 


where » is the frequency of the radiation which 
will be emitted when condensation occurs, and h 
is Planck’s constant, which is equal to 6-57 x 10-27. 
From this it will be seen that if the molecule con- 
denses in a single step, radiation with a wave-length 
of 3-4 x 16-4 em, would be emitted. There is a 
strong absorption band in the spectrum of water- 
vapour with a maximum at 3-1 x 10-4 cm., but it 
1s not clear that this is concerned with processes of 
evaporation and condensation. In fact, Lord Kelvin 
pointed out many years ago that about half the work 
of evaporation is effected when a molecule forms part 
of the surface of a liquid. It is possible, therefore, 
that condensation occurs in two or more stages. 

If this be so, the quanta emitted would be of 
longer wave length, and there is in fact a strong 
absorption band with a maximum intensity at a 
wave length of 4-8 x 10-4 cm. 

It will have been noted that, in Wilson’s experi- 





ments, the condensation took place at a temperature 
which was many degrees below the freezing point. 
The question thus arises whether, in this particular 
case, the energy liberated should not include the 
latent heat of liquefaction. Since the nuclei are 
co-aggregated molecules, which presumably will 
have a definite orientation to each other, it is 
conceivable that the first few molecules to condense 
on this aggregate may liberate as much energy 
as if they condensed on an ice crystal. Once, 
however, the droplet is of appreciable size, its 
constitution will be that of a liquid, and, whatever 
its temperature, the energy liberated on the con- 
densation of a molecule will have the normal 
value. 

In the case of a steam turbine, the fact that the 
walls attain everywhere a steady state, makes it 
less easy to understand how it is that the energy 
shot out in the act of condensation does not get 
back into the steam. At present, it seems impos- 
sible to do more than note that the time available 
for reabsorbing the energy is very small, being of 
the order of say $5 second, and that it is notorious 
that droplets suspended in steam are strangely 
persistent. Vapours, moreover, are very trans- 
parent even to radiations corresponding to the 
absorption lines of their spectra. Moreover, whilst 
the radiation shot out by the condensing molecules 
is highly specialised, and very suitable for absorp- 
tion by the surrounding vapour, that returned from 
the walls will be “ black body ” radiation, only a 
small fraction of which can be absorbed by a 
molecule or be capable of directly evaporating a 
molecule from its liquid. Hence the return flow 
of radiation from the walls can, for the most part, 
only convey energy to the steam molecules by 
being reflected from them. In view of the great 
disparity between the effective mass of a quantum 
of radiation and that of a molecule, the amount 
of energy transferred at each encounter must be 
extremely small. It seems conceivable that an 
explanation of the persistence of super-saturation 
in a turbine may find an explanation along these 
lines, and the energy received by the walls from 
the condensing steam is thus largely dissipated 
externally, instead of getting back into the working 
fluid. In any case, transfer of heat between the 
walls and the undercooled steam must imply an 
increase of entropy and some accompanying loss of 
efficiency. 








WIRE SIEVES FOR INDUSTRIAL USES. 


Wirz sieves, by which is meant more particularly 
those of small mesh, ranging from four to some 
three hundred openings per lineal inch, are used in 
many industries for the sifting of such diverse 
materials as wheat flour, limes, cement, sand, coal 
dust, and pigments, or for straining paper pulps 
and other semi-fluids. They may be used to ensure 
a desired degree of fineness, as with cement, or for 
grading sizes as in sand analysis. Clearly, a good 
sieve should be regular in the spacing of the wires 
and width of openings, with negligible errors of 
manufacture, and sieves nominally the same, 
should be so with but minor differences within 
permissible limits. To produce a good sieve by 
weaving is no easy matter; the process is broadly 
similar to that in use for textile materials, but in 
dealing with the less tractable materials, copper, 
brass, or iron wire, difficulties peculiar to these have 
to be overcome. Wire will not yield as yarn may 
yield, and if breaks occur leaves broken ends to 
mar the product. This necessitates the greatest 
care to ensure uniform tension and rate of feed 
of the warp wires, that is those running longitudi- 
nally. Similarly, the weft wires crossing the warp 
must be manipulated with equal care to ensure 
evenness in the mesh, particularly with close spacing. 
There must also, after each passage of the shuttle, 
followed by crossing over of the warp wires, be 
effective means of closing down the warp wires 
neatly upon the weft—technically known as 
“beating up,” to secure regularity. Differences 
in the physical properties of the wires introduce 
further difficulties, by variations in stretch, or 
varying resistance to bending. It is apparent then 
that the production of a good wire leom demands 


wire itself must be to gauge within narrow limits, 
and of uniform diameter, for satisfactory results. 
The difficulties enumerated will make it evident 
that the machine must be strong, stiff, mechanically 
perfect, and run at a moderate speed. Much 
ingenuity has been devoted to the development of 
looms for this work, but granted that sieves can 
be produced with a fair degree of accuracy, the 
question remains of a degree of standardization 
which shall be helpful to the various industries 
using sieves. In this connection it is pertinent to 
refer to a technologic paper (No. 321), recently issued 
by the Bureau of Standards of the Department of 
Commerce, U.S.A., on the testing of sieves used in 
various industries. Some years experience of 
older standards had favoured the conclusion that 
a re-examination of the sieve question might with 
advantage be undertaken. Earlier specifications 
were based upon the less complete knowledge 
available at the time of drafting these, so that 
it is little surprising some improvements became 
possible. 

The present issue prepared by Lewis V. Judson 
gives an account of the enquiry, and of the results 
reached. The sieves are so graded that the areas 
of successive openings are as 1 : 1-4, which gives as 
areas of every alternate size a ratio of 1:2. The 
series ranges from 4 to 325 openings per lineal inch. 
It has been found that the chief cause of rejections 
of sieves under test has been irregularity of weaving. 
It is noted that variations in wire diameter have 
but little effect upon a sieve’s performance, which 
is more largely influenced by variations in the size 
of openings. Sieve corrections determined by test 
may, it was noted, for different materials, but with 
the same sieve, be markedly different. An optical 
method of testing sieves for irregularity of weaving 
is described. Inthe result the revised specification 
has been issued, defining the character of the woven 
material and the size of sieves, with a tabulated 
list giving mesh numbers, width of openings, and 
diameter of wires, governed by definite tolerances. 
It is remarked that the chief differences now intro- 
duced are in the tolerances permissible, with but 
little change in the series, as a series. Whether 
sieves to this specification are yet commercially 
available is not apparent. Consideration will 
show that “ mesh,” that is the number of openings 
per lineal inch is alone an unsatisfactory mode of 
indicating a sieve’s utility as a grader of powders, 
it is only when co-related to size of wire that it has 
significance, width of opening being the true measure, 
as is now commonly recognised. 

In this country there are many makers of wire 
mesh of various sizes, and of looms for wire weaving, 
but while in some industries there are standard” 
requirements for sieving, as in mining, in cement 
manufacture and for concrete aggregates, or for 
testing of pigments, there are as yet no standard 
sieve specifications for general use. This, it is to be 
hoped, will perhaps be amended, as the whole 
question of suitable standard sieves, is, it is 
understood, about to be considered by the British 
Engineering Standards Association. Good work 
has, however, been done by the Institution of 
Mining and Metallurgy, which body has a series of 
sieves for use in metallurgical operations, ranging 
from five to three hundred openings per lineal inch, 
the 200-sieve being used also in paint manufacture. 
In other countries of Europe, the question of sieves 
is also receiving attention. 

With reference to the practical use of sieves, it is 
reasonable to expect that in sifting fine powders 
humidity of the atmosphere should have some 
influence upon the results, in the time in passing the 
powder through, and possibly upon the amount of 
residue. Close enquiry shows that under good 
laboratory conditions, when testing Portland 
cement, each individual particle being very hard, 
any such effect is for practical purposes negligible. 
Indeed, samples fresh drawn when tested for fineness 
are said to give results identical with those resulting 
after 24 hours’ aeration in the laboratory. With 
some materials such as carbonate of lime and coal 
dust, however, a difference is noticeable, and it 
becomes necessary to dry the material at well above 
the boiling point of water to ensure dependable 
results. This would probably be the case also with 





great skill both in design and in manufacture. The 


such soft powders as wheat flour. 
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4 It virtually constitutes a reservoir in which about 

LE ae, oor pone CTRIC 7,800 cub. m. (1,700,000 gallons) of water are stored. 

e The tunnel ends in a pressure chamber located at a 

WE illustrate in Figs. 1 to 8 on the present page and | depth of 30 m. (100 ft.) below surface and in the 
on page 539 the hydro-electric power station du | rock and provided with a shut-off sluice, an overflow 
Baton in the Grenoble district of France. The plant | sluice, a relief air valve for the pipe line and an auto- 
belongs to the Société des Etablissements Keller et | matic emergency sluice, located in the chamber and 


Leleux and has been designed by M. Ch. A. Keller, | therefore protected against frost and against acci- | 


the director of the company. The installation has | dent. The emergency sluice would close automatic- 
two main characteristic features ; it works under | ally if fracture should occur in the pipe line ; it can 
a higher head than any other French power station | also be operated electro-mechanically from the power 
namely 1,050 m. (3,445 ft.), while the turbine room | house, an underground cable having been laid down 
has been excavated in solid rock at the foot of the | for this purpose. The water level in the tunnel is 
mountain. The general lay-out is illustrated in| recorded at the power house by means of an under- 
Figs. 1 to 4, above. | ground line, which connects an electro-mechanical 
The mountain stream Le Baton has its source | float in the tunnel to a recording galvanometer in 
on the eastern slope of the Belledone range; it} the power house. 
runs down the Livet valley and flows into the) The pipe line clearly visible in Fig. 5, has a 
Romanche about 3 km. (1-8 mile) above the) length of 1,565 in. (5,135 ft.); half is made of 
village of Livet. As will be seen from Figs. 1 and | riveted steel pipes from 4 to 23 mm. (} to {-in.) 
2, the stream is diverted at an altitude of 1,760 m.| thick, 540 mm. (21 in.) in diameter, these being 
(5,770 ft.) by a covered intake into a tunnel which | at the altitudes of 1,249 to 1,753 m. The lower 
has been cut through the rock of the mountain. | half is built of welded steel pipes, 14 to 26 mm. 
The intake is shown to a larger scale in the two| ( to 1 in.) thick, 400 mm. (15} in.) in diameter, 
sections Figs. 3 and 4, at right angles to one} laid from the altitude of 1,249 m. down to 
another. For much of the year this is covered| the power house at the foot of the mountain. 
by snow. A settling basin has also been provided | In order to protect it against frost and against 
a little further on (Fig. 3), also excavated in rock. | other damage such as might be caused by the 
This can be flushed by a short side gallery. The | fall of rocks, &c., the pipe line has been laid at the 
tunnel which follows has a total developed length | bottom of a 2 m. (6 ft. 6 in.) deep trench for the 
from end to end of 1,103 m. (3,620 ft.) ; its cross-| greater part of its length. For the last 200 m. 
sectional area is from 6 to 7sq. m. (about 70 sq. ft.). | (650 ft.) or so, the mountain side was so steep that 


|a gallery at a slope of 61° had to be cut to take the 

lower pipe lengths connecting up with the turbine 
room. The whole pipe line weighs 410 tons. The 
lower pipes, 10 m. (32 to 33 ft.) in length, weigh 
about 4 tons each. The work of laying the pipe 
_line was facilitated by a cableway shown in Figs. 
1 and 2. 

The generating plant, as above stated, has been 
installed in a chamber excavated in the rock at the 
|foot of the mountain. An exterior view of this 1s 

given in Fig. 7, while the interior is shown m 
Fig. 8. The pipe line ends in a bus pipe located 
in a gallery at the rear and shown in Fig. 6. This 
‘also contains the lower penstock valves. Only the 
branch pipes to the turbines enter the machinery 
/room. Should an accident occur to the pipe line, or 
to the "bus pipe and sluice valves in the rear gallery, 
no risk of damage to the machinery room would 
be involved ; the water would simply pass outside 
\it through an emergency passage. The machinery 
‘room is roofed with reinforced concrete slabs. A 
| space of 0-5 m. (20 in.) separates the slabs from the 
|upper rock face. The roof is held by a ridge beam 
inserted in the rock. The switchboards are similarly 
|under cover. All the inside leads, consisting of 
"armoured cables, run through cable troughs cut in the 
‘rock. The waste water channel is double-branched 
‘and is also cut through the rock; it ends in 4 


| gauging chamber for recording the outflow, and the 
| tailrace takes the form of a reinforced concrete 
‘conduit. The maximum flow down the pipe line }s 


625 litres (138 gallons) per second. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


+700 
= 
| 
| 


N 


e the 
rbine 
The 
veigh 
pipe 


Figs. 


been 
t the 
lis is 
n in 
sated 
This 
, the 
inery 
1e, OF 
llery, 
rould 
tside 
nery 
1 the 
eam 
larly 
g of 
n the 
ched 
in a 
i the 
rete 
ne is 








May 6, 1927.] 


ENGINEERING. 


539 








LE BATON HYDRO-ELECTRIC INSTALLATION. 





Fia. 5. GENERAL VIEW OF WoRKS. 





Fia. 6. 


The machinery room, Fig. 8, contains two turbo- 
alternators of 3,300 h.p. each, recorded on the 
turbine shaft. One of the turbines is an Escher 
Wyss machine, 2:60 m. (8 ft. 6 in.) in diameter, 
Tunning at 500 revolutions. The nozzle is 225 mm. 
(8+8 in diameter), fitted with a needle control valve, 
the outlet jet being 55 mm. (2-2 in.) in diameter. 
The other is a Neyret Beylier-Piccard Pictet turbine, 
Tunning at 375 revolutions, and 3-436 m. (11 ft. 
3in.) in diameter ; the nozzle and jet have the same 
measurements as in the case of the former turbine. 
The usual braking and control devices, with speed- 
Soverning gear are fitted. Both alternators are 2,500 
kv.-a. machines; one built by the Westinghouse 
Company, at their Havre works, has a speed of 500 
revolutions ; the other was constructed by Messrs. 


Town, Boveri and Company, and runs at 375 | 
sh The exciters are on the alternator | 
Shafts. The pressure in the case of both alternators 


Tevolutions, 
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Fic. 7. Exterior or Powsrr Howse. 
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|is 3000/4350 volts, with a frequency of 50 periods. 
|The switchboards were supplied by the Thomson 
| Houston Company. Transformers built by the 
Société Alsacienne de Constructions Mécaniques, 
oil cooled, with water circulation, raise the pressure 
up to 26,000 volts. 
excavated in the rock. The accessory plant com- 
prises a storage battery for the direct current 
supply for lighting and for the relays; the battery 
is charged by the exciters or by a special dynamo 
driven by one or the other set. There are further 
two sets of motor-driven pumps, one being a stand- 
| by for use when required. 

The power of the plant is utilised as follows: 
At low water periods the station runs during a 
limited number of hours for contributing to the 
current supply of the town of Grenoble. The 
current generated during the high water periods 
is utilised in the electric furnace works at Livet, 





Fia. 8. 


The transformer room is also | 





INTERIOR OF PowER HovuseE. 


owned by the company. It will also, in the near 
future, serve to operate, together with current from 
the company’s Vernes power station, 4,800 h.p. pump- 
ing sets for making up in summer from the river 
Romanche, the storage capacity of the Mort lake, 
also owned by the company, a reserve which is 
to be available during the winter months. 

An idea of the extent of the excavation work 
carried out is afforded by the fact that 31 tons of 
dynamite were used in the blasting operations ; 
of this quantity 11 tons were required for the tunnel 
and as much for the machine room. 

The hydro-electric power plant here described 
is the third in the French Alps district owned by the 
Keller et Leleux Company. The first is at Livet, 
where the head is 60 m. (197 ft.), the maximum 
flow 30 cub. m. (6,600 gallons) per second, and the 
nominal power 20,000 h.p. The second, the Vernes 
hydro-electric power plant, was built by them in 
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l 
1918; this takes the water flowing from the Livet | 


installation and utilises it under a head of 20m. 
(66 ft.) in turbines developing 6,700 h.p. With 
regard to the Mortlake above referred to, its present 
capacity of 4,500,000 cub. m. is going to be increased 
by 200,000 cub. m. by the construction of a short 
barrage 2-50 m. (about 8 ft.) high. This lake is 
at an altitude of 625 m. (2050 ft.) above the river 
Romanche, and it will later drive a 12,500 h.p. 
plant for long distance current distribution, especially 
during the winter periods. 

The three power stations supply current to the 
company’s adjoining electro-chemical and electro- 
metallurgical works. The electric furnaces in these 
are of the Ch. A. Keller type, having continuous 
electrodes ; they are used at the present time for 
the manufacture of calcium-carbide and _ ferro- 
alloys. 
manufacture of synthetic cast iron, their output 
being about 300 tons per day; they then also 
manufactured large calibre shells which they deliv- 
ered fully machined to the French Army authorities. 





ITALIAN CIVIL AVIATION. 


THE vigour infused by the Fascist regime 
in Italy into industry and agriculture is also finding 
in civil aviation an outlet for national enterprise. 
The year 1926 will be looked back upon as a signi- 


During the war the works took up the | 


amounts to twelve million lire, has been taken up 
by the préfecture of the old Turkish capital in 
exchange for the use of the land required for the 
eastern terminal aerodrome. 

It is acknowledged that a beginning only has as 
yet been made, and the lines have been in operation 
for too short a period to determine the possibility 
of their eventually being able to operate unaided by 
the fifteen million lire subsidy now accorded them. 
Officially compiled statistics, however, claim that 
between April 1 and October 15 the machines 
employed on the Turin-Trieste line completed 355 
flights, flew over 120,000 miles, and carried over 
2,000 passengers and nearly 30,000 Ib. of goods and 
mail with a regularity of 97 per cent. On the 
Genoa-Palermo line, between April 7 and November 
30, 137 flights were made, 86,000 miles were flown 
and 550 passengers and 7,500 lb. of goods were 
transported, the regularity being estimated at 81 
per cent. The Brindisi-Constantinople airway, 
inaugurated only in August and operated scarcely 
more than experimentally, yet made 29 flights 
over a total distance exceeding 30,000 miles and 
carried 30 passengers and 5,000 lb. of goods. 

Most of the lines immediately projected will have 
colonial or foreign terminals. An airway to serve 
the eastern coastal towns will issue north-westward 
from Brindisi over Foggia and Ancona and will 





strike across Emilia to Bologna and Milan and thence 
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ficant period in the development of the world’s air 
transport system, and not the least remarkable of 
its phases has been the establishment of an Italian 
airway system that will provide the skeleton for 
even more ambitious expansion this year. 

Without a single air service until April of last year, 
Italy now has four well-established airways, employ- 
ing 26 machines and 33 pilots and, both from the 
strategic and economic points of view, the lines 
are admirably calculated to serve Italian interests. 
The first airway was instituted on April 1, 1926, 
between Turin and Trieste, as a summer service 
only. On its suspension, on October 15, a service 
was maintained between Venice and Trieste, and 
the line extended simultaneously south-eastward 
along the eastern Adriatic coast to Zara. The 
operating company responsible for this system is 
known as the Societa Italiana Servizi Aerei. Venice 
is also a junction for another line, inaugurated on 
August 18, between Vienna and Rome. This service, 
operated by the Societa Transadriatica, is at present 
the sole link with the Central European system. A 
third very important line traverses the western 
seaboard, its northern terminal being Genoa and 
the southern one Palermo, Rome and Naples being 
ports of call. This route is operated by the Societa 
Anonima di Navigazione Aerea. The fourth line, 
for which the Aereo Expresso Italiano is responsible, 
is, with the exception of the comparatively short 
service to Vienna, Italy’s only external airway, and 
was instituted on August 1 to provide a regular 
service between Brindisi and Constantinople, 
via Athens and the Isle of Lemnos. A portion of 





the share capital of the operating company, which 





across the Swiss frontier to Lausanne. Milan 
will be the junction for two other lines, one of 
which will fly across the Trentino to Merano and 
Innsbriick, and the other to Zurich, with an exten- 
sion to the southward through Pavia to Genoa. 

The two most important of the Mediterranean 
trunk lines will run roughly north-south and east- 
west, having Rome as a common junction. The 
Vienna-Rome section of the north-south airway 
is already in existence, and it is proposed to continue 
this southward to Tripoli, on the north African 
coast, by way of Messina and Syracuse, on the 
eastern Sicilian seaboard. The east-west line will 
utilise the existing sections between Constantinople 
and Brindisi and Naples and Genoa, a link being 
added between Brindisi and Naples and an extension 
made, as soon as foreign authorisation can be 
secured, from Genoa to Barcelona. Sardinia will 
be connected to the main system by a flying boat 
service from Rome to Terranova in vhe north and 
thence southward to Cagliari. 

The foregoing routes are those officially announced 
to be in active preparation. Reports are also 
current of proposals to institute services to Tunis and 
to Benghazi and Derna from Tripoli, and to link 
Trieste to Rome through Ancona, while it has been 
stated that a line from Brindisi, passing over Crete, 
will make connection with the service from Tripoli 
at Derna and proceed eastward along the Cyrenaean 
coast to Cairo. 

The development of Italian airways will, undoub- 
tedly offer a greater scope for the employment of 
flying boats than has hithertoexisted in civil aviation. 
At present, the Genoa-Palermo line is operated 


with seven Dornier Wal machines, and the Brindisj- 
Constantinople service with the same number of 
Savoia 55 flying boats. Airship construction js 
also being actively developed in the Government 
workshops, and 1927 is expected to see the com- 
pletion of the world’s largest semi-rigid airship 
destined, it is rumoured, for employment on a 
service between Rome and Buenos Aires. 
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The Scientific Design of Masonry Arches. By T. 
ALEXANDER, Hon. Mem.Inst.C.E.I., and the late Dr. 
A. W. Toomson. London: Macmillan and Company, 
Limited. [Price 6s. net.] ; 

THE title of this publication is specially attractive 
at this time, when public interest is keenly directed 
to the question of bridges over the Thames in the 
Metropolitan area. But the book must be con- 
sidered somewhat out of date, as it relates to 
investigations undertaken nearly 30 years ago, and 
takes no account of the great changes in bridge 
design which the use of modern steel, cements and 
reinforced concrete have brought about. 

Anything, however, from the former well-known 
head of the Engineering School of Trinity College, 
Dublin, merits careful attention. Professor Alex- 
ander was not only a successful teacher—amongst 
whose students was the late Sir Maurice Fitzgerald— 
but also an original thinker of the school of engineers 
of which Rankine and James Thomson were distin- 
guished leaders. 

The treatise under review is largely based on 
Rankine’s well-known work on stresses and equili- 
brium in structures. His important method of 
conjugate load areas was given in a mathematical 
form, difficult of practical application to the equili- 
brium of arches, and the authors present a “ semi- 
graphical ” method of constructing the load areas, 
reducing the mathematics, and extending this to the 
complete design of segmental, semi-circular and 
semi-elliptic arches, with their abutments, spandrels 
and piers. They also furnish tables for the design of 
masonry arches based on equilibrium curves, which 
they term two-nosed catenaries, and which are 
obtained by transforming simple catenary curves 
by division of these ordinates in a constant ratio, 
less than the square root of one-third. 

The authors state that they had “chiefly in 
view the design of important railway bridges and 
viaducts, having arches of long span, with as small 
a rise as is consistent with moderately heavy abut- 
ments, and in which the surcharge over the top of 
the keystone, is no more than sufficient for the proper 
formation of the bed of the railway, which may be 
taken as 18 in. In metaphor they may be called 
greyhound arches taking a long bound with but 
little rise, and having not an ounce of needless fat, 
that is dead load, but subject to heavy live loads 
consisting of a train of locomotives. To success- 
fully resist such incessant, swift heavy traffic, 
the arch ring, or at least some central portion of it, 
has need of the suppleness of the back of the grey- 
hound.” 

This language recalls the droll humour which often 
lightened stiff subjects in Alexander’s lectures and 
fixed points, otherwise likely to be missed, in the 
minds of his students. It, however, suggests the 
qualities of a dancing floor rather than those of a 
railway viaduct. In their preface the authors 
insist upon a central portion of the arch ring being 
wholly free from other than vertical loads, except 
when the live load covers only half the arch when 
the horizontal reaction of light elastic spandrels 
of the opposite side comes in to play. In the develop- 
ment of their interesting investigations they are not 
unmindful of the limitations and uncertainties of 
practical conditions. Yet it seems unsatisfactory 
to propose that the backing of arches above the 
level of the probable joints of rupture should consist 
of light spandrel walls bonded into the arch ring by 
through headers, or simply riding on the arch ring, 
and that these are best built of rubble masonry OF 
of brickwork, with plenty of mortar in the vertical 
joints, to allow the arch-ring sufficient play while the 
passive horizontal re-action is being called out. It 
seems clear that spandrel walls bonded into the arch- 








ring would act very differently from others “simply 
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riding ” on the ring, and the proper specification for, 
and execution of, the construction proposed would 
evidently be matters of much difficulty. 

In passing, it may be observed that the use of 
long arched viaducts of stone or brickwork is 
now practically abandoned because structures of 
more modern type can now be erected at much 
less cost, and with much clearer knowledge of 
the nature, magnitude and direction of the stresses 
involved. A few years old a fine railway viaduct 
over the river Blackwater at Mallow was blown up 
by Irish insurgents, and reasons of cost imperatively 
determined that a new steel superstructure should 
be erected instead of rebuilding the damaged 
arches. 

In this connection, the practical considerations 
regarding arched structures in Trautwines Civil 
Engineers’ Pocket Book, now grown rather large 
for the pocket, but not yet so plethoric as some 
similar British publications which rise remarkably 
in cost each year as interleaved advertisements 
accumulate, should be read with care. 

On the whole the investigations and tables in the 
paper nearly thirty years old, though very interest- 
ing, ingenious and painstaking, appear to have, at 
most, an academic value. A study of them will 
prove a valuable mental exercise, and will make the 
reader thankful for the newer work of bridge engi- 
neers which have largely freed us from the tyranny 
of the middle third of the Voussoir arch. 

Interesting examples of the application of the 
authors methods to the design of arches, abutments, 
piers, buried shafts, sewers and tunnel shells are 
given, and attention is drawn to their close agree- 
ment with the practical rules in Professor Rankin’s 
Civil Engineering and standard practice described 
in Simms Practical Tunnelling. 

The difficult printing of the treatise which, after 
all the efforts of the authors, contains some lengthy 
demonstrations by higher mathematics, has been 
very well done, and only a few misprints of minor 
importance have caught the reviewer’s eye. Its 
price is very moderate. 





Electrical Characteristics of Transmission Circuits. By 
Westinghouse Engineers. Compiled by WILLIAM 
Nessit. Third Edition. East Pittsburgh, Pa. West- 
inghouse Technical Night School Press. [Price Six dol.] 

Tuis work originally appeared under the above title 

as a series of articles in the Electric Journal, in 1922, 

after which it was published in book form in two 

successive editions by the Westinghouse Electric 
and Manufacturing Company. The present edition 
constitutes a revision and addition to the original 
articles, and to its production there have contributed 
no fewer than 21 engineers, amongst whom there 
appear such names as those of R. W. Atkinson, 

H. B. Dwight, R. D. Evans, C. Fortescue, T. B. 

Fleming, Dr. A. E. Kennelly, R. D. Mershon, J. F. 

Peters, C. F. Wagner and T. A. Wilkinson. 

As explained in the preface, the intention of the 
book is to review the numerous methods which 
have been proposed for the solution of transmission 
circuits. Examples are given illustrating each 
method of solution and indicating its degree of 
accuracy. The student is thus provided with a 
choice of various methods, ranging from simplified 
graphical forms to complete mathematical solutions. 
The scope of the volume may be indicated by a brief 
synopsis of the contents of the 22 chapters of which 
it is comprised. Of these, the first three chapters 
are concerned with elementary considerations, the 
first chapter dealing mainly with a comparison of 
the properties of the magnetic, dielectric and the 
electric circuits, respectively, whilst in the following 
two chapters a brief but clear explanation is given 
of inductance and reactance, and capacitance and 
Susceptance, as well as of the relation of charging 
current to susceptance for single and three-phase 
circuits, 

The work then discusses corona effect and contains 
a table showing the approximate voltage limitations 
tesulting therefrom on stranded and solid copper 
conductors, as based on F. W. Peek’s formule 
while, in Chapter V, there are set forth considera- 
tons for the determination of voltage in transmission 
lines and the relative merits of 25 and 60-cycle 
frequencies are briefly discussed, the general 





The next chapter contains a number of “ Quick 
Estimating Tables,” based on the I? R loss for 
transmissions, using copper and aluminium con- 
ductors respectively at voltages ranging from 200 to 
220,000. As these tables do not take into considera- 
tion reactance nor heating limitations, nor the 
effect of charging current, it is explained that they 
must be regarded only as a rough check against 
errors in calculation. 

There then follows perhaps the most important 
part of the book, dealing with the more generally 
used methods of calculating the performance of 
transmission lines. In Chapter VII, short trans- 
mission lines are considered, ignoring the effect of 
capacitance, and the usual graphical methods are 
explained, together with their mathematical basis. 
An explanation is also given of the Mershon and 
Dwight charts, respectively, while the next chapter 
deals with the performance of long transmission 
lines by graphical methods, the effect produced by 
the non-uniform distribution of the current and 
voltage being taken into account. Diagrams are 
also shown in explanation of the auxiliary constants 
of the circuit, and the Wilkinson charts are presented 
from which these auxiliary constants may be read 
direct. In Chapter IX the calculation of these 
constants by convergent series is described, and 
tables are given showing the auxiliary constants 
and calculated performance of various circuits at 
25 cycles and 60 cycles respectively. There follows 
a concise consideration of the nature of hyperbolic 
functions and their application to the calculation of 
the performance of long transmission lines, com- 
parisons then being made of various methods for 
calculating performance and of the relative degrees 
of accuracy obtainable by these methods. 

The next three chapters deal with the use of 
synchronous machines for power factor and voltage 
control, and the effect of transformers in the circuit, 
exemplified by a full discussion by graphical methods 
of the solution of a problem involving the transmis- 
sion of 300,000 kw. at 220 kv. for a distance of 
225 miles ; followed by a chapter giving an interesting 
and useful exposition of the use of circle diagrams 
mainly based on the work of Messrs. R. D. Evans 
and H. J. Sells. 

The characteristics of underground cables are 
briefly discussed in Chapter XVI. Tables are given 
showing the carrying capacities in terms of kv.-a. 
for a temperature rise of 30 deg. C. of three conductor 
and single conductor cables at voltages varying 
from 220 to 25,000 volts. The figures refer to 
four duct lines and are therefore difficult to com- 
pare with those currently used in this country ; 
British engineers will still prefer to use the figures 
given in the tables recently published by the British 
Electrical and Allied Industries Research Association. 
The various capacities of three conductor cable 
are shown diagrammatically and combined formule 
for their approximate calculation, based on those 
published in Russell’s ‘‘ Alternating Currents,” are 
given. Values calculated from these formule are 
tabulated for cables of various sizes together with 
a chart showing the percentage differences between 
these values and those actually measured on a 
number of cables of different sizes. 

In view of the increasing importance of trans- 
mission at high voltages by underground cables, it 
is to be regretted that no mention is made of cables 
for higher pressures than 25,000 volts ; and we think 
this chapter might well have been supplemented 
by a discussion of the relative characteristics of three 
core cables of the ordinary type and of those of the 
equipotential core surface type. Some discussion 
of the problems arising from the use of three single- 
core cables for extra high tension three-phase 
transmission might also usefully have been included. 

The remaining chapters deal with such subjects 
as transmission line insulators, the paralleling of 
transmission circuits, stability of transmission lines 
and the spacing and transposition of conductors. 
There are also included several pages in tabular form 
of data upon existing high voltage transmission 
lines. The last 100 pages of the book consist almost 
entirely of tables of constants. These are divided 
into three groups, the first of which covers the 
physical characteristics of copper and steel rein- 
forced aluminium conductors and the values per 


conclusion being in favour of the use of 60 cycles.| mile of the fundamental linear constants with 





different spacings. Derived values of ratios of 
reactance to resistance and of charging kv.-a. in 
three-phase circuits at 25 and 60 cycles, respectively, 
are also shown. In the second group are given 
the constants required to calculate the performance 
of short 60 cycle lines up to 50 miles in length, 
neglecting the effect of capacity and the distributed 
nature of the constants. 

The third group, consisting of 61 tables, gives the 
values of the auxiliary constants for 60 cycle three- 
phase circuits for lines ranging from 50 miles to 
300 miles in length, each table containing the 
constants at nine different spacings at uniform 
intervals of 2ft. Useful as these tables undoubtedly 
are, their value to British engineers for purposes 
of ready reference will be somewhat diminished by 
the periodicity chosen. To be sure, brief formule 
are also given, enabling the constants at 25 and 50 
cycles to be obtained, but there is the added obstacle 
that the tables all refer to conductor sections 
expressed in circular mils or the Brown and Sharpe 
wire gauge. Apart, however, from such not very 
important drawbacks, the work must be regarded 
as a distinctly useful compilation. It is well 
printed, well indexed, and the pages by reason of 
their size, lend themselves well to the exposition 
of diagrams and mathematical formule. A note- 
worthy feature of the book is that the authors have 
given equal importance both to the enunciation of 
elementary principles and to their application 
in complicated problems. The reader is led step 
by step from the elementary to the advanced, each 
step being clearly illustrated by diagrams and 
practical examples. The book is altogether a valu- 
able acqusition to the library both of the student 
and of the engineer. 





Erddruck, Erdwiederstand, und Tragfihigkeit des ‘Bau- 
grundes. By H. Krey, Dr.-Ing. 3rd Edition. Berlin: 
W. Ernst and Son. 1926. [Price 21 marks.] 

Tus work is intended primarily for the practising 
engineer, who is hardly likely to have time to 
concern himself with all the refinements of calcula- 
tion which form part of a purely scientific investiga- 
tion of the subject of earth pressure and the carrying 
capacity of foundations. At the same time, the 
author has considered it desirable to include an 
exposition of the theory, without making use of 
difficult mathematics, and yet sufficiently accurate 
from a scientific point of view. In this way, he 
states, the engineer can, if he chooses, revert to 
first principles, and at the same time the work is 
made available as a text book for students. The 
author alleges that on account of the difficulty in 
estimating exactly the magnitude of earth pressure, 
it is preferable to adopt, as is usual in Germany, 
the idea of maximum and minimum limits between 
which the true value will be found. In this way he 
makes use of the expressions “‘ active ” for the lower 
limit, and “ passive ” for the higher limit as applied 
to earth pressure. This would appear at the outset 
to' introduce unnecessary complication as compared 
with the method in use in this country of taking the 
worst possible case which can arise under any 
circumstances whatever. 

A section of the book is devoted to a discussion 
of the various methods which have been proposed 
for estimating the lateral pressure of earthwork, 
including the well-known propositions of Coulomb, 
Rankine, Culmann, Rebhann, and others. It 
might be mentioned that the construction attributed 
to Rebhann of Vienna, and published by him in 
1871, was originally given by Mr. John Neville of 
Louth, Ireland, and will be found fully recorded 
and explained in a paper read by him in 1845 before 
the Institution of Civil Engineers of Ireland. Like 
other German writers, the author is at considerable 
pains to reconcile the conflicting theories of Coulomb 
and Rankine, and he arrives at the conclusion that 
Rankine’s method refers only to one special case, 
in which the pressure on a vertical surface is parallel 
to the horizontal upper surface of the earth sup- 
ported, and this case, with suitable modifications, 
he regards as being covered by Coulomb’s theory. 
He, however, follows M. Leygue and Professor 
Miiller Breslau, who claimed to have established 
two propositions entirely at variance with the 
ordinary theory, viz.: that the surface of rupture 
is of curved form and that the centre of pressure is 
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measure of success, to minimise the tediousness of his 


calculations by the admirable series of tables of 
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Fic. 38. FouNnDATIONS OF COLUMNS AND SIDE WALLS oF 
CLEAR-WATER TANK. 


The authors’ practice of prefacing the descrip- 
tion of each class of machine detail by a categorical 
statement of essential requirements is to be com- 
mended, since it prepares the student’s mind for the 
critical observation of important features and 
saves repetition. The problems which follow each 
chapter are of a practical nature, and are accom- 
panied by answers, and, generally, the book is very 
readable and instructive. 





SANDFIELDS PUMPING STATION AND 
FILTRATION PLANT ; SOUTH STAF- 
FORDSHIRE WATERWORKS. 

(Continued from page 475.) 

Iv the earlier part of our description of the 
pumping station, we referred to the special difficul- 
ties imposed by the nature of the site available, a 
narrow strip of land bounded by the railway on 
one side and the canal on the other. Very careful 
thought had to be given to the disposition of the 
various units comprising the plant in order to utilise 
this site to full advantage, particularly as the 
installation had, of necessity, to include efficient 
means for the disposal of all the wash water and 
sludge resulting from the purification process, there 
being no main drains available into which the filter 
washings could be discharged. The unusual nature 
of the site will be evident from the plan, Fig. 12, 
opposite, but is more clearly brought out by the 
aerial photograph of the complete series of buildings 
reproduced in Fig. 13, on the same page, and 
from _Figs. 38 and 39 above, showing the build- 
ings In course of construction. Another view of 
the completed buildings, with the pumping station in 
the background, is given in Fig. 40 on page 544. 
It will be gathered from these views, and also from the 
various sections given in Figs. 14 to 25, Plate XXX., 
that the filtration plant comprises five main sections. 
Taking the buildings in order, from the end adjacent 
to the engine house, there is first the administration 
building, 56 ft. 4 in. wide by 21 ft. long. This is 


shown in plan in Figs. 16 to 18, and in section in 





SOUTH 


F. J. DIXON, M.INST.C.E., 


Figs. 14 and 22, and it will be noticed that it consists 
of three stories. It contains the chlorine and alumina 
stores, the boiler for the central heating installation, 
the chloronome room, alumina dissolving tanks, 
pump and switchboard room, two laboratories, and 
office accommodation. There is a storage tank for 
the wash water above one of the laboratories. 
Adjacent to the administration building is the filter 
house, 72 ft. 4 ins. by 56 ft. 4 ins., containing 
10 filter units and ancillary channels, and also the 
clear-water storage tank. Sections of the filter house 
are given in Figs. 14 and 20, and plans in Figs. 16 to 
18. The next building, shown in section in Fig. 21, 
contains the reaction and precipitation tanks, which 
are in duplicate, and have an approximate total 
capacity of 420,000 gallons. The two final sections 
consist of the sludge tanks and press house. The 
former, for dealing with the wash water and sedi- 
mentation, are again in duplicate, and are shown in 
section in Figs. 23 and 24, plans being given in 
Figs. 17 and 18. The press house, shown in section 
in Figs. 18 and 25, is 29 ft. 9 ins. by 22 ft. 6 ins., 
and contains the apparatus for dealing with the 
sludge. The entire plant has a capacity of 4 million 
gallons of water per 24 hours. 

The method of construction adopted for the 
various buildings is of exceptional interest, the 
design having been very carefully worked out to 
eliminate any possibility of cracks developing in 
any part of the walls, due either to settling or to 
temperature stresses. The sub-soil consists of red 
sandstone, but as pockets were found during 
excavations, it was deemed advisable to apply a 
foundation test load of two tons per square foot 
intensity. This gave highly satisfactory results, but 
as a precautionary measure, it was decided to carry 
down the foundations of all walls to sound sand- 
stone. The administration building and the upper 
part of the filter house consist of reinforced-con- 
crete frames with brick filling, and reinforced- 
concrete floors, platforms, and roof. The press 
house is of similar construction. The roofs are 
flat, with the exception of the central part of the 
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Fie. 39. Crear-WaTER TANK AND SLUDGE CHANNELS IN COURSE OF 


CONSTRUCTION. 


filter house, which consists of an arched lantern 
light. All the tank work is constructed of reinforced 
concrete by a method which possesses several 
unusual features. The floors of the large tanks 
were formed in two layers, each layer being cast in 
alternate panels in draughtboard fashion, the 
joints in the upper layer breaking joint with those 
in the lower. In the lower slab, the joints are of 
the plain butt type, whilst those in the upper layer 
were formed with a }-in. opening, subsequently 
filled with grout run in two separate operations. 
In the clear-water tank, the columns supporting the 
filters are carried through the floor slab to an 
independent foundation, thus ensuring that none 
of the loading is taken by the slab itself. The floor 
slabs of the tanks are quite free from the side walls. 
The panels forming part of the outer walls of the 
filter chambers, of the precipitation tanks, and of the 
sludge tanks, were cast independently of the 
pilasters, the water-face joints being V-grooved and 
pointed with a plastic bitumastic preparation. 
Throughout the structure, planes of stoppage have 
been provided and definitely defined, dividing the 
reinforced-concrete work into small sections. In 
the case of the filter chambers, such planes are 
continuous, from outside wall to outside wall of 
the building, being carried through all channels 
and troughs. The structure is thus entirely 
different from the typical monolithic form of 
construction so often employed in this class of 
work. 

All planes of stoppage and expansion and con- 
traction joints are V-grooved on the water 
face, and pointed with the plastic preparation 
already mentioned. In the clear-water tank, 
precipitation tanks, and sludge tanks, expansion 
and contraction joints of the usual sheet-lead type 
have been provided, the concrete being butt jointed 
and the reinforcement continuous across the faces. 
Details of the reinforcement for the reaction and 
precipitation tanks are shown in Figs. 26 to 37, 
Plate XXX., which also clearly bring out the 
arrangement of the panelling. In passing, it may be 
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mentioned that the pilasters, plinths and cornices | 
have been finished in imitation Caen stone, the | 
intervening panels being rough cast in Atlas cement. 
The roof flat, and certain floors and gangways, have | 
a granolithic finish, laid in alternate panels, and | 
Matex pointed in the case of the roofs. Internally, 
the floors of the filter platforms, corridors and | 
staircases are in terrazzo, and those of the labora- 
tories and office in wood blocks. The walls have 
a glazed-tile dado with capping, the upper portions 
and ceilings being finished in Keene’s cement with 
colour-wash rendering. All the windows have steel 
frames. 

Turning now in more detail to the various units 
which make up the complete installation, the water 
to be purified is delivered by the 24-in. inlet main, 
shown in Fig. 12, running alongside the filter house, 
into a chamber formed in the central wall between 
the two precipitation tanks where they adjoin the | 
filter house. Krom this chamber, the water rises | 
and flows over a measuring weir, falling into a mixing | 
trough supported on the top of the division wall | 
het ween the two precipitation tanks. This trough | Fig. 41. Siupar Tanks aNp Press Hovsz. 
is fitted with baffles and covered with concrete 
slabs. It is provided with hand rails to form a 
footway. A general view of the footway, with the 
precipitation tanks on each side, is given in| 
Fig. 42, on this page. A continuous record of the | 
variations in the rate of flow is made, and means 
are provided for electrically controlling the appli- 
cation of the coagulating reagent in proportion to the 
raw water flowing to the plant, the movement of 
a float in the wer chamber being exactly repro- 
duced by mechanism situated 100-ft. away on the 
second floor of the administration building. The 
electrical control gear will be referred to in more 
detail later. 

The regulated volume of alumina solution — is 
introduced into the raw water as it passes through 
the 24-inch main alongside the administration 
building. The solution is thoroughly mixed with 
the water as it passes though the receiving chamber, 
over the main weir, and along the mixing trough 
already referred to. The water finally leaves the 
trough through two control sluices, which discharge 
into either or both of the precipitation tanks. The 
latter are constructed, as already explained, in 
reinforced concrete, and each measures 64 ft. 10 in. 
by 27 ft. lO in. They have a water depth of 19 ft., 
giving a total capacity of 420,000 gallons, which is 
equivalent to a water content of 24 hours’ flow on 
to the plant at maximum load. 

Kach tank is a complete unit in itself, although 
normally they are worked together. The mixing 
trough leads to a distributing chamber where, by | 
means of penstocks, the water is directed into either : 
or both of the precipitation tanks. The water in its Fic. 42, Preciriration TANKS AND Fi_ter Hovse. 
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passage through the precipitation tanks is con- 
strained to flow over and under successive baffle 
walls, so arranged that deposition of the impurities 
is facilitated, and effective use is made of the full 
cross-sectional area of the tanks. The design of these 
baffle walls, which has a most important effect in 
relation to the efficiency of the precipitation tanks, 
is based upon a series of experiments carried out by 
the Paterson Engineering Company with model 
glass-sided tanks fitted with baffles of various depths 
and spacings. It was found that there was a marked 
tendency for the water to short-circuit through 
sedimentation tanks provided with what, in the past, 
had been regarded as effective baffling arrangements ; 
and the tests showed that there was a great dis- 
crepancy between the water content of such tanks 
and the actual time of retention. The relative 
proportions and positions of the baffies were modified 
until a design was evolved where the incoming water 
effected a complete displacement of that which had 
already entered the tanks, thus giving the maximum 
time of retention. Tests.carried out on the actual 
precipitation tanks installed at Lichfield showed that 
the results obtained under working conditions 
correspond closely with those determined by the 
model experiments, and demonstrated that the 
design adopted gave the maximum time for coagula- 
tion and sedimentation. 

The removal of the precipitate, thrown down by 
the reaction in these precipitation tanks, is a matter 
of considerable importance, as it is essential for 
means to be provided for adequately purging these 
tanks without interfering with their normal working, 
and without excessive waste of water. In order to 
secure this object, the flocrs of the tank are serrated, 
as shown in Fig. 14. The spaces between the 
serrations form valleys in which the sludge collects, 
and in each of these is placed a perforated earthen- 
ware pipe, connected to branches on a sludge main 
situated in the base of the division wall between the 
two tanks, each branch being controlled by a valve 
operated from the central gangway above. When 
the valve is fully opened, there is a restricted uniform 
draw-off through the whole length of the pipe, 
effectively preventing any local accumulation of 
sludge which would constitute a breeding ground for 
bacterial development. The adequacy of the 
sludge discharge arrangements constitutes a not 
unimportant contribution to the general efficiency 
of the installation. 

The treated water having, in its passage through 
the precipitation tanks, deposited the bulk of its 
heavier impurities, spills over into a collecting 
channel communicating with the filters. The 
filters, ten in number, are of the rapid-gravity 
type, each measuring 20 ft. by 14 ft., with a 
depth of 10 ft. 6 in., giving a filtering area of 
280 sq. ft. per unit, and a total filtering area of 
2,800 sq. ft. This area is sufficient to ensure 
that the daily output of 4,000,000 gallons is obtained 
without the speed of filtration exceeding 60 gallons 
per square foot per hour. The filters are arranged in 
two rows of 5 units facing on to a common central 
gangway, shown in the views of the filter house, 
Figs. 41 and 42, on page 550. The filters are of the 
air-cleansed type, in which the accumulated impu- 
nities are loosened by thorough scouring of the 
sand grains by compressed air, wash water being 
afterwards admitted to flush the waste into the 
main drainage channels. Details of the air-injection 
arrangements will be given later. Beneath the 
gangway referred to is a pipe trench accom- 
modating the wash-water main, from which 
branches communicate with each of the filter units. 
The filtering medium consists of a 27-in. bed of 
washed and graded Leighton Buzzards and, supported 
on 18 in. of graded washed gravel. Above the 
filtering medium are the inlet and waste troughs. 
These distribute the incoming unfiltered water 
in @ way which prevents furrowing of the filtering 
medium, and ensures that during the washing 
Process the wash water is uniformly withdrawn 
and discharged into the main sludge channels 
below the filter-house floor. The whole arrange- 
ment of the lay-out and equipment in the filter house 
has been most carefully studied with a view to 
affording simple and positive control of the filters 
and washing operations. The localisation of the 
filter controls, and the installation of automatic 





compressing and pumping plant, enable the whole 
of the operations entailed in filtering and filter 
cleansing to be carried out by the attendant from the 
filter platform. 

The filtered water is discharged from each filter 
through an automatic outlet regulator into a pure- 
water channel, which conveys the effluent from the 
filters to one common point near the administration 
building for chlorination. After the addition of 
chlorine, by means of the Chloronome, the water is 
discharged into the pure-water storage tank under- 
neath the filters. This tank is provided with a 
central division wall, and is fitted with transverse 
baffles to give a serpentine movement of the water. 
This movement prevents short-circuiting, and 
allows maximum time for contact. The pure-water 
storage tank measures 72 ft. 6 in. by 56 ft. 4 in., 
with a water depth of 10 ft. The storage capacity 
is thus 250,000 gallons, equivalent to 1} hours’ 
contact at the maximum output of the plant. 
The water, after flowing down one side of the central 
division wall, returns along the other side to an 
extension projecting beneath the administration 
building, and forming a pumping sump from which 
the high-lift pumps draw their supply. Arrange- 
ments are made for the addition at this point of 
a de-chlorinating reagent, if and when required. 
The ventilation of the covered pure-water tank is 
effected by means of louvre-type ventilators let into 
the walls. An electrical depth indicator is fitted 
whereby the depth of water in the pure-water tank 
is indicated electrically in the administration build- 
ing, and also in the adjacent engine house. 

As stated, the equipment for the disposal of the 
impurities abstracted from the water is at the end of 
the plant remote from the engine house. The waste 
water and the washings from the filters are dis- 
charged into duplicate sedimentation tanks where, 
after standing, the clear supernatant water is 
drawn off and pumped back to the precipitation 
tanks.‘ The remaining thick sludge accumulates 
in the hopper ends of the sludge tanks whence 
it is pumped to filter presses. The latter form the 
impurities into solid cakes of a form which can be 
readily handled and carted away. The very small 
quantity of water from these filter presses is rejected 
to the canal as clear, colourless effluent. 


(To be continued.) 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting—the last of the 
session—of the Institution of Mechanical Engineers 
was held on Friday last, the 29th ult., at Storey’s 
Gate, Westminster, the President, Sir Henry Fowler, 
K.B.E., being in the chair. 


Tue Late Mr. H. T. CHAPMAN. 


The members rose, and continued standing, while 
the President referred to the loss to the Institution 
from the death of Mr. H. T. Chapman, whom he 
had known personally for 29 years. Mr. Chapman 
had always been most courteous to members of 
every grade, and he felt that the meeting would 
endorse the resolution passed by the Council, to 
record in the minutes the work of one who was 
beloved and respected by the staff, as well as by 
every member of the Institution. The resolution 
was concurred in unanimously, the record being 
substantially the same as that published in Enat- 
NEERING, page 495 ante. 

This resolution, he continued, would be conveyed 
to Mrs. Chapman, and the record would be entered 
in the minutes of the Council Meeting and of the 
General Meeting of that evening. Many members 
who had been his friends had already communicated 
to Mrs. Chapman their sympathy in the great loss 
she had sustained. 


HERBERT AKROYD STUART BEQUEST. 


The President next informed the meeting that a 
letter had been received from Perth, Australia, 
intimating that Mr. Herbert Akroyd Stuart had left 
a legacy to the Institution. The donor’s name 
would be well remembered in connection with the 
heavy-oil engine. A member of the Institution for 
26 years, he had bequeathed to the Institution a 
sum of 5001., to be put in trust for the award, every 





three years, of a prize for the best paper on the 
subject of the origin and development of the heavy- 
oil engine. The Council desired to make this an- 
nouncement at the first meeting after the receipt of 
the intimation, and to say that the lectures or papers 
would be known under the name of Akroyd Stuart. 


EXPERIMENTS ON HELICAL SPRINGS. 


The ordinary formal business having been dis- 
posed of, Professor F. C. Lea, O.B.E., D.Sc., read 
an abstract of a paper prepared by himself and 
Mr. F. Heywood, M.Sc., entitled “‘ The Failure of 
Some Steel Wires under Repeated Torsional Stresses 
at various Mean Stresses determined from Expetri- 
ments on Helical Springs.”” We reprint the first 
part of this paper, in an abridged form, on page 562 
of the current issue. 

Following Professor Lea’s summary, Mr. Heywood 
commented upon what he considered the most 
important problem in the manufacture of springs, 
namely, surface discontinuities, and: stated that 
they might arise from the original treatment of the 
wire, the coiling to form the spring, the quenching, 
or the heat-treatment in a salt-bath, which might 
have a corrosive effect on the surface when fatigue 
would proceed more rapidly. 

Mr. E. W. Bache considered the paper showed 
that a critical condition in working existed. 
He had known cases in which it had been suggested 
that one coil should be added to a spring containing 
20 coils. The lessening of the strain in the spring 
thus effected was very slight, but made all the 
difference to its life. The paper had demonstrated 
that there was a point, say, the yield point or danger 
point, above which a spring might vibrate for 1,000, 
2,000 or 5,000 times, and then perhaps fail ; below 
that point it would carry on for many million 
vibrations. A spring in an ordinary high-speed 
engine was subjected to many stresses. If such 
a spring were vibrated very rapidly, by means 
of a cam, it was only by accident that its 
natural period of oscillation coincided with the 
oscillation imposed by the cam. Most designers 
knew that there was surge in some cases and not in 
others, and, although it seemed absurd, coils had 
actually been cut out of a spring to check this. 
The other coils were theoretically more severely 
strained from direct forces, but this was not the 
case if surging was taken into account. Using 
an oscilloscope, it would, in some instances, be 
found that the oscillations were not those natural 
to the spring; at some places the coils seemed 
to be close together, while at others just below 
them the coils never seemed to come close. This 
condition had been eliminated in the machine 
shown by determining the natural vibration of the 
spring before recording results. Designers of springs 
for high-speed engines had to allow for the extra 
strains which arose in working. It seemed para- 
doxical to take a coil out of a spring to improve the 
life of the latter; yet it was frequently done. He 
enquired whether there was any difference between 
tension-spring and compression-spring tests. Ex- 
amining a tension spring when stretched, the end 
coil, as it was extended, had a tendency to twist 
a little. In a compression spring, both ends were 
held against a plate, and could not twist round 
so easily, and extra strains arose. Hence a com- 
pression spring would not last so well as a tension 
one. The deductions in the paper amounted to this, 
that provided the steel were of a high grade its exact 
composition did not matter. Spring designers would 
hardly agree, and he considered that the better the 
class of material, the longer the life of the spring. 

Mr. G. A. Hankins referred to Table II of the 
paper, mentioning the results under the heading 
“‘ approximate safe range of shear stress correspond- 
ing to a mean stress of 20 tons per square inch.” 
The variation there shown ranged from 15 to 
approximately 31 tons. The authors had stated in 
the paper that there was little previously published 
information on that type of material in cases where 
torsional fatigue stresses had been applied at 
various mean stresses. He drew attention to Dr. 
Macadam’s contribution to the Proceedings of 
the American Society for Testing Materials. Dr. 
Macadam used prepared test pieces, and not wires, 
but he did apply torsional fatigue stresses at various 
mean stresses. He (Mr. Hankins) had carried out, 
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during the last year or two, similar fatigue tests at 
the National Physical Laboratory. Those tests 
were made on wires, with some on springs and some 
on carefully prepared specimens in which surface 
defects were not present. 

The machine was specially designed, and the 
whole of the torque applied to the test piece was 
also transmitted to a torsion meter, arranged so as 
to give a photographic record of a spot of light 
reflected from a mirror. The movement of this 
spot, when the machine was running, traced a 
complete torque-strain diagram. Provision was 
made for putting a fixed static torque on one end 
of the specimen, so that the oscillations of the 
machine superimposed torsional stress cycles upon 
the static torque at any particular desired mean 
stress, 

Referring to the diagram of results, Fig. 1, 
which were plotted in a similar manner to those of 
Professor Lea, the two inner lines were tests of 
mild steel, normalised, and the three outer pairs of 
heat-treated spring steels. These tests had been 
carried out on carefully prepared specimens, and 
on a 10-million reversal basis, so that if any two 
points were taken——-say, the mild steel—the vertical 
distance between them represented the torsional 
fatigue limit with zero mean stress. Taking 
any particular mean stress measured horizontally, 
the torsional fatigue limit was measured by the 
vertical distance at that mean stress. 

The safe fatigue limit shown at the bottom left- 
hand corner was for three spring steels, silico- 
manganese steel and chrome-vanadium steel, and the 
ontside pair of lines represerited the results of both 
classes. Macadam’s results, his own and those given 
by Professor Lea on his testing machine, showed 
agreement in results from repeated stresses on 
prepared test pieces. These were of the order of 
twice as much as the results given by Professor Lea 
with his wire. As to surface defects, he agreed with 
Professor Lea. By removing the surface defects from 
the wire it was no doubt possible to put about 
twice as great a stress on the material without 
failure. The point was worth serious consideration 
by all spring makers. The whole of Professor 
Lea’s results were obtained on materials in which 
those particular defects existed. Referring again to 
Table IT in the paper, the value obtained, in the case 
of the chrome-vanadium steel for the safe range of 
shear stress, showed the lowest value of the whole 
set of springs. Yet he would not say that this 
particular material was unsuitable for springs. 

It was only justifiable to say that this batch of 
springs had, in all probability, the worst surface 
defects. Allowing all the failures in the springs 
to be due to surface defects, the formula given for 
the relationship between range of stress and mean 
stress, for most batches, would only apply to 
those batches which had exactly the same defects 
as the worst which Professor Lea had used. A 
word of warning was necessary in regard to that 
particular formula, His own results were got from 
prepared specimens, representing the real properties 
of the metal, and dependent on the composition of 
the material and its heat treatment. His results 
and Macadam’s agreed in showing that the range 
of stress depended very little on the mean stress, 
and that seemed distinctly at variance with Pro- 
fessor Lea’s and Mr. Heywood’s conclusions. The 
latter had suggested that for mild steel the safe 
fatigue limit for a high mean stress would be zero. 

Turning to the figures given in the paper for the 
modulus of rigidity, he had looked up the results 
of tests carried out at the National Physical 
Laboratory during the last three years, on six 
spring steels, all suggested by the British Engineering 
Standards Association. In this case, the mean 
value for the specimens was 11-7 tons per square 
inch and the minimum value 11-3, while the maxi- 
mum value was 12-2. He regarded with a certain 
amount of suspicion any values which differed 
appreciably from that mean value of 11-7 tons 
per square inch. It was generally recognised that the 
modulus of rigidity was a fundamental property 
of the material, and the low results obtained by 
Professor Lea and his colleague were almost cer- 
tainly due to defects in the wires which gave them 
false values. 

Major C. G. Mettler, Assistant Military Attaché, 








U.S.A. Legation, and a member of the American 
Society of Mechanical Engineers, stated that 
Mr. Calvin Rice, the Secretary of that Society, had 
asked him to refer to the very pleasant: memories 
which he (Mr. Rice) retained of his visit to the 
Institution in London. The paper would be received 
in the United States with great interest, for there 
also they had had trouble with springs, particularly 
helical springs. Up to the world-war, and well 
into it, they had depended on flat or round helical 
springs for gun running-out, and breakage was 
troublesome as repairs had often to be made under 
fire, involving the removal of the springs from the 
cylinders. As the war progressed, they learnt how 
to use the French hydro-pneumatic system. All their 
carriages contained French cylinders, and the helical 
spring problem appeared to be solved. Then the 
guns were made longer with the breeches nearer 
the trunnions, and it was necessary to put in what 
was called an “ equilibrator’’ to counterbalance 
the weight. 

These devices contained helical springs, and again 
the hydro-pneumatic arrangement was reverted to 
to get rid of them. Then the automobile experts 
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told them that the carriages would not stand the 
speed wanted, 7.e., 40-60 miles an hour on the 
road, unless they were properly sprung. Helical 
springs were then inserted under the carriages, 
and considerable difficulties followed. In America, 
however, there was an enormous number of auto- 
mobiles, and the same trouble was experienced with 
helical springs, both in the engines and also in 
the chassis. While, however, the military engineers 
were working at the problem, the automobile de- 
signers had decided that helical springs should be 
removed from the chassis. 

Referring tc the paper, he thought Table II showed 
the results in an excellent form. In America much 
trouble had been experienced with nickel and 
chrome, and, speaking as a steel man, he had never 
succeeded in persuading nickel and chrome to agree 
in the case of spring steel. They produced both 
intericr and surface defects, unless the steel was 
dealt with by experts in handling and heat treat- 
ment. Cold-worked steel suffered more severely 
from rises in temperature than hot-worked stee!. 
He would ask if Professor Lea had had any trouble 
in that direction; in America they had had much. 
A point to which he would refer was the difference 
of units as compared with American practice, 
which introduced difficulty in rapidly apprehending 
results. 

Mr. C. E. Stromeyer said he anticipated eventu- 
ally a safer feeling in regard to variable stresses 
than static stresses. In the latter it was necessary 
to ascertain the strength of the material in the testing 
machine and to apply a widely varying factor of 
safety. On the other hand, it would some day be 
possible to judge from fatigue test results what the 
material would withstand in actual practice. The 
paper showed experimental and practical stresses to 
be in close agreement, and he hoped that confirma- 
tory fatigue tests would be made. In Table I of 





the paper, the oscillations per minute varied from 
118 to 172. He would like some explanation. 

With regard to the diagrams, Figs. 11 and 12, in 
the paper. the authors concluded that the points at 
which the curves met were at the tensile strength of 
the material and not at the shear stress point. He 
thought a curve might with advantage be drawn 
upon the two sets above and below the neutral 
line. In one of the results in the paper, the 
suddenness with which the limit was passed, where 
the steel was not failing, was contrary to the 
results usually obtained in fatigue test machines, 
either in bending or torsion. His own torsion fatigue 
tests gave a definite law in respect to results, and 
there must have been something wrong with the 
surfaces, or the process by which the samples were 
cast. Ifa question of surface defects, it was desirable 
to get to the bottom of it, and he suggested that 
Professor Lea should take hardened and tempered 
springs and put them on to a cylinder with a turned 
groove and grind the outside ; then similarly grind 
the inside. The matter was worth clearing up 
before any definite conclusions were come to. 

Wing-Commander Cave-Brown-Cave remarked 
that springs for aircraft engines required very 
careful design. The large amount of experience 
obtained with such springs confirmed the authors’ 
conclusions. With the President’s permission, 
he would try to arrange for Capt. Swan, who 
had done much work on these springs, to send ina 
written contribution on the subject. Referring to 
Mr. Bache’s remarks on surging in the spring itself, 
he would say that with valve springs on an aircraft 
engine working at 1,000r.p.m. to 2,000 r.p.m., which 
was much faster than the rates given in the paper, 
it was much more likely that surging, due to the 
inertia of the spring itself, would arise. He believed 
many of the obscure spring failures to be definitely 
due to spring surging. It was very expensive to 
grind the spring to remove surface defects, but was 
well worth while as the improvement so produced 
was very great. He was not sufficiently acquainted 
with the details to say that grinding doubled the 
stresses a spring could take. 

Mr. C. E. Squire desired some more information 
about the heat treatment of the springs. He 
believed batches 1, 2, 5, and 9 were made from wire 
only strain-hardened by drawing, and that they 
were tempered after cooling. Was this the case ? 
Referring to the great variation in the chemical 
analyses of the steels, he doubted whether all the 
wires were equally good in quality. He had been 
responsible for the manufacture of many hardened 
and tempered springs, generally heavy. Speaking 
from memory, the variation in carbon was from 
0-6 per cent. to 1-6 per cent., and in manganese 
from 0-3 per cent. to 0-9 per cent. The material 
he had generally used was about the mean of those 
figures, and he did not see much advantage in 
departing from them. Of the springs employed by 
the authors, batch 5 showed an analysis which 
came nearest to the mean of the figures he had 
just quoted, and gave the best results. Batches 1], 
2 and 9 also approximated, and gave good results. 
He agreed with others as to the importance of surface 
defects. 

With regard to gun running-out springs, to remove 
as far as possible failures due to surface defects, It 
was his practice to rough-turn the billets before 
rolling them into bars, so as to remove the cooling 
cracks, but it was never possible to grind the bars. 
In the preliminary tests of springs, there was always 
a certain proportion of failures, which were all 
examined ; fully 75 per cent. had surface defects. 
It was quite usual to put identification-marks on 
springs, stamped as near the end as possible. Phe 
marking should be reduced to the absolute muini- 
mum, because it was a great source of weakness. 

He had been under the impression that the Vickers 
hardness-testing machine gave hardness numbers 
comparable with those of the Brinell test, but the 
hardness figures in the paper were certainly higher 
than the average highest figures the speaker had 
obtained. Professor Lea’s apparatus was a beauti- 
fully neat and efficient way of testing, but would be 
difficult to apply to heavier work, such as a stand- 
ard compression buffing spring on an ordinary 
English wagon. For such, the moving weight would 
have to be somewhere about 3 tons, and the 
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PANEL PLANING AND THICKNESSING MACHINE. 


CONSTRUCTED BY MESSRS. A. RANSOME AND CO., LIMITED, NEWARK-ON-TRENT. 








amplitude 3 in., with about the same speed of move- 
ment as at present. That was quite a medium-sized 
spring, and there were many heavier than that. In 
general, it had been impossible to make such tests 
on the heavier springs, but in the course of actual 
experience ideas are acquired as to the safe ranges 
of stresses, and these ideas compared very closely 
with those given in the paper. 

Mr. W. H. Patchell, the next speaker, asked for 
further particulars of Fig. 14 of the paper. What 
were the chemical properties of the specimens ? 
The paper stated that the control of the manufac- 
ture, including the drawing and _ heat-treatment, 
appeared to be of greater importance than chemical 
composition. With that he agreed, especially as to 
small springs, on which so much work was put in 
proportion to the weight of the metal, and chemical 
properties did not matter so much. With watch 
springs conditions were still worse. 

Professor H. P. Philpot thought the paper would 
assist designers of springs made by the methods 
dealt with in it. The difficulties experienced 
by the authors were such as had. given him 
much trouble in the past. Nearly all experimental 
work done on fundamental properties of materials 
should be on that from which the surface defects 
had been removed. The properties brought out 
in the paper were such as would be found from test 
pieces which had been machined on the outside or 
had been properly heat treated, both in hardening 
and tempering, and he felt, from some of the 
results, that the springs had not been thoroughly 
well identified in the works. 

Mr. J. N. Long said that during the war he also had 
had to change springs under fire, and had noted 
some remarkable failures for which it was difficult 
to find a reason. He wished the authors had 
differentiated between the inside and the outside 
of the spring. There might be considerable un- 
detected surface defects on the inside circumference. 
In examination by the microscope, had any atten- 
ion been given to the inner circumference, which 
would probably be strained more, since its radius of 
curvature was smaller? Had some materials been 
found to be more subject to surface cracks than 
others? He asked also whether any experiment 
had been made after deliberate pitting by sand 
blasting or pickling, in order to find the effects of 
such pitting. 

Mr. C. H. Wingfield said that he had, in the past, 
tested a number of safety-valve springs, and had 








found that the smaller wires put a much greater 


tension on the steel than the larger wires. The 
paper did not refer to any difference between small 
and large diameter of wire. He would like to know 
if any such effect had been observed. 

The President said there were many points 
he would like to raise, though he was not 
supposed to contribute to the discussion. He 
agreed with Mr. Squire’s remarks about the heavier 
. type of springs, and asked the authors whether they 
had identified the cracks by the magnetic method. 
The question of treatment was important, and 
although Mr. Hankins had emphasised the value of 
grinding springs, he felt indebted to the authors for 
having dealt with the materials in a manner which 
commended itself to those who had to use them. 
He sympathised with Major Mettler, as he was him- 
self familiar with the troubles that arose when 
chrome metals were subjected to certain treatment. 
He then moved a vote of thanks to the authors, 
to which the meeting cordially responded. 

Dr. F. C. Lea then replied. He desired to thank 
Mr. Bache and Mr. Squire for their comments, as 
they really did know a good deal about springs, 
having had to make them, whereas he and his 
colleague had no experience outside the ground 
covered by the paper. One or two speakers had 
referred to the rotation of the springs when working. 
The authors’ apparatus overcame the difficulty of 
the springs breaking, especially tension springs, by 
simply screwing them on like a screw with a thread 
which was just an easy fiton the cap. As to surging, 
if a cam had been used, it was felt that the funda- 
mental properties of the materials would not be got 
at. Mr. Hankins and others had discussed the 
point, but in the paper and in the conclusions, 
it was claimed to be quite clear. The results 
set out at the end of the paper showed what a 
difference there was between these fundamental 
properties as expressed in the spring, and the 
fundamental property as expressed from the hot, 
and the quenched and tempered, or cold-worked 
material, as the case might be. At any rate, they 
had decided upon their apparatus because they 
wished to eliminate, if possible, the effect of surging. 
The statement that the results represented the 
fundamental properties of the materials in the best 
condition that these could be obtained, was purposely 
avoided in the paper. He would like to have 
described two special torque machines, one of which 





was almost exactly like that described by Mr. 


Hankins, with the torsion meter in series with the 
specimen. This they had made in Sheffield before 
they had known about Mr. Hankins’ machine. The 
other machine was slightly different in principle. 
The results of Dr. Macadam’s work, mentioned by 
Mr. Hankins, had escaped his attention. 

With regard to the modulus of rigidity, he thought 
Mr. Hankins was right in his view. They had 
carried out a great many tests upon materials which 
were in a quenched and tempered condition that 
was controllable, and from which all surface defects 
had been removed. Thus they had obtained 
quantities comparable with those quoted by Mr. 
Hankins, from the enormous number of experiments 
made at the National Physical Laboratory. As 
time was limited, the authors would reply to 
the remainder of the discussion by a written 
communication. 

Mr. F. Heywood also made a few remarks in reply. 

Mr. Squire and Professor Philpot had both asked 
for further details of the composition and heat 
treatment of certain of the steels given in Table IT. 
The heat treatment was left open to the makers of 
the springs, and for that reason the authors did not 
get full details of it. It was presumed that the 
springs were quenched and tempered at the most 
suitable temperatures. Heat treatment was, no 
doubt, the most important thing that they had to 
deal with, and they were now heat-treating their 
own springs. Mr. Stromeyer had referred to the fact 
that, in some cases, the springs made about 118 and 
in others about 172 oscillations per minute, but 
it would be seen from the paper that several mean 
stresses were actually worked out. Mr. Squire had 
referred to a certain steel with a mean of 0-9 per 
cent. of carbon and 6-6 per cent. of manganese as 
most suitable for making springs, and had also 
mentioned batches 1, 2, 5 and 9 as giving the 
highest ranges. In this connection, he desired 
to point out that batch 7, a crucible cast steel 
containing 1-63 per cent. carbon—or twice Mr. 
Squire’s figure—was given in the paper as the 
most suitable, and one which afforded a high 
range of stresses, comparable with those of other 
compositions. Sir Henry Fowler had raised the 
question of testing springs by the method described 
in the paper when the diameter of the wire or spring 
was large. It would be recognised that the method 
was unsuitable for testing springs of large diameter. 
In such cases, he would suggest the use of cams, 
and would apply the repetitions slowly, so that 
oscillations or surging were not introduced at all, 
and the effect of the material, pure and simple, 
could be investigated. The tests recorded in the 
paper were confined to springs of small diameter. 
He would not say that because a spring had a range 
of 25 tons per square inch with a certain mean stress, 
a spring of the same material, but of large diameter, 
would give that safe range of stress; probably, it 
would not. With a large spring made of big gauge 
wire, the rate of cooling in the interior would be 
much less than in a small spring. The mean hard- 
ness across the section would be rather less than in 
the case of a small spring. The author’s hardness 
tests had been carried out in the Vickers’ machine, 
which he preferred to employ because of the 
diamond. This could be used for determining 
hardness up to 800. 
The President then announced that the Summer 
Meeting would be held from June 27 to July 1, at 
Birmingham. Full particulars would be published 
in the Journal of the Institution. 


PANEL PLANING AND THICKNESSING 
MACHINE. 


TuHE continued activity in the building trade in- 
volves a sustained demand for compact woodworking 
machinery such as that for the planing, surfacing and 
thicknessing of panels, floorboards, &c., and working 
shallow mouldings. The panel planing and thickness- 
ing machine which we illustrate on this page, has 
been designed to meet such a demand, and is made by 
Messrs. A. Ransome and Company, Limited, Newark- 
on-Trent. It has a single cutter block which operates 
on the top of the timber, this being fed in by four 
power-driven feed rollers along a rising and falling 
table. 

The machine is made in four sizes, all taking timber 
up to 9 in. thick, and from 15 in. to 30 in. in width, 
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according to the size, the approximate brake horse- 
power required ranging from 7 to 12. The framing 
needs little description. A ‘substantial base, of box 
section, carries the side frames, which are provided 
with wide vertical slides for the table, and have light 
portable covers for access to the steel chains of the 
feed rollers, &c. The table is of the one-piece pattern, 
and its weight is taken by enclosed ball thrust bearings. 
It is raised and lowered, to a graduated index, by 
square-threaded screws which are connected by an 
enclosed cross-shaft and bevel wheels. This cross- 
shaft is operated by chain gear actuated by the crank 
handle visible about the centre of the figure. The 
shorter lever near it is the locking gear. Probably, 
however, the most striking feature in the illustration is 
the cutter-tracking device which is shown in place, the 
cutter guard being swung back to give the operator 
an unrestricted view. The cutter block is normally 
of the four-sided lipped pattern, a very effective type 
when all the cutters are doing exactly the same amount 
of work. They can be set to do so by a first-class 
workman, but, in any case, the setting is done with 
the machine at rest, and the high speed of rotation 
is apt to result in one cutter leading a little. The 
correction of this fault can be made by tracking the 
cutters with an abrasive stick while the cutter block 
is running. The movement of the stick must be in 
strict alignment and it must be rigidly held. Refer- 


ence to the figure will show that, in this machine, slotted | 
brackets are bolted to the frame at the correct angle | 


for truing the blades. The slots carry a stiff frame 
machined flat on the bottom and V-shaped on the top. 
This is cramped in place by set screws, and carries a 
slide on which is mounted the holder for the abrasive 
stick. Fine adjustment is provided by a screw with a 
star handwheel. Traversing is effected by pushing the 
slide along by hand. 

The cutter block runs on dustproof roller bearings 
with end thrust adjustment. A chipbreaker before 
the cutter block, and a pressure bar behind it, both 
moving in concentric grooves, fold the timber firmly 
down to the table and can be removed when moulding 
cutters are being used. The cutter block guard, shown 
open in the figure, also forms a chip deflector. The 
fluted upper feed roller is seen just below it. The 
back upper roller is plain, as also are the two bottom 
ones. When the conditions of work frequently require 
several pieces of timber of slightly differing thicknesses 
to be planed simultaneously down to one thickness, 
the fluted feed roller and the front chipbreaker can be 
made of the sectional type. The feed rollers are capable 
of adjustment at either end, and the pressure of the 
upper rollers may be varied. Three rates of feed are 
provided, viz., 18, 30 and 43 feet per minute, but when 
a tracking device, ensuring a more even cut, is fitted, 
or a circular cutter block with thin blades is used, these 
speeds can, with advantage, be increased. Driving may 
be by a countershaft, with fast and loose pulleys, or by 
a direct-coupled electric motor. 








THE LATE MR. J. J. WRIGHT. 


Tue death of Mr. John James Wright, for 23 years 
with Messrs. Coode, Son and Matthews, occurred, at 
the age of 78, at his home in London on Wednesday, 
April 27. After early education at the Brierley Hill 
Academy and Dudley Grammar School, John Wright 
went, in 1863, as an apprentice to Messrs. Cochrane 
and Co., Woodside Works, Dudley, being afterwards 
taken into the regular service of that company. For 
some years he was engaged in the firm’s drawing office, 
where he designed and superintended the construction 
and erection of various engineering works, being engaged 
on a large contract for the firm in 1875, in connection 
with the extension of Portsmouth Dockyard, and, in 
the following three years, on further work in connection 
with the extension of Chatham Dockyard and the Ouse 
Viaduct. Later, he was engaged on the construction 
of a bridge over the Severn at Shrewsbury, works 
at Devonport Dockyard, and a bridge over the Avon 
at Bristol. 

In June, 1885, Mr. Wright was engaged by the Cape 
Government as assistant engineer for the erection of a 
large railway bridge over the Orange River, and the 
following year was occupied in the widening of Cannon 
Street railway bridge, finally having sole charge for the 
completion of the work on behalf of Messrs. Cochrane 
and Company in 1890. 

Mr. Wright joined the London staff of the late 
Sir John Coode in November, 1890, and occupied the 
position of chief assistant of the constructional iron- 
work department of Messrs. Coode, Son and Matthews, 
whose name has now been changed to Messrs. Coode, 
Fitzmaurice, Wilson and Mitchell, Limited. In this 
capacity, he designed and inspected work in connection 
with many large jetties and breakwaters in the Colonies, 
particularly at Port Elizabeth, Table Bay, Colombo, 
ete. He was also concerned with the building of a 


viaduct, 1,260 ft. long, for Dover Harbour, works at 








Trinidad, the Straits Settlements, and Hong Kong. 
Mr. Wright retiredin 1913. He was elected an associate 
member of the Institution of Civil Engineers in 1888, 
and became a full member in 1901 ; resigned at the-end 
of 1917. 
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PERSONAL.—Messrs. James Turnbull and Company: 
3, New-street, Birmingham, have been appointed the 
Midlands representatives for Messrs. Empson Centrifugals, 
Limited, 47, Victoria-street, London, S.W.1, for the sale 
of their machines for the recovery and purification of 
oils.—Two notable purchases have lately been made 
by Messrs. Thomas W. Ward Limited, Sheffield, one 
being the remainder of the property of Messrs. Eastwood, 
Swingler and Company, Limited, of Derby, formerly 
used as the engineering, bridge-building and construc- 
tional works: and the other a large sugar refinery at 
Rawcliffe Bridge, which belonged to a Liverpool firm and 
has been shut down for a number of years.—Owing to 
expansion, the business of Mr. Marcel Porn, of 72-78, 
Fleet-street, E.C.4, has been converted into a private 
limited company, under the name of Porn and Dun- 
woody, Limited, of which Mr. Porn is managing director. 
—Mr. Cornelius Koning, of Amsterdam, celebrated his 
jubilee as agent in Holland for the North British Rubber 
Company, Limited, on May 1 last, having been appointed 
to that position on the corresponding day in 1877.— 
Messrs. Gandy Belt Manufacturing Company, Wheatland 
Works, Seacombe, Cheshire, have decided to rebuild 
their premises, and a modern fire-proof building will be 
erected on the present site. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—While current conditions in some of the 
engineering sections are reported to be easier, the outlook 
gives rather more cause for hope. From the standpoint 
of armaments manufacture, last year’s results were lean, 
The large plants here are still operating at well below 
50 per cent. capacity, but unless further restrictions are 
imposed, the outcome should be satisfactory. Allied 
shipyards, upon which Sheffield largely depends for orders 
for forgings and castings, machinery parts, and construc. 
tional steel, have better order books than at any period 
during the past four years. Sheffield firms are promoting 
further experiment and research respecting aeroplane 
manufacture. The biggest factory engaged on aircraft 
construction—a subsidiary of one of the Sheffield arma- 
ments firms—has been entirely reconstructed in steel. 
Last year fifty new machines were delivered, including 
26 all-metal single-seater aeroplanes for South American 
Governments, in addition to which a large number of 
machines were reconditioned for the Air Ministry. 
Accessories have been supplied to America, Norway, 
Denmark, Germany, Italy and Greece. The further 
development .of the all-metal aeroplane is expected to 
furnish a considerable amount of new work, both on 
home and overseas account. Wagon building is slightly 
improving. Big orders are under execution for cast-iron 
pipes in connection with foreign engineering enterprises. 
Business in builders’ ironwork and stove grate manufac- 
ture is easier. Wire-rod mills, which are feeling keenly 
the force of foreign sales of lower grade material, are 
operating on short time. Heavy demands from British 
automobile engineers continue to constitute an out- 
standing characteristic. Output at the big open-hearth 
plants on the outskirts of Sheffield has not yet been 
restricted, but fresh business will need to multiply early 
if melting operations are to continue at present capacity. 
High-grade tool steels are in demand, and there is a 
steadily increasing absorption of stainless steel and pro- 
ducts therefrom. 

South Yorkshire Coal Trade.—The reduction in fuel prices 
which many buyers are awaiting has not yet materialised. 
Sales of house coal for summer stocking purposes are 
below the seasonal average, but quotations at the pit 
head are officially maintained. Spot lots are, however, 
offered at bargain prices to make way for new output. 
In industrial fuel, the tone has improved. A few of the 
biggest users are acquiring stocks, and though competi- 
tion is severe, more business is passing on export account. 
Blast-furnace coke, at 22s. per ton at ovens, is regarded by 
many iron makers as prohibitive. Certain arrangements 
have been made for imports from Westphalia. Coking 
smalls are in short supply. Quotations are: Best hand 
picked branch, 348.; best house coal, 278. to 29s. ; 
sereened house coal, 23s. to 25s. ; screened house nuts, 
19s. to 2ls.; Yorkshire hards, 18s. to 20s. ; Derbyshire 
hards, 18s. to 20s.; rough slacks, 10s. 6d. to Ils. 6d. ; 
nutty slacks, 8s. to 9s. ; and smalls, 3s. to 5s. 





NOTES FROM THE SOUTH - WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Tenders submitted for the Egyptian 
State Railways requirements of 100,000 metric tons of 
Welsh large coal were disclosed yesterday, when it was 
found that the Evans and Reid Coal Company, Limited, 
Cardiff, had offered to supply the coal at 32s, ¢.1.1. 
Alexandria, which was 3s. less than the lowest price 
submitted for American coal, and 74d. lower than the 
figure at which German coal was offered. Messrs. Furness 
Withy and Company, Limited, offered Welsh coal at 
32s. 3d., and it is believed that their offer will be accepted. 
as the lower price quoted by the Evans and Reid Coal 
Company, Limited, is subject to the acceptance of a coal 
not included in the Egyptian Railways list, though the 
list has been extended to include four Monmouth- 
shire coals. In January, the business was secured at 
31s. 11d., and in March last at 33s. 5d. The offers remaim 
open for 10 days. The Spanish Norte Railway has 
contracted for 35,000 tons of Welsh large and small. 
Best Admiralty large coals are steady, but other classes 
are easier, with the demand none too good, though 
tentative inquiries are fairly numerous. Best large 18 
round 23s., with seconds round 22s., while Monmouth- 
shire are available at 19s. to 20s., and drys from 19s. to 
2ls. Values are irregular, and dependent on individual 
circumstances, some collieries being comfortably placed 
and able to maintain quotations, while others are prepared 
to make discounts to secure orders. Smalls were in fair 
request at steady prices, on the basis of 14s. 6d, for best 
bunker descriptions, and 14s. to 14s. 3d. for good quali- 
ties. Foreign shipments in the past week amounted to 
549,740 tons, compared with 430,230 tons a year age, 
after which exports were suspended for seven months by 
the miners’ strike. Exports at Cardiff were raised from 
261,040 tons to 356,250 tons, at Newport from 67,530 
tons to 78,960 tons, at Swansea from 56,400 tons to 
65,530 tons, at Port Talbot from 38,840 tons to 39,370 
tons, and at Llanelly from 6,420 tons to 9,630 tons. 

Orders for New Steamers.—Sir Wm. Reardon Smith, 
Bart., of Sir W. R. Smith and Sons, Limited, Cardiff, 
managers of the St. Just, Leeds and Unity Shipping 
Companies, has placed contracts with Messrs. Ww m. 
Gray and Company Limited, West Hartlepool, for wr 
further steamers of 8,600 tons each, to be equippet 
for burning coal or oil at the Central Marine as 
Works of the builders. Since the termination 0° 
the coal strike, Sir Wm. has ordered six arya 
aggregating 46,000 tons deadweight, having poeviorss 
contracted with Messrs. Wm. Gray and Co., Limited, - 
two steamers of 8,600 tons, and with Messrs. Napier “ 
Miller, Limited, Glasgow, for two vessels of 5,800 tons each, 
to be engined by Messrs. David Rowan, Limited. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrppressroucH, Wednesday. 

The Cleveland Iron Trade.—The announcement of 
five shillings reduction in Cleveland pig-iron quotations 
this week is no more than was expected. While the 
movement has not resulted in any rush of business, it 
has brought local consumers into, the market, and some 
improvement in sales is reported. Prices are still too 
high to admit of successful competition with Continental 
makers in markets abroad, or even in Scotland. Sub- 
stantial imports from the Continent continue to arrive 
for consumption north of the Tweed, and also for use on 
Teeside. No. 1 Cleveland pig is now 77s. 6d.; No. 
g.m.b., 75s.; No. 4 foundry, 74s.; and No. 4 forge, 
73s. 6d. 


Hematite.—The situation in the East Coast hematite 
branch is little altered. Some little increase in demand 
is noticeable, but sales are still slow, and makers are 
pressing Nos. 1, 2 and 3 on the market at 82s. No. 1 
quality is put at sixpence above mixed numbers. 


Foreign Ore.—There is no market for foreign ore, 
users having considerable stocks, and large quantities 
coming forward against running contracts, and conse- 
quently are disinclined to discuss new business. 

Sellers, however, have satisfactory contract books, and 
adhere nominally to quotations on the basis of best 
rubio at 23s, delivered here. 


Blast-Furnace Coke.—Further downward tendency in 
blast-furnace coke is responsible for buyers’ marked 
disinclination to commit themselves at all extensively. 
Durham good average qualities are on sale at 23s., 
delivered to consumers’ works in this area. 


Manufactured Iron and Steel.—The tonnage output of 
manufactured iron and steel is heavy, and producers 
possess orders that will keep them well employed over 
the next three months, but new business is still slow, 
and more inquiries for delivery over the fall of the year 
would be very welcome. Common iron bars are 111. 15s. ; 
best bars, 127. 5s.; best best bars, 12/. 15s.; packing 
(parallel), 82.; packing (tapered), 11/.; steel billets 
(soft), 77. 12s. 6d.; steel billets (medium), 8/. 2s. 6d. 
steel billets (hard), 87. 12s. 6d. ; steel ship plates, 8/7. 2s. 6d. ; 
steel angles, 7/. 12s. 6d. ; steel joists, 7/. 12s. 6d.; heavy 
steel rails, 87. 10s,; and galvanised corrugated sheets 
(24-in. gauge), 141. 15s. 


Shipments of Iron and Steel.—The 94,998 tons of 
manufactured iron and steel shipped from the Tees 
last month constitute a record, the previous heaviest 
bring 77,258 tons in March, 1926. The loadings of 
11,325 tous of pig iron in the fourth month of the year 
bring the total shipments of iron and steel to April up 
te 106,323 tons. Scotland took the most pig iron, 
receiving 3,960 tons ; while Australia with an import of 
890 tons, was the best customer for manufactured iron. 
India continued by far the heaviest purchaser of steel, 
receiving 19,541 tons. Australia accepted 9,744 tons of 
steel; Argentine, 5,085 tons; Portuguese West Africa, 
4,689 tons; Egypt, 3,390 tons; and New Zealand, 


3,277 tons. 


Imports of Iron and Steel.—Tees Conservancy Com- 
mission returns issued this week show imports of iron 
and steel to the Tees from Holland, Belgium, France, 
Norway, Sweden, India, Germany, and coastwise for 
the six months ending April last to have been 208,246 
tons, as compared with 111,403 tons for the same months 
a year ago and 57,700 tons for the corresponding pre- 
war period of 1913-1914. Arrivals of pig-iron in the 
past six months amounted to 74,876 tons, compared with 
35,955 tons a year ago, and 106 tons in the pre-war 
period, Semi-finished and finished iron and steel imports 
in the past six months were vastly heavier than those for 
the same months a year ago, and for the corresponding 
pre-war period of 1913-1914. 





Contra ts.—Messrs. Standard Telephones and Cables, 
Limited, Bush House, Aldwych, W.C.2, have received 
an order to manufacture and instal a 3-kw. stan- 
dard broadcasting radio equipment at Kosice (Kassa), 
Czecho-Slovakia.—Messrs. James Gordon and Company, 
Limited, 83, Kingsway, London, W.C.2, have obtained 
the contract for the supply and erection of the pipes, 
water turbines and electrical plant for the hydro-electric 
Station on Loch Luichart. The plant, as at present 
designed, includes two 750-h.p. Francis turbines coupled 
to two 500-kw. generators, together with switchgear 
and transformers, ete. 


c TENDERS.—We have received from the Department of 
Iverseas Trade, 35, Old Queen-street, London, S.W.1, 
Particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
cn application to the Department at the above address, 
ron reference number given below being quoted in each 
— :—Booklets have been received from Santiago in 
age with the materials required by the Chilean 
ri Railways for 1927, for the following groups of 
lich S; electric lighting and power, group 30; electric 
Shting of locomotives and coaches, group 32; spares 


locomotives, coaches, and wagons, group 33; signal- 
foe’ telegraph and telephone supplies, group 36. Tenders 
Pa i 30 and 32 will be opened on July 18; group 33 
ert 1; and group 36 on August 22, at the Departa- 
Ps - de Materiales y Almacenes, Estacion Alameda, 
2071) Local representation is desirable (Ref. No. CX 


<</1), 


NOTES FROM THE NORTH. 


Grascow, Wednesday. 

Scottish Steel Trade.—At the various Scottish steel 
works there is much activity at the present time, and no 
falling-off in the steady demand for practically all that 
is being turned out. Shipbuilders continue pressing for 
deliveries, and as quite a number of new contracts have 
been booked in recent months, the consumption of steel 
material at the shipyards is likely to be on a large scale 
for some time to come. Fresh business is, however, quiet, 
and buyers are extremely slow to place new contracts, 
with the result that the outlook for the steelworks a few 
months hence is rather uncertain. In the black sheet 
trade a quieter tone prevails, and bookings are much 
smaller than they were in the earlier part of the year. 
In the export side of the business merchants have not 
been placing new contracts as steadily as they were, 
and, in order to draw out more work, producers of the 
cheaper qualities have lately been shading prices. This 
has resulted satisfactorily, but the margin left to the 
maker has become negligible. The home trade is quiet 
but prices are firm, and this also applies to the better 
grades for the export market. The following are the 
current market quotations :—Boiler plates, 11/. per ton ; 
ship plates, 81. 7s. 6d. per ton ; sections, 7/. 17s. 6d. per 
ton: and sheets, under +; in. to } in., from 101. to 121. 
per ton, all delivered Glasgow stations. 


Malleable-Iron Trade.—No improvement falls to be 
noted in the malleable-iron trade of the West of Scotland. 
Order books are very bare at the present time, and as 
little of consequence is being placed, some establishments 
cannot see more than a day or two ahead. Not only is 
bar iron quiet, but the steel re-rolling departments are 
also suffering from a lack of demand. In the hope of 
stimulating the buying of steel bars, the price has been 
reduced by 7s. 6d. per ton for home business, making the 
quotation now 8. 2s. 6d. perton. The price for ‘“‘ Crown ” 
bars is unchanged at 11. 5s. per ton, delivered Glasgow 
stations. 


Scottish Pig-Iron Trade.—No change has taken place 
in the state of the Scottish pig-iron trade this week. 
Hematite iron continues in good request, and the con- 
sumption at the steel works is on a large scale. Of the 
number of furnaces now in blast—35 in all—1l4 are 
turning out hematite, while three are on basic qualities 
and 18 are on foundry iron. The latter is not in very 
heavy demand, and there is a sufficiency to meet all 
calls. Prices have varied little, and are as under :— 
Hematite, 85s. to 87s. 6d, per ton, delivered at the steel 
works ; foundry iron No. 1, 89s. per ton, and No. 3, 
84s. per ton, both on trucks at maker’s yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, April 30, amounted to 353 tons. 
Of that total 209 tons went overseas and 144 tons coast- 
wise. During the corresponding week of last year the 
figures were 785 tons overseas and 113 tons coastwise, 
making a total shipment of 898 tons. 

Scottish Shipbuilding.—A gradual but decided improve- 
ment has taken place in the Scottish shipbuilding industry, 
and the outlook is much better. The launches last 
month from the various districts were 26 vessels with a 
total of 34,217 tons. The following are the details :— 


Vessels. Tons. 

The Clyde nae rise 22 33,799 

The Forth roe “a ae 3 180 
The Tay ... wes aaa ae = = 

The Dee and Moray Firth oe 1 238 

26 34,217 


The Clyde total is the best monthly output for the year, 
and although about 2,000 tons under the corresponding 
month of last year, it is fully 2,000 tons above that for 
March of this year. The figures for the year to date are 
48 vessels of 77,931 tons, which are the lowest for the 
same period for nearly a decade. New contracts placed 
during April were not very numerous, and only some 
half a dozen were reported, but these included the 
19,000 ton turbo-electric liner to be built at Linthouse 
by Messrs. Alex. Stephen and Sons, Limited, for the P. & 
O. Steam Navigation Company, and a 5,000-ton cargo 
steamer to be built at Scotstoun by Messrs. Charles 
Connell and Company. Limited, for Messrs. T. and J. 
Harrison, of Liverpool. Employment in the shipyards is 
getting better, and it is fully anticipated that more men 
will be absorbed in the near future. 





Royat Arr Force SHort Service ComMIssions.— 
The Air Ministry informs us that a considerable number 
of short service commissions, for five years on the active 
list and four in the reserve, will be granted in July. 
Candidates must be between the ages of 18 and 25; 
they should have received whole-time education at 
least until the age of 16, and should possess good physique 
and eyesight. Officers will be trained in this country 
or in Egypt, and will subsequently be employed in units 
at home, in the Middle East, India, or other overseas 
commands of the Royal Air Force. <A year is spent in 
learning flying, aeronautical engineering and ancillary 
subjects and, in their subsequent service, officers receive 
every encouragement to continue their studies. A 
small number of short-service officers will be retained on 
permanent commissions, and will be selected by means 
of a competitive examination held every year. Apart 
from this examination, a small number of short-service 
officers are selected for permanent commissions on the 
recommendation of their commanding officers. Applica- 
tions for forms and regulations should be addressed in 
writing, as soon as possible, to the Secretary, Air 
Ministry, Adastral House, Kingsway, London, W.C.2, 











NOTICES OF MEETINGS. 


THE Society oF CHEemican INnpusTRY: CHEMICAL 
ENGINEERING Group.—To-night at 6 p.m., at the 
Imperial College of Science and Technology, South 
Kensington, S.W. 7. Annual General Meeting. ‘‘ Chemi- 
cal Fire Extinguishers,” by Dr. W. R. Ormandy. 





THE INSTITUTION OF STRUCTURAL ENGINEERS.-~—To- 
night at 6 p.m., at 10, Upper Belgrave-street, S.W. 1. 
Joint Meeting with the Société des Ingénieurs Civil de 
France. “‘ Engineering Features of the Channel Tunnel ” 
(in French), by Monsieur le Trocquer. 


THE JuNIoR INSTITUTION OF ENGINEERS.——To-night at 
7.30 p.m., at 39, Victoria-street, S.W. 1. ‘‘ Some Notes 
on the Brighton Automatic Telephone Network,” by 
Mr. W. A. Sallis. Friday, May 13, at 7.30 p.m., “ The 
Stability of Dredged Cuts in Alluvium,”’ by Dr. H. 
Chatley. 

THE INSTITUTION OF MUNICIPAL AND County ENct- 
NEERS: SoutH-EasterRN District.—Saturday, May 7, 
at 4 p.m., at the Grand Hotel, Dover. ‘‘ Notes of the 
Earlier Housing Schemes of the Corporation,’ by 
Mr. J. A. Jarvis. ‘‘ Notes on Housing in the Tower 
Hamlets District of the Borough of Dover,” by Mr. W. 
Bryan. ‘The Pier District Improvement Scheme, 
Dover,” by Mr. F. V. How: ‘‘ Dover—Notes on Recent 
Municipal Activities,” by Mr. Wm. Boulton Smith. 


Tue Institute or British FOoUNDRYMEN: LANCA- 
SHIRE Brancu.—Saturday, May 7, at 4 p.m., at the 
College of Technology, Sackville-street, Manchester. 
**Some Aspects of Foundry Work,’’ by Mr. E. Longden. 


THE Royat Institution.—Monday, May 9, at 5 p.m., 
at Albemarle-street, W. 1. General Meeting. 


THE Royat Society or Arts.—Monday, May 9, at 
8 p.m., at John-street, Adelphi, W.C. 2.—Cantor Lecture. 
“The Measurement of Light’ (Lecture III), by Mr. 
J. W.'T. Walsh. Wednesday, May 11, at 8 p.m., Dr. Mann 
Lecture. ‘‘ English Railways ” (Lecture I1), by Professor 
W. E. Dalby. 


Tue InstrrureE oF MARINE ENGINEERS.—Tuesday, 
May 10, at 6.30 p.m., at 85/88, The Minories, Tower Hill, 
E.1. ‘‘Some Metals and Methods of Use in Marine 
Engineering,” by Mr. H. J. Young. 


Tue Institute oF Metats.—Wednesday, May lI, 
at 8 p.m., at the Institution of Mechanical Engineers, 
Storey’s Gate, S.W. 1. Seventeenth Annual May Lecture. 
“The Growth of Crystals in Supersaturated Liquids,” 
by Sir Henry A. Miers, F.R.S. 


Tue OpticatSociety.—Thursday, May 12, at 7.30 p.m., 
at the Imperial College of Science and Technology, South 
Kensington, S.W. 7. ‘* Notes on the History of English 
Opticians in the first half of the 19th Century (with 
Special Reference to Spectacle History),” by Prof. Moritz 
von Rohr. 

Tue Institution oF STRUCTURAL ENGINEERS.~ 
Thursday, May 12, at 8 p.m., at 10, Upper Belgrave- 
street, S.W. 1. ‘“‘Some Problems in the Design of 
Steel Roof Truss Members,” by Mr. A. G. Pugsley. 

Tue Instirutrion OF AERONAUTICAL ENGINEERS. 
Thursday, May 12, at 8.15 p.m., at the Royal Society of 
Arts, John Street, Adelphi, W.C. 2. ‘* Some Commercial 
Aspects of Air Surveying,” by Major H. Hemming. 

TuE INSTITUTION OF MuNICIPAL AND County ENGI- 
NEERS: METROPOLITAN DistRict.—Friday, May 13, at 
6 p.m., at 92, Victoria-street, S.W.1. Debate on the 
“Future of London,” opened by Mr. W. R. Davidge. 





Tue T.S.S. ‘ Orprra.’’—-After considerable altera- 
tions and overhaul at Messrs. Harland and Wolff’» 
works, Belfast, where she was originally built, the T.S.S. 
Orbita was, on Friday, April 21, delivered to her owners, 
the Pacific Steam Navigation Company. As the ship 
is being transferred from the North Atlantic trade to 
the South American service, alterations were necessary 
throughout the whole of the accommodation, and, in 
addition, the boilers have been converted for the burn- 
ing of oil fuel. 


THe Junior InstiruTION or ENGINEERS.—Civil 
aviation formed one of the subjects of the speeches 
made at the annual dinner of the Junior Institution of 
Engineers, which was held at the Monico Restaurant on 
April 26. In proposing the toast of “The Institu- 
tion,”’ for instance, Brig.-General P. R. C. Groves referred 
to the importance of aviation in the development of the 
Empire and to the work of the engineer in this connection. 
Mr. H. T. Tizard also referred in appreciative terms to 
the work of the engineer, in the course of an excellent 
speech made in proposing the toast of “‘ The Engineering 
Industry.”” The progress of civilisation, he said, was 
dependent upon engineers, and at no time more than the 
present had there been a greater need for their services to 
the community. No one in touch with modern engineer- 
ing, however, could feel despondent with regard to the 
future. Engineer Vice-Admiral Sir Robert B. Dixon 
also spoke optimistically as to the future of the industry, 
in responding to the same toast. He referred to the 
question of the education and training of engineers and 
mechanics, to the importance of research in the engi- 
neering industry, and to the need for true co-operation 
between employers and employed. The toast of “‘ The 
Guests,”’ proposed by Mr. H. P. Wright, was responded 
to by Sir Henry Fowler and Sir Murdoch Macdonald, 
M.P., the President-elect of the Institution. Sir Murdoch 
called attention to the need for securing adequate 
representation in the House for the engineering profession 
and industry. 
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SANDFIELDS FILTRATION PLANT; SOUTH STAFFORDSHIRE WATERWORKS. 


MR. F. J. DIXON, M.INST.C.E., CHIEF ENGINEER. 


(For Description, see Page 543.) 








Fie. 43. Centra GANGWAY IN FILTER Hovsr, LOOKING WEST. 








Fie. 44. Workine PLatrorM anp CENTRAL GaNGway_INn Fitter Hovse. 
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‘* CREEP ’’ STRESSES. 


In a highly instructive and suggestive presidential 
address, delivered some few years ago, to the 
Institution of Mechanical Engineers, Professor W. C. 
Unwin pointed out that a purely empirical factor 
was necessarily involved in any satisfactory method 
of fixing permissible working stresses. Thus, boilers 
have been commonly designed for a factor of 
safety of 5, the corresponding figure for guns being 
about 2. A steel spring may occasionally be loaded 
up to about three-quarters of the ultimate strength 
of the material, whilst in masonry work factors 
of safety of twenty or more are far from uncommon. 
In this connection, neither the mathematician nor 
the physicist has been able to assist the engineer, 
who, when met with novel problems, has quite 
commonly had no alternative save a resort to the 
good old traditional rule of “ guessing half and 
doubling it.” He has, moreover, had to make his 
guess burdened by the consciousness that if his 
pioneering venture succeeds, he will have to meet 
the competition of a host of mere copyists, whilst 
a mistake may involve him in ruinous pecuniary 
losses. No other professional man works under any 
corresponding handicap. It is a long-standing gibe 
that the doctor’s mistakes are forthwith shovelled 
underground, whilst blunders of the barrister are 
paid for by his clients. The clients of the manu- 
facturing engineer, however, are less accommodating, 
and commonly insist that not only shall the engineer 
make good his errors of judgment, but shall also be 
responsible for any consequential damages resulting 
therefrom. The chemist or physicist, again, is 
mainly concerned with what we ought to think, but 
the engineer is almost invariably called upon to 
translate thought into action, and may well be 
excused for the caution he commonly displays 
in transcending experience Large extrapolations 
involve serious risks, since it is notorious in such 





cases that after provision has been made for every 
conceivable contingency, the change of scale may 
bring to light others previously entirely unsuspected 
and unforeseen. 

One of the most serious problems with which the 
mechanical engineer is to-day confronted is that of 
dealing with “creep.” For years past, the engineer 
has been able to rely on certain standard tests of 
the materials he employs. Experience has proved 
that certain qualities of steel give satisfactory 
service in certain conditions, and the tests in 
question, though often derided as unscientific, do 
ensure that the material supplied is of the quality 
desired. In most cases, working stresses have been 
fixed as some definite fraction of the ultimate stress 
as determined by the tests in question, and recent 
experiments have shown that in adopting this pro- 
cedure, the engineer was really building better than 
he knew, and that even under alternating stresses, 
the actual strength of most materials is more closely 
correlated with the ultimate strength than it is 
with the elastic limit. 

It was known, of course, that the ultimate 
strength was to some extent a function of the 
rate of testing, but at ordinary temperatures this 
time effect was of little significance. A serious situ- 
ation arose, however, when it was discovered that 
at the temperatures now met with in power-station 
practice, the ultimate strength of many otherwise 
excellent steels falls off very rapidly as the duration 
of the test is prolonged. 

It has been usual to assume tha uere was a 
limit to this “creep,” and that if + stress were 
fixed sufficiently low the phenomenvn would not 
arise. This view is challenged in a highly interesting 
and very suggestive paper read on the 21st ultimo, 
before the North-Western branch of the Institution 
of Mechanical Engineers, by Mr. R. W. Bailey, of 
the Metropolitan-Vickers Electrical Company. By 
changing the method hitherto adopted of plotting 
the results of observations, Mr. Bailey is led to the 
conclusion that “ creep” always exists, but that at 
ordinary temperatures the rate is too small to be 
detected. On this view, no body is perfectly elastic. 
That this is the case was asserted many years ago, 
by Professor Bouasse, as the result of experiments 
on wires. 

In this connection it is, however, necessary to 
note that the term “ perfectly elastic ’ is used with 
two different significations. Probably no body 
follows Hooke’s law with perfect exactitude, but 
there does seem satisfactory evidence that elasticity 
of form may be sensibly,perfect. The balance spring 
of a chronometer which works under an alternating 
stress having a total range of about 18 tons or 
19 tons per square inch, maintains an unvarying 
rate for years. This fact seems hardly compatible 
with the idea that “creep” like the “ poor” is 
always with us. Undoubtedly there are conditions 
in which ‘‘creep” occurs under extraordinarily 
small stresses. 

It ‘has been stated that wax seals found in 
Egyptian tombs, which were no doubt sharp im- 
pressions originally, have in the course of forty 
centuries sunk into shapeless pools under the stress 
of their own weight. Again, Mr. Ch. Guilluame, of 
the International Bureau of Weights and Measures, 
has pointed out that the nickel-iron alloy, which is 
held to constitute that part of the earth known as the 
barysphere, must he regarded as a liquid for long-con- 
tinued stresses, but as a solid for transient ones. It 
thus has just the properties which Mr. Bailey attrib- 
utes to our ordinary structural materials. On the other 
hand, Snowdon is probably some 400 or 500 million 
years old, and were creep the universal property 
suggested it would hardly still raise its head nearly 
3,600 ft. above sea level. The behaviour of metals 
as tested at normal temperature also seems rather 
more favourable to the hypothesis of a limiting creep 
stress than it is to the somewhat revolutionary alter- 
native suggested by Mr. Bailey. As already noted, 
however, the engineer has to embody his philoso- 
phical speculations into concrete machines and 
structures, and Mr. Bailey brings forward evidence 
which seems to indicate that this limiting creep stress 
is much smaller than is commonly recognised, and 
the question arises as to how this somewhat serious 
situation is to be met. If working stresses are to be 
kept below this limit it will be necessary either to 
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resort to the exclusive use of certain special steels 
where high temperatures have to be dealt with, 
or to increase scantlings to such an extent as 
to involve not only extravagant costs, but also 
to run the risk of serious temperature strains. 
Mr. Bailey proposes, therefore, the bold alternative 
of fixing the stresses at such a limit that though 
creep occurs it will take place so slowly as to 
involve no material deformations during the 
lifetime of the high-temperature plant. He assumes 
that the rate of creep diminishes exponentially as 
the stress, and proposes to proportion tubes and 
other elements on the assumption that plastic flow 
occurs. Whilst in details, his analysis of plastic 
strain seems to stand in need of some revision, 
his final results appear to be qualitatively correct. 
He shows, for example, that if the material be 
plastic, in the case of a tube exposed to internal 
pressure the stress is highest at the external 
surface. The reverse is the case when the stresses 
are calculated on the elastic theory in which 
stress is always exactly proportional to strain. 
In this connection it is of interest to recall the 
experiments of Professor Bridgman of Harvard, 
who, in the course of experiments with extremely 
high pressures, found that thick tubes never 
failed in the manner suggested by the orthodox 
theory, but that it was always the external surface 
which first gave way. 

It is of interest to note in this connection that the 
late Professor John Perry, in a letter published in 
our issue of March 12, 1915, on page 306, proposed 
taking advantage of the plastic properties of steel 
to simplify and cheapen the construction of ord- 
nance. He had, moreover, worked out a more or 
less rational method of determining the dimensions 
required, which he explained in the letter cited. 
Again, it has long been recognised that the strength 
of solid beams is far greater than can be accounted 
for on the orthodox theory. It was, we believe, 
Considére who first pointed out, some forty years 
or more ago, that the explanation of the high resist- 
ance of solid beams was to be found in the distri- 
bution of the stress being entirely changed before 
rupture by the plastic flow of the material. It has 
generally been held, however, that there is a definite 
limit to the creep, and that neither Professor Perry’s 
gun nor the solid beam would continue to give way 
indefinitely, and we see no sufficient reason for 
questioning this conclusion. The novel point raised 
by Mr. Bailey is, however, that it is possible to 
provide for the case in which creep is continuous 
and that therefore it may be legitimate in certain 
cases to adopt working stresses higher than would 
be permissible, were these fixed on the hypothesis 
of a limiting creep stress. His bold and ingenious 
suggestion will no doubt receive careful considera- 
tion by those responsible for the design and con- 
struction of high temperature plant. 








BOILER FAILURES, 


Ir is a very natural characteristic to lay more 
stress on our successes than on our failures. In 
imaginative literature this characteristic is ex- 
hibited in the demand for what is called the 
happy ending, a demand which even the greatest 
writers find it difficult to ignore. If an analysis, too, 
were made of the papers read before scientific and 
technical societies, and of the articles published in 
journals of engineering outlook, it would be found that 
the vast majority deal with ideas and apparatus, 
which, when tried out, have either proved themselves 
successful or have exhibited the potentialities of 
success. The failures, which may have been experi- 
enced before this desirable result was achieved, 
either receive no mention or are referred to casually 
as matters which, after all, are of little or no import- 
ance. This policy is so general as to be of some 
significance, especially as everyone’s personal experi- 
ence is that, while successes can be numbered by 
tens, failures can be reckoned by hundreds. The 
mere weight of numbers alone therefore renders it 
likely that the greater part of our hardly acquired 
knowledge of mat:rial things springs from failure 
rather than from success. 

In preparing each year a memorandum on some 
engineering subject the contents of which are admit- 
tedly based on data collected from failures, Mr. C. E. 





Stromeyer, the chief engineer of the Manchester 
Steam Users Association, therefore, not only strikes 
out an unusual line, but performs a task, the 
utility of which cannot be overstressed and for 
which engineers using steam plant owe him at 
least a word of gratitude. To show Mr. Stro- 
meyer’s qualifications for this work, we may mention 
that during 1926 the Association had 11,549 boilers 
on its books. On these boilers 26,045 inspections 
were made, 11,264 of which were of the classes 
known as “internal,” “flue,” and entire. As 
indicating, moreover, the economic, no less than the 
technical, importance of this body’s activities, it 
may be added that during the 72 years it has been in 
existence no preventable explosion has occurred on 
any boiler, which has born its guarantee and certifi- 
cate of safety. 

We, however, began by writing of failures ; 
and we may profitably develop our text by referring 
to Mr. Stromeyer’s latest memorandum, in which he 
gives a list of the exhibits in his museum and some 
valuable comments upon them. It would not be too 
much to say that here is a catalogue of a sort of 
engineering Chamber of Horrors, for the cases dealt 
with are in no sense average happenings, but ex- 
treme occurrences, such as would only be likely to 
take place as the result of unforeseen coincidences. 
It therefore has an important lesson to teach, as has, 
we presume, the other better known institution to 
which we have just referred. 

At the beginning of the report, prominence is 
given to the subject of uniform wasting, a type of 
corrosion which Mr. Stromeyer rightly describes 
as dangerous, because inexperienced eyes are likely 
to overlook it and because it does not occur in 
practice with sufficient frequency to allow of 
much experience being gained about it. Several 
illustrations of this form of wear, a characteristic 
feature of which is the rounding of sharp hollow 
corners, are given. The result, in the case of one 
fire-box, the plate of which had gradually been 
worn away while the edges of the hexagonal nuts 
remained sharp, was to give the impression that 
washers had been used under the nuts. Another 
curious example was the uniform corrosion of a shell 
plate in the side flues of a Lancashire boiler, due 
to the action of sulphuric acid. A whitish scale of 
considerable thickness was noted under the sooty 
surface in the flue. On drilling the plate it was 
found to be uniformly reduced to one-third of its 
original thickness and the shell had therefore little 
more than half its nominal strength. The whitish 
substance was found to be sulphate of iron. Its 
presence is assumed to have been due to the fact 
that red oxide, acting as a catalytic agent, had 
converted the sulphurous acid in the waste gases 
into sulphuric acid, to which moisture had been 
added during periods of idleness, the combination 
then attacking the steel. During the working 
periods the sulphate of iron would have become a 
spongy white scale by calcining, and would absorb 
more acid, so that the corrosive process would be 
periodically repeated. 

Attention is also called to the case of a furnace 
ring which collapsed owing to uniform wasting. 
The true origin of this wasting was never ascer- 
tained. but the interesting speculation is put for- 
ward that it was caused by thermo-electric currents 
generated by the well-known Thomson effect. 
This theory is based on the fact that, though the 
ring was uniformly wasted, the furnace flanges 
were not attacked, as would have been the case 


had the corrosion been due to chemical action. | 


If this is the correct explanation there would, 
of course, be no temperature gradient in these 
flanges, and therefore no electric gradient. Possibly, 
too, the return current passed into the flanges and 
actually protected them, while the adjoining plate 
was being wasted. This particular instance dates 
back some years, and apparently has not had a 
fellow. It would, however, be interesting if a look 
out were kept for similar cases, a search which 
the modern development of precision electrical in- 
struments should render both more easy and more 
profitable. 

Another set of specimens in the museum illustrate 
the type of corrosion, which is caused by strains, and 
the grooving, which is due to fatigue. An example 
of the former class is the local corrosion of the sides 


of a Lancashire boiler furnace, in which the cross 
bar, supporting the brick arch and the ends of the 
fire-bars, was not resting on angle brackets, but 
directly on the sides of the furnace. This bar must. 
therefore, have produced very severe drum tension 
stresses on the water side of the plates. It is generally 
assumed that this form of corrosion is due to the 
rust peeling off owing to straining. In Mr. Stro- 
meyer’s view, however, this explanation is in 
conflict with that offered for pitting. For the 
latter form of corrosion is unquestionably due to 
the rust which grows out of the pit holes harbouring 
carbonic acid and oxygen. There is, in fact, a 
strong presumption in favour of the view that some 
forms of corrosion are due to certain strains having 
the power of making steel abnormally susceptible 
to attack. 

Yet another interesting case is that of the scale 
falling off the two furnaces of a Lancashire boiler and 
forming a bed of loose sediment on the front end of 
the shell. The plate naturally became somewhat 
overheated, but moisture was also present in the 
sediment and the steel was, therefore, subjected to a 
severe circumferential stress, which was greater at 
the back end of the first belt and in the second belt 
than at the front end of the shell plate, where it 
was supported. There were numerous lines of corro- 
sion, which ran at right angles to the circumferential 
stresses. The probable explanation for this is that, 
as the corroded grooves grew deeper, the centre line 
of the circumferential stress would not, as at first, 
pass through the centres of reduced sections. Very 
severe bending stresses would, therefore, be added 
to the original circumferential stresses. The latter 
would also be increased, owing to the reduced 
thickness. As a result, the corrosion in some 
grooves proceeded very rapidly, and at one or 
two points actually penetrated the plate. On 
cutting out the defective portion of the plate 
undulations were discovered on the outside. These 
coincided with the deepest of the corroded 
grooves. What had happened, in fact, was that the 
hot and fairly plastic shell had adapted itself by 
bending to the circularity of stress line in such a 
manner that the metal thickness, although locally 
reduced, had ranged itself equally on either side of 
that line. 

In dealing with the subject of sediment in its 
various manifestations, Mr. Stromeyer is not very 
complimentary to the various compounds which 
have been placed on the market with the object 
of eliminating it. These compounds, he remarks, 
do little more than can be attained by heat, 
except that some tend to loosen the old scale. It 
is only the fact that the sediment thus fotmed does 
little harm which has prevented these panaceas 
from being condemned long ago. For, no matter 
whether boiler compounds or water softeners are 
used, the soluble chemicals introduced by their 
employment remain in the boiler water and 
gradually increase its density, until a point is 
reached when the salts separate out. When water 
containing soluble salts passes over a hot plate, 
the film of water nearest to the plate flashes into 
steam and leaves its salts behind. The scale thus 
formed may gradually build up and result in a burst 
tube, but it will be redissolved before the boiler is 
cool enough for internal examination and the cause 
of the trouble thus disappear. This phenomenon 
which may account for many otherwise inexplicable 
failures and certainly does not add to the ease of 
discovery. . 

On the other hand. the introduction of caustic 
soda or carbonate into boilers for anti-corrosion 
or anti-scale purposes is now generally accepted as 
almost certainly a cause of failure, owing to the 
embrittling action of these substances, though at 
the date when the failures listed, in the catalogue 
we are reviewing, occurred this was not apparently 
suspected. A number of other failures are also 
described as being mysterious, a conclusion which 
indicates the necessity for further work on this 
subject, and especially the careful collection of all 
evidence and data which may, however remotely, 
be useful in determining the true cause of the 
accident. 

From the very nature of their work the staff 
of the Manchester Steam Users’ Association has 





acquired an experience of mechanical casualties 
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which is naturally wider than that of the engineer 
who is mainly engaged either in manufacturing or 
in operating plant. There may be cases, however, 
where the personal knowledge of specialists of the 
latter classes may more or less definitely contradict 
the conclusions come to in the report we have been 
noticing, and of which we have only been able to 
give so brief a summary. If that be so, it would 
seem an excellent opportunity for the interchange 
of information, a process which, we feel sure, the 
Association itself would welcome. This report is, 
in essence, a catalogue raisonné of a very interesting 
museum, which has been primarily established, we 
imagine, for the preservation of things, either new or 
strange, which have been discovered in thé course 
of many years’ experience of the pathology of 
material. New kinds of failure and new causes of 
failure are, however, continually cropping up, and 
therefore the more complete this record is made 
the better. For such a collection must be of the 
greatest use in determining the cause of the 
accidents with which the Association has to deal, 
reference and re-reference back to past experience 
forming a most useful method of coming to a 
decision on new problems. That this is the policy 
followed may be inferred from the statement that 
the Association carefully sorts the Board of Trade 
reports on boiler explosions for reference, regarding 
each explosion as if it were a costly experiment, 
from which the maximum amount of information 
ought to be extracted. However the owner of the 
particular boiler may view this attitude of cold- 
blooded detachment it is obviously a commendable 


policy. 





WATER POWER IN FRANCE. 

THE years immediately following the European 
war witnessed great activity in the construction 
of hydro-electric works in France. Latterly, how- 
ever, financial difficulties, the passing of the great 
dearth of coal with the gradual reconstruction of 
the French collieries in the devastated regions, and 
the introduction of improved systems of fuel com- 
bustion, have resulted in a general slackening in 
the rate of development of water-power plants. 
That the progress made with various important 
hydro-electric schemes has been slow during the 
past year is evident from a perusal of the “ Annu- 
aire de la Houille Blanche Francaise,” for 1926-27*; 
in fact, some of the statements contained therein 
are reproduced almost word for word from the 
previous (1925-26) edition. The electrification 
programme of the Paris, Lyons and Mediterranean 
Railway. for instance, appears to have been practic- 
ally arrested for the time being; operations on 
the Culoz-Modane route have been slowed down, 
on account of the financial situation, and it is 
stated that it is impossible to give even the approxi- 
mate date of the introduction of electric traction 
on this line. Greater progress has been made, on 
the other hand, with the Paris-Orleans Railway 
electrification schemes; the 50,000-kw. capacity 
power station at Eguzon, on the Creuse, was put 
into service in June last, and the Coindre plant, 
which stands at the junction of the Grande and 
Petite Rhue rivers, is about to commence operations. 
This plant has a total capacity of 25,000 kw. The 
La Cellette power station on the Chavanon, and the 
Vernéjoux plant on the Haute-Dordogne, on the 
other hand, are still under construction, and, in the 
case of the last-mentioned plant, at all events, little 
progress seems to have been made during the year. 

The electrification of the lines on the Midi 
Railway is being slowly but steadily pursued ; 
Operations on the 255-km. (158 miles) stretch of 
main line from Bordeaux, via Dax, to Hendaye, 
on the Spanish frontier, are stated to be approach- 
ing completion. The building of the Ossau Valley 
(Basses Pyrennées) power stations is proceeding 
ata slow pace. As stated in our columns, a year 
ago, the first of the series of three, the Hourat 
plant, was finished and put into service in 1925; 
the second and third stations are still under con- 
struction. On the other hand, no further progress 
seems to have been made in regard to the building 
of hydro-electric installations in the Haute-Aridge 
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region, or the construction of a large reservoir 
at the Pla des Aveillans in the upper Tet valley. 
These projects are apparently still under considera- 
tion. Although, as previously stated, the construc- 
tion of hydro-electric plants has been slowed down 
somewhat in various French districts, the wealth 
of the water-power resources of the Alps, Pyrenees 
and Dordogne are so great that it is certain that 
the electrification programmes of the railways, 
especially those of the Paris-Orleans and the Midi, 
will eventually be completed, at least in very great 
part. The delay now occurring is probably 
transient, and the return to more normal economic 
conditions, with the stabilisation of the franc, 
will, no doubt, witness a renewal of activity. 
Indeed, recent information supplied by the Depart- 
ment of Overseas Trade seems to indicate that 
this has already set in; it is stated that the 
Midi Railway Company is now pushing on with 
various portions of its electrification programme, 
which had been momentarily abandoned. Among 
others, the lines from Pau to Laruns, and from 
Pau to Bedous, with an extension to the inter- 
national frontier station at Los Aranones, are 
being electrified. It is further stated that this 
last-mentioned line will be ready for electric opera- 
tion during the course of 1928. Work is making 
rapid progress at the present time. 

Of the larger French power distributing companies, 
the Société d’Energie Electrique du Littoral 
Méditerranéen is perhaps typical. This concern 
owns 13 water-power plants and two thermal 
power stations. The former are located on the 
Durance, Var, Roya, Siagne, and other rivers 
flowing into the Mediterranean Sea, and the two 
steam-power stations are at Sainte Tulle, in the 
Basses-Alpes, and at Lingostiére, near Nice. Each 
of the thermal plants is quite modern ; the first was 
finished in 1922 and the second was put into service 
during the winter, 1924-25. It is interesting to 
note that the Sainte Tulle plant has been designed 
to utilise local lignite as fuel, and large reinforced- 
concrete bunkers, each having a capacity of 7,800 
cubic yards, and capable of storing a total quantity 
of 5,000 tons of lignite, have been constructed. 
The combined capacity of the hydro-electric and 
steam power stations of the company totals more 
than 250,000 h.p., and the normal annual output 
of energy is upwards of 600 million kilowatt hours. 
The distributing lines aggregate some 2,300 miles, 
and the company supplies electricity to numerous 
local authorities in the departments of the Bouches- 
du-Rhéne, Var, Alpes-Maritimes, Hautes-Alpes, 
Basses-Alpes, and Vaucluse. Tramway and light 
railway companies, electric-supply undertakings, 
shipyards, engineering works, soap-making instal- 
lations, and other industrial plants, are also supplied 
with current by the Littoral Méditerranéen under- 
taking. An extension programme is being considered 
at the present time. The engineers of the company 
have surveyed the water-power resources of the 
upper reaches of the Tinée river, a tributary of the 
Var, and the construction of five new plants has 
been decided upon. The building of one of these, 
that of the Bancairon, has been commenced, 
and the remaining four will be constructed as the 
demand for electricity increases in the region served 
by the company; the cost of the new works will 
be spread over a number of years. The full realisa- 
tion of the project will, it is stated, reduce to a 
minimum the quantity of energy derived from the 
steam-power plants owned by the undertaking. 
When commenting upon the 1926 issue of the 
Houille Blanche Year Book, in an article which 
appeared on page 550 of our issue of April 30, 1926, 
we drew attention to the Aberwracht experimental 
tidal-power plant, which was being installed near 
Brest, on the north coast of Brittany. This instal- 
lation is apparently still incomplete, as is also the 
Guyotville tidal plant near Algiers. The various 
French schemes put forward for utilising the tides 
have made little or no progress for several years. 





Hopekinson SysTeM OF REINFORCED CONCRETE 
Beams: ErratuM.—Through a misunderstanding, which 
we much regret, the calculated stress at which the two 
fine cracks appeared in the tests described on page 527 
of our issue of April 29, was given as 24,000 lb. per 
sq. in. The figure should have been 35,500 Ib. per sq. in., 


THE IRON AND STEEL INSTITUTE. 


Tue fifty-eighth annual general meeting of the 
Iron and Steel Institute commenced yesterday, 
and is being continued to-day in the hall of the 
Institution of Civil Engineers, Great. George-street, 
Westminster, London, S.W.1. Sir W. Peter 
Rylands, the retiring president, occupied the chair 
at the opening proceedings yesterday. 

REPORT OF THE COUNCIL. 

The usual preliminary business having been 
transacted, the annual report of the Council was 
taken as read. The report stated that the number 
of members on the roll on December 31, 1926, 
was 2,015. During the year 1926, the deaths 
of 34 members had been reported to the Institute, 
and the Council specially wished to place on record 
their sense of the great loss to the Institute incurred 
through the deaths of Mr. C. Markham, Colonel Sir 
John R. Wright, Bart., Mr. Walter Dixon, Mr. J. 
Rossiter Hoyle and M. Camille Cavallier. In the 
past year, two honorary members had been added 
to the list, namely, Mr. J. C. Kjellberg, president of 
Jernkontoret, Stockholm, and Dr. Emil Schrédter, 
late secretary of the German Society of Ironmasters, 
Diisseldorf. A further section of the report dealt 
with last year’s meetings, and the success of the 
autumn meeting in Sweden was specially emphasised. 
The report further recorded the grants made by the 
Council, during the year, to various research workers, 
on the recommendation of the Carnegie Research 
Committee. The activities of the various technical 
committees of the Institute were also outlined, and 
the report concluded by mentioning the different 
bodies on which various members had acted as 
representatives, and by recording changes in the 
membership of the Council. 

In presenting the statement of accounts, Professor 
H. C. H. Carpenter, F.R.S., the honorary treasurer, 
pointed out that the income for the year 1926, 
exclusive of the Carnegie Scholarship Fund and of 
the interest received from the Special Purposes 
Fund, amounted to 8,136. ; the expenditure for the 
years was 8,160/. 

THE BresseMeR MEDALS. 
Sir W. Peter Rylands then inducted into the chair 
the newly-elected president, Mr. F. W. Harbord, 
C.B.E., whose first duty was to present Bessemer 
Gold Medals to Mr. Axel Wahlberg, chief engineer of 
Jernkontoret, Stockholm, and to Professor Carl 
Benedicks, principal of the Stockholm Metallo- 
graphic Institute, and an honorary vice-president of 
the Iron and Steel Institute. It may be stated 
that Mr. Wahlberg received his technical training 
at the Royal University and at the Royal Mining 
School at Stockholm. He was for some years 
Director of the Government Testing Institute at 
Stockholm and a Professor at the Royal University. 
In 1903 he took up the position of general super- 
intendent of the Fagersta Steel Works, under the 
late Mr. J. A. Brinell. In 1907 he succeeded to the 
position of general manager of the Fagersta Works, 
and, later (1914), to that of chief technical adviser 
to Jernkontoret, upon Mr. Brinell’s retirement. 
Mr. Wahlberg is a member of the board of directors 
of the Royal University, and of several other Govern- 
ment and technical institutions, and, in 1923, was 
appointed consulting engineer to the Swedish 
State Railways. Professor Benedicks, the other 
recipient, obtained his scientific education at the 
University of Upsala and obtained the degree of 
Doctor of Philosophy in 1904. He was appointed 
Professor of Physics at the University of Stockholm in 
1911, and became director of the Stockholm Metallo- 
graphic Institute in 1920, which position he still 
holds: He has studied extensively abroad, and is 
corresponding member to the Council of the Institute 
of Metals, member of the Royal Academy of Scientific 
and Industrial Research, Stockholm, and holds other 
appointments. Among other honours, the Carnegie 
Gold Medal of -the Iron and Steel Institute was 
presented to him in 1908. In acknowledging the 
awards, Mr. Wahlberg and Professor Benedicks 
expressed their thanks to the Council and members 
of the Institute for the honour which had been con- 
ferred upon them. 
PRESIDENTIAL ADDRESS. 

Mr. F. W. Harbord then delivered his — presi- 
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steelworks manufacturing costs and the conditions 
governing selling prices of iron and steel goods 
during the vears from 1890 to 1912. He stated 
that, since the introduction of the Thomas Gilchrist 
basic process, which revolutionised the steel industry 
of the world, there had been no fundamental 
discovery which had materially affected the steel 
industry as a whole. The increase in the world’s 
consumption of iron and steel had been met by 
increasing the size of the operating unit, whether 
blast furnace, open-hearth furnace, power plant, or 
mill. So far as it was possible to see at present, 
there was no indication of any new process, either 
in iron or steel manufacture, which was likely to 
revolutionise present methods of production, and 
such improvements as might be possible must be 
effected by the necessary modifications in plant at 
a minimum cost, and by giving greater attention to 
detail in working, so that plants might be operated 
to produce the maximum output and give the 
highest possible yield with the minimum consump- 
tion of fuel and labour per ton of output. 

Notwithstanding the enormous developments in 
modern industry and the immense increase in 
production of all commodities between the years 
1890 and 1912, the average world’s selling price of 
all commodities, taken together, rose approximately 
25 per cent. The average quoted price of British 
hematite pig iron, during the five years for 1891 to 
1895, was 2/. 6s. 6d. per ton; the figure of the five 
years from 1908 to 1912 was 31. 4s. 4d. Correspond- 
ing figures for Cleveland iron were, respectively, 
ll. 178. ld., and 2/. lls. 3d.; for American acid 
Bessemer pig, 2/. 16s. ld., and 3/. 9s. 6d.; and for 
German hematite pig, 2/. 12s. 6d., and 2l. 19s. 1d. 
Again, British rails stood at 41. 1s. 6d. during the 
period from 1891 to 1895, and at 5/. 13s. 8d. during 
the years from 1908 to 1912. Corresponding 
figures for American rails were, respectively, 
5l. 138s. 8d. and 5l. 16s. 8d.; for German rails, 
51. 13s. 9d. and 61. 1s. 9d.; and for Belgian rails, 
4l. 2s. 8d. and 5/. 83. It would be noted that the 
average prices of American and German rails for 
the five years 1891-95 were practically the same as 
the average price of British rails for the period from 
1908 to 1912. This was largely due to the fact 
that the iron and steel industry was only beginning 
to develop on modern lines, in both these countries, 
in the late ’eighties and early ‘nineties. Each of 
these nations, by the erection of modern plants, 
with improvements based largely on our experience, 
and by the development of their iron ore and coal 
resources, were able to reduce their working costs 
sufficiently to enable them to produce rails in 
1908-12 at little above the average price for 1891- 
95, notwithstanding the general increase in the 
price of raw materials. The development of the 
steel industry in America was assisted partly by 
protective duties, and largely by the special condi- 
tions of her home market; the invention of the 
basic process made available for the German 
manufacturers all the phosphoric ores in the 
Alsace-Lorraine district, and rendered possible a 
great German iron and steel industry. 

In comparing the costs of pig-iron, rails, &c., 
with other commodities, it must be remembered 
that the iron and steel industry, in common with 
other metallurgical industries, was in a special 
position in respect to the supply of raw materials. 
Ore, coal, and limestone were fixed as regards 
position, and were wasting assets, and consequently, 
the cost of these in any given locality tended to 
increase as the deposits were worked to a greater 
depth and gradually became exhausted. In 1890, 
the cost of building, in this country, a complete 
iron and steel plant, designed for the rolling of 
rails and sections, with all accessories, including 
railways, water service, loose tools, &c., ranged from 
about 4l. to 41. 10s. per ton of output of finished 
rails or structural steel. The actual cost of a 
similar plant in 1910-12 was about 6/. 10s. to 7I. 
In America the cost of a modern iron and steel 
plant, in 1910-12, ranged from about 91. to 101. 
per ton of output; some engineers gave an even 
higher figure. Based on the assumption that the 
capital costs are 41. 5s. in 1890 and 6l. 15s. in 1912 
per ton of output, and taking the low figure of 
8 per cent. to cover repairs and depreciation, the 
charge for depreciation was 10s. 9d. per ton of 








output in 1912, as compared with 6s. 9d. in 1890, 
an increase of 4s. per ton. Expenditure on plant 
might be justified if it reduced manufacturing costs. 
In some cases, however, the demand for an improve- 
ment in quality or a greater variety of products 
might justify increased capital expenditure, even 
when there was not only no decrease in working 
costs, but an actual increase. The gradual replace- 
ment of the basic Bessemer process by the basic 
open-hearth process, which was the present tendency 
all over the world, was a case in point, as, notwith- 
standing the increased cost, both in capital expen- 
diture on plant and in manufacturing costs, the 
greater control in respect to the quality and the 
greater elasticity of the open-hearth process had 
justified the change. Another case was the replace- 
ment of the old beehive-type coke oven by the 
modern by-product coke-oven plant. 

It was a reflection on steel-works practice, not 
only in this country but all over the world, that, 
notwithstanding the very greatly increased outputs, 
the capital cost per ton was considerably higher in 
1912 than it was in 1890. It was a matter deserving 
the most serious consideration that it had not been 
possible to build a works embodying all the essen- 
tials for the most economic production at a cost 
per ton of output in 1912 at least approximating to 
the costs in 1890. A very common defect in iron 
and steel plants was the lack of balance. It was 
not unusual for so much money to be spent on one 
part of the plant that it was impossible, for financial 
reasons, to carry out the original intention of 
modernising the plant as a whole. In a well- 
balanced modern plant the gas from the coke ovens 
and blast furnaces, if utilised under the best condi- 
tions, should be sufficient to supply all the fuel 
required for operating the steel plant. Another 
direction in which fuel could be profitably used was 
by installing waste-heat boilers in connection with 
open-hearth or other furnaces ; for if ideal condi- 
tions, in which plants would be self-contained, were 
to be approached, it would be necessary to utilise 
every heat unit. 

The production, in the blast furnace, of a pig- 
iron low in silicon and in sulphur would be a distinct 
advantage from the open-hearth manager’s point of 
view. The use of such a material would not only 
mean a saving in fuel, fluxes and refractories, but 
would also bring about an improvement in the 
quality of the product and an increase in the out- 
put. In the open-hearth steel department, as at 
present constituted, there was still room for reduc- 
tion in fuel consumption, by the production of 
better and more regular gas, and also by the burning 
of the gas to greater advantage. The production 
and economic use of gas was of such importance 
that it would pay many works to have a highly- 
trained technical man to act as fuel superintendent, 
who would devote his whole time to the super- 
vision of the gas production, and its effective com- 
bustion in the open-hearth and other furnaces, the 
mills, and under the boilers. A saving of 25 tons 
of coal a week would pay for his salary. To obtain 
good results, fuel suitable for gas production must 
be supplied, and, before contracts for coal were 
placed, the fuel superintendent should be consulted 
as to which fuel obtainable in the district gave the 
best results. Another matter which did not always 
receive the detailed attention which it deserved 
was the yield of finished metal, both from the open- 
hearth furnace and from the mills. The yield of 
good rails per ton of ingots rolled was no greater 
in 1912, and was probably no greater at the present 
time, than it was in the early nineties. It might 
be that the present yield was as much as could be 
obtained under modern specification conditions, 
but, on the other hand, there might be possibilities 
of improvement. 

In the past, our great industry had been built up 
by the ability, industry, enterprise and courage of 
the ironmasters and the technical men associated 
with them. Although manufacturing conditions 
had changed, one thing remained the same-—the 
success of the industry still depended, and must 
always depend, upon the men who controlled it. 
To face the competition of the future, the industry 
would need men of the greatest ability the country 
could supply ; on the technical side, highly-trained 
men, whose practice was based upon experience 





controlled by sound theoretical knowledge, and, on 
the commercial side, highly-trained men with a 
wide knowledge of fundamental business principles, 
The discussions taking place during the morning 
and afternoon sessions on Thursday and_ to-day 
will be dealt with in our next issue. : 
(To be continued.) 





NOTES. 
Tue Stupy oF FuEt PROBLEMS. 


THE formation of a new organisation by a synthetic 
process is a somewhat rare event; in a recent 
example it is certainly a very welcome one. The 
great number of unsolved problems connected 
with fuel is at last beginning to receive serious 
attention, and all will agree, we think, that this 
attention should be concerted and co-ordinated 
rather than loose and sporadic. The two separate 
bodies which came into existence last year for the , 
study of fuel problems—namely, the Institution of 
Fuel Technology and the Institution of Fuel 
Economy Engineers—have now become fused into 
a single Institute of Fuel. The two old councils are 
merged into one and will work in this form until next 
autumn, when the members of the Institute of Fuel 
will elect a new council. The honorary secretaries 
of both the old Institutions have become joint 
honorary secretaries of the new Institute. The final 
decision was made at a meeting on Friday last when 
Sir Alfred Mond, the chairman of both the old 
Institutions, moved, and Sir Hugo Hirst seconded, a 
formal resolution giving effect to the fusion. No policy 
regarding qualifications for admission to the new 
Institute has as yet been made public, but doubtless 
all present members of the two fused bodies will 
automatically be transferred to it, to be reinforced by 
those who previously felt unable to support one to 
the exclusion of the other. The great importance 
of the subject demands widespread support, and 
needs the attention of the technical expert, the 
chemist, the physicist, the commercial man, the 
engineer, those who produce fuel and sell it, and 
those who use it ; and a unity of purpose will, it is to 
be hoped, pervade the whole of the members of 
whatever grade or calling they may be. 


THe THEORY OF THE STIFFENED SUSPENSION 
BRIDGE. 


WE have received, during the past week, from 
Mr. S. Timoshenko, of the Westinghouse Manu- 
facturing Company’s Research Department, Pitts- 
burgh, a comprehensive thesis on the theory of the 
stiffened suspension bridge. Curiously enough, in 
this paper Mr. Timoshenko employs identically the 
same method of analysis as was adopted in the 
article published on page 506 of our last issue. As 
this article was already printed off when Mr. 
Timoshenko’s communication was received, it was 
impossible to include in it any reference to his 
work. We consider it, however, only fair to place 
on record that Mr. Timoshenko had, independently, 
and practically simultaneously with ourselves, 
noted the advantage of expressing the load in the 
form of a Fourier series, and thus obtaining an 
equation to the deflection curve which satisfies the 
boundary conditions without requiring the use of 
the “auxiliary ” differential equation, which must 
be employed when, as has been usual in the past, 
the curve of the chain has been expressed in an 
exponential form. 


Darry MacuINerRY IN AvsTRALIA.—The Director of 
Australian Trade Publicity, Room 328, Australia House, 
Strand, London, W.C.2, has drawn our attention to the 
fact that dairymen throughout Australia are being 
recommended by the Dairy Produce Board to give 
preference to British machinery over machinery manu- 
factured in foreign countries. Though there Is al 
instinctive desire on the part of Australians to purchase 
British rather than foreign goods, many dairymen find 
it difficult to follow the Board’s recommendation, because 
certain foreign manufacturers have made a special study 
of Australian conditions and have designed a separator to 
meet these conditions. With the growth of machine 
milking in the vast dairying districts of Australia, home 
manufacturers will doubtless realise that small adjust- 
ments of design, coupled with effective salesmanship, 
will go a long way towards overtaking the adventee® 
already obtained by their foreign competitors. — 
engineering has a high reputation in the Commonwealt . 
as is shown, for instance, by the fact that practically a 
the crude-oil engines used in the Australian butter 
industry are of British manufacture. 
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THE LATE VISCOUNT COWDRAY. 


Viscount Cowpray, the head of the well-known 
firm of contractors, Messrs. S. Pearson and Son, 
Limited, died suddenly on May 1 at Dunecht 
House, Aberdeenshire. Born in 1856, the son of the 
late Mr. George Pearson, Weetman Dickinson 
Pearson, as he was named, was educated at Harro- 
gate. Leaving school at the age of 16, he was 
apprenticed to his grandfather’s firm and was soon 
entrusted with highly responsible work. His 
career illustrates in a striking fashion one of the 
advantages of experience in private enterprise. 
Young Pearson was put in charge of considerable 
contracts at the age of 20, and was made a partner 
in 1875. A visit to the United States aroused in 
him an admiration for American methods of dealing 
with difficult civil engineering enterprises, but he 
bettered the instruction of his exemplars when, 
some years later, he completed the famous Hudson 
River tunnel after the work had been twice aban- 
doned by other contractors. 

The late T. A. Walker, who managed to complete 
the Severn tunnel. after the Great Western Company 
had failed to finish the work by direct labour, used 
to say that one subaqueous tunnel was quite enough 
for a lifetime, but Weetman Pearson cheerfully 
shouldered the burden and anxiety of three, of 
which one, that which carries the tracks of the 
Pennsylvania Railroad under the East River from 
Manhattan to Long Island, was a fourfold tube. 

His success at the Hudson River emboldened him 
to enter into a firm contract for the Blackwall 
tunnel in 1889-1890. This was driven mostiy 
through clay, but had to pass through about 400 ft. 
of water-saturated gravel. It is 3,116 ft. long and 
the tube is 24 ft. 3 in. in internal diameter, which is 
the largest yet adopted for any subaqueous tunnel. 

It was in 1904 that his firm undertook the work, 
above referred to, for the Pennsylvania Railway. 
Here, again, financial risks were taken which other 
contractors were loth to accept, and Messrs. Pearson 
boldly faced a possible Joss of 200,000/. The tubes 
were 21 ft. 2 in. in internal diameter and the total 
length of each tunnel was about 6,000 ft. In passing 
under the river, the ground was so unsound that 
it was found advisable to deposit clay blankets 
on the river bed, which were brought up to within 
20 ft. of the water surface. The porous material 
passed through’ was also consolidated with a grout 
of lias lime or cement. In parts an air pressure of 
38 lb. was necessary. 

In some respects, the work executed by Messrs. 
Pearson in Mexico was even more striking. So 
far back as 1607 Enrico Martinez made an attempt 
to drain off the low-lying lakes in the Valley of 
Mexico by tunnelling under the mountains at 
Nochistongo. This work collapsed shortly after 
its completion, and the inundations recommenced 
with the loss of some 30,000 lives. An open cutting 
was next proposed, but though the plan was accepted 
in 1637 it was not completed till 1789. This work, 
moreover, still left the city subject to flooding. 
Nothing further was done till 1856, when plans for 
additional works were called for; but little or 
nothing was done till 1885, when an American firm 
undertook the construction of the drainage canal 
required, but made such slow progress that, in 
1889, Messrs. Pearson were called in to take over 
the works and complete them. The greater part 
Was finished in 1896, but the formal opening did not 
take place till 1900. The connection with Mexico 
thus commenced, led to large contracts being en- 
trusted to the firm, who constructed, accordingly, the 
Tehuantepec Railway, which was opened in 1902. 
This work involved the construction of no less than 
846 bridges and culverts. The most important of 
these was the steel bridge over the Jaltepec River 
at Santa Lucretia. This bridge is a five-span 
structure with a total length of 560 ft. The firm 
also undertook harbour improvement works at 
Puerto Mexico, Salina Cruz, and at Santa Cruz. 
In the course of operations at the latter site, the 
Suction dredger brought up on one occasion a 
cannon ball weighing 32 Ib. 

The firm also carried through port improve- 
a at Valparaiso, which cost some 3,000,000. 

hey were also responsible for much work of the 
Same character in Great Britain, carrying through 


Talbot, Hull, Southampton, Seaham and Dover. 
The latter work, owing to the Admiralty requiring 
a harbour with an area of 610 acres, was an ex- 
ceptionally heavy undertaking. Messrs. Pearson 
were also responsible for the new docks at Malta and 
for a dry dock at Halifax. 

Amongst the latest of Messrs. Pearson’s impor- 
tant contracts was that for the Sennar dam, 
constructed across the Blue Nile at a point some 
277 km. up-stream from Khartoum. This enor- 
mous structure has a total length of 3,025 metres, 
and a maximum height above foundation level of 
39-5 metres. The total masonry aggregated 
422.000 cubic metres. This dam _ will retain 
636 million cubic metres of water and will provide 
for the irrigation of 300,000 acres. This work was 
commenced in 1914, but progress was interrupted 
by the war. In 1919 an attempt was made to 
restart, but under the conditions then prevailing 
no contractor was ready to enter into a firm contract. 
This was, however, done by Messrs. Pearson in 1922, 
and they started work accordingly in the December 
of that year, completing it in July, 1925. The 
engineering difficulties were added to by the 
unhealthiness of the climate, and the contractors 
accordingly reduced work to a minimum during the 
three “‘ mosquito’ months of the vear, and made 
special arrangements to check the breeding of the 
pests. Supplemental to the dam was the construc- 
tion of the canal conveying the water to the land to 
be irrigated. This is 114 km. long and its construc- 
tion involved over 10 million cubic metres of 
excavation. 

Mention should also be made of the prime réle 
played by Lord Cowdray in developing the oil 
resources of Mexico. In this connection he exhibited 
a courage and enterprise which can only be ade- 
quately described as extraordinary. It was he. 
moreover, who devised the system of loading oil 
tankers through a floating pipe. Whilst his finan- 
cial and business ability were of an exceptionally 
high order, he was also an exceedingly competent 
engineer, and quite capable at need of acting as his 
own foreman. A baronetcy was conferred on him 
in 1894, and he was created a Baron in 1910. In 
1916, he was raised to a Viscount, being made P.C. 
and G.C.V.O. in 1925. In 1917 he served as Presi- 
dent of the Air Board. He was Rector of Aberdeen 
University from 1918 to 1921, and his death oc- 
curred within two days of the date when it had 
been arranged to confer upon him the freedom of 
that city. 





SOME RECENT SERVICES OF 
METALLURGY TO ENGINEERING.* 
By Professor H. C. H. Carpenter, Ph.D., F.R.S. 


Ir is twenty-one years since Sir Robert Hadfield 
delivered the last James Forrest Lecture in which 
metallurgy constituted the main subject ; and it would 
seem convenient, therefore, that I should deal with 
the progress made since that date. Let us begin with 
a brief consideration of the world’s production of the 
six principal metals used in engineering practice, and 
take, for purposes of comparison, those of the years 
1905 and 1925. 


TaBLE I.—World’s Production of Metals, 








Metal Production} Production} Percentage 
: in 1905. in 1925. Increase, 
tons tons 
Pig iron an “a . .}53,220,000 |72,400,000 36-1 
Steel ingots and castings. .|43,240,000 |83,500,000 93-0 
Copper = og ..| 689,277 | 1,393,500 102-2 
Lead .. és +“ au 989,500 | 1,475,250 49-0 
Zinc .. en a ry 647,585 | 1,129,200 74:2 
.) ee pee ° 92,607 140,890 50-5 
Aluminium 16,197 210,000 | 1,212-0 














An interesting point emerges from the two sets of 
figures for pig-iron and steel. In 1905 the total pig- 
iron production exceeded the steel production by 
10,000,000 tons, whereas in 1925 it was 11,000,000 tons 
less. It is permissible, therefore, to conclude that 
there is a markediy greater tendency to use steel in 
preference to cast iron than there was twenty years ago; 
Actually, the excess of 11,000,000 tons of steel over 
the pig-iron production of 1925 must be due mainly 





* Thirty-third James Forrest Lecture, delivered 
before the Institution of Civil Engineers on May 3, 1927. 
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to the remelting of steel scrap. The next four metals 
in the Table, copper, lead, zinc, and tin, all show 
increases of between 50 to 100 per cent. The most 
striking increase, however, is furnished by aluminium, 
which, during the period in question, has become 
one of the world’s common metals. The challenge 
of aluminium to the other non-ferrous metals, 
and indeed to steel, has only begun, but already 
the place of this material in the ranks of the principal 
industrial metals must be regarded as one of the out- 
standing metallurgical achievements of the period 
whose progress I am about to review. It is clear that 
the largely increased production of metals during the 
period in question must have necessitated the using up 
of a corresponding largely increased quantity of the 
ores from which these metals are produced. Any 
metallurgical discovery, therefore, which renders 
available larger supplies of ore minerals by improve- 
ments in the methods of extraction must certainly be 
regarded as a service to engineering. It is equally 
clear that if it is possible to improve the qualities of 
existing metals and alloys, so that less of them is 
required in any given structure or piece of machinery, 
this also must rank as a service to engineering. The 
introduction of a new metal or new alloys, with pro- 
perties superior to existing metals and alloys, consti- 
tutes a service of a similar kind. Finally, the more 
perfect preservation of existing metal structures by the 
development, either of new alloys, which resist corrosion 
more effectively, or of the formation of protective films, 
would be a service, whose importance it is hardly 
possible to overrate. 

As regards ore-treatment, water-concentration, is 
eminently satisfactory in the concentration of ore 
containing relatively coarse and granular mineral and a 
light gangue. Chemical treatment is equally satis- 
factory when the valuable mineral crushes to powder 
and the gangue is not soluble. Between these two 
lies the field for flotation, this method of concentration 
being effective both in the presence of a heavy gangue 
and a fine mineral. It belongs to the present era of 
mining, which dates back to the exploitation of the rich 
auriferous gravels of California and Australia about 
the middle of the nineteenth century, though the first 
flotation process to be commercially applied was that 
developed by Elmore in London in 1898. He was, 
moreover, the first to apply the selective action of oil 
to a pulp flowing freely from a wet-crushing machine. 
Put briefly, in flotation the mineral is floated on an 
air froth, while the gangue sinks to the bottom, whereas 
in concentration, the mineral sinks to the bottom and 
the gangue is floated away. 

There are three main types of froth-flotation 
machines, known respectively as the mechanical, 
pneumatic and cascade machines. Of these the 
mechanical flotation machine is the widest applied. 
The standard pattern machine has a capacity of about 
1-25 tons per square foot of machine area per day. 
A machine of ordinary size will treat about 400 tons per 
day, and require about 100 h.p. 

Flotation first established itself by the recovery 
of lead and zinc blende from an association with heavy 
gangue at Broken Hill, New South Wales, its success 
being complete about 1910. Whereas with water con- 
centration, before the advent of flotation, the recovery 
was only 60 per cent. of lead, less of the silver, and 
none of the zinc, the recoveries to-day are about 
85 per cent. of the lead, 65 per cent. of the silver, and 
83 per cent. of the zinc. These percentages do not 
include the lead in the zinc concentrate, nor the zinc 
in the lead concentrate. The cost of flotation is about 
6s. per ton, and that of complete dressing about 
9s. per ton. At the Butte, Superior, Montana, the 
present recovery is about 92 per cent. from an ore 
assaying about 17 per cent. of zinc, flotation being 
responsible for about three-quarters of the production. 

At Anaconda, where in 1915 the recovery of copper 
by water was 78 per cent., a flotation equipment was 
erected in the expectancy of raising the recovery to 
over 90 per cent. This expectation has been realised. 
At Utah-Leasing, Newhouse, Utah, a tailing dump 
containing about 700,000 tons, assaying about 0-7 per 
cent. of copper, was successfully treated by flotation, 
the concentrate assaying about 18 per cent., and the 
final tailing about 0-2 per cent. At Calumet and 
Hecla at Lake Superior, a conglomerate of ore containing 
native copper is treated by a flotation plant having a 
capacity of about 2,000 tons per day. From this 
material, which contains less than 1 per cent. of copper, 
a recovery of 60 per cent. is made at a cost of about 
10d. per ton. 

To-day, in fact, flotation is applied on practically 
every important non-ferrous mining field. Tin alone 
has not yet benefited by it. It has largely taken from 
water-concentration the fine treatment of base metal ore, 
while it tilts at the ascendency of cyanidation in treating 
precious metal ore. In general terms, where formerly 
water concentration yielded a 65 per cent. to 70 per cent, 
recovery, the adoption of flotation has raised the 








recovery to from 80 per cent. to 85 per cent. 
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As the finely divided concentrate cannot be smelted 
in a blast furnace, one of the principal consequences of 
the development of the flotation process has been the 
necessity of designing a new type of furnace. This 
has been developed from the original small reverbera- 
tory furnace, used many years ago in copper smelting 
in Swansea. The modera furnace, however, is so 
much larger and its methods of working so different 
that the process is really a new one.* The fuel used 
in the modern large reverberatory furnace is pulverised 
coal or fuel-oil, depending upon the relative cheapness 
of the two fuels. When pulverised coal is used, it is 
ground, so that 80 per cent. to 90 per cent. will pass a 
200-mesh screen, and is blown into the furnace with 
about 15-oz. air pressure. The coal used may vary in 
ash content from 6 per cent. to 7 per cent. up to as 
high as 15 per cent. to 20 per cent., without giving 
trouble. The ratio of charge to fuel varies from 5 to 73. 
The burners are inserted directly in the rear wall of 
the furnace, and several are used, from four to six being 
the usual number. The type of burner varies in each 
plant with apparently equally satisfactory results. 

When using fuel oil in the furnaces it is generally 
from 17 to 19 Bé. and is preheated to about 200 deg. F. 
to 250 deg. F. before burning, as this results in fuel 
economy. When as much heat as possible has been 
extracted from the gases, they are passed through 
waste-heat boilers for a further recovery. These are 
from 500 b.h.p. to 750 b.h.p., and they are fre- 
quently connected to a common cross flue, extending 
from all the reverberatory furnaces, so that in case of a 
shutdown of a furnace the boiler capacity will not be 
lost; and, if a boiler is down for cleaning or repair, 
the other boilers are available for the utilisation of 
the waste heat. It has been found advisable to have 
the flues from the furnaces to the boilers sloping 
slightly towards the furnaces, as otherwise trouble may 
be experienced from the accumulation of slag. 

The reverberatory furnace is the most satisfactory 
apparatus in which to treat fine ores, but it usually 
requires an extensive roasting plant, occupies a large 
amount of space, and locks up a large amount of 
valuable metal. Hence the investment is large for 
a given tonnage. While large amounts of low-priced 
fuel are used, a large proportion of the heat in the 
gases is recovered in waste-heat boilers, and _ this 
greatly reduces the power cost. The amount of slag, 
and, consequently, the metal loss, are less than with 
the blast furnace. With the ever-increasing amount 
of fine ores to be treated, the reverberatory furnace is 
fast displacing the blast furnace, and it has even 
been found advantageous in certain localities to use 
reverberatory smelting for coarse ores that under 
ordinary conditions would go to the blast furnace. 

On account of the finely divided condition of most 
flotation products, it is not always possible to treat 
them by hydrometallurgical methods economically, but 
with improved methods of agitation and filtration it is 
probable that much greater use will be made of wei 
methods of extraction in the future. Hydrometallurgy 
offers an effective solution of the problem of high 
shipping and refining costs, and it appears probable 
that the treatment of these concentrates will eventually 
follow on the lines of roasting, leaching, and the 
electrolysis of the solution, so as to obtain the metal 
and regenerate the electrolyte. Twenty years ago 
there were but few wet metallurgical processes in 
operation on a large scale, and these were mainly for 
the extraction of gold, silver and copper. Where at 
that period a profit could not always be assured with 
a gold ore containing 4 dwts. per ton of ore, it is now 
possible to treat ore containing half that amount of 
gold under similar vireumstances. At the present time, 
silver ores begin to be of commercial importance when 
they contain about 100 parts per million, or 3 oz. per 
ton. When associated with commercial ores and 
copper and lead they are extractable at negligible cost, 
and in such cases smelters usually pay for over 0-025 oz. 
of gold and 1 oz. of silver. Under favourable conditions 
a gold deposit may now be profitably dredged which 
contains only one part in 10 million, or 3d. value of gold 
per ton. 

Copper has been extracted from its ore by heap- 
leaching methods in Spain since 1752, but these ores 
contain from 2 to 3 per ceat. of the metal. With modern 
methods, it is economically possible to treat ores 
containing much smaller quantities of copper. In the 
spring of 1923, the Ohio Copper Company of Utah 
commenced the leaching of an ore, which averages only 
0-3 per cent. of copper. This has since proved to 
be a profitable undertaking. It consists of a copper- 
bearing quartzite, in which the copper minerals exist 
principally in the fissures. The quartzite is practically 
inert to chemical action, while the copper minerals are 
readily attacked by the leaching solution. At the 
Calumet and Hecla mine, an old tailing containing only 
61b. of copper per ton (0-27 per cent.) has been success- 
fully treated by an ammonia process. It has been 

* Liddell. Handlook of Non-Ferrous Metallurgy, 
vol, ii, pages 948-951. 


estimated that about 15 per cent. of the copper output 
of the world is now produced by leaching, and two of 
the largest of such plants in operation at the present 
time produce copper at a considerably lower cost than 
by any other method of treatment. The leaching of 
copper and silver ores is now in a similar position to 
that of gold and silver cyanidation, and, especially in 
the case of copper ores, the process and plant used have 
followed very closely those employed for cyanide work. 
Since 1905, processes for the wet extraction of zinc and 
lead have been developed, and will probably in a few 
years become formidable rivals to smelting methods. 
Already the wet metallurgy of zine is of consider- 
able economic importance. Lead leaching at the 
moment has not attained so favourable a position as 
copper and zinc, and there is room for much further 
research in this direction. 

For the past 50 years it has been known that zinc 
can be deposited from its solutions by electrolysis, but 
attempts to apply this knowledge on a large scale as a 
method of producing zinc from its ores were not success- 
ful until 1914. In that year, the Anaconda Copper 
Mining Company and the Consolidated Mining Company 
at Trail, B.C., initiated independent investigations on 
the treatment of complex ores occurring in their 
respective districts. Both were sufficiently successful 
to justify the erection of smal! test plants, which were 
rapidly enlarged to meet the demands for high-grade 
zinc. To-day, the capacity of the Anaconda plant at 
Great Falls, Montana, is 300 tons slab zinc per day ; 
that of the C.M. Company at Trail is 200 tons per 
day, while that at Hobart, Tasmania, for the treatment 
of concentrate from the Broken Hill Mines is 150 tons 
per day. At the present time, these three plants 
produce practically all the electrolytic zinc of the 
world. They all use sulphuric acid leaching, followed 
by electrolysis of the zinc sulphate solution with a 
current density of about 30 amps. per square foot of 
cathode surface. The success of this process is depen- 
dent upon the use of an electrolyte of a very high 
degree of purity. The leaching and _ electrolytic 
refining process is particularly suitable for many ores 
which contain from 30 to 40 per cent. of zinc, and are 
not well suited to the “ retort ’’ process. Most of these 
contain lead, zinc and silver. Where electricity 
is cheap, this process is superior to any other for this 
class of material, since it is possible to obtain higher 
recoveries of all the metals and lower operating costs 
per lb. of zinc. Generally, the concentrate is prepared 
from the ore by flotation, and is roasted in a 
modified Wedge furnace to convert the zinc sulphide as 


Only sufficient sulphate to supply the acid requirements 
is desirable, since any excess must be discarded later to 
avoid building up acid in the system. From 2 to 3 per 
cent. is all that is usually necessary. Between them, 
flotation, reverberatory furnace smelting, leaching, 
and electro-deposition have greatly increased the 
available supplies of ore-minerals, suitable for the 
extraction of metals, and for some years there has 
been an increasing tendency to produce metals by 
these methods. 

Twenty years ago, the manufacture of steel in the 
electric furnace was still in the embryonic stage. To-day 
more than 1,200 such furnaces are in operation in 
Europe and America (including Canada), in about equal 
numbersin the two Continents. Inthe decade 1910-20, 
the development of what may be called “ electric 
steel’ has been phenomenal. It increased from 52,141 
tons in 1910 to 502,152 tons in 1920. In 1925, 1,042,000 
tons were produced, of which the U.S.A. was responsible 
for 615,000, Italy 129,000, Germany 127,000, France 
68,000, and Great Britain 44,000. The principal use 
of such furnaces has been in producing alloy and tool- 
steel ingots and castings. The first advantage of the 
electric furnace is its flexibility, the second consists in 
the method of applying the heat, and the third lies 
in the quality of the product. The outstanding dis- 
advantage of the electric process is its cost. It may be 
expected that, with the continued improvement in 
efficiency of power production plants, this disadvantage 
will tend to become less and less. Another factor which 
will operate in the same direction will be that economies 
in furnace operation will be more thoroughly understood 
and practised. Another disadvantage, from which the 
furnace has suffered more or less hitherto, is that it hes 
been operated by men unfamiliar with its possibilities. 
To some extent, the view has prevailed that electric 
steel occupies a field midway between acid and basic 
open-hearth steel and crucible steel. This is not the 
case, The quality of electric steel is fully equal to 
that of crucible steel, and can be achieved provided 
that refining is properly carried out metallurgically. 


Tf the electric steel is manufactured with care and 


the metallurgical treatment is correct, none of the five 
classes of non-metallic impurities (of which products 
from the reaction between dissolved and suspended 


oxides and gas and deoxidizers, and oxides not acted 


upon by deoxidizers are the most important) ought to 








be present in more than small amounts. Except for 
Pp 





completely as possible into zinc oxide and zinc sulphate.’ 


small amounts of manganese sulphide and silicate, 
electric steel should, in fact, be free from non-metallic 
inclusions when melted with restricted or with no 
oxidation. Even when melted with complete oxida- 
tion, if it is deoxidized thoroughly it should still be 
cleaner than basic open-hearth steel. 

Oberhoffer and Beutell* have shown that, in a very 
large number of open-hearth steels, the gas dissolved 
averaged from 13-130 cub. cm. per 100 grams of metal, 
The gas averaged about 75 per cent. carbon monoxide, 
the rest being hydrogen, nitrogen and a small amount 
of carbon dioxide. Steel metallurgists have paid far 
too little attention to the presence of gas in steel 
and to the effect on its quality, but it has been proved 
that the content nitrogen reduces the tensile strength 
and greatly reduces the ductility. In the open-hearth 
process, the atmosphere with which the metal is in 
contact contains oxygen, nitrogen, hydrogen and carbon 
monoxide. In the electric process, on the other hand, 
the amounts of oxygen, hydrogen and nitrogen present 
should be very much less, and the only gas that should 
be present in any quantity is carbon monoxide. Even 
this will only be present in small amounts, as furnace 
gases containing oxygen are absent. Precise figures 
as to the amounts of gas actually present in electrically- 
made steel are, however, still lacking. 

The attempts of the manufacturers in the U.S.A, 
to produce a high-grade product for Army and Navy 
ordnance were so unsuccessful, and the resulting steel 
so unsatisfactory, that the U.S. Government, in 1918, 
appointed a committee of the foremost metallurgists 
of the country to investigate melting practice. Their 
results were published in a paper entitled ‘ Acid 
Open-Hearth Process for the Manufacture of Gun 
Steels and Fine Steels,’’} the conclusion being that to 
make good steel it must be deoxidized. The U.S. 
Government have built an armour-plate and gun 
factory at Charleston, West Virginia, where electric 
furnaces are used exclusively in ordnance-steel manu- 
facture. Experiments have been carried out at this 
plant for more than a year, and show that the electric 
process produces ordnance material, in weights up to 
one hundred tons, superior to acid open-hearth steel 
and much superior to basic open-hearth steel of like 
composition. Tool steel of the highest grades, both 
carbon and alloy steels generally, are now made by the 
electric process. Certain makers of motor-cars specify 
electric alloy steel almost exclusively. The principal 
units are 6-ton and 30-ton furnaces, but it is quite 
customary to overload the 30-ton to at least 40 tons. 

One of the outstanding advances of the last twenty 
years has been the practical use of the equilibrium 
diagram in the scientific manufacture of industrial 
metals and alloys. So important has this aspect of 
metallurgy become that, in 1920, a society was founded 
in the U.S.A. known as the American Society for Steel 
Treating, for the purpose of improving the scientific 
treatment in the manufacture of metals. This society 
has to-day a membership of 3,500. 

(To be continued.) 





LAUNCH OF THE M.S. “ SILVERBELLE.”’—A successful 
launch took place on Friday, April 29, at the North 
Sands shipbuilding yard of Messrs. J. L. Thompson and 
Sons, Limited, Sunderland, of the motorship Silverbelle, 
which is the fourth of the six vessels ordered from that 
company by the Silver Line, Limited, of London. The 
new ship, which is similar in all respects to the 
previous ones, is intended for service between the 
United States and the Far East, the round voyage 
extending over a passage of about 30,000 miles. The 
propelling machinery, as before, consists of a four- 
cylinder Doxford marine oil engine. 





THE INstiTuTION oF WaTER ENGINEERS.—The thirty- 
second summer general meeting of the Institution of 
Water Engineers will be held at Scarborough from 
June 8 to 10 next. The proceedings will commence 
at 10 a.m. on the first day, when the President-elect, 
Dr. H. Lapworth, of Westminster, will be installed and 
will deliver his presidential address. This will be followed 
by the reading and discussion of papers. The afternoon 
will be spent in visits to reservoirs and pumping stations, 
and, in the evening, the annual dinner of the Institution 
will take place at the Prince of Wales Hotel, Scarborough. 
The morning of the second day, June 9, will be spent 
in the reading and discussion of papers. The remainder 
of the day, and the whole of June 10, will be devoted 
to visits and excursions to various places of interest in 
the neighbourhood. The papers to be read and dis- 
cussed are as follows :—‘‘ The Scarborough Waterw orks, 
by Mr. H. Richardson, with addenda on the new vane 
by Dr. H. Lapworth ; ‘‘ The Geology of the Searborouge 
District,” by Mr. R. C. S. Walters; ‘*Cementation 
Strata below Reservoir Embankments,”’ by Mr. ar 
Barnes ; and “ Pre-Cementation of a Reservoir Trenc”. 
by Mr. J. R. Fox. Members are requested to acquaint 
the secretary, Parliament Mansions, W ootmnineness 
London, S.W.1, of their intention of attending the 
meeting, as soon as possible. 





* Stahl und Eisen, 1919, vol. 39, pages 1584-90. wal 
+ W. P. Barba and H, M. Howe. Trans. Am. £18 








Mining Met. Eng., Feb. 1922. 
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LABOUR NOTES. 

For the greater part of the week the controversy over 
the Trade Unions and Trade Disputes Bill has had its 
centre in Parliament, where the debate on the second 
reading began on Monday. The discussions followed 
the lines of the official amendments, of which notice 
had been given, and none of the arguments used: for or 
against the measure was, in any respect, novel. The 
Labour opposition has hardly been effective, and, 
occasionally, was lacking in good taste. The only 
important modification of the Government’s original 
proposals, which was foreshadowed, was the inclusion, 
within the scope of the proposed legislation, of lock- 
outs as well as strikes. 

Outside of Parliament, propaganda for and against 
the Bill has been carried on, and in many places feeling 
has run rather high. Prominent supporters of the pro- 
posals made it clear that modifications of any kind would 
tind no favour with them. Opponents in their argu- 
ments, followed the lines of the resolution submitted to 
the conference of trade union executives which met in 
London on Friday. This resolution began by endorsing 
the steps taken with the object of organising the most 
strenuous resistance possible to ‘this dangerously 
reactionary measure.” It then proceeded :—‘‘ The 
conference regards the action of the Government in 
bringing forward this Bill as an unscrupulous attempt to 
destroy the working-class movement. It denies the 
right of the present Government, without a mandate 
from the country, to introduce legislation against the 
trade unions for the restrictive and oppressive purposes 
embodied in this Bill. We warn the Government that 
the consequences of placing in the hands of the law- 
courts such vast powers of repression and obstruction 
proposed in the Bill will be to bring the law into con- 
tempt. To enforce against the trade unions the 
provisions of the Bill must inevitably lead to wide- 
spread and concerted resistance on the part of the 
organised millions of trade unionists, and will intensify 
and embitter industrial conflicts. The conference is 
convinced that the workers will strenuously resist adi 
attempts to deprive them of established rights and 
legal powers hitherto exercised in pursuit of lawful 
objects under statutory safeguards and limitations. 
The conference therefore pledyes itself to continue the 
campaign against the Bill with the utmost vigour, with 
the object of frustrating this malicious attack upon the 
industrial and political organisations of the working 
people and driving from power the authors of this Bill.” 


The Conference Standing Orders Committee recom- 
mended that Mr. A. Gossip, of the Furnishing Trades, 
should be allowed to move the following amendment :— 
“That this conference asks the Parliamentary Labour 
Party to obstruct the whole business of Government in 
the House of Commons, and to do everything possible to 
force the Baldwin Government to resign; and also 
instructs the General Council of the T.U.C. to make all 
possible preparations to use the industrial weapon—by 


.a General Strike if necessary—in order to defeat the 


Government.” By an overwhelming majority, the 
conference decided not to allow the amendment to be 
put. 


The British Worker, which appeared as the official 
organ of the General Council during the general strike 
last year, has been revived by the Trade Union Defence 
Committee in order to keep “ the nation ” fully informed 
“of the issues at stake.” In the course of an allusion 
to last year’s trouble it says: “* A year ago the working 
class of this country was engaged in the greatest 
industrial struggle this country has ever seen. Wan- 
tonly provoked by a reactionary and merciless Govern- 
ment the trades unions sought to defend the miners 
from the degradation of their standard of life. To 
explain the issue, to rebut misrepresentation, to 
emphasise the actual) facts, the General Council of the 
Trades Union Congress founded The British Worker. 
It served the purpose of informing the nation of what 
the trade unions intended, of exposing the dishonest 
propaganda of the Government, of setting in proper 
perspective the generous purposes the national stoppage 
sought to serve.” 





The ‘Trade Unions and Trade Disputes Bill is declared 
to be a new attack . . . born of the demonstration of 
working-class solidarity, so finely shown by the workers 
a year ago.” ‘‘ What is certain in this Bill,” The 
British Worker goes on to say, “is highly obnoxious, 
What is uncertain—and most of it is uncertain—is 
highly dangerous. It is proposed without any mandate 
by a Government which represents only a minority of 
the voters. It is brought forward without inquiry into 
the problem. It is conceived in ignorance of trade 
union conditions, and inspired by hostility to working- 
class interests. It will be fought to the end by workers 
who have learned from bitter experience how to struggle 
for their rights. Whatever the cost and whatever the 
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consequences, the Labour Movement of Great Britain 
cannot suffer defeat in the contest now forced upon it. 
And it will fight in the calm certainty that justice is 
upon its side.” 

The Ministry of Labour states that on April 25, 
1927, the number of unemployed persons on the regis- 
ters of Employment Exchanges in Great Britain was 
1,044,800, of whom 841,800 were men, 31,800 boys, 
139,200 women, and 32,000 girls. Of the total number 
706,400 were wholly unemployed, 270,100 temporarily 
stopped, and 68,300 normally in casual employment. 
On April 18, 1927, the number of unemployed persons 
was 1,106,440, of whom 881,980 were men, 30,015 boys, 
163,850 women, and 30,595 girls; and on April 26, 
1926, it was 981,877, of whom 764,192 were men, 
28,953 boys, 156,783 women, and 31,949 girls. 





According to the Berlin correspondent of the Daily 
Telegraph, German industry is now very rapidly re- 
absorbing its unemployed. Between March 15 and 
April 15, the number of persons receiving full-time 
unemployment relief declined by nearly 450,000, or 
31 per cent. During the past two months the decline 
has been 840,000. On February 15 the number on 
full relief was 1,827,000, and by April 15 it had fallen 
to 987,000. This reduction cannot be explained, the 
correspondent says, even mainly by seasonal causes. 
Much of the work in the fields from sowing to harvest 
is done by migratory Polish labour. Before the war 
a million foreign farm hands came to Germany every 
year. 





The high wages which are enjoyed by skilled men 
in the American building trades are graphically illus- 
trated by trouble which recently arose in New York. 
The plumbers employed in the borough of Brooklyn 
struck for a 44 hours’ week and an increase in wages 
of 8s. per day. The rate current before the stoppage 
was 48s. perday. By way of rejoinder to the Brooklyn 
strike, the New York Employers’ Association paid off 
all the union plumbers in their employment. An 
increase to the plumbers would mean, they said, an 
increase to all the other building trades and an addi- 
tional burden on an already heavily burdened industry. 
Opposition was also expressed to any reduction in the 
number of working hours. 

The extremists who endeavoured to pillory the three 
Labour members of the Blanesburgh Committee who 
signed the report, were heavily defeated at a conference 
which was held last week in London to consider the 
recommendations. The question investigated by the 
Blanesburgh Committee was, it will be recalled, unem- 
ployment insurance, and the three Labour members 
who signed the report were Miss Margaret Bondfield, 
M.P., Mr. Frank Hodges, and Mr. A. E. Holmes. A 
memorandum submitted to last week’s conference by 
the National Joint Council suggested that if the 
recommendations of the Blanesburgh report were 
embodied in a Government Bill, the Parliamentary 
Labour Party should move an amendment expressing 
dissatisfaction, and use every effort to secure amend- 
ments in committee in harmony with Labour policy. 
Mr. Wheatley, M.P., moved, and Mr. George Buchanan, 
M.P., seconded, an amendment to the effect that the 
report and recommendations should be referred back. 
From the various speeches made in support of this 
proposal it became clear that the extremists would 
be satisfied with nothing less than the rejection of the 
report, a campaign in favour of the Labour Party’s 
own scheme, and a vote of censure on the three Labour 
representatives who signed the recommendations. The 
resolution of the National Joint Council was adopted 
by 2,538,000 votes to 1,081,000. The 800,000 votes of 
the Miners’ Federation were included in the minority. 





The one hundred and tenth quarterly report of the 
yeneral Federation of Trade Unions states that, at the 
end of March, the number of affiliated societies was 110, 
of which 73 were on the higher scale, 34 on the lower 
scale, and three on both scales. The gross member- 
ship was 732,674, of whom 433,582 were on the higher 
scale, and 299,092 on the lower scale. The financial 
position of the Federation is reported as sound, and the 
minutes of the Management Committee indicate con- 
tinuous effort to improve trade union organisation. 
‘* Here,” writes Mr. W. A. Appleton, the general 
secretary, “lies one great task of the trade union 
official. Another is to educate his members in the 
facts of trade and the realities of life. Unless these are 
understood, progress must be irregular and very slow.” 

Industrial and Labour Information points out that 
the Preamble to Part XIII of the Treaty of Versailles, 
which determines the objects of the International 
Labour Organisation, expressly includes ** recognition 
of the principle of freedom of association ’’ among the 
means of improving the conditions of the workers and 








establishing univeral peace. Article 427 also includes 
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among the principles of special importance, * the right 
of association for all lawful purposes by the employed, 
as well as by the employers.”’ The Treaty of Peace itself 
thus confers on the International Labour Organisation 
authority, and imposes on it the duty, to secure the 
principle of freedom of association by means of inter- 
national regulation. These general considerations may 
be supplemented by others of a constitutional nature. 
Employers’ and workers’ associations are called upon 
to take an active part in carrying out the work of the 
organisation, and if is therefore essential that their 
formation and development should not be impeded. 

Further, the official organ of the International 
Labour Office goes on to say, certain decisions of the 
International Labour Conference presuppose that 
freedom of association is already achieved. As early 
as 1923, the Governing Body of the office determined 
to deal with the problem as a whole and, pursuant to a 
resolution of the Conference, decided in 1926 to insert 
the question on the agenda of the Tenth Session of the 
Conference, which is to open at Geneva on May 25. 
In order to facilitate the general discussion of the 
question, which will take place this year, the Inter- 
national Labour Office has prepared a report and a 
draft questionnaire, which will be issued shortly. The 
report deals with problems of freedom of association 
and their origin, individual rights of occupational 
association, and similar questions. 

An award of the Conseil des prud’hommes of St. 
Josse-ten-Noode, in Belgium, dated January 21, 
1927, provides that a worker who works overtime in 
contravention of the Eight Hour Day Act of June 14, 
1921, makes himself liable, not to be prosecuted, as 
is the case with the head of an undertaking who causes 
or allows a worker so to work (Section 20), but to be 
refused payment of overtime pay or any remuneration 
for work outside the legal hours of work. If the em- 
ployer refuses, no court can compel him to pay for 
work which is done contrary to the Act. Further, in 
the event of dismissal without notice, the indemnity 
due to the dismissed worker (which is equal to half 
the wage for the period of notice not given) may be 
calculated only on the number of hours worked in 
accordance with the law. 





On the initiative of the General Union of Industrial 
Associations of the Gironde, an Employers’ Inter-trade 
Committee on Apprenticeship and Technical Educa- 
tion has been formed for Bordeaux and the South West. 
The objects of the Committee are :—(1) To act as a 
link between persons actively interested in apprentice- 
ship and technical education. (2) To encourage 
apprenticeship and technical education institutions, 
and, in general, any practical training for arts and 
crafts. (3) To facilitate relations between the various 
institutions, and to encourage them to give one another 
mutual support. (4) To define the relations between 
the Government services and its affiliated bodies. 

It will be the duty of the Committee to represent 
its members in dealings with the authorities, in order 
to protect their interests, and also to give advice on any 
question connected with apprenticeship and technical 
education. In particular, it will inform its members 
on the subject of the apprenticeship tax, which is still 
not as well understood as it should be in the country, 
and on any exemptions which may be claimed as the 
result of employers’ financial sacrifices in favour of 
the development of apprenticeship and _ technical 
education. The administrative council of the com- 
mittee includes representatives of the chief employers’ 
apprenticeship and technical institutions, and associa- 
tions for industrial and commercial protection ; also 
representatives of the chief unions of employers’ 
chambers in Bordeaux and chambers of commerce. 





The Railway Review states that recently the National 
Union of Railwaymen submitted to the Industrial 
Court:a claim in respect of a wood machinist (Grade 2) 
employed by the Southern Railway. The claim was 
for Grade 1. The man in question entered the com- 
pany’s service at Battersea, in 1888, as a labourer, 
and in 1899 was rated as a sawyer. In 1905, he and 
the machine on which he was employed were trans- 
ferred to Bricklayers’ Arms. The company claimed 
that, apart from this machine, he had had no experi- 
ence of woodworking machinery, and that accordingly 
his experience was not of such a character as to entitle 
him to be graded as a Grade 1 wood machinist. The 
company also stated that men engaged on similar work 
at Ashford, Lancing, and Eastleigh were rated as wood 
machinists, Grade 2. On the coming into operation of 
Decision No. 728, the basic rate of the claimant was 
fixed at 40s., apart from cost of living bonus, an advance 
of 3s. per week. The court decided that “* having 
regard to all the circumstances of the case” . . . 
they are “‘ satisfied that the action of the company in 
the present case is in order,” 
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ENGINEERING TRAINING AND 
EDUCATION. 


Research Scholarships in Technology.—The governing 
body of the Manchester Municipal College of Technology 
is offering a limited number of research scholarships in 
technology. The value of each of the scholarships 
will not exceed 100/., and they will be tenable during 
the 1927-28 session at the College. Research work 
may be undertaken in mechanical, electrical, or muni- 
cipal and sanitary engineering, in applied chemistry, 
in the textile industries, or in other technical sciences. 
Applications must be received on or before July 6 
next, and forms of application and further information 
may be obtained from the Registrar, Municipal College 
of Technology, Manchester. 

Engineering Scholarships at Bristol University—The 
Society of Merchant Venturers is offering for com- 
petition, four scholarships tenable in the day classes 
of the faculty of engineering of the University of 
Bristol, which is provided and maintained in the 
Merchant Venturers’ Technical College. Candidates 
must be not less than 17 years of age, and must have 
matriculated. The scholarships provide free tuition. 
One is open to pupils in any secondary school, and three 
are restricted to pupils in secondary schools situated 
in the counties of Gloucestershire, Somersetshire and 
Wiltshire (one scholarship to each county). A War 
Memorial Scholarship is also offered, and a candidate 
who needs pecuniary help and who is the son of a former 
student who fell while serving with H.M. Forces 
during the European War, will receive preferential 
treatment. Further particulars regarding the above 
scholarships may be obtained from the Registrar, 
Merchant Venturers’ Technical College, Bristol. 

Cambridge University Appointments Board.—We 
have received from Professor C. E. Ingles, Professor 
of Engineering, Cambridge University, a copy of a 
report issued by the Cambridge University Appoint- 
ments Board, which deals with the activities of that 
useful body since its formation twenty-five years 
ago. Though the Board was actually established in 
February, 1902, it had been preceded by an unofficial 
body called the Cambridge Appointments Association, 
which did a great deal of valuable pioneer work. The 
Board, as first constituted, consisted of representatives 
of the Senate, and of each college or hostel contributing 
a certain annual sum, together with the Vice-Chan- 
cellor as Chairman, and five co-opted members. Among 
the first members of the latter class were Sir Alfred 
Ewing, then Professor of Engineering, and now 
Principal of Edinburgh University, and Sir Arthur 
Shipley, who is still an active member. Sir Richard 
Threlfall, Sir William Mather, Sir Robert Hadfield, 
Sir Alexander Gibb and Sir Philip Nash, all of whose 
names will be familiar to engineers, are among those 
who from time to time have occupied seats on the 
Board. 

The aim of this body is naturally to facilitate the 
employment of graduates of the University in the 
various professions and occupations for which their 
training has rendered them suitable, and from the 
earliest days successful efforts have been made to 
widen the potential field of employment. It, however, 
performs the no less valuable duties of collecting and 
systematising information dealing with the careers 
open to graduates, and of collating the experiences of 
those who have obtained positions in the various 
callings. In this way assistance can be given, not only 
to senior and junior members of the University, but to 
headmasters and parents. Great attention is paid to 
the requirements of and conditions of employment in 
the Civil Service. An important point is that informa- 
tion about a particular vacancy is only given to 
selected candidates, and that is done only after permis- 
sion has been obtained from the prospective employer. 

The activities of the Board are divided into two 
periods by the intervention of the war. From 1902 
to 1905 its operations were tentative, but during that 
time an average of 99 appointments annually were 
made. Of these 25 were in industry, and only four 
were scientific. By 1913 the industrial appointments 
had increased to 126, exclusive of railway traftic posts 
and also of certain advisory appointments, requiring 
scientific or agricultural training. From 1906 to 
1910, thirty purely engineering appointments were 
made, and this number rose to 61, between 1910 and 
1914. During this time Sir William Mather did much 
to promote the systematic employment of engineers 
trained at Cambridge, and, as a result of his efforts, 
a long step was taken in the direction of the present 
state of things, when students graduating in the 
Mechanical Science Tripos ‘are absorbed into the 
industry as fast as they can take their degrees.” 

The ordinary work of the Board was, of course, 
interrupted by the war, and it was not until 1921 
that normal conditions began to return, though in 
that year it was possible to report that nearly 1,000 | 
ex-officers had been placed in appointments. In 





1921, 349 appointments were made, and the figures 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “fine foreign” and “standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 


plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. 


The pig-iron 
The price of quicksilver is per 


bottle, the contents of which vary from 70 lb. to 80 1b. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 


jines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








for the subsequent years are 373, 377, 400, 399 and 
396, respectively, the last being for 1926. These 
figures may be compared with the annual average of 
265 during the period 1907-13. An interesting feature 
is the wide scope of the engineering appointments. 
These were made by 128 different types of bodies, 
electrical, mechanical, aircraft, civil, mining and 
gas engineering all being represented. The electrical 
firms absorbed a large number of candidates, but the 
number of mechanical firms was limited by the long- 
continued industrial depression. A number of manufac- 
turing firms have also appointed engineers, while 
railways, both at home and abroad, and the Public 
Works Departments in India and the Crown Colonies, 
have accepted candidates. Though some of these 
appointments might have been classed as administra- 
tive, definite engineering qualifications were required 
in all cases. The total number of engineering candi- 
dates appointed during this period was 419, while, 





in addition, opportunities for acquiring works experience 
during the long vacation were obtained for 111 students. 
During the same period, 247 scientific appointments 
were made, and these included positions at such 
establishments as the Meteorological Office, the Science 
Museum and the National Physical Laboratory. It 
appears that about half of the students taking 4 
bachelor’s degree each year register with the Board, 
and that about three-fifths of these obtain appointments 
through its agency. 








Triat TRIP OF THE S.S. ‘“‘ Kinapoc.”—On Saturday, 


April 30, successful trials were carried out off the Tyne 

of the single-screw steamer Kingdoc; which has been 

built by Messrs. Swan, Hunter and Wigham Richardson, 

Limited, to the order of Messrs. Paterson Steam — 
ceo 


Limited, Fort William, Ontario, Canada, for serv! pis 
Canadian lakes, &c. A description of the vessel, W — 
on the occasion of her launch, will be found on page **% 
ante, 
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THE HEAVY METALLURGICAL 
INDUSTRY OF EASTERN FRANCE. 


Some interesting facts regarding the iron and steel 
industry of Eastern France were given in a paper pre- 
sented yesterday at the annual meeting of the Iron and 
Steel Institute, by Professor J. Seigle, of Nancy. The 
contribution was entitled, ‘‘Some Aspects of the 
Technical and Economic Conditions of the Heavy 
Metallurgical Industry of the East of France, with 
particular reference to the Utilisation of Gases and 
Motive Power.’’ As the paper is somewhat lengthy, 
we are compelled to confine ourselves to a summary 
of the more important points dealt with. In his 
opening remarks, Professor Seigle stated that the 
area, taken into account in his survey, comprised the 
two departments, Meurthe-et-Moselle and Moselle. 
In the first-named department, there were three iron- 
ore fields, namely, those at Longwy, Briey and Nancy. 
In the department of Moselle, which had been returned 
to France in 1918, the ore deposits and works were 
situated near Metz and Thionville on the western 
bank of the river Moselle. The ore, as was well known, 
was phosphoric; in certain cases the gangue was 
siliceous, and in other cases calcareous. It was thus 
possible to mix the two grades of ore in such a way 
as to obviate the necessity of adding limestone in the 
blast furnace. The ores were smelted in the raw 
state. In the Longwy, Briey and Nancy districts of 
the department of Meurthe-et-Moselle, there were 
sixteen large metallurgical plants, the majority of 
which possessed rolling mills in addition to blast 
furnaces and basic steelworks. In the department 
of Moselle, there were eight iron and steel works. 
These, with one exception, were German before the 
war; they were taken over by French companies 
at the conclusion of hostilities, and had been controlled 
by them since 1919. During 1926 the two depart- 
ments under consideration produced 7,726,000 metric 
tons of pig iron and 6,011,000 metric tons of steel. 
These figures represented 81-5 per cent. and 71-5 per 
cent., respectively, of the total output of pig-iron and 
steel for the whole of France. 

In the majority of the plants in the region, the coke 
ovens were relatively low and narrow; the chambers 
of a typical installation had a width of 1 ft. 8 in., 
a height of 8 ft. 10 in., and a length of 37 ft. 4 in. 
At the present time it was usual to work with a mixture 
of fuels containing 60 per cent. of Sarre coal, 15 per 
cent. of anthracitic coal from the north of France, and 
26 per cent. of Ruhr coal. It was thought, however, 
that a sufficiently hard coke might be made by increas- 
ing further the proportion of Sarre coal and dispensing 
altogether with Ruhr coal. The coke ovens actually 
in operation were usually heated by gas produced by 
the plant itself. . Many new installations had been 
designed, in which the heating was done by blast- 
furnace gas, by mixed blast-furnace and coke-oven 
gas, or by producer gas. This procedure enabled the 
coke-oven gas, with its high calorific value, to be em- 
ployed in other and more advantageous ways. The 
blast furnaces located in the region under considera- 
tion totalled 151; of these 111 were in operation at the 
end of 1926. The smallest furnaces, which had an 
effective capacity of from 9180. to 9880 cubic it., 
produced from 70 to 75 metric tons of foundry pig, 
and from 90 to 100 tons of basic pig, per 24 hours. 
The large blast furnaces at Hagondange had a capacity 
of about 21,200 cub. ft., and could produce as much 
as 350 tons of basic pig per diem. The phosphoric 
irons produced contained an average of from 1-8 to 
2-0 per cent. of phosphorus, and a quantity of from 
1 to 1-05 metric tons of coke was consumed in turaing 
out 1 metric ton of pig. Lorraine ores contained little 
manganese, and imported manganese ores had to be 
added to the charge. The cleaning of the blast-furnace 
gas was effected by the wet process, involving the 
Theisen disintegrator fan, and by the filter-bag or 
Halberg-Beth process. The electrostatic method had 
not yet been tried, although one large works in the 
Meurthe-et-Moselle department was considering the 
advisability of introducing the process. 

Blast-furnace gas was utilised for a variety of pur- 
poses. It was used, for instance, in the heating of 
metal mixers employed in conjunction with basic steel- 
works. It was also utilised in soaking pits and reheat- 
ing furnaces of all types. At Homécourt, blast-furnace 
gas mixed with coke-oven gas was used as fuel in 
open-hearth furnaces, As had already been indicated 
above, proposals were being put forward for the sub- 
stitution of blast-furnace gas for coke-oven gas for the 
heating of coke ovens. The Hagondange bloom- 
reheating furnace was probably the largest in Europe ; 
it had a width of 19 ft. 8 in. and a length 36 ft., and 
Was capable of dealing with 20 tons of cold bloom per 
hour. With the construction of two new blast-furnaces 
at the works of the Société Jean Raty, at Saulnes 
(Meurthe-et-Moselle) 847,200 cub. ft. of gas per hour 
be ae available at these works. A study of the best 

nods of utilising this gas, either in gas engines or ina 








steam-raising plant, had led to the choice of the latter. 
The plant was at present under construction ; it com- 
prised three Babcock and Wilcox boilers and a turbo- 
alternator; each boiler had a heating surface of 6,187 
sq. ft. and an hourly evaporation, under normal load, 
of 29,700 lb. The steam pressure- was 500 lb. per 
square inch, and the temperature of the superheated 
steam 375 deg. C. The average volume of blast- 
furnace gas required for the normal working of each 
unit was 424,440 cub. ft. per hour, and each boiler was 
fitted with eight burners, in two rows of four, placed 
in front of the combustion chamber. The turbo- 
alternator was supplied by the Compagnie Electro- 
Mécanique, Paris ; it had a capacity of 5,635 kw. The 
waste steam was used in heating the feed water to a 
temperature of 130 deg. C. 

The greater portion of the steel produced in the two 
departments under consideration was manufactured by 
the basic Bessemer process. During 1926, the produc- 
tion of basic Bessemer steel amounted to 5,160,000 
tons, this figure representing 86 per cent. of the total 
output for the region. The prejudice, which appeared 
to exist in certain quarters in the United States and 
in England, against the use of basic steel for rails, was 
not understood on the Continent. The long-standing 
and the ever-increasing importance of the production 
of basic-steel rails in France, Belgium, Luxemburg 
and Germany, should reassure even those most difficult 
to convince. Fishplates, metal sleepers, and other rail- 
way equipment was also, in the majority of cases, made 
of basic steel. Rolling mills were becoming more and 
more modernised. Steam driving was gradually being 
replaced by the electric drive. A typical electrically- 
driven installation was that at Micheville. This com- 
prised an independent 44-in. blooming mill and a 36-in. 
mill, which latter formed part of an American rail mill. 
For driving the heavy blooming mill the Ilgner con- 
verter set comprised three generator dynamos, and one 
motor dynamo with double armature. For the 36-in. 
blooming mill, the converter group comprised two 
generator dynamos, and one motor dynamo with single 
armature. The special feature of the arrangement 
was that, when the two mills worked simultaneously, 
they could be coupled up in series, by means of a switch- 
board, to any two or three of the five generators form- 
ing the whole installation. Synchronised asyn- 
chronous motors had also been brought into use. At 
the Homécourt works, for instance, three-phase 
current, at 3,000 volts, was supplied to a 750 H.P. 
converter group, consisting of a synchronised asyn- 
chronous motor driving a direct current generator, 
which fed the auxiliary motors of the rolling mills. 
Again, at the Homécourt, Hagondange and Rombas 
works, synchronised asynchronous motors of 300, 700, 
and 4,000 H.P., drove a pump, a grinding mill, and a 
wire mill. 

Steam blowing engines were still in regular service 
in some Bessemer-steel works. Latterly, however, 
gas-driven or centrifugal blowing engines had been 
installed, and steam turbo-blowers had been widely 
adopted. The driving of centrifugal blowers by elec- 
tric motors had been introduced in some works. From 
the point of view of ease of changing speed without 
loss of efficiency, the use of continuous current was 
very convenient. Circumstances were, however, arising 
which rendered imperative the use of three-phase 
current, and this had brought about important modi- 
fications in design. At the Homécourt works, for 
instance, the steel converters were blown by two 
Rateau centrifugal blowers driven by three-phase 
motors. For the present, the change of speed was 
attained by the insertion of liquid resistances in the 
rotor circuits, but this arrangement was not final. 
The plant was built by the Compagnie Fives-Lille. 
A third turbo-blower, identical with the first two, was 
in process of installation ; it was also to be driven by 
a three-phase dynamo, with a Scherbius regulator of 
similar type. A centrifugal blowing engine driven 
by a three-phase dynamo on the Brown-Boveri- 
Scherbius system had given interesting results. The 
unit comprised one centrifugal blower with two fans; 
one three-phase 500 kw. asynchronous motor of 5,500 
volts, 50 cycles; and one commutator dynamo on the 
Brown-Boveri-Scherbius system, for the recovery of 
the slip energy and for speed control. The blower was 
geared up to run at 3-58 times the speed of the motor. 
A number of observations, taken under various 
running conditions, gave the following figures. The 
quantity of free air, in cubic feet per minute, varied 
between 12,360 and 15,890; the pressure of delivery, 
in inches (mercury column), ranged from 7 to 17; 
the revolutions per minute of the blower varied between 
4,600 and 5,350; and the power taken at the ter- 
minals of the motor, taking account of the slip energy 
recovery, was between 335 kw. and 475 kw. Under 
ordinary running conditions, the quantity of free air 
was 15,890 cub. ft. per minute, and the pressure of 
delivery 9-8 in. of mercury; the speed of the blower 
was 4,800 r.p.m., and the power taken at the terminals 
of the motor, 390 kw. 





THE TURNER LOW-TEMPERATURE 
CARBONISATION PLANT. 


In Figs. 1 to 7 on pages 560 and 561 we illustrate 
a low-temperature carbonisation plant which is in 
operation at the works of Messrs. The Comac Oi! 
Company, Limited, of Coalburn, Lanarkshire. The 
plant employs a system which has been developed by 
Mr. Charles Turner, of Irlam, Manchester, and is the 
first commercial application of his methods which 
have, however, been in operation on experimental 
plants for a number of years. The Coalburn plant, 
the arrangement of which is well shown in Figs. 1 and 
2, has a normal continuous throughput capacity of 
25 tons in 24 hours. The retort is housed in a narrow 
building, some 50 ft. high, which also contains the 
condensing plant for the volatile constituents released 
from the charge, the boiler, superheater and oil- 
storage tanks being placed outside the main building, 
as is clearly shown in the figures. 

The system on which the plant operates will probably 
best be explained by describing its layout in detail and 
following through the charge of coal from its first entry 
into the retort to its emergence in the form of oil, coke 
and other materials. Referring, then, to Fig. 1, the coal 
under treatment is elevated to the top of the retort 
and tipped into the receiving hopper A. The discharge 
end of the elevator is indicated in Fig. 1; its casing is 
visible in Fig. 2. The charge is passed into the retort, 
at regulated times, and in regulated quantities, through 
the valve V1, which admits it to the pre-heating chamber 
B. After a brief interval, during which valve V' closes, 
valve V? opens and admits the charge into the retort 
proper, C, where it joins the considerable mass of 
material already in the retort and undergoing 
continuous distillation. As fresh material is added at 
the top from time to time, the charge slowly sinks 
through the retort, and in its passage is subjected to a 
rising current of superheated steam. At the base 
of the retort and supporting the mass of material, 
there is an extractor screw D, which revolves 
slowly, making a complete revolution in from 18 to 
20 minutes. This screw continuously cuts away the 
bottom layer of fully treated fuel, which passes down 
to the valve, V°, the opening of which permits further 
descent into chamber E, from which the final valve, 
V4, discharges the semi-coke into a movable hopper F, 
for quenching, washing and screening. 

The whole of the heat conveyed to the charge is 
furnished by the uprising current of low-pressure 
superheated steam in the retort. Steam is generated 
in the boiler T, and is raised in temperature in the 
producer-gas fired superheater U. As will be seen 
from Fig. 1, i enters the superheater at the base of 
thechamber C. In rising through the charge, the steam 
releases the volatile hydrocarbons from the coal, and 
these, with the steam, which at that stage is saturated, 
pass out at the top of the chamber C through the pipe 
G. The valve H, situated at the outer end of this 
pipe, forms an essential feature of the plant. This 
valve, which is operated by a steam cylinder, is con- 
tinually rapidly opening and closing. The purpose of 
this movement is alternately to build up and then re- 
lease the pressure inside the retort. It is claimed that 
this procedure effectively extracts the hydrocarbons 
from the coal and at the same time prevents cracking 
of the volatile products in the retort. Cracking under 
these conditions would form permanent gases and an 
appreciable proportion of pitch with a corresponding 
lowering of the value of the recovered oils. The basis 
of the Turner process is this repetition of high and low 
pressure which it is claimed first restrains and then 
encourages volatile evolution, sweeping the vapours 
into cooler zones immediately they are released from 
the charge. There is said to be complete absence of 
any sign of cracking. The movement of the valve H 
is controlled by a pilot device which operates in terms 
of the internal pressure in the retort. It remains 
closed long enough to build up the internal pressure to 
some 6 to 8 lb. above atmosphere, the time necessary 
for this being some 8 to 10 seconds. During this 
period the steam is penetrating the solid material, but 
evolution is repressed. When the internal pressure 
reaches the point at which the pilot device operates, 
the valve H gives an instantaneous full opening, there 
is a rush of mixed vapours through the valve to the 
condensers and the retort pressure drops immediately. 
This fall of pressure causes a rapid release of hydro- 
carbons, which the rapidly moving steam carries at 
once to the condenser; it is stated that at the same 
time the steam forms protective films around the carbon 
nuclei which remain in a wholly condensable form 
and show no tendency towards permanent gasification. 

The condensing arrangements present no special 
features. The heavy waxes are caught in the trap J, 
and the lighter oils pass to the water-cooled condensers 
K', K? and K°, being collected in the tank M. The 
mixed oil and water condensates pass from the bottom 
of the condensers to the separator L, from which the 
oil passes to the second storage tank and the water 
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Fig. 2. GENERAL VIEW OF COALBURN PLANT. 


drains away. The positicn of the water pump, and of 
the various pipe connections will be followed from 
Fig. 1. As will be seen, some of the heat in the con- 
densing water is recovered by passing the heated water 
through pipe R? to the boiler feed tank. The arrange- 
ments which have been adopted for the operation of 
the valves are of considerable interest. As it is essen- 
tial to secure definite sequence and to ensure that only 
one valve shall be open at a time, the four valves are 
operated by an endless chain driven by an electric 
motor through reduction gear and variable-speed 
gearing. The motor and gear are illustrated in Fig. 4, 
opposite, and their position at the top of the retort 
house is indicated in Fig. 1. As will be seen from 
Fig. 4, the variable speed is obtained from a Vee-belt 





reduction includes both spur and worm gear. The 
main operating chain, which, with its driving sprocket 
is well shown in Fig. 4 is carried, over guide wheels at 
the top of the retort chamber, vertically down the face 
of the wall to a sprocket at the bottom. It is shown 
in full lines in Fig. 1. The chain carries at one point 
a series of pins which in turn engage with sprocket 
wheels fixed near each valve. One of these wheels is 
well shown in Fig. 7, which illustrates the operating 
arrangements for the upper valve, V1. The four 
sprockets, one for each valve, are indicated in Fig. 1. 
The actual valve operating mechanism is driven from 
the spindles of these sprockets by short, endless, chains 
which are indicated in Fig. 1. The arrangement at the 
upper valve is clearly shown in Fig. 7, while the short, 


operating on adjustable cone disc pulleys, and the/ endless chain controlling the lower valve V4, can be 
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Fig. 3. DiscHarage Enp or RErort. 


seen in the background of Fig. 3. The operating gear 
is arranged to release the valves, which fall fully open, 
and then to re-close them positively after a short 
interval. The series of pins on the main chain reach 
each of the sprockets in turn, and cause the valves 
thus controlled to perform this sequence of movements. 

It will be noticed that in addition to this main senes 
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Fig. 6. ConpFNSER FLoor, SHOWING PYROMETER STATION. 


of chains, a further secondary chain is indicated by a 
broken line in Fig. 1. This secondary chain can also 
be seen in Figs. 3 and 7. As will be seen from Fig. 1, 
it is driven from the spindle of the main sprocket by 
the driving gear. It cannot, however, be seen in Fig. 4, 
being hidden behind the worm-gear casing. This chain, 
which operates at intervals only, rotates each mush- 
room valve head, giving it a grinding-in action and 
preserving gas-tightness. In addition to the valve 
mechanism, the main chain also drives the extractor 
screw D, through a short chain and worm gearing, as 
indicated in Fig. 1. A view of the drive is given in 
Fig. 5. This illustration also shows the short, endless 
chain operating valve V%, and also, at the extreme 
left-hand side, the secondary chain operating the 
gtinding-in arrangement of this valve. The purpose 
of the variable speed arrangement in the main gear is 
to vary the rate of travel of material through the 
retort, depending on its nature. In connection with 
this question of the correct treatment for different 
qualities of coal, it should be added that a very complete 
System of thermo-couple pyrometers is fitted through- 
- the plant. They are indicated by the figures 1 to 
Yin Fig. 1. As will be seen, thermo-couple 1 indicates 
the gas temperature at the retort end of the super- 
heater; couple 2, the waste gas temperature; 3, the 
temperature of the superheated steam as it enters the 
retort; and couples 4 to 9, the retort temperature at 
different zones. The pyrometer station is shown in the 
view of the condenser house floor given in Fig. 6. 
' The retort is built up of iron castings, which are not 
th but are lagged externally to minimise heat losses. 
Wing to the action of the superheated steam, the 
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impenetrable scale which obviates any necessity for a 
brick lining, and as a consequence eliminates the heavy 
cost of maintenance and renewals of such linings, which 
is a feature of many carbonisation processes. 

The yield which is obtained from the plant naturally 
varies with the material which is being treated. The 
average recovery of crude ore from representative 
bituminous coals, with about 30 per cent. volatile 
content and 10 per cent. ash, was about 32 gallons per 
ton of coal in a large number of scale tests. Some coals 
are stated to have furnished 45 gallons per ton, lignites 
up to 60 gallons and oil shales 80 gallons. The Coalburn 
plant is now working on low grade trebles nuts, about 
3-in. to 2 in., obtained from a local colliery. The 
fuel has a calorific value of only about 10,300 B.Th.U. 
per lb., but is giving 29 gallons of oil to the ton and 
nearly 14 cwt. of smokeless fuel which it is stated is 
easily disposed of for domestic consumption. This 
fuel is stated to have a calorific value of 13,800 B.Th.U. 
to the ton. The crude oil is practically free from pitch 
and shows approximately 22 per cent. of phenols. On 
fractionating, it has given the following materials :— 


Spirit fractions, up to 170 deg. C. ..... 9 per cent. 
Kerosene fractions, 170 deg. C. to 

220 deg. C. .... aes 5 Son) ae “- 
Lubricant fractions, 220 deg. C. to 

270 deg. C. .... ads re a 99 
Heavy Oils fractions, 270 deg. C. to 

350 deg. C. .... er asks eta “s 


with crude soft wax residue. 
We have no figures concerning the initial and 
running costs of the Coalburn plant, and in any case it 
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Fie. 5. CHarn Drive OPERATING THE ExTRACTOR SCREW. 








Fig. 7. OPERATING MECHANISM FOR UPPER VALVE. 


first installation would furnish more than a rough guide 
to the costs of later and larger equipments. It is stated 
that, making allowance for exceptional factors in any 
particular installation, the maximum capital cost should 
not much exceed 150]. per ton of throughput per day, 
i.e., @ battery of 20 units of 7 ft. diameter retorts, 
each having a nominal throughput of 50 tons per day, 
should be installed for 150,0001., including steam- 
raising plant, superheaters, storage and conveying 
plant and contiguous railway sidings. Where waste 
steam is already available, the capital charges would 
naturally be less. The labour required around the 
plant is comparatively small, and it is expected that the 
overall cost of treatment should not exceed 3s. 3d. per 
ton of coal; for large installations dealing with 
favourable coals requiring less than the average of 
800 Ib. to 900 Ib. of steam per ton of coal treated, it is 
expected that the cost could be brought down to 3s. 
per ton of coal treated. A 7 ft. diameter retort has a 
throughput of some 50 tons a day. 








TRIAL Trip oF THE S.S. “Hvoster.’”’—Successful sea 
trials were carried out off the Tyne on Tuesday, April 26, 
of the fruit-carrying steamship Hvoslef, which has been 
built by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, at their Wallsend yard, for the A.S. Flora of 
Oslo. The vessel is equipped with electrically-driven 


| ventilating plant for the specially fitted fruit-carrying 


spaces in the ’tween decks and holds, and is 254 ft. 6 in. 
in length with a breadth of 35 ft. 6 in. The propelling 
machinery, which has been constructed at the Neptune 
Works of the builders, consists of triple expansion engines, 
steam being supplied by two single-ended boilers of the 


interior of the retort is quickly covered with a hard and | could hardly be expected that the capital costs of a | cylindrical multitubular type. 
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FAILURE OF HELICAL SPRINGS. very large. In such cases the stresses are unknown, 
? : : |} and fractures of springs of aeroplanes and motor-car 
The F ailure of Some Steel Wires under Repeated Tor- | engines are in many ci due to amen greater stresses 
sional: Stresses at Various Mean Stresses Determined |occurring than would be produced by a uniform 
from Experiments on Helical Springs. | strain equal to that of the cam motion. Another 

By Proressor F. C. Lea, 0.B.E., D.Sc., M.I.Mech.E., | cause of uncertainty as to the maximum stress occurring 
and F, Heywoop, M.Sc. | in the spring is the method of loading, and as to how 

‘¥A very considerable amount of work has been done | far this is axial. Non-axial loading produces bending 
on materials to determine the effect of direct repetition and torsional stresses of varying magnitude, whereas 
stresses and the safe range of stress, for varying mean | an axial load produces the same stress at all sections 
stresses, which a material will withstand for an infinite | of the spring. ‘he easiest way of investigating the 
number, or, to be more precise, a very large number of | problem of the safe range of stress that springs would 
repetitions. One of the authors has shown that certain | withstand for a given mean stress is to give the spring 
metals can be subjected to over 500 million repetitions | a definite load producing a known mean stress, and 
of stress without sign of fracture, providing that the | then to oscillate it at its natural period for the given 
range of stress for zero mean stress is below a certain | load through a definitely measured amplitude. The 
amount. This is true of steels, copper and aluminium | manner in which the natural period of oscillation for 
alloys. The cantilever type of specimen, in which| the given load carried is maintained is explained 
the range of stress varies from some specified stress | later. The method has the advantage over any system 
in tension to the same stress in compression, has|in which a mechanical device is used to produce the 
been largely used, while in the Haigh machine the | oscillations in that as the spring oscillates at its natural 
loads are applied directly as tensions and compressions. frequency for the given load, forced oscillations pro- 
In the Reynolds-Smith type of machine the specimen | ducing unequal strains would appear unlikely, and if 
is stressed by the inertia of reciprocating masses, | differential or secondary strains are produced they are 
A considerable amount of work has also been done | small compared with the primary strain. During the 





Fig.1, GENERAL ARRANGEMENT OF APPARATUS 
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Fia. 3. Sprina CRACKED 
IN Two Ptacss. 


“ENGINEERING” 


by Stromeyer, Gough and others on the effect of | early stages of the oscillation a spring may become 
repeated shear stresses in materials when the mean | slightly permanently strained, but any change in length 
stress is zero; but very few experiments, if any, have | due to creep can be adjusted without stopping the 
been recorded on the effect of shear stresses of varying | oscillation. 
ranges when the mean stress is not zero. A flat helical | Dacmmerenon or sun Areanaves. 
spring when loaded statically is subjected to almost = E ; E 
pure shear stresses. Such springs are used for very | A frame ‘ ft. 6 in. long and 6 ft. 6 in. high of rolled 
many purposes. | steel sections C, Fig. 1, is securely bolted to a concrete 
Experiments on the effect of definitely measurable | foundation. — The frame is divided into four panels 
repeated stresses on springs may be directly valuable each containing a complete unit for testing a spring, 
as tests of a very widely used element of machines, | #04 is suppplied with direct-current at 200-220 volts, 
and may give information on the effect of repeated | used either for operating electro-magnets which main- 
shear stresses of different ranges on steels. | tain the oscillations, or for heating electric furnaces 
No experiments appears to have been hitherto | Which are used for testing the springs at various 
carried out to determine the exact range of repeated | temperatures, The spring 8, when tested in tension, 
stresses which will, or will not, fracture springs for | 18 suspended from the rod G. When tested in com- 
given mean stresses. Springs are generally subjected | pression, the spring is placed in a cage, Fig. 2, connected 
to a definite range of strain in compression, either by | to the rod G, and loaded through a location cap guided 
a cam or other type of motion, and if one is subjected | between three rods forming the side of the cage. A 
by such motions to uniform strain throughout its length | weight W is suspended from the Spring, whether in 
the stress produced in it can be calculated when the | tension or compression. To the vertical rod G1 is fixed 
modulus of rigidity of the steel is known. The latter | @ thin plate P. Below the mass W is an electro- 
can be determined from the time of free oscillation under | Magnet E in series with a suitable resistance. This is 
a given load or by measuring the slope of the load-strain | connected to the 200-volt circuit through the contact 
curve for the spring. The easiest way of producing breaker L, which swings on a fulcrum on the bracket D 
a definite strain is to use a cam similar to those used | 8nd makes and breaks contact once in each oscillation 
on internal-combustion engines, but serious difficulties | of the spring. The amplitude of oscillation is controlled 
arise, especially when the rate of the impressed oscilla- by adjusting the position of the magnet E and the 
tions is large. The total strain in the spring is known, resistance in the circuit. To stop sparking a small 
but not whether the strains are uniform. If the | condenser is connected across the terminals of the 
period of oscillation of the spring with certain initial | contact breaker. wh : 
loads is much less than the forced oscillations produced | A mplitude of Oscillation.—To measure the amplitude 
by the cam, nodes may appear, and unequal strains of oscillation the device shown in Fig. 1 18 used. The 
will in general be set up in the spring. That the strain | bracket B is fixed in any convenient position vertically. 
travels along a helical spring compressed by a cam Carried by this bracket is a ball-race on which works the 
in the form of a wave can be directly observed and the graduated nut N. M is a fixed marking edge. The 
velocity of this wave may be calculated. If the | ScTew H is connected to the bracket A and_to this 


period of the forced oscillation is equal to, or some | 
sub-multiple of, the free period, the stresses may be 


a graduated head Q. The rotations of this head are 
|measured by the fixed mark M,. 





* Paper read before the Institution of Mechanical 
Engineers, on Friday, April 29, 1927. Abridged. 











bracket is fixed the right- and left-hand screw RR with | 


The pointed set- | 
| screws VV can be fixed at any distance apart and at any | 
| level; rough adjustment is effected by sliding B and|* By amplitude is meant the total range of the motion. 


fine by the screws H and RR. As the spring is oscil. 
lating, the bracket A can be swung round on the ball- 
race and the points VV adjusted so that they just touch 
the plate P at the upper and lower end of the stroke. 
The magnet being fixed in position and the current 
adjusted the spring can be elongated or compressed, 
and released so that it oscillates under its natural] 
period forthe mass W. The current is adjusted so that 
the mass W only just touches the magnet and no 
appreciable blow is given to the oscillating system, 
As the spring oscillates the plate P moves the rocker 
L which makes contact just long enough to preserve the 
oscillation. The contact is broken before the mass W 
reaches the lowest point of oscillation. There is no 
difficulty in keeping the springs oscillating for several 
weeks without stopping. A light aluminium arm 
actuates a Veeder counter giving a positive record. 
Some difficulty was at first experienced in holding the 
tension springs so that they would break well away 
from point of connection with the vertical rods. This 
was overcome by cutting a thread on the connecter of 
about the same pitch as that of the coils and easing ctf 
the thread very gradually where the spring left the 
connecters. Some of the springs actually broke. in 
two pieces simultaneously ; in Fig. 3 is shown a spring 


Fie. 5. View or Torn Sprina. 


which cracked in two places at once and immediately 
stopped oscillating. This specimen is of great interest, 
as it shows clearly the fracture inside the coils along a 
plane parallel to the axis. Several springs have broken 
in this way. 


MeEtHop oF TESTING AND STRESSES PRODUCED. 


The spring to be tested in tension or compression 
is loaded with a certain weight which produces a known 
static shear stress S, tons per square inch, on planes 
perpendicular to the axis of the wire of thespring. The 
spring is then made to oscillate with a given amplitude.* 
thus producing a stress varying from Sy + 48, to 
S,, — $8, tons per square inch, where S, is the range of 
shear stress corresponding to the amplitude of the 
oscillation. Generally, the endurance tests were not 
continuous from commencement to fracture, as there 
were usually a certain number of involuntary stops 
due to variation in line voltage, wearing away of 
contacts or other causes. These rests do not appear 
to seriously affect the results. During the elongation 
or shortening of the specimen, the coils of the 
spring are varying in inclination, and at any given 
inclination a to the horizontal of the coils the 
section of the spring normal to the axis of the wire 
is, due to the axial load W, subjected to (1) a twisting 
couple WR cos a producing a shear stress g tons per 
square inch; (2) a direct shear force W cos @ producing 
a stress f, tons per square inch; (3) a normal force W\ 
sin a producing a direct stress p, tons per square inch ; 
and (4) a bending couple WR sin a producing @ normal 
stress -+- p, tons per square inch. The stresses due to 
the couples and to the other forces are easily obtained 
by applying the ordinary theory. 

The normal and shear stresses on the section being 
obtained at any point, the principal stresses and the 
maximum shear stress can be obtained. The caleula- 
tions present no serious difficulty. The maximum shear 
stress occurs on planes inclined at 45 deg. to the p!anes 
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of principal stresses and is equal to half the difference 
of those stresses, 

In analysing the results, the maximum tensile and 
compressive principal stresses and the maximum shear 
stress have been calculated in addition to the normal 
shear stress g. A static load-deflection curve was 
generally taken, before subjecting a spring to repetition 
stresses, to determine the Modulus of Rigidity N and, 
in the case of some tension springs, the Modulus of 
Rigidity was determined by recording the period of 
oscillation. With one spring from each batch, the 
loading was carried above the limit of proportionality 
in order that this point could be determined. 


MATERIALS USED FOR THE TESTS. 

The tests were made on springs containing various 
percentages of carbon and manganese and heat-treated 
in different ways and also on two chrome-vanadium 
steels, 

Tension Springs. 

Batch No. 1.—The springs were made from 0-94 per 
cent. carbon Siemens-Martin steel and were tempered 
only. They were close coiled. The Modulus of 
Rigidity N for this batch is fairly consistent, and 
its value varies between the limits 11-44 x 10® lb. 
per square inch and 12-53 x 10° lb. per square inch 
with a mean value of about 12 x 10° lb. per square 
inch. Fig. 4 (No. 1) shows the endurance curve. The 
maximum principal stress is tensile, and failure may be 


Fig.4. ENDURANCE CURVES FOR TENSION SPRINGS. 


and the specimen ran for a further 2 millions at 
25-94 tons per square inch range; that is to say, the 
specimen had now completed 24 millions at a stress 
range equal to or greater than 25 tons per square inch. 
The stress range was again increased, and the specimen 
ran over 34-43 millions at an alternating stress of over 
25 tons per square inch. It would appear, therefore, 
that the range of repetition stress for a mean normal 
shear stress of 17-60 tons per square inch is not less 
than 25 tons per square inch, the maximum stress 
being about 30 tons per square inch. 

Points 7 to 7e, Fig. 4, No. 2, are plotted at the number 
of repetitions for which the specimen ran at the 
particular stress plotted, or at a stress greater than the 
plotted stress, ¢.e., the number of repetitions for any 
particular stress is obtained by subtracting the number 
of repetitions that have taken place at all stresses 
lower than that particular stress from the total number 
of repetitions to fracture. The points so obtained are 
joined in the figure by brokenlines. The points showing 
the number of oscillations completed at each stress 
are, in most cases, also shown in the figures. Both 
these methods of plotting show clearly the raising of 
the fatigue limit by gradually increasing the range of 
stress ; this has also been shown by one of the authors 
on specimens subjected to bending stresses. * 

From Fig. 4 it would appear that at a certain stress 
there is a very sudden increase in the number of 





repetitions which a specimen will stand when the 
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(82.0) 


é ? * a #2 No. of Coils = 46. 


Carbon 0-94 percent. Manganese 0-93 per cent. 


Batch 1. 


Mean Diameter of Coils = 0-612 in. 


Diameter of Wire = 0-071 in. 

i 0-69 per cent. Manganese 0°56 per cent. 
Batch 2. + Mean Diameter of Coils = 0-607 in. 
\ Diameter of Wire = 0-074 in. 


due either to the maximum shear stress or to the maxi- 
mum principal stress acting at the inner extremity of 
the horizontal diameter of a normal section of the wire. 
Fig. 5 shows how the material tears. This mode of 
fracture, which is of the nature of a split parallel to the 
axis of the wire and about } in. long, is peculiar to 
wire which has not been hardened by quenching after 
coiling. It would appear that the material failed by 
cracking on the inside along planes nearly parallel to 
the axis of the specimen. There is no evidence of shear 
along planes perpendicular to the axis of the springs. 
For these tension springs the safe range of normal 
Shear stress is about 28 tons per square inch for a 
maximum stress of 35-7 tons per square inch. 

Batch No. 2.—The steel from which these springs 
were made was a 0-69 per cent. carbon basic steel, 
not hardened, and tempered after coiling. The 
Modulus of Rigidity N for these springs is very consistent, 
and has a fairly high value lying between 11-56 x 10° 
lb. and 12-4 x 10°1b. per square inch. In Fig. 6 the 
load-deflexion curve for spring No. 1, from which the 
limit of proportionality was calculated, is shown. 
Fig. 4, No. 2, shows the endurance curves; with 
two exceptions, the tests were made with the same 
static load and variable amplitude. 

Spring No. 4 ran for 6-12 million repetitions at 
Tange of stress of 24-6 tons per square inch without 
fracture; the range of stress was then increased to 
26-1 tons per square inch for 15-08 million repetitions, 
when the stress range was again increased to 27-6 tons 
Per square inch, at which it ran for 10 millions; the 
stress range was finally increased to 29-2 tons per 
Square inch, and the spring ran for a further 10 million 
repetitions without breaking. 

Spring No. 7 ran for over 34 million oscillations 

fore fracture, the stress range having been raised 
during the test from 25 tons per square inch to 29-1 tons 
Per square inch. At the stress range of 25 tons per 
Square inch the spring was subjected to 22 million 
reversals of stress. The stress was then increased, 





stress is lowered by a small amount. This is true of 
all the springs tested. 

The safe range of stress for the springs containing 
0-69 per cent. carbon is lower than that obtained with 
the springs of batch 1, containing 0-94 per cent. 
carbon. Both these batches of springs were made 
from wire which had not been hardened by quenching. 
From the ultimate breaking strengths in tension, 
73-7 tons and 120 tons per square inch respectively, 
it would appear that more cold work had been done 
on the batch 1 springs than on those of batch 2. 

Batch No. 3.—The steel from which these springs 
were made was a 1-23 per cent. carbon crucible cast- 
steel, hardened and tempered after coiling. The value 
of the Modulus of Rigidity N for the springs varied very 
considerably, and extreme values of 11-8 x 10° Ib. per 
square inch and 9-26 x 108 lb. per square inch were 
obtained, a variation of 27 per cent. The curves for 
this batch are very steep below 100,000 repetitions, 
and there is a very large variation in the stress which 
will cause fracture below, say, ¢ million repetitions. 
If a linear relation between mean stress and range 
of stress (see later) is here assumed to hold, the 
relation is given by S, = 20-8 —0-22 S,, where 
S, is the safe range of normal shear stress for any 
normal shear static load stress S,. 

The values given for this batch of springs seem 
worthless, but may be worth recording for the reason 
that they probably throw more light on failures 
that frequently occur in practice than those from 
springs which give uniform results. Faulty material 
and heat treatment account for the erratic results 
and the low ranges of stress as well as the low 
Modulus of Rigidity. They also indicate that 
“‘ metallurgical”? and ‘ mechanical’ discontinuities 
are of great importance in this problem of failures. 
It is difficult to explain the low values of the 


* ** Materials for Aircraft Construction,” Jenkin, and 
ENGINEERING, Vol. cxv, pages 217 and 252 (February 16th 
and 23rd, 1923), 





Modulus of Rigidity and fatigue range, except on 
the assumption that small cracks have been produced 
in the springs during manufacture; from these the 
failures develop under the repetition stresses. The 
microstructure did not indicate any good reason for 
the failures, which indicate the very great importance 
of care in heat treatment. 

Batch No. 4.—These springs were made from 1-35 
per cent. carbon steel, hardened and tempered after 
coiling. ‘Tests showed that the variation in the value 
of the modulus of ridigity was large, though not quite 
so great as in the case of the springs of Batch 3, 
extreme values being 9-73 x 10¢lb. per square inch and 
11-6 x 10°lb. per square inch. The fatigue properties 
of this batch are little better than those of Batch 3. 
The behaviour of spring No. 3 is curious in that the 
limiting range for a given mean stress appears to 
be considerably higher than for the other springs 
of this batch. This spring withstood nearly 
11 million repetitions at a range of 21-36 tons 
per square inch and a mean stress of 21-77 tons 
per square inch, after which the range of stress was 
increased in increments to 26-75 tons per square inch, 
at which stress the spring ran for 130,000 oscillations 
before fracturing. 

Spring No. 10 of the same batch ran for 168,000 
repetitions before fracture, the stress range being 
only 18-9 tons per square inch and the static stress 
the same as in the previous case. The Modulus of 





Fig.6. LOAD EXTENSION CURVES FOR TENSION SPRINGS. BATCH 2. 
24 





5 6 


“ENGINEERING” 


2 


3 4 
Deflezxion (Inches) 
Mean Diameter of Coils = 0-607 in. 

Diameter of Wire = 0-074 in. 
Limit of Proportionality on First Loading = 24-2 Tons per sq. inch. 
Limit of Proportionality on Second Loading = 31-2 Tons per sq. inch. 


| Rigidity for the two springs had values of 10-61 x 108 
| lb. per square inch and 10-28 x 10° |b. per square inch 
| respectively. Photomicrographs of the section of the 
| wire of both springs were taken, but no appreciable 
| difference of structure was apparent. No hair cracks 
could be detected at the chosen sections, Hardness 
| tests on the material of the broken springs, Nos. 3 
and 10, taken at the centre of the wire showed that 
the hardness numbers were 483 and 516 respectively. 
The fatigue range of stress has been found for three 
mean stresses. Using the same notation as before 
S, = 25-8 — 0-185 S,. 

Batch No. 5.—These springs were made from high- 
tensile wire containing 0-84 per cent. carbon, and 
were tempered after coiling. The limit of proportion- 
ality occurred at 34 tons per square inch, and the 
fatigue range was also relatively high. Using thesame 
notation S, = 36:0 —0-255S8,. The mode of failure 
of these springs was similar to that usually associated 
with springs which have been made of the cold-drawn 
wire. The fracture extends for some distance along 
the wire, and is more in the nature of a split than a 
break. Several of the springs failed by a preliminary 
cracking before finally breaking. Such a spring is 
shown in Fig. 3. Microscopic examination showed that 
the surface of the springs was decarburised to a depth 
of about four ten-thousandths of an inch. 

Batch No. 6.—These springs were made from chrome- 
vanadium wire and were hardened and tempered after 
coiling. With the exception of one spring the Modulus 
of Rigidity varied from 11-29 x 10°lb. per square inch 
to 12-11 x 10° lb. per square inch, with a mean 
value of 11-73 x 10° lb. per square inch. The spring 
referred to gave an exceptionally low value of the 
‘apparent ’’ modulus, viz., 7-8 x 10° lb. per square 
inch. This was found to be due to a crack extending 
|for about 18 coils along the wire on the outside of 
the spring. With this exception the limit of propor- 
tionality was about 37 tons per square inch, and it 
might be expected that the safe range of repeated 
stress would also be high. This is not the case, 
With a mean stress of 18-9 tons per square inch 
the range of stress was lowered for successive springs 
| from 31-9 tons per square inch to 20-7 tons per 
| square inch, all the springs breaking after a number 
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of oscillations varying between 100,000 and 300,000. | series of ‘‘ by-passed ’’ gas sampling tubes, (e) a suitable | 


On the stress range being reduced to 19-7 tons per 
square inch, a further spring was unbroken after 
16 million repetitions, a fact which illustrates the 
remarks which have already been made with regard 
to the very sudden transition from the “safe” to 
the ‘‘ unsafe’ regions of stress. 

The safe range of shear stress is given approximately 
by the following relation :— 


Sa = 22-5 — 0-15 Su. 


(To be continued.) 








THE INTERACTIONS OF GASES AND 
ORE IN THE BLAST-FURNACE.* 


Part I.—Atr TEMPERATURES UP TO 650 Dea. C. 


By Proressor W. A. Bone, D.Sc., F.R.S.; L. REEveE, 
Pu.D.; ano H. L. SaunpERs, PH.D. 

In the ‘‘ Report on Fuel Economy and Consump- 
tions in the Manufacture of Iron and Steel,” presented 
to this Institute in 1919 on behalf of the British Asso- 
ciation Fuel Economy Committee by Professor W. A. 
Bone, Sir Robert Hadfield, and Mr. A. Hutchinson,t 
a review was made of the classical researches of the 
late Sir Lowthian Bell more than fifty years ago into 
the chemical phenomena of iron smelting, and the 
conclusions drawn therefrom as to the limits of fuel 
economy in a blast-furnace smelting calcined Cleveland 
ironstone. The opinion was expressed that “ the 
problem of fuel economy, as it presents itself to-day, 
is one rather of scientific organisation and co-ordina- 
tion than of the discovery of new principles.”” Certain 
lines of action were recommended, and in a concluding 
paragraph it was urged that ‘ The full accomplishment 
of all (or indeed of any) of these reforms will demand 


much co-operative investigation and action through- | 


out the whole industry. But the fuel situation has 
now become so serious in this country that the industry 
ought to set aside sectional and individual interests 
and jealousies in a mighty and patriotic concerted 
effort to achieve the utmost economy in its use of 
oe ae 

This appeal was not altogether in vain, for in the 
year 1923 the National Federation of Iron and Steel 
Manufacturers set up a Fuel Economy Committee for 
the purpose of organising co-operative investigations 
and researches into such matters, and although much 
remains to be done in developing and extending its 
work, a serious start with the problem has been made. 
Professor Bone was asked to submit a memorandum 
outlining his views as to how such an investigation 
might best be carried out; this having been con- 
sidered, arrangements were made for the research 
to be carried out under his supervision at the Imperial 
College of Science and Technology. This paper, 
which is presented to this Institute by the authors 
at the request of the National Federation’s Fuel 
Economy Committee, embodies the principal results 
of the first two years’ work upon the interactions 
of the furnace gases and ores at temperatures up to 
650 deg. C. 

Outline of the New Investigation, and its Results.— 
The authors wish it to be understood that the prime 
object of these experiments has been to ascertain, 
by the best laboratory methods available, the facts 
concerning the interactions between oxides of carbon, 
when diluted with much the same proportion of 
nitrogen as in blast-furnace gas, and oxides of iron, 
&c., at temperatures between 380 deg. C. and 650 deg. C. 
which is an important range from the point of view of 
‘*‘ carbon deposition ”’ in the furnace. For this purpose 
they have chiefly employed (a) gaseous mixtures 
initially containing 34 per cent. of carbonic oxide and 
66 per cent. by volume of nitrogen, hereinafter 
referred to as the “ blast-furnace (or ‘‘ B.-F.”’) mix- 
ture,’’ and (b) two ores (referred to as A and B respec- 
tively), A being a hematite containing 82-36 per cent. 
Fe, 03, kindly supplied by Messrs. The Barrow Hematite 
Iron Company, and B a Spanish Rubio ore containing 
75°41 per cent. Fe,O3, kindly supplied by Messrs. 
Guest, Keen and Nettlefolds, Limited. 

The experimental metiiod employed was essentially 
the ‘circulation method ”’ introduced by one of the 
authors many years ago for the investigation of 
** surface combustion ”’ and similarinteractions between 
gases and solids. ¢ Briefly, the procedure consisted 
in continually circulating the B.-F. mixture at a 
pressure of about 630 mm, in a closed system comprising 
(a) a quartz reaction tube containing one of the ores in 
question, maintained at some selected constant tem- 
perature between the limits referred to, (b) a mano- 
meter, (c) an automatic “circulating pump,” (d) a 








* Paper read before the Iron and Steel Institute, 
London, on May 5, 1927. Abridged. 
t See ENGINEERING, 1919, vol. cviii, p. 392. 
Bone and Wheeler, Transactions of the Chemical 
Society, 1903, vol. Ixxxiii, pp. 1074-1078. 


drying agent to ensure the gaseous mixture being kept in | 
| a constant hygroscopic condition throughout a given | 
|series of experiments, and (f) a ‘‘ capacity vessel ”’ | 
| of convenient size. Seeing that the principal inter- | 
| actions occurring between the ore and gases in such | 
| such circumstances would be of the types | 
(i) FegO04 + CO = 3FeO + COg 
and (ii) 2CO = COg + C, 


the course of events in each experiment could be 
|followed by making simultaneous pressure readings 
|and gas analyses at selected time intervals until 
|equilibrium was attained; the ‘‘ by-passed” gas 
sampling tubes enabled this to be done without altering | 
'the pressure of the main body of the gas in the 
| apparatus, 











The quantities of gas and ore used in any one experi- 
ment were so chosen that the ultimate attainment 
of equilibrium in the gaseous phase would not involve 
the removal of more than a small fraction (never 

Fig. 3. ORE‘A” TREATED AT 380°C 
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exceeding 10 and usually less than 5 per cent.) of the 
total available oxygen in the ore used. This meant 
that, owing to the smallness of the alteration in the 
solid phase, it was possible in each experiment to study 
the rate of change and final equilibrium in the gaseous 
phase in relation to a solid phase of nearly constant 
composition; and, by successively carrying out at 
each selected temperature a series of such experiments, in 
which all conditions were kept constant except the 
initial composition (7.e., “‘ state of reduction’) of the 
solid phase, the oxygen content of which was diminished 
step by step in successive experiments, it was possible 
to correlate variations in the gaseous equilibrium 
and the velocity of its attainment with changes in the 
state of ore reduction until no further oxygen was 
removed. Such a “circulation method” has many 
obvious advantages over those chiefly employed 
hitherto, not least being the shortening of the time 
required for the attainment of equilibrium in a system. 

During the greater part of the investigation to date, 
calcium chloride-dried B.-F. mixtures have been 
employed, because it was important first of all to estab- 
lish reliable data for reaction systems which, although 
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Percentage of Total Co used up 





not absolutely dry contained relatively little water 
vapour. This first objective being accomplished, the | 
study of the effects of adding known small proportions | 
of water vapour or hydrogen to the gaseous phase was | 
begun. No previous investigator seems to have 
considered this point; but these experiments show it 
to be a most important one, and that herein may even 
= the key to the explanation of the efficiency of dry | 
ast. 

Experimental Results ——The general character of 
the experimental results will perhaps be best understood 
by reference to the accompanying series of curves 
(Figs. 3 to 8, a and 6), which have been specially drawn 
for the purpose. These embody, in a condensed form, 
all the principal results to date, and only such brief 
explanations as will enable the reader to follow them 
need be given. In the first place, it should be under- 
stood that the investigations have covered the inter- 
actions between the calcium chloride-dried B.-F. 
mixture and each of the ores A and B (at various 
stages of deoxidation in each case) respectively, at 
four selected temperatures, namely, 380 deg., 450 deg., 
550 deg., and 650 deg. C. Within such temperature 
ranges the carbonic oxide in the B.-F. mixture either 
reacts, or is capable of reacting, with the ore charge 
simultaneously in two different ways. 














(a) It may deoxidise the ore, thus : 
(i) 3FegO3 + CO = 2Feg04 + COg (practical!, 
irreversible). ; 
(ii) FegO4 + CO = 3FeO + CO2) both 
(iii) FeO +CO=Fe+COg f reversible. 
or (6) It may effect ‘‘ carbon deposition,” thus : 
2CO = COg + C. 

An outstanding new fact which has emerged from 
these experiments with the calcium chloride-dried gases 
is that at each temperature the reducing reactions (i) 
always predominate during the initial stage of ore 
reduction, (6) coming into play only after a certain 
amount of oxygen, according to the temperature, has 
been removed. Once carbon deposition has begun, 
however, it proceeds at a rapidly accelerating rate, as 
oxygen is progressively removed from the ore, whilst 
the rate of ore reduction is concurrently decelerated, 
until eventually a certain stage of reduction is arrived 
at, dependent mainly on the temperature, but also 
to a less extent upon the nature of the ore, after which 
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practically all the usable carbonic oxide* is utilised in 
‘* carbon deposition ” and practically none of it in * ore 
reduction.”” The particular stage of reduction at 
which this occurs, in the case of any ore at each partl- 
cular temperature, may be called the “ reduction 
limit ’’ of the ore at such temperature. ; 
The variation of these ‘reduction limits” with 
temperatures for the two ores in question, under the 
said experimental conditions, is shown in Table I. For 
each of the foregoing temperatures in the accompanying 
series of curves (Figs. 3 to 8, a and b) are plotted as 
ordinates : 
(i) in curves a, the observed percentages of the total 





* By “ usable carbonic oxide ” is meant the maximum 
amount which can be utilised at each temperature, 
having regard to the existence of an equilibrium CO/CU2 
ratio. 
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carbonic oxide in the dried B.-F. mixture, used in “‘ ore 
reduction ’’ and ‘‘ carbon deposition,” respectively ; 

(ii) in curves 6, the observed equilibrium pad ratios. 

2 

In each case the abscissa shows the percentage deoxi- 
dation of the ore (i.e., the percentage of the available 
oxygen* removed). The numerals on the curves 
refer to the number of the experiments. 

TABLE I. 





Percentage of Oxygen removed up 
to the Reduction Limit. 
Temperature deg. C. 








Ore A. Ore B. 
208. id se wa 11:5 12:4 
450 .. oe ee ma 13-7 — 
550 .. ES os aa 23-0 37-4 
650 .. es aa ae — 100-0 








Attention is only directed to some of the outstanding 
features of the curves, which are as follows : 

Temperature 380 deg. C. (Figs. 3 and 4, a and b).—It 
will be seen that, with the virgin ore, upwards of 
90 per cent. of the total carbonic oxide originally in 
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the system was used in “ore reduction,’ and less 
than 10 per cent. of it in ‘‘ carbon deposition.” This 
state of things continued until about 10 to 12 per cent. 
of the available oxygen in the ore had been removed. 
Once past such a stage in the ‘‘ ore reduction ”—which, 
it may be noted, roughly corresponds with the irrever- 
sible Fe,0,;—> Fe,0, stage, in which all the CO is 
convertible into CO,—the foregoing state of things 
was rapidly reversed, with the result that ‘‘ ore reduc- 
tion” practically ceased, and all the remaining “‘ usable 
carbonic oxide”’ was utilised in ‘‘ carbon deposition ” 


until an equilibrium oo ratio of 0-3 had been at- 
2 


tained. Such equilibrium ratio, however, should not 
be compared with the theoretical ratio for the system 
Fe,0, + CO = 3 FeO + CO,, or for the system 2 CO — 
C+ CO,, at this temperature. It does not seem to 
be the latter, and although possibly it may be the for- 
mer, it had better be regarded provisionally as a 
“Tesultant equilibrium only.”” What has here been 
called the ‘ore reduction ” limit for each ore at this 
temperature is indicative of the point at which the 
curve showing the ‘‘ percentage CO used in ore reduc- 
tion” in Figs. 3a and 4a, if prolonged, would cut the 
abscissa in each case, 

It will also be observed that, whilst the curves for 
the two ores in question both present the same general 
features, they show minor differences; for in the case 
of ore B, not only was a greater percentage of the CO in 
the system used for oxygen removal ab initio, but also 
the * ore reduction ” limit was higher than in the case 
of ore A; the latter observation applied even more at 
the other temperature investigated. It would, there- 
fore seem as though the physical nature of the ore is a 
factor which cannot be ignored when considering its 
behaviour towards the gases in a blast-furnace. 

Temperature 450 deg. C. (Fig. 5, a and b).—At this 
temperature only ore A has been investigated. It 











will be seen from the curves that, until about 8 per cent. 
of the oxygen in the ore was removed, upwards of 90 | 
| 
* By ‘available oxygen in the ore” is meant the | 
oxygen in the FegQz. 








per cent. of the CO in the system was utilised in “* ore 
reduction’; subsequently this state of affairs rapidly 
altered until, when 13-7 per cent. deoxidation of the 
ore had been reached, the position was completely 
reversed, the whole of the usable CO now being utilised 
for ‘“‘ carbon deposition.” The latter proceeded until 
a ratio of 0-4 was attained. It 
thus appeared that the results at this temperature 
were not very materially different from those at 380 
deg. C., except that reaction velocities (a discussion of 
which is reserved for a future paper) were all many 
times faster. Similarly, the time taken for the attain- 
ment of the final equilibrium was now very much 
shorter. It was thus evident that between 380 deg. C. 
and 450 deg. C. there was a considerable acceleration 
of all reactions. 

Temperature 550 deg. C. (Fig. 6, a and b).—Here 
again it will be seen that with a virgin ore over 90 per 
cent. of the total CO was utilised in ‘‘ ore reduction ”’ 
until somewhere about 10 per cent. deoxidation had 
been effected. This state of affairs then underwent 
a rapid change, the ‘‘ ore reduction” reaction dimi- 
nishing and the “‘ carbon deposition ’’ correspondingly 
increasing until the “ reduction limit ” (which for ore 


an equilibrium 





passed, however, the reactions concerned in the 
remaining stages— : 
Feg04 + CO = 3FeO + COg 
and FeO + CO=Fe + COg 
are all reversible. Hence, if no other interaction (such 
as that involved in “ carbon deposition ”) supervenes, 


a definite ao: equilibrium ratio for one or other of 


the above systems should eventually be attained at 
each particular temperature. 

At all temperatures up to 650 deg. C., as soon as the 
aforesaid 10 per cent. ore reduction point had been 
passed, the reversible carbon deposition reaction 
(2CO—=C + CO,) rapidly supervened, and although 
& 2; equilibrium ratio was eventually reached at 
each temperature, it was a resultant equilibrium ratio 
only. At 650 deg. C., however, the carbon deposition 
(2CO —C + CO,) reaction did not supervene until 
90 per cent. ore reduction had been effected. Conse- 


quently, between the limits of 10 and 90 per cent. 
ore reduction, the true ved equilibrium ratio for a re- 


2 
versible system Fe,0,(FeO) + 2CO— 3Fe0(Fe)+ 2CO, 
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A was 23 per cent., and for ore B 37-4.per cent.) had 
been reached, after which ore reduction ceased, all 
the ‘usable CO” being utilised for “‘ carbon deposi- 


tion.” The resultant equilibrium oo; ratio at this 
temperature at the ore reduction limit was about 0-9 
for both of the ores. 

Temperature 650 deg. (Fig. 8, a, 6, and c).—Ore B 
only was completely investigated at this temperature, 
although so far as the experiments with ore A have 
gone, their results have been almost the same as those 
obtained with B. In one respect—namely, that, up 
to about a 10 per cent. deoxidation, nearly all the 
carbonic oxide in the system was used up in “ore 
reduction ”—the results at this temperature presented 
no new feature. In other respects, however, a striking 
difference was observed, in that after the 10 per cent. 
deoxidation point had been passed, although all 
reduction was decelerated, no “‘ carbon deposition ”’ 
supervened until 90 per cent. of the oxygen originally 
in the ore had been removed. Indeed, at this tempera- 
ture the carbonic oxide proved to be capable of 
removing the whole of the oxygen from ferric oxide, 
there being no “‘ ore reduction” limit. An enlargement 
of the final section of Fig. 8a (90 per cent. to 100 per 
cent. reduction) is shown in Fig. 8c. 

It was thus evident that the reason why, at this and 
all the other temperatures investigated, the whole of 
the carbonic oxide in a Fe,0,—CO system can be 
utilised for ‘ore reduction,” until (but not after) 
about 10 per cent. of the original oxygen in the ore has 
been removed, lies in the irreversibility of the reaction 


3Fe203 + CO = 2Fe304 + COz. 


When once this stage in the ore reduction has been 


(c) The “90 to 100 Per Cent Reduction” Section of (a) drawn to a larger scale 
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was now observable for the first time. From these 
experiments this ratio at 650 deg. C. for the system 
Fe,0, + CO — 3Fe0 + CO, is about 0-7, and for the 
system FeO + CO— Fe + CO, is about 1-7; although 
as might be expected, there is a tendency for these two 
values to ‘‘ overlap,” because, probably, at no stage 
in any experiment is the composition of the solid phase 
entirely such as corresponds with one reversible system 
only. It would thus seem as though 650 deg. C. is 
the upper temperature limit for the occurrence of any 
marked ‘‘ carbon deposition’’ as the result of the 
reversible 2CO— C-+CO, reaction in the furnace. Prob- 
ably it will not altogether cease at higher temperatures 
towards the ultimate stage of ore reduction, but its 
influence upon the furnace reactions generally will be 
relatively small, and in particular it will no longer 
impose a limit on ore reduction. 

Influence of Water and Hydrogen.—It should be 
borne in mind that the results dealt with so far have 
reference to fairly dry systems from which hydrogen 
has been excluded. In the blast-furnace, both water 
and hydrogen are always present. A systematic investi- 
gation of the effects of admitting them to the systems 
in question has, therefore, been commenced, but so far 
only one series of such experiments has been completed, 
namely, at a temperature of 550 deg. C. 

With regard to the influence of water vapour in 
systems involving “surface” interactions between 
gases and solids, it has been shown that, whilst in 
many cases an extreme degree of drying, such as can 
be achieved in laboratories but never in ordinary 
circumstances, renders the system relatively inert, or 
may even inhibit chemical reaction altogether, the 
presence of more than a small proportion of steam 
may cause a “lagging” of the solid surface by 
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H,O molecules, and so retard the chemical changes. | HOURS OF LABOUR IN GERMANY. 


In such circumstances the effect of progressively | 


“drying out” the system is initially to increase its 
reactivity, because of the removal of the H,O lagging 
from its surface. When, however, the process is 
pushed to its extremity, the reactivity of the system 
is reduced almost to zero. An instance of this kind 
of thing was recently described by one of the authors 
in a paper on ‘“ The Influence of Steam upon the 
Catalytic Combustion of Carbonic Oxide.’’* 

In a series of experiments upon ore B at 550 deg. C. 
the effect upon the reactions of the addition of 2 per 
cent. of hydrogen to the B.-F. mixture was studied. 
It materially increased the proportion of the original 
CO used in “ore reduction,’ and diminished that 
used in “carbon deposition ’’ at all but the initial 
stages of ‘‘deoxidation.”” The resultant effect of 
this was to raise the ore reduction limit at this 


temperature from 37-4 to 66-7 per cent., albeit the | 


resultant reaction speed was, if anything, slightly 
reduced. Such a result shows the importance of 
this aspect of the matter being thoroughly investigated 
at all temperatures, because until the effects of steam 
and hydrogen in such systems are precisely known 
at all temperatures, between, say, 400 deg. C. and 
1,200 deg. C., we shall remain in our present state 
of ignorance about what may prove to be a very 
important factor in the blast-furnace. 

Time of Contact.—Another important factor which 
should always be considered in experiments of this 
kind is “time of contact,” and this has not been 
overlooked. In the upper third of a blast-furnace 
the total time of contact between the gases and the 
materials comprising the charge is probably of the 
order of one to three seconds, whereas in laboratory 
experiments such short contacts can rarely be arranged 
for. Presumably the mere speed at which the gases 
traverse such a system would not affect the chemical 
equilibria at different temperatures, although the 
existence of adsorbed gas films at the boundary 
surface between the solid and gaseous phases may 
prove to be a factor of greater importance in controlling 
the rate of attainment of equilibrium than has been 
supposed hitherto. This is a matter upon which no 
final opinion can be expressed until it has been experi- 
mentally tested. 

Concluding Remarks.—The gas analysis and pressure 
data, obtained in each experiment (i.e., at each stage 
of reduction), enabled the following results to be 
calculated :— 

1) The © ratio in the final gase 

(1) The COs ratio in the final gases, 


. 


(2) The rate of attainment of this ratio. 

(3) The percentage of CO in the original B.-F. 
mixture used up in each of the two main 
reactions, viz., in iron ore reduction and in 
carbon deposition. 


The results obtained in this way have been 
summarised (with the exception of those coming 
under heading (2), which are being reserved for future 
publication) in the set of curves (Figs. 3 to 8) which 
have already been discussed. In presenting this first 
instalment of the results of their experiments, the 
authors wish it to be understood that it should be 
viewed more as a “progress report’? than as a 
completed story, which indeed it does not pretend 
to be. The issues involved in blast-furnace reactions 
are far too many and complicated to be settled in 
a year or two; and, even with the aid of the best 
experimental resources available, the completion of 
their experimental programme will require many 
more years, 

If, however, it be thought worth while, and the 
necessary support is forthcoming from the industry, 
it is hoped eventually to lay a sound foundation of 
ascertained data concerning the interaction between 
furnace gases and the materials comprising the charge, 
at all temperatures between 380 deg. C. and the 
highest which can be attained on an experimental 
scale. The authors trust that their present results 
will be recognised not only as having added something 
to the knowledge of the subject, but also as giving 
promise of more to follow, In this connection they 
would like to urge the desirability of steps being taken 
to correlate the present and any future experimental 
results with actual blast-furnace conditions. Thus, 
for instance, it would be a great advantage if, parallel 
with these experiments, systematic observations were 
made of the actual condition and composition of the 
gases and ores, as well as of the corresponding tem- 
peratures at various levels of modern blast-furnaces 
under different smelting conditions, for if laboratory 
researches and such furnace observations could be 
systematically correlated, not only would progress 
be expedited, but we should feel sure of the ground 
traversed, 





* Proceedings of the Royal Society, 1926, A, vol. exii, 
pages 474 to 499, 








a “full effective working day or week.” Again, 
besides the allowance of two hours overtime for male 


GERMAN trade unionism has won and lost what is | workers over 16 years of age on 30 days in the year, 
called the eight-hour working day since the war, and | extra overtime may be worked on any occasion, in 
is now going to try to win it back—at all events, in| any occupation, on ‘‘ temporary work done in emer- 
some industries. Incidentally, an eight-hour day | gencies.” Two hours extra may also be worked “ load- 
jmeans one thing in Britain, but another thing| jing, unloading, and moving wagons, if necessary, to 


in Germany and on the Continent generally. The | 
German Miners’ Union intends pressing for strict 
adherence to the eight-hour principle in and about all | 
mines. The Coalowners’ Association at present refuses 
to make any concession. Probably the matter will go 
to arbitration. Meantime, the Government has issued 
an emergency decree, or order, limiting overtime in the 
mining and metal industries pending the introduction 
of a new and general Hours of Labour Bill. At the 
present time there is an eight-hour shift below ground in 
all black coal mines except those in Silesia, which 
operate on an 8}-hour shift. In some mining areas 
there is a 10-hour day above-ground. The eight-hour 
shift is worked in few cases above-ground except on 
continuous processes, as at coke ovens and other 
furnaces necessitating seven days and nights per week. 
At the lignite, or brown coal, mines the 10-hour day is 
general, above and below-ground. When the Miners’ 
Union presented its case for an all-round eight-hour 
day it offered that work should proceed on the econo- 
mical three-shift system, and that overtime would be 
worked on repairs, &c., at the week-ends. When the 
British Mines Eight Hours Act was carried in 1908, 
it was definitely promised that our mines would operate 
on the three-shift system, and that output would be 
increased and costs reduced, but this promise has not 
been fulfilled. 

In the metal group of industries in Germany—that 
is, iron, steel, engineering and related occupations— 
there is no approach to a general eight-hour day, and 
in recent months, overtime has greatly increased. 
As the International Federation of Trade Unions 
reports, working hours in Germany are regulated by 
the Working Hours Decree of December 31, 1923. 
This measure adopts the principle of an eight-hour 
day, but contains numerous exemptions which allow 
9 and 10-hour shifts to be worked by agreement 
between employers and workmen. The normal work- 
ing week arranged in the metal trades is 54 in Hamburg, 
Breslau and Stuttgart districts; 56 in Magdeburg ; 
57 in Hagen; 574 in the North West, except the city 
areas just named; and 60 hours in Berlin and Mann- 
heim. At blast-furnaces and such like plants which 
demand both night work and Sunday work, the three 
eight-hour shifts are commonly worked. An official 
report prepared for the Ministry of Labour, covering 
part of the steel, engineering and textile trades, shows 
that in October last 53 per cent. of the workers were 
employed on shifts exceeding 48 hours a week, the 
majority working between 52 and 56 hours, and some 
60 hours, whilst seven concerns employing 0-11 per 
cent. of the workers covered by the Report worked 
more than 60 hours a week. It is stated that the 
workers themselves pressed for longer hours, or over- 
time, and this is confirmed by the figures which show 
that practically all overtime work is performed law- 
fully under collective agreements as provided by the 
Decree of 1923, and only a small part is done under 
official permits granted to employers at their own 
request. 

It is probable that the hours, or averages, spread 
over all the industries, or all the workers in a given 
industry, are greater than those given in the Report. 
An investigation made in Germany recently suggested 
that far more overtime was being worked than is 
generally supposed by those who rely on the official 
reports, and it is worth noting that the latest Report 
referred to above only covers “ part ’’ of the industries. 

After the passive resistance strike against the 
French occupation of the Ruhr, and with the 1923 
Decree in force, with all its exemptions, the employers 
in that area only reinstated the workers on condition 
of a recognition of pre-war working hours. That 
meant 60 to 74 hours a week; but after prolonged 
negotiations, it was agreed that there should be a 
standard 574 hour-week in the finishing industries 
and 60 hours in the smelting works. Still later, the 
finishing trades obtained a 56-hour week; but over- 
time is worked very liberally when required. 

The German Working Hours Law, as amended by 
Decree or Order, is very elastic. There is a provision, 
for instance, that all lost time through sickness or 
other cause may be made good subsequently; there 
is a rule, or exemption, permitting overtime in all 
cases “to avoid the spoiling of materials or finished 
products,” and this is very liberally interpreted by the 
works councils. Again, the working day, be it eight, 
nine or ten hours, is exclusive of meal-times, and of 
most waiting periods. On the railways, for example, 
agreed percentages of all time occupied travelling to 
and from actual duty are excluded from the time 
reckoned for pay, the percentages ranging from 25 to 
80 per cent. of the travelling times. The aim is to get 








avoid stoppages of transport or to keep within the 
legal lading periods.” 








CATALOGUES. 


Steam Separator.—A separator for extracting the 
moisture from steam is described in a cataiogue received 
from Messrs. Warren Brothers (Middlesbrough) Limited, 
Grange-road West, Middlesbrough. 


Heat Insulation.—Celite Products, Limited, Mont- 
real, Canada, and 147, Windsor House, London, S.W.1, 
have sent us some further publications relating to their 
insulating bricks and mortar, and a powder for mixing 
with concrete. A pamphlet on the insulation of very high 
temperatures, specifications for boiler setting, hot-blast 
stove covering, &c., and particulars of building work in 
which their concrete powder has been used, have also 
come to hand, 


Coal Cutters.—A type of chain coal-cutter, named the 
Samson, especially suitable for British coal mine con. 
ditions, is the subject of a catalogue issued by the makers, 
Messrs. Mavor and Coulson, Limited, 47, Broad-street, 
Mile End, Glasgow. The cutter is made for compressed 
air or electric driving, is capable of making cuts up to 7 in, 
wide and 9 ft. deep, and has five cutting speeds ; oiling is 
necessary only once in two weeks. The electric motors 
develop 80 h.p. before stalling, and the air motors develop 
45 h.p. at 60 lb. per square inch gauge pressure. 


Presses.—Several revised catalogues are to hand from 
Messrs. Hollings and Guest, Limited, Thimble-Mill-lane, 
Birmingham, giving details of special presses for stretch- 
ing, fixing and removing solid rubber tyres ; baling and 
packing materials; bending and straightening metal ; 
embossing leather, paper, &c.; forcing on wheels, 
armatures, commutators, &c.; and extracting oils from 
vegetable materials. Catalogues of pumps, valves, 
hydraulic accumulators, sheet-iron stoves, riveting 
machines, and many tools and appliances for similar 
services have also been issued. 


Power Production—A pamphlet comparing the 
economy of three types of engine is to hand from Messrs. 
Plenty and Son, Limited, King’s-road, Newbury. It is 
assumed in each case that 100/. worth of fuel is consumed, 
and after allowing for losses by radiation, condensation, 
friction, &c., the proportion of the heat value of the 
fuel delivered to the belts is given as 18/. for the steam 
engine, 31/. for the Diesel engine and 40/. for the oil 
engine. The relative economy of the engines is thus 
expressed in a manner which can easily be appreciated 
by the non-technical power user. 


Oil Engines.—Makers of paraffin and heavy-oil engines 
are prepared to furnish plant, by which they claim 
electric current can be generated at a lower cost than that 
at which it is supplied from the mains and Messrs. 
Blackstone and Company, Limited, Stamford, Lincs., 
have sent us a further pamphlet giving particulars of 
cases where these claims have been justified. There 
are many circumstances, apart from direct costs, which 
determine the question of economy, but thé facts and 
arguments presented in this pamphlet will be useful as 
the basis for considering any particular case. 


Electrical Machinery.—The British Thomson-Houston 
Company, Limited, Rugby, have sent us copies of new 
issues of their sectional catalogues and price lists dealing 
with the following items :—Switchgear equipments for 
outdoor service for three-phase circuits up to 44,000 
volts; air-break series-parallel starters for starting 
two-phase induction motors against light loads ; earthing 
resistances for indoor service to 33,000 volts ; drum con- 
trollers and resistances for industrial service ; and oil- 
immersed circuit breakers for single, two, and three-phase 
systems up to 11,000 volts. A card giving a list of 
notable performances of motor cars, cycles and aeroplanes 
fitted with B.T.H. magnetos has also reached us. 


Electrical Machinery.—The Westinghouse Electrical 
and Manufacturing Company, East Pittsburgh, Pa., 
U.S.A., have sent us a number of new catalogues dealing 
with arc-welding equipment with gas-engine drive; 
equipment for oil-well pumping and twin-motor well 
drilling ; lighting equipment; induction motor-gene- 
rators; tools and materials for laying and maintain- 
ing electric lines in mines; and electrical equipment 
for cotton mills. The last-mentioned catalogue illustrates 
the application of electric-motor drives to machines in all 
the processes of cotton manufacture, including cleaning, 
drawing, spinning, twisting, weaving and finishing. As 
in British practice, the individual, group and line drives 
are applied in various cases. 


Valves.—The catalogue of valves, gauges and fittings 
issued by Messrs. J. Blakeborough and Sons, Limited, 
Brighouse, Yorkshire «deals, as far as we can judge, with 
all the necessary fittings for low and high-pressure steam 
generation and distribution. Lists of specially age 
valves and gauges are given for each standard type © 
boiler, with numerous references to the full specification 
of each item. In addition to the comprehensive series of 
valves and gauges, there are special fittings, such 88 
floats, strainers, thermometers, oil-level indicators, 
expansion joints, &c. Mechanical operating gear 1s poles 
to the valves where necessary. A range of sluice valves, 
penstocks, large revolving screens, and other fittings for 
water supply is also shown. 
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LAUNCHING CATAPULTS FOR 
AEROPLANES. 


In the debate on the Navy Estimates in the 
House of Commons on March 14, the First Lord 
of the Admiralty, in reply to some criticism on 
the subject of naval aviation, stated that 13 
catapults are to be fitted in British warships during 
the present financial year, and that one other ship 
had already been fitted with the appliance. This 
ship is the Vindictive now on service in Chinese 
waters. Photographs of the vessel show the 
catapult placed well before and nearly on the same 
level as the navigating bridge, and standing on the 
roof of a hangar built on the forward weather deck. 
Near the catapult is a large crane, presumably 
fitted for the purpose of lifting seaplanes from 
the sea to the deck of the ship, or for placing them 
on the catapult in readiness to be launched from 
it. The two appliances appear massive and heavy, 
and with the accompanying aircraft must add an 
appreciable amount of weight to the equipment 
of the cruiser. 

The catapult has returned to the list of appliances 
utilised for war purposes after an absence of about 
five centuries. First employed by the King of 
Syracuse four centuries before the Christian era, 
it was soon adopted by the armed forces of other 
communities. It was originally designed for the 
discharge of large arrows and darts at relatively 
long ranges, stated to be about a quarter of a mile. 
Later, however, its size and power were increased, 
and it was used for projecting stone shot of 
considerable size and weight against the walls 
and buildings of beseiged towns and cities. Pre- 
viously, the balista, a weapon of somewhat similar 
construction, had been used for the latter purpose, 
and this similarity in the use of the two led to 
the word catapult becoming the generic term for 
mechanical appliances employed for projection in 
warfare. The introduction of the cannon and its 
development into a more powerful, longer ranged, 
and less inconvenient weapon than the catapult, 
resulted in the gradual disappearance of the latter, 
but even so late as 1461—about 120 years after the 
first use of the gun—the State Records mention 
the appointment of two balisters, men for operating 
catapults, to the staff at the Tower of London, 
the principal depot at the time for all war stores. 

In the debate referred to at the outset, the 
First Lord, answering a question about the fitting 
of catapults in the new cruisers, stated that it was 
too early yet to decide if they would form part 
of the equipment of the cruisers to be laid down this 
year, but the 13 catapults to which he had referred 
were to be placed in ships, which were thought fit 
tocarrythem. It may be concluded from the nature 
of the replies given by Mr. Bridgeman, that the 
Naval Authorities consider the catapult a necessary 
device for the launching of aircraft from warships, 
and that a design has been evolved which has proved 
satisfactory for the purpose. France and Italy 
have been experimenting in the same direction, 
and also with success, for it was recently announced 
in the Press that, on April 4, the first aeroplane had 
been successfully launched from a catapult installed 
on the French cruiser Primaguet, of the Duguay- 
Trouin class, which were laid down in 1922 and 
completed in 1925. The two sister vessels, and also 
the later cruisers of the Trouville class are to be 
similarly fitted, and each will carry two scouting 
seaplanes as a part of their equipment. The 
French battleship Bearn, now being converted to an 
aircraft carrier, is to have one catapult on its flight 
deck, and the aviation transport, Commandant 
Teste, now under construction is to carry two. 
The new Italian cruisers are each to have one 
catapult installed, and a similar remark applies to 
the aircraft carrier Miraglia. 

The American Navy Department has been 
engaged on the development of the catapult for 
ship purposes for nearly 16 years, many of the 
capital ships and cruisers being now fitted with 
two of the appliances, and in this respect the U.S. 
Navy is at present well in advance of the navies 
of other Powers. Professor Langley used a catapult 
for starting his model aeroplane on its classic 
flight over the Potomac in 1903, and the Wright 
Brothers employed a similar device for obtaining 


the necessary flying speed when starting on their 
flights on the early aeroplanes they constructed, 
The minimum speeds for flight—the stalling speed— 
and the weights of the aeroplanes in these two 
instances were, however, far smaller than those 
of present types of naval aircraft, and the simple 
arrangement of track, truck, wire, pulley and 
suspended weight which they employed has now 
to be replaced by a more powerful complicated 
and heavier mechanism. 

The first catapult for the American Navy was 
designed in 1911 by Captain Washington Chambers, 
a naval officer, and was constructed under his 
supervision at the Government ordnance factory. 
It was 35 ft. long, and consisted of a steel frame- 
work whose upper surfaces served as a runway for 
a truck. It was operated by compressed air which 
entered a cylinder lying along and fixed to the steel 
frame, and forced out a piston orram. Two groups 
of sheaves, each rotating on a shaft traversely to 
the direction of motion of the piston were fitted, one 
group at the closed end of the cylinder, and the other 
on a crosshead on the outer end of the piston rod 
and moving with the latter. A wire rope, with 
one end anchored to the framework, passed around 
these sheaves, thence to a sheave at one end of the 
framework, the free end being secured to the truck 
at the other end. The motion of the piston in the 
cylinder was thus communicated to the truck and 
magnified in proportion to the number of parts of 
the wire. The seaplane to be launched rested on 
the truck, the supports being so designed that the 
seaplane was forced along by the truck but was 
released as soon as it had attained the speed through 
the air necessary to sustain it. The propeller was 
to be set rotating as soon as the truck started 
forward. This catapult, when completed, was 
erected on a wharf at the Boston Navy Yard, and on 
November 12, 1912, a seaplane was successfully 
launched from it. Particulars which were sub- 
sequently published, gave the available length of 
run of the truck at 30 ft., which was traversed in 
nine-tenths of a second, or at a mean speed of 23 
m.p.h., the final speed being 46, and the mean 
acceleration 2-3 times that of a body falling under 
gravity. The air pressure in the cylinder was 
290 lb per square inch, but the diameter of the 
cylinder was not stated. 

Although successful in its object, various defects 
in the mechanism were discovered by the tests 
which had been carried out, and it was decided to 
proceed with a second design, in which, with the 
experience gained, it was hoped to eliminate the 
faults of the first. One defect of the design was 
the absence of any device for bringing the truck to 
rest when it had reached the end of its travel, and 
was moving with the maximum velocity. The 
connection of the steel wire to the truck was so 
designed that at the end of the travel the truck 
became disengaged and travelled clear of the frame- 
work and fell into the water and sank. This defect 
was remedied in later designs by the provision of 
means for decelerating the truck and bringing it to 
rest, but the addition increased the length of the 
catapult. 

The second and third designs of catapult were 
constructed at the Washington Model Basin in 1913 
and 1914. The second does not appear to have been 
employed in launching an aeroplane, and was 
probably found defective on completion and test. 
The third was erected on a coal lighter at Pensacola, 
and successfully tested in 1915, after which it was 
installed on the quarter deck of the armoured 
cruiser North Carolina, aircraft being satisfactorily 
launched from it with the ship under way, during 
the Fleet manceuvres of that year. Similar 
mechanisms were later fitted on the quarter decks 
of the armoured cruisers Seattle and Huntington, 
but the interference with the fire of the guns led to 
its removal from the latter vessel. The catapults 
fitted in these three ships were of the fixed type, 
i.e., the framework was fastened to the deck and 
could not revolve. It was therefore necessary for 
the ship to steam on a course which would allow of 
the aeroplane being launched into the wind, a 
procedure which was undesirable and inconvenient 
when cruising in company with other ships. This 
disadvantage was remedied by removing the 








catapult from the deck to a turret of the North 


Carolina, thus permitting it to be trained by the 
turret into a direction against the relative wind. 

At this stage the catapult does not appear to 
have been looked upon with especial favour by 
American naval officers. and, on the United States 
entering the war shortly afterwards, the catapults 
were removed from the ships in which they had been 
fitted, and experiments ceased for the time. After 
the Armistice a catapult, similar to that mounted 
in the North Carolina, which had been fitted on a 
lighter for the training of naval aviators in launching, 
was brought to Washington, and experiments were 
resumed. As a result of these further tests, designs 
were prepared of a rotating or turntable catapult 
and construction was proceeded with. In 1922 after 
satisfactory tests on a lighter, this catapult was 
installed on a battleship, and was successfully 
operated during fleet manceuvres. By the end of 
1924 twenty-five similar catapults had been fitted 
on battleships and cruisers. According to informa- 
tion which has appeared in the American technical 
Press, these catapults are about 50 ft. long, and are 
capable of accelerating an aeroplane from rest to 
a speed of 50 m.p.h., the mean acceleration during 
the launch being about 2} g., the impressed forces 
on the aeroplane necessitating some strengthening 
of its structure. To arrest the truck at the end of 
its travel a deceleration of the order of 20 g. is 
entailed. The aviator is stated to suffer little or 
no inconvenience but all upper portions of his body 
have to be well supported during the launch. 

The U.S. aircraft carrier Langley which is of 

relatively slow speed, 14 knots, is fitted with two 
catapult tracks designed and constructed by the 
Naval Aircraft Factory at Philadelphia. The tracks, 
which are flush with the flight deck, are 145 ft. long 
for the after portion of the deck and 180 for the 
forward portion, these lengths allowing of smaller 
accelerations than with the ordinary length of 
catapult. The tracks are operated by air, and a 
braking effect by air pressure is obtained at the end of 
the travel of the “plough” which is connected 
to the carriage on which the aeroplane rests during 
the launch. 
Up to 1925, all catapults in the vessels of the 
American Navy were, as the 1911 design, operated 
by compressed air. In that year, a successful design 
was produced and constructed, which employed an 
explosive as the operating medium. It is stated that 
experience has shown that these explosive impulse 
catapults have many advantages over the air 
operated type,-and for the future no more of the 
latter will be constructed. 





KING GEORGE’S DOCK, CALCUTTA. 
(Continued from page 505.) 

It was explained in the former article on this 
dock, which appeared in our issue of April 29 (page 
504 ante), that sliding caissons will be used for 
the entrance lock instead of mitre gates, this form 
being more convenient in view of the fact that 
at times the direction of pressure will be reversed. 
The elevation and plan of the entrance and dry 
docks given in Figs. 9 and 10 on page 568 indicate 
the position of these caissons. For the dry dock the 
arrangement has been simplified by the adoption of 
floating caissons for both ends, as well as for the 
central position, if the dry dock is divided, as it will 
usually be, into two lengths. The total usable 
length of this dock is 1,156 ft., but, by means of 
the central caisson, it can be made into two divisions 
of usable lengths of about 554 ft. and 569 ft., 
respectively. The two end floating caissons for the 
dry dock are of ship form, and normally will be 
placed at the inner stops as shown in our drawing. 
There are, however, outer stops for these caissons, 
giving an additional] length at one end of 14 ft. 1 in., 
and, at the other, of 17 ft. 4 in. Thus the total 
usable length of the dock could in this way be 
extended to about 1,187 ft. Still further length 
could be added by the use of two box-shaped 
caissons in the grooves marked 5 A and 3 A. This 
would bring the usable length up to something 
like 1,229 ft., a form which, it is hardly necessary 
to remark, the dock would not be likely to have 
to take for many years, if at all, since the width 
of 90 ft., would probably ultimately limit the size 
of vessels which could be accommodated before 
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such lengths were reached. The advantage of the | 
alternatives will, however, be equally material | 
when the dock is ‘divided into two parts. The | 
central caisson (No. 4) is of the box type and similar | 
to the sliding caissons Nos. 1 and 2 of the entrance | 
lock, save that it is finished as a floating caisson to | 
be manceuvered into position instead of being | 
accommodated in a recess. All three are of the | 
same dimensions, so that should occasion arise the | 
No. 4 caisson of the dry dock can be used to replace | 
either Nos. 1 or 2 in case of emergency, or it can | 
be floated into position at grooves 1A and 2A| 
(Figs. 9 and 10) in front of the sliding caissons, | 
so that the lock can still be unwatered in case the | 
latter fail, or need repairs. 

The three box-shaped caissons, with which we | 
shall deal first, were constructed by Messrs. Swan, | 
Hunter and Wigham Richardson, Limited, and | 
were shipped out to Calcutta for erection at the | 
docks. The arrangement was that the two sliding | 
caissons should be erected in their recesses, as shown | 
in Fig. 11, which gives a view of No. 2 caisson being | 
assembled at the site. This was rather ahead of | 
No. 1, for reasons, referred to in our last article, | 
which caused delay in the preparation of the recess. | 
Fig. 11 shows the granite sill and jambs under | 
construction. Drawings of the sliding eaissons and | 
settings are given in Figs. 12 to 15, Plate XXXI, 
accompanying this week’s issue of ENGINEERING, 
while Figs. 16 to 21 show further details of the type 
of structure, scantlings, &c., adopted. Of these 
illustrations, Figs. 12 and 13 show respectively an 
elevation and plan of the caissons with the recess, 
and the general layout of the hydraulic hauling 
gear. The latter we deal with at greater length 
below. All three sliding caissons have the same | 
dimensions. The lengtk over stem angles at the | 
top deck is 99 ft. 5} in., diminishing to 91 ft. 9} in. | 
at the sill. The breadth moulded, is 20 ft., on 
extreme width being 22 ft., the caisson working in | 
a recess of a clear width of 22 ft. 4 in. The depth | 
from top to deck keel runners is 48 ft. 

Each caisson is constructed with bottom and three | 
decks, and in addition three intermediate stringers. | 
These are indicated in the cross-section Fig. 18, 
Figs. 16 and 20 showing respectively the top (A) 
deck and the F deck, while Figs. 17, 21, and 19 show 
the B, C and E stringers. The lower part of the 
caisson, from deck D downwards, is watertight, and 
forms two chambers. The lower, from deck F to 
the bottom, is designed as a_ ballast chamber, 
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Fie. 11. No. 2. Caisson 


while that above, extending from deck D to deck F, 
is an air chamber. On the floor of the ballast cham- 
ber, is arranged the permanent ballast needed for 
stability. This chamber is designed to be always 
full of water, but not in communication with the 
water outside. At each end of the air chamber 
next above, is a watertight bulkhead, the space 











In CouRSE OF ERECTION. 


between these and the end plating forming working 
ballast tanks of sufficient capacity for working the 
caissons. As shown in Fig. 14 the position of these 
bulkheads and consequently the size of the tanks 
differ in the case of Nos. 1 and 2, and caisson 
No. 4. They are larger in the latter, in order to 
provide an extra margin against flotation when this 
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HYDRAULIC CAISSON-OPERATING GEAR; KING GEORGE'S DOCK, CALCUTTA. 


CONSTRUCTED BY MESSRS. GLENFIELD AND KENNEDY, LIMITED, ENGINEERS, KILMARNOCK. 
Fig. 22. SECTION THROUGH CAISSON CAMBER. 
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is used as a floating caisson between the two sections 
of the dry dock. One end tank is shown in Fig. 20, 
from which it will be seen that it is sub-divided by 
a longitudinal bulkhead for purposes of stability. 
The upper part of the caisson is open to the external 
water, large openings in the ends being arranged as in 
Fig. 15, in order to reduce the resistance to motion : 
when the caisson is being worked across the dock 
into, or out of, its recess. When being moved into 
its recess much of the water in the latter would 
pass out through this upper part. Two circular 
trunks, 3 ft. 6 in. diameter extend from deck F up 
to deck A. These are shown in the plans Figs. 
13, 16 and 20, and provide access in one case to 
the bottom ballast chamber, and in the other to 
the air chamber. Each trunk is provided with a 
watertight cover at the top deck. A ladder is 
fitted in each. 

The structural members of the caissons have 
been designed on the basis of a stress not exceeding 
7 tons per square inch net section for mild steel. 
The shell and deck platings, as shown in Figs. 14, 
15, 20, &c., are supported by frames and beams at 
Fie. 26. Hypravutic Rams In BuitpERs’ WORKS. intervals of 1 ft. 9 in. These in turn are carried 
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Fig. 27. 
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by the stringers and deck girders already referred 
to, diagonal cross bracing of the type shown in 
the left hand of Fig. 18, being provided at intervals of 
7 ft. in the air and ballast chambers, and at 14 ft. 
intervals above the air chamber, between decks 
A and D. This diagonal bracing transmits the 
load on the shell plating to the decks, the latter, 
with the shell plating forming horizontal girders 
taking the water pressure load distributed across 
the entrance. The shell plating has been calculated 
making allowance for the stresses due to water pres- 
sure on the local span between frames. The 
top (A) deck, Fig. 16, is an open girder, plated 
only partly at the ends and in the centre round 
the air trunks. Next below is the B stringer, 
illustrated in the left half of Fig. 17. The C 
stringer below is shown in the right half of this 
figure and also to a large scale in Fig. 21. The D 
deck is not illustrated. It is a plain watertight 
deck, with two 3 ft. 6 in. openings for the air trunks. 
Next below, is the E stringer shown in Fig. 19, and 
below that the F deck illustrated in Fig, 20. In 
the latter there is one opening for the trunk giving 
access to the ballast chamber. The bottom con- 
sists of plating supported by beams spaced as 
in F deck, Fig. 20. The double horizontal framing 
at the ends in Figs. 12 and 20, is required by the 
presence at these levels of the working ballast tanks. 

The air chamber is designed to float the caisson 
at the designed light draught, the top deck of the 
chamber being at such a level that access to it is 
possible at low water. The designed light draught 
is 24 ft. 6 in. measured to the bottom of the keel, 
when the air chamber has a free-board of 1 ft., 
10 tons of ballast water being in the end tanks. 
In this condition the centre of buoyancy is 1 ft. 
above the centre of gravity. The flooding and 
unwatering arrangements are on the floor of the air 
chamber. For flooding there are two 9 in. diameter 


Fig. 29. 
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inlet valves, connected by 7-in. pipes to the end 
tanks. By means of crossover branches these pipes 
are also coupled to the pumps, which are provided 
with 6-in. diameter discharge pipes and corre- 
sponding valves. These flooding arrangements will 
| permit the caisson to be sunk from the light draught 
of 24 ft. 6 in. to full depth of 34 ft. in five minutes. 
The pumps aré electrically-driven ‘centrifugals, 
| coupled with three-phase, 50-cycle, 500-volt motors. 











Fie. 30. Conrrot Gear For Nos. 1 anp 2 Carssons. 


They are of a capacity sufficient to enable the 
caisson to be floated to a draught of 24 ft. 6 in. in 
15 minutes. The valve stems are carried up to the 
A deck, as indicated in Figs. 13, 15, and 16. In 
the case of No. 2 caisson, which will be used at the 
river end of the entrance lock, there are twelve cross 
passages consisting of 9-in. pipes and cocks situa ted 
just above the permanent ballast. These are indi- 
cated in Figs. 12 and 14, and are intended for 
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use in clearing away mud which may accumulate on 
the sill at this position. The valves are controlled 
by rods carried up to the interior of the air chamber. 
Access to the air chamber is by way of one of the 
trunks already referred to. Current is supplied to 
the motors through flexible leads taken from a 
junction box on the dock side to the air chamber. 
The caissons are provided with four spring 
buffers at the outer end, the position of these 
being indicated in Figs. 12 and 15. A gangway 
is carried along one side of the A deck from end 
to end of the caisson. The upper deck of the 
caissons is finished with a gangway provided with 
collapsible handrailing, the stanchions for which are 
7ft.apart. The stanchions are pivoted at the bottom 
and are attached by means of flat bar links to a line 
of shafting carried in bearings on the top deck. At 
the outer end this shaft is attached to a rocking 
lever and a buffer which automatically raises the 
stanchions as the caisson is moving to close the 
dock. For the reverse, when the caisson is being 
moved into its recess, a specially strong stanchion 
strikes on the cross girder at the recess entrance 
and is consequently forced down, the others 
acting with it. The meeting faces are of green- 
heart fitted: to angles. The timbers are of 12 in. 
by 12 in. section and are fitted, of course, to both 
faces of the caisson, along the bottom and up 
the two ends. In addition there are top rubbing 
pieces of 12 in. by 12 in. elm. The caissons slide 
on flat ways of cast steel machined to a plane 
surface. These are made in lengths of 7 ft., bolted 
to the foundations. 

The caissons are worked into and out of 
their recesses by means of hydraulic gear placed 
in a shallow pit on one side of the recess. 
Here there are two hydraulic rams and cylinders 
of 25-ft. 1 in. working stroke. These are shown to 
a larger scale in Figs. 22 to 25, on page 569, on 
which page also Fig. 26 gives a view of the gear 
in the shops of the makers, Messrs. Glenfield and 
Kennedy, Limited, before shipment. In Fig. 25 
the opening cylinder is shown fully extended. The 
hauling-in cable is fixed at one end to a deadman 
at the inner end of the recess, as shown in Figs. 12 
and 22. It is then taken round a vertical sheave 
carried by gussets on a bracket projecting from the 
end of the caisson, as may be seen in Figs. 14 and 
24. It then runs back to a horizontal sheave at the 
end of the recess, and off at right angles to a similar 
sheave (Fig. 25), where another right-angled turn 
takes it to the cylinder and ram. These are fitted 
respectively with three- and four-part sheaves, the 
cable end finally being anchored to the cylinder. 
The hauling-out cable is made fast at one end to 
the underside of a steel plate and joist beam fixed 
across the recess at coping level and stariding about 
3 ft. 9 in. back from the dock side, and shown in 
Fig. 22, 25, &c. From here the cable is run round a 
horizontal sheave on the upper side of the bracket 
previously referred to, on the caisson end. It is 
then carried back to a sheave under the fixed 
frame, then off to one at the side, as shown in F ig. 24, 
and thence to the closing cylinder and ram, again 
arranged for multiplying purposes with 3 and 4 part 
sheaves. The arrangements give a working stroke, 
as stated, of 25 ft. 1 in., for a caisson travel of 
100 ft. 6 in. The rams have a diameter of 26 in., 
and are designed to work with a pressure of 800 Ib. 
persquareinch. The ram heads are fitted with small 
flanged wheels running upon tracks, thus providing 
support for the rams as they extend. The hydraulic 
gear is designed to haul the caisson across the en- 
‘ance in 3 mins. 5 secs., when there is a preponder- 
ance of weight over buoyancy of 50 tons. 

The cylinders are tested to a pressure of 2,000 Ib. 
pet square inch, and the total effort on each ram 
when under full pressure is 200 tons. With their 
rams and sheaves each cylinder set weighs just over 
40 tons. Both cylinders and rams were cast verti- 
cally in a special casting pit in Messrs. Glenfield 
and Kennedy’s foundry. With the sinking heads 
t © castings were over 30 ft. long. Each cylinder 
casting in the finished state weighs 25 tons 1 cwt. 

© crosshead sheaves are bushed with hard bronze, 
and lubrication has been provided for with great 
care. The control gear is illustrated in Figs. 27 to 30, 
Page 570. Each set consists of a small servo-motor 
‘ontrolled by a double-ported slide valve and hand 





lever. In the sets for the two caissons shown in Fig. 
30 in the makers’ works the levers are close together 
in the centre. In Fig. 29 the control lever is to the 
extreme left and in Fig. 28 at the bottom. The slide 
valve worked by this hand lever admits pressure and 
opens the exhaust of a servo-motor arranged between 
a pair of Homeyard valves. One of these valves 
serves each cylinder of a set, and they are operated 
together by the servo-motor as will be clear from 
Figs. 28 and 29. The stroke of the cylinders is 
automatically controlled in regard to the limit of 
travel by adjustable tappet rods on the cross heads. 
Fig. 28 shows the arrangement of one of these rods. 
Its end is provided with a roller which comes in 
contact at the end of its stroke with a double armed 
vertical lever pivoted below the cylinders, at the 
end nearest the valve gear. This may be seen in 
Figs. 23 and 25. On being struck by the tappet 
rod this lever moves a long rod running forward to 
the valve gear servo-motor, operating this and 
bringing the Homeyard valves to the neutral 
position. The corresponding movement in the 
opposite direction is controlled by a similar tappet 
on the other crosshead coming in contact with the 
second arm of the vertical lever above referred to, 
thus moving the same rod to the servo-motor. 


(To be continued.) 








BITUMINOUS SANDS OF NORTHERN 
ALBERTA. 


DuRING recent years petroleum has taken up an 
almost unassailable position as one of the essentials 
of modern civilisation and progress. Unfortunately, 
however, as has been often pointed out in these 
columns, the supply is not unlimited. Petroleum, 
like coal, is a wasting asset, with the difference that 
an oilfield is not only much more rapidly developed 
than a coalfield, but is also much more quickly 
exhausted. Fortunately, potential reserves of 
alternatives exist and the question of commercially 
exploiting these is probably only a matter of time. 
The bituminous sands of Northern Alberta may be 
classed as analogous to some of the oil-bearing 
shales. The problems of treatment and the con- 
ditions which would render them commercially 
exploitable are much the same. Ina report recently 
published by the Canadian Department of Mines* 
the occurrence and economic possibilities of the 
extensive deposit of such sands in the McMurray 
area, Northern Alberta, are described and discussed 
at considerable length. This deposit is stated to be 
the largest body of solid asphaltic material known, 
and up to the date of the report (April, 1925) was 
commercially undeveloped. This is remarkable in 
view of the requirements of the Canadian market 
for asphalte for paving and other purposes, which, 
however, are supplied by foreign countries. The 
greater part of the area in question is held under 
Government reserve, and in consequence there has 
not been much inducement for private interests to 
carry out investigations. The recent completion of 
the Alberta and Great Waterways Railway, from 
Edmonton to McMurray, will, however, greatly 
facilitate the general development and further 
exploration of the areas adjacent to it. 

The development of these bituminous sands could 
be carried out in various ways, which may be sum- 
marised as follows: (a) Destructive distillation for 
recovery of oil (liquid hydrocarbons); (5) use in a 
more or less crude form as a wearing surface for roads 
and as a basis for the manufacture of asphalt 
mastic ; (c) various commercial applications of the 
bitumen when separated from the associated sand 
aggregate. 

Some idea of the extent of the deposit may 
be gathered from the fact that the distance, in a 
north and south direction, through which the out- 
crops have been noted is about 115 miles, and from 
east to west about 55 miles. The genesis of the 
deposit has not been seriously studied, the topo- 
graphy and other investigations not having yet 
been completed. Strata immediately below the 
bituminous sand but unconformable to it, consists 
of Devonian shales and highly fossiliferous lime- 





* Bituminous Sands of Northern Alberta. Occurrence 
and Economic Possibilities. By 8. C. Ells, Ottawa, Dept. 
of Mines, No. 632. [Price 75 cents.] 


stone. Although some drilling records are available, 
they are not considered to be reliable, but appear to 
indicate that the limestone contains many cavities 
of various size. Pure semi-liquid bitumen has been 
found in some of these. In a well drilled in Septem-- 
ber, 1924, bitumen was encountered at a depth of 

42 ft. Natural gas has also been encountered at a 
number of places in the area during drilling opera- 

tions. In one case the pressure was sufficient to 
blow water to a height of 70 ft. 

With the limited information available it is 
difficult to indicate the probable source of the 
petroleum which originally saturated the sands of 
the formation. As these have an estimated volume 
of over 500 billion cubic yards, the volume of crude 
petroleum required for saturation would be equiva- 
lent to more than 50 billion cubic yards, and it 
seems doubtful if this could have originated in 
either the present superincumbent Cretacious, or the 
Devonian lying immediately below. Nor does the 
suggestion appear probable that the petroleum 
originated in previously superincumbent oil-bearing 
shales which have since been removed by erosion. 
However, apart from purely scientific interest, the 
conditions which led to the formation of the second- 
ary deposits at McMurray are of no practical 
importance, such as would be the case in a petroleum 
field. 

The work carried out by the Mines Board up to 
November 1, 1924, included the investigation of the 
character of deposit of bituminous sand, topo- 
graphical surveys of considerable areas adjacent to 
the Athabaska River and tributaries, shipments of 
bituminous sand for demonstration and experi- 
mental work, and demonstration paving. A study 
of processes for recovery of hydrocarbons from crude 
bituminous sand was also made. 

In considering the possibilities of commercial 
development of the McMurray deposit, factors 
which cannot be overlooked include the difficulties 
and high cost of transportation, the variation in 
quality of the material, and the amount of over- 
burden to be removed. In locations where one of 
these may be favourable, one or both of the others 
may be otherwise. Nevertheless, even after taking 
these points into account, there still remains a large 
tonnage which it seems might favourably be ex- 
ploited. Parts of the deposit which have not yet 
been investigated may even prove to be more easily 
workable than some areas where outcrops are well 
exposed at the present time. Most of the natural 
exposures occur at the bends of streams and rivers, 
but it is possible that these are misleading as 
regards the character of the bituminous sand. A 
coarse-grained aggregate, for instance, weathers out 
much more rapidly than a fine aggregate, and hence 
an outcrop that appears to be low in bitumen content 
may be found to be much richér a little below the 
surface. 

As regards the suitability of bituminous sands for 
paving, the material should, to comply with standard 
specifications, possess uniformity in grading of 
mineral aggregate and uniformity in percentage of a 
suitable associated bitumen. The development of 
many promising deposits of bituminous sand in the 
United States has been discouraged owing to the non- 
fulfilment of these conditions. That there should 
be some variation in a deposit as extensive as that 
at McMurray is only natural, but in many cases 
where the grading of the mineral aggregate is not 
satisfactory, a required grading may readily be 
obtained by combining the product from two or 
more outcrops. This method has already been 
practised in California and Kentucky. Although 
the percentage of associated bitumen at McMurray 
varies widely in many exposed sections, beds of 
bituminous sand of commercial dimensions with a 
sufficiently uniform impregnation have been found 
in a large number of cases, and it is not considered 
that lack of uniformity in the percentage of bitumen 
would prove a serious difficulty. As already 
observed, the conditions are variable, and careful 
estimation of the relative advantages and dis- 
advantages in each sub-area is necessary to enable 
an intelligent selection to be made. Sub-areas that 
may be entirely favourable for development on a 
comparatively small scale, as, for instance, when the 
bituminous sands are intended to be used for road 





surfacing, might be quite unsuitable for distillation 
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purposes on a large scale. On the other hand, owing 
to the variation in the sand aggregate already noted, 
a considerable portion of the deposit must be 
regarded as unsuitable for paving purposes, whereas, 
if some form of distillation or separation were 
adopted, this consideration would not seriously 
reduce the tonnage available. It may here be 
mentioned that the sand consists mostly of clear 
quartz grains of very irregular form, from sharply 
angular to oval water-worn shapes. The grading 
ranges from 40 to 80 mesh, and may therefore be 
considered as originating as shore deposits. The 
physical characteristics of a representative sample 
of the bituminous sands may be briefly stated as 
follows :— 


Per cent. 
Specific Gravity 25 deg. C. /25 deg. C. 1°75 
Moisture roe eae Sas Sse 13 
Bitumen soluble in CSe 18°5 
Sand a ce 80°2 


In 1915 a demonstration pavement was laid in 
‘dmonton with McMurray bituminous sands. 

Since a number of failures and considerable financial 
losses had resulted in the United States from earlier 
attempts to employ similar sands for paving pur- 
poses, it was decided at Edmonton that a practical 
demonstration was essential, in which every care 
should be taken to avoid handling this untried 
material in a haphazard manner, as this would be 
certain to lead to failure. The test involved a great 
deal of trouble and expense to arrange. During the 
winter, 1914-15, 23 teams broke a road to McMurray, 
a distance of nearly 250 miles, and returned with 
1,200 sacks of bituminous sand to the railhead at 
Athabaska. 

The deposits of the area may be roughly grouped 
into two classes, namely, those in which the bitumen 
is combined with a coarse mineral aggregate, and 
others in which the mineral aggregate is fine. The 
trial shipment made to Edmonton comprised both 
varieties. In examining the deposits which appeared 
to be most suitable for the requirements which had 
been previously determined, the overburden was first 
removed by pick and shovel, with the occasional 
use of explosives when required. Specially-designed 
augurs were then sunk to the required depth in 
12 ft. to 14 ft. lifts, and an accurate core sample 
obtained which was placed in a rotary mixer. 
From this an 8-lb. to 10-lb. sample was taken and 
gently warmed. As the material softened it was 
further mixed, after which a sample of 150 grammes 
to 200 grammes was taken for analytical purposes. 
It appeared from laboratory tests made at Ottawa 
that the bitumens extracted from samples from 
various parts of the McMurray field did not vary 
greatly in their chemical and physical character- 
istics. The only tests made in the field, therefore, 
comprised careful screen analyses of the mineral 
aggregate and an approximate determination of the 
percentage of associated bitumen. 

From the preliminary analyses it was evident 
that careful manipulation of the crude material 
was necessary both before and after placing on the 
road bed. The material showed a high penetration, 
due to presence of low boiling fractions, un- 
balanced mineral aggregates, and excess of asphalt 
cement. Partial distillation of the more volatile 
fractions was adopted, in order to modify the 
effect of unduly high penetration, and a partial 
correction of the unbalanced aggregates was obtained 
by combining proportions of two fine to one of 
coarse. The resulting aggregate of the sheet 
asphalt mix was further modified by the addition 
of clean and gradea sand; and, in the case of the 
bitulithic mix, by the addition of clean sand and 
graded crushed gravel. Fine grained bituminous 
sand only was used for the bituminous concrete, 
modified by the addition of graded crushed gravel 
and clean sand. This resulted in reducing the 
somewhat high percentage of asphalt cement 
present in the original material to the final per- 
centage desired in each case. 

The experimental paving already referred to 
was laid in a street at Edmonton, which, although 
not a main thoroughfare, is one where the traffic 
is quite considerable. After nearly ten years’ 
wear, it was reported, in April, 1925, by the City 
Engineer, to be still in excellent condition, and 
showing no signs of: defect or deterioration, and 





seemed to be still good for many years of satisfactory 
service. 

It appears to be considered that the McMurray 
deposit should be regarded primarily as a possible 
source of liquid hydrocarbons, and also as an 
important potential source of solid and semi-solid 
bitumen, and of crude bituminous sand adopted 
for wearing surfaces for roads and the preparation 
of asphalt mastic. It seems actually more than 
probable that the use of the sand in a crude form 
will precede the production of liquid hydrocarbons. 
The recovery of these may be considered from 
two possible points, 7.e., the separation of bitumen 
unchanged by use of solvents or by use of heated 
water with or without the addition of reagents, 
and recovery of bitumen in the form of crude’ petro- 
leum or its finished products by. distillation. 

Kither carbon tetrachloride or carbon bisulphide 
can be used as a solvent. The former has the 
advantage of being uninflammable, is uniform in 
composition, and has a low freezing and the higher 
boiling point. However, its advantages when 
compared with certain petroleum distillates are 
not sufficient to compensate for its greater cost, 
for in separation processes depending on volatile 
solvents, the volume and not the weight of the solvent 
must be considered. For equal volumes of solvent 
more than twice as much carbon tetrachloride by 
weight must be used as, for example, tops (52-4° 
Bé). Tops are valued on the basis of their petrol 
content. They will undoubtedly become more 
expensive as the petrol situation becomes more acute. 

The factors governing the commercial adaptability 
of a solvent are the first cost of the solvent, loss 
of solvent, and cost of recovery of the same from 
the sand tailings and from the dissolved bitumen 
itself. 

In effecting a preliminary separation of bitumen 
by hot water, fragments of crude bituminous sand 
gather small bubbles on their surface which tend 
to hold the former in suspension. These air bubbles 
largely disappear with the disintegration of the 
fragments into individual grains, and the action of 
heat. The temperature of the water must be 
sufficiently high to melt the bitumen. A thorough 
preliminary disintegration of the crude bituminous 
sand is essential to any separation process, and 
although this will be effected to some extent by the 
action of the hot water, some form of mechanical 
disintegration is necessary. As a result of investi- 
gation in conjunction with certain firms conversant 
with this type of apparatus, it was considered that 
some sort of bar disintegrator with specially- 
designed arms would give the best results. Up to 
the present, however, no practical tests have been 
made. 

Laboratory work shows that a moderately fine 
grained bituminous sand treated with hot water 
will yield a bitumen which is 85 per cent. pure. 
But only an actual demonstration on a semi- 
commercial basis can definitely establish the 
possibilities of any process for separating bitumen 
from the sand. A higher degree of purity is possible 
by further hot water treatment, but more efficient 
results would probably be obtained by the use of 
settling tanks heated by jacketing to 150 to 175 deg. 
F., or centrifuges and filters. Experimental work 
with centrifuges has given encouraging results, 
and whilst it appears that centrifugal methods 
are not adapted to preliminary treatment of bi- 
tuminous sand, the development of such methods 
in purifying crude petroleum indicates that they 
might be adopted satisfactorily for the final treat- 
ment of partly purified bitumen. 

Although the averge content of crude petroleum 
per ton of bituminous sand is less than that of many 
oil shales, the cost of mining the former would in 
most cases be lower. The problem of petroleum 
production from these sands is in many respects 
analogous to the mining and treatment of low grade 
ores. A large output must be combined with effi- 
cient technical, business and administrative control. 
It is clear also that successful production would 
be greatly influenced by the petroleum situation, 
both in the United States and elsewhere, as well 
as by such factors as the competition of possible 
substitutes for petroleum, labour supply, transport, 
and the development and maintenance of stable and 
assured markets. 





The commercial recovery of petroleum from 
crude bituminous sand cannot be intelligently dis- 
cussed until further experiments and investigations 
have been made. It remains to be seen whether 
a dense material, such as this in question, can be 
heated to the required temperature at a reasonable 
cost, and whether complete distillation can be 
obtained without producing an undue proportion of 
unsaturated bodies. Probably the introduction of 
steam or the use of a part vacuum would be advan- 
tageous. It is, further, a debatable point whether 
the bitumen should be recovered unchanged or in a 
condition in which it is already converted into 
finished products. By distillation the many pro- 
blems attaching to hot water separation would be 
avoided, but other troubles would be introduced. 
These, however, are apparently mostly of a mecha- 
nical nature, and concern the handling of the raw 
material and the disposal of the mineral residue. 

Bituminous sand, unlike liquids, would have no 
circulation whén subjected to heat for distillation, 
except such as might be provided by mechanical 
means or the design of the apparatus, and this 
might be found to limit the kind of distillation 
applicable. Vacuum or steam distillation might be 
employed where it was desired, as far as possible, 
to eliminate all decomposition. Unless very special 
precautions are taken decomposition is almost certain 
tooccur. Atsome temperature below melting point. 
probably slightly above 100 deg. F., the bituminous 
sand tends to become sticky and would be likely 
to clog the apparatus. This might be overcome 
by providing steam jackets, and minimised by 
allowing the material to fall downwards freely by 
gravity through the apparatus. The most effective 
proposal appears to be a zig-zag series of shelves, 
by which the sand would be shaken about in its 
course and its relative position changed when 
passing from one inclined section to another. A 
two-stage process with mechanical separation of 
bitumen followed by distillation of the partly or 
wholly purified product would obviously possess 
distinct advantages. 

No successful process for the recovery of hydro- 
carbons from Alberta bituminous sand has up to 
the present time been shown to be commercially 
practicable. Certain processes now undergoing 
serious study appear, however, to be very promising. 
The problem would seem to be not more difficult 
than a number of metallurgical problems which 
have already been satisfactorily solved, and, with 
intelligent research, mechanically sound design, 
and careful experiment, it is quite’ possible that 
ultimately valuable results may be forthcoming. 








THE WORKS OF MESSRS. HERBERT 
MORRIS, LIMITED, LOUGHBOROUGH. 

. (Continued from page 382.) 

Tue West Works hardly call for particular 
comment, as they merely constitute an assembly 
shop for hand-operated overhead cranes and 
runways. Referring to the plan, Fig. 1, page 311 ante, 
the erecting shop is adjacent to Empress-road, and is 
connected to the East Works by lines at road level. 
A view inside the shop is shown in Fig. 28, opposite. 
Beyond the erecting shop is a large yard witha 
steel stores in the centre, and areas for laying out 
runways on each side. A photograph of one of the 
latter is reproduced in Fig. 29 on the opposite page- 
At the present time, a certain number of the 
smaller electrical overhead cranes are assembled in 
these works, and parts of such cranes are to be seen 
in the foreground in Fig. 28, bvt all such work 
will ultimately be transferred to the North W orks. 

In dealing with the East Works, it will be 
convenient to take the buildings in order from the 
northern to the southern end, omitting those to the 
north of the offices, as these consist merely of 8 
garage and stores. The fitting shop for electric 
trolleys, crabs, pulley blocks and battery trucks 
lies immediately to the south of the offices, three 
views of the shop being given in Figs. 37 to 39, 
page 582. The first of these shows the electric 
hoist-block assembly bay, the second the trolley- 
hoist assembly bay, and the third the battery-truck 
department. The demand for each of these units : 
growing rapidly, and although the electric blocks ane 
telpher hoists are a comparatively new development. 


im from 
ently dis- 
stigations 
whether 
n, can be 
~asonable 
can be 
ortion of 
uction of 
e advan- 
whether 
d orina 
ted into 
ANY pro- 
would be 
roduced. 
2 mecha- 
the raw 
due. 
have no 
tillation, 
chanical 
und this 
stillation 
night be 
possible, 
y Special 
t certain 
ig point. 
uminous 
e likely 
vercome 
ised by 
eely by 
effective 
shelves. 
it. in its 
d when 
her. A 
ition of 
artly or 
possess 


_hydro- 
s up to 
ercially 
lergoing 
ymising. 
difficult 
; which 
d, with 
design, 
le that 
ing. 


BERT 
UGH. 


rticular 
sembly 
s and 
1] ante, 
, and is 
1 level. 
yposite. 
with a 
ng out 
of the 
e page. 
of the 
jled in 
ne seen 
. work 
Works. 
ill be 
ym the 
to the 
Vv of a 
lectric 
trucks 
three 
to 39. 
lectri¢c 
rolley- 
-truck 
nits is 
ks and 
ment, 


MAY 13, 1927.] ENGINEERING. 


573 








THE WORKS OF MESSRS. HERBERT MORRIS, LIMITED. 











«s ‘ # iol ~s 
Fp ae MERE eee wee! OE etl 


[me . ae 
owe “4 a 
a et 


ee Ae <i ls 
cama Se ag can 
cit = ws “aed 38 
23 S al 

"i 


= 


oe re 
a \y 4 ay od 
> ‘ be f, 





ERECTING SHOP FOR HAND-OPERATED OVERHEAD CRANES. West Works. 
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West Works. 


Fig. 29. AREA FOR Layine-Out Runways. 


they have already proved of great value for a 
wide variety of purposes. One of the telpher hoists 
in use in Messrs. Morris’ own works is shown in 
Fig. 26, page 390, ante, and details of the construc- | 
tion in Figs. 30 to 32, page 574. Little imagination | 
1s required to see the value of this appliance, not 
only for the inter-departmental handling of goods in 


the weight of the various parts, the addition of 
special weights for this purpose being avoided. 
Before describing the construction in detail, it 
may be mentioned that the design enables the lifting 
hook to be hoisted close to the underside of the 
runway track, thus giving a maximum clear lift. 
The wheelbase is of adequate length to prevent 





a factory, but in transporting goods from warehouse | longitudinal pitching, and the collector gear is 
to wharf. By extending the telpher track over the arranged so that the current can be picked up con- 
wharfside, the goods can be lowered directly into | tinuously when passing through a junction which is 
trucks or into a ship’shold. As the hoist is required | not wired. There is a substantial wooden buffer at 
to travel at a relatively high speed and to negotiate | each end, that at the cage end extending beyond the 
bends and junctions, correct balance is clearly of | cage to guard against injury to the operator in the 
importance, and the Morris hoists are accordingly | event of a collision. 

balanced as a whole about a vertical plane passing; Turning now to the detailed construction, the 
longitudinally through the centre of the runway | main frame is built up from rolled-steel sections, 
track. In addition, each bogie, with attachments, is | secured by suitable gussets, and is riveted up before 
balanced about a vertical axis. The balance in| being machined, to ensure true alignment for the 





each case is attained by the correct distribution of | bearings. The bogies are also built up with rolled- 


steel sections, riveted together and reinforced by 
substantial castings. The latter are registered into 
frames which receive the runner pins, the framework 
being machined after riveting up to ensure that 
opposite runner pins are accurately in line. Each 
bogie is provided with two steel runners of large 
diameter, as shown in Figs. 30and 31. Therunners 
are bushed with gun metal, and have treads of 
different profiles for each size of track. Both 
runners of one bogie, shown to the right in Figs. 30 
and 32, have machine-cut gear teeth for driving. 
These teeth engage with a forged steel pinion 
mounted on a second-motion shaft below the runners. 
This shaft is driven by the motor through a silent 
chain enclosed in an easily removable cast-iron 
gear case. 

The bogie centre pins are fitted with ball bearings 
to give easy swivelling. Both bogies carry special 
check stops, which can be clearly seen in Fig. 30. 
These stops consist of replaceable laminated buffers 
made up of wood and metal, which come into contact 
with arrestors on the runway if the operator drives 
too close to the end of the track or to an open 
junction. The arrestors are designed to fracture 
slowly on contact being made; the speed is thus 
materially reduced and the shock minimised. 
Steadying gear is provided on each bogie. Asshown 
in Figs. 30 and 32, this consists of four rollers carried 
in brackets. These rollers are of cast iron, chilled 
on the treads, and ground to size. They add 
noticeably to the smooth running of the trolley, 
particularly round bends, and also prevent the runner 
flanges rubbing on the side of the track. 

The rope barrel for hoisting has grooves turned in 
its surface to suit the diameter of the rope employed, 
and is long enough to carry the whole of the rope 
without overlapping. As shown in Figs. 30 and 32, 
a spur wheel is spigoted and bolted to one end of the 
barrel. This wheel is of cast steel, and engages 
with a forged steel pinion on the second motion 
shaft, shown dotted above the motor in Fig. 30. 
The drive from the motor to the second motion 
shaft is through another set of spur gears. The 
first-motion pinion is of steel, and is forged solid 
with its shaft and coupling, to avoid the use of keys. 
The teeth in both sets of gears are broad and of 
fine pitch, which ensures good durability and 
smoothrunning. The fast motionis totally enclosed 
in a cast-iron gear case, which is readily removable. 
It may be mentioned that the rope barrel revolves 
on a fixed shaft, reducing the bending moment and 
ensuring a more perfect and efficient bed for the 
bearings. The load is carried on four falls of special 
flexible plough-steel wire rope, having a factor of 
safety not lower than eight, based on the aggregate 
breaking strength of the rope. The bottom block 
consists of a mild steel crosshead carrying two cast- 
iron sheaves of large diameter, machined and grooved 
to fit the rope. The forged steel hook is fitted with 
a ball race to allow the load to be rotated with 
a minimum of effort. Guards are provided to 
prevent the rope leaving the groove when the block 
is on the ground. 

The hoisting motion is provided with an electro- 
magnetic brake and also with a second brake of 
the centrifugal type, as shown in Fig. 30. The 
first of these brakes is applied by a weight and 
released by an electro-magnet, so that in the event 
of the current failing, the weight will immediately 
apply the brake and the load will be safely sustained. 
The function of the centrifugal brake is to control 
the load within a safe lowering speed. If the speed 
rises to an excessive value, the weights fly out and 
apply the brake, thus keeping the peripheral speeds 
of all rotating parts, particularly those of the motor, 
within safe limits. Both sets of brake shoes are 
lined with Ferodo. In addition to the brakes 
referred to, there is another on the travelling 
motion. Asshown in Fig. 30, this brake is operated 
from the cage by a system of rods and levers, the 
arrangement being such that the swivelling of the 
bogie does not interfere with the brake operation. 

All motions are controlled from the cage, visible 
to the right in Fig. 30. This cage is built up of steel 
angles and plates, and is rigidly braced. It is of 
sufficient size to accommodate the operator and con- 
trol gear without crowding, and is suspended from the 
main frame so that the operator has a clear view 
in all directions. Telpher hoists can be fitted with 
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floor control or with remote control from a fixed 
point, if required. In this case the travel brake is 
operated by an electro-magnet. Overhoisting by 
a careless or incompetent operator is prevented by 
an ironclad switch, which automatically cuts out 
the hoisting motor when the block has been raised 
to a certain point. This switch is connected so 
that it will operate only on the hoisting and not 
the lowering circuit, and the block can be lowered 
freely at any time, when the switch is reset auto- 
matically. 

Before completing our description of the various 
shops constituting the East Works, a few details 
of the battery trucks made by the firm will not be 
out of place. As already stated, these are made in the 
bay shown in Fig. 39, which forms part of the East 
Works assembly shops. General drawings of the 
truck are shown in Figs. 33 to 35, on the opposite 
page, and a separate view of the driving unit is also 
given in Fig. 36. As will be clear from the latter 
view, the special feature of the truck is that a single 
steel casting houses the motor and the whole of the 
transmission, ensuring permanent alignment and 
adequate lubrication of all the parts transmitting 
the power to the road wheels. The frame of the 
truck is built up of rolled-steel sections riveted 
together, as shown in Figs. 33 to 35. It is mounted 
on helical springs working between horn plates. The 
steering gear is generally similar to that of a motor- | 
car, a reduction gear being introduced, as shown in | 
Fig. 35, to increase the leverage obtained. The | 
wheels are of cast steel, and are fitted with 20-in. | 
rubber tyres. The whole of the bearings through- | 
out the truck are of the ball type. The battery | 
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The motor, shown in Fig. 36, is specially designed 
for battery-truck duty, and is capable of taking 
large overloads. It is of the totally-enclosed, series- 
wound, reversing type. The controller gives three 
forward and three reverse speeds, and is of the drum- 
reversing type. A hardened-steel worm, clearly 
visible in Fig. 36, is cut directly on the armature 
shaft, which is extended over the rear axle and 
supported by a ball race at the end. Jt should be 
explained that the armature itself is built on a sleeve, 
|so that the shaft can be replaced if necessary 
| without interfering with the windings. The worm 
| wheel is of phosphor bronze, and is bolted to the 
| differential casing. The whole arrangement of the 
| back axle is similar to that adopted for normal 
|motor vehicles. The differential is of the spur-gear 
| type with machine-cut teeth. The end of the arma- 
|ture shaft remote from the worm carries a brake 
drum. As will be evident from Fig. 36, the brake 
of which this drum forms part is of the clasp 
type. The shoes are normally held on to the drum 
by the springs shown, and are only released when 
the operator steps on to the driving platform. The 
latter is divided into two parts, that under the left 
foot being hinged and connected by a simple 
system of levers to the brake shoes. The hinged 
portion of the platform is also interlocked with the 
controller, rendering it impossible to energise the 
motor while the brake is on. 

Returning now to the description of the various 
departments forming the East Works, the next shop 
in order from the offices is the machine shop, shown 
in Fig. 40. This is employed for machining the 
majority of the parts used in the products manufac- 
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| and is, in general, too large to be conveniently dealt 
with in the South Works. As will be clear from 
the illustration, group driving from overhead shaft- 
ing is adopted for the machines in this shop, the 
various too]s being arranged according to type. The 
view brings out what is perhaps the most interest- 
ing feature of the shop—the extensive use of over- 
head runways. In addition to being carried down 
the centre of the bays, the telpher tracks pass overt 
the heavier machines to enable the work to be lifted 
into, and out of,each machine. There is a tool room 
associated with this shop at the Empress-road end. 
as indicated in Fig. 1, page 311, ante. 

The next. building, adjacent to the machine shop, 
is the smithy, which hardly calls for detailed com- 
ment. Any forgings required throughout the 
works are made in this shop, the most important 
being perhaps the crane hooks. The standard 
hooks employed are drop forgings, but any special 
hooks which may be required are hand forged. 
The drop forgings are also roughly hand forged in 
the first instance, to ensure the correct flow of the 





metal in the finished hook. 

The remaining buildings on the East side are 
the foundry, pattern shop, and foundry yard. 
The foundry is run on separate establishment 
lines, and the facilities cover both ferrous and 
non-ferrous work. The non-ferrous side deals 
with brass, bronze, and gunmetal castings only ; 
castings of other alloys are purchased from 
outsidesources. The non-ferrous section is equipped 
with 400-lb. capacity Morgan tilting furnaces, and 
a battery of Carr crucible pit furnaces. 





The grey iron foundry is specially laid out for 


usually fitted consists of 24 cells, giving an output | tured in this portion of the works, and contains a | the economic production of the large variety of cas- 
of 129 ampere-hours at 48 volts. Either lead-plate | representative collection of standard machine tools. | tings required in connection with the company 
or nickel-iron type batteries can be fitted. 





| The work is of a somewhat miscellaneous nature, | products, the general run of castings varying 12 
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2-TON ELECTRIC BATTERY VEHICLE. 


CONSTRUCTED BY 


MESSRS. HERBERT MORRIS, LIMITED, LOUGHBOROUGH. 
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Fic. 36. Rear Axe UNIT. 


Weight from l-oz. up to 2} tons, but castings up 
‘o5 tons in weight are often required. This foundry 
8 divided into two sections, one being for loose 
pattern, pit, and loam work, and the other for repeti- 
tion work. The melting plant, which is situated 





close to the loose-pattern moulding shop, comprises 
three cupolas, of which two have a molten metal 
capacity of approximately 4 tons per hour, while 
the third is a self-contained emergency cupola of 
1 ton per hour capacity, fitted with a separate 








electric blower. The cupola charging platform is 
outside the foundry proper, and is large enough to 
allow of the full day’s requirements of melting 
material being prepared in advance ; the charging 
stage is served with a power crane covering the 
stage and stock vard. 

The equipment of the foundry includes portable 
electric mould driers, portable electric riddles, 
and a variety of moulding machines, a few of which 
have been specially designed and constructed by 
Messrs. Morris for moulding certain lifting-machinery 
parts. The foundry is equipped with overhead 
electric cranes, and hand and wall jib cranes are 
provided in addition for dealing with the work on 
the moulding machines. The electric cranes are 
provided with dead-slow lifting and lowering 
devices, and have ficor control, operated by one 
man. A complete runway system is provided for 
handling moulding boxes, sand, hot metal, and so 
on. The runways connect up the sand-preparation 
department to the sand centres, and the main gang- 
ways to the cleaning, fettling, sand blast, and sorting 
sections. They are continued to enable the castings, 
after passing through the inspection shop, to be 
delivered to the stores. In the castings-inspection 
section, trial jigs and shape templates are used for 
detecting mis-shapen, swollen, or badly cored 
castings, thus avoiding much time that would 
otherwise be lost in the machine and fitting shops. 

The quality of the metal used in lifting machinery 
is obviously of great importance, and the mixtures 
used in Messrs. Morris’ foundry aim at securing 
grades of close-grained iron with a fairly low silicon 
content, and a very low phosphorus content, to give 
a high average strength. Transverse and tensile 
test bars are cast with every blow; the “K” bar 
test is also used to detect segregation troubles, 
while systematic analysis, and other laboratory 
tests, are taken in a methodical manner as a general 
check. To those who are not familiar with the 
“K” bar test it may be mentioned that in this 
test the test piece is cast in the form of the letter 
K, the back of the letter being at the top in the 
mould, and the metal being poured at the centre. 
The test is particularly valuable when using low 
silicon iron, this metal being particularly sensitive 
to the variation in casting temperature, and in 
some cases being also liable to liquid contraction. 
The test pieces are broken across the centre, and the 
condition of the fracture gives an indication of the 
temperature at which the metal was poured. A 
correct temperature, which is usually as hot as 
can be obtained from the cupola, gives a solid and 
homogeneous fracture, and as the temperature is 
lowered a slight whitish centre appears in the 
fracture, followed by darkening centres, until a 
black centre associated with open cavities is reached. 
An indication of the quality of the metal normally 
cast is given by the fact that l-in. square test bars 
mounted at i2-in. centres regularly give a breaking 
strength of °3 to 26 cwt., and tested in the ordinary 
way, with a deflection of one-tenth of an inch 
before breaking, while 2 in. by 1 in. test bars at 
36-in. centres break at 33 to 36 cwt. with a deflection 
of four-tenths of an inch; the average tensile 
strength being regularly kept between 15 and 16 
tons per square inch, and the wearing quality- 
tests of the iron show equally good results. 

The output capacity of the existing foundry being 
severely taxed, a new foundry is now under con- 
sideration, and it is proposed to build this on the site 
of the North Works, and lay it out and equip it on 
the most modern lines, in order to secure maximum 
efficiency and economy, especially as regards 
material handling. 

The pattern shop, in which both wood and metal 
patterns are dealt with, is adjacent to the foundry, 
and is equipped with a complete modern plant. 
Extensive use is made of portable electrically-driven 
tools, such as bench saws, planers, and flexible-drive 
drills ; and it has been found that the employment 
of portable tools has resulted in marked economy. 
The main pattern vaults are situated between the 
pattern shop and foundry, and are fireproof. The 
control of the pattern shop and foundry is under 
one manager, and the system of payment by 
results, common to the rest of the works, is 
employed in these departments, the system being 
co-ordinated with that prevailing in the main works, 
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The patterns, moulding boxes and foundry tools are 
controlled on a card-index system. Provision is 
made for the advance preparation of the patterns 
for the use of the moulders, and for the systematic 
clearance of the patterns not in use, ensuring that 
unproductive time shall be a minimum. The 
card-index system employed gives full details of the 
history of each pattern, and its correct storage 
position. Should the pattern be sent to an outside 
foundry, the system affords an immediate clue as 
to its whereabouts. The costing system employed 
in the foundry provides accurate details of such 
points as weight and shop-door cost of sound 
castings per week, metal cost less shop-scrap, and 
direct and on-cost wages under detail headings. 
The cost of the molten metal at the cupola spout is 
also readily available at any time. The large 
variety of work dealt with will be realised from the 
statement that some 50,000 patterns exist, apart 
from some 8,000 mounted plate patterns for machine 
moulding, the plate patterns being made in wood, 
iron, white metal, aluminium or brass, as circum- 
stances warrant. 

(To be continued.) 





MANGANESE AND FERRO- 
MANGANESE. 


The Metal Manganese and its Properties : Also the 
Production of Ferro-Manganese and its History.* 


By Sir Rosperr Haprievp, Br., F.R.S. 


In view of the importance of manganese to the steel 
industry, the author thought it desirable to give some 
account of the metal, also of its production in ferro-alloy 
forms. Whilst literature on the subject has appeared 
from time to time, it is in a somewhat disseminated 
form, and not readily available to the members of this 
Institute. The present paper endeavours, therefore, 
to give a general historical account of the metal man- 
ganese and the uses to which it has been applied. 
Naturally, this is more specially concerned with its 
use in the steel industry—by far the largest industrial 
application—including the manufacture of modern alloy 
steels and also manganese stee! of which it forms a 
considerable proportion. Another object of this paper 
is to show the interesting way in which the production 
and use of ferro-manganese was brought about, and 
the important part played in its development by our 
country. History shows the sequence to have been 
Heath in 1839, followed much later by Mushet, Prieger, 
Henderson, Bessemer, and finally our Honorary Vice- 
President, Mr. Pourcel. 

As far as the author has been able to trace, nothing 
of practical importance, as regards its employment in 
the manufacture of steel, happened until Heath, about 
the year 1839, introduced the use of carburet of man- 
ganese into the manufacture of crucible steel. Heath, 
in his patent, declared that his invention consisted in 
the use of “carburet of manganese” in any process 
whereby iron is converted into cast steel. Had he 
seen in his own day the Bessemer process in operation, 
he could not have said more; he well knew the effect 
produced by manganese on steel. and therefore claimed 
its employment in any process whereby iron is converted 
into cast steel. David Mushet went so far as producing 
what to-day would be called a species of ferro-man- 
ganese. His son, Robert Mushet, made practical use 
of spiegeleisen as applied to the Bessemer process ; 
Prieger, of Prussia, did useful work, and Bessemer 
himself took a most active interest in encouraging the 
production of this metal by Henderson, in the form of 
ferro-manganese ; and finally Pourcel, in France, 
solved the problem by producing, on an industrial 
scale, the valuable alloy now known as ferro-manganese, 
of which the world at present uses between 500,000 and 
800,000 tons annually. 

Ores of Manganese.—The affinity of manganese for 
oxygen is very great, and the metal is, consequently, 
nowhere found in the free or uncombined state. Its 
ores, of which, metallurgically, the oxides are the most 
important, are very widely distributed. They are 
even found in the form of nodules, thickly strewn over 
the ocean beds for hundreds of miles and often at 
great depths, as well as at the bottoms of many lakes. 
Manganese ores are invariably associated with iron 
ores. At the same time, iron is not found in any 
important quantity with the commercially workable 
deposits of manganese, which also are confined to 
comparatively few countries. The commonest varie- 
ties are psilomelane and pyrolusite. This latter is the 
“black oxide of manganese,” a dioxide containing, 
when pure, 63-2 per cent. manganese. The richest 
oxide (MnO), containing 77-5 per cent. manganese, 





* Paper read before the Iron and Steel Institute, 


occurs as the mineral manganosite. The great bulk of 
the manganese ores employed commercially come from 
Southern and Central India, from the Gold Coast, and 
from Georgia and Brazil. Theinvariable association of 
iron with manganese complicates the commercial 
classification of manganese ores, which range in quality 
from the richest in manganese, containing the smallest 
percentages of iron, to the lowest grade ores, which 
are virtually iron ores with not less than 5 per cent. 
manganese. The most convenient classification is 
that proposed by Fermor, although, unfortunately, it 
has not been generally adopted. It is as follows :— 


Manganese Iron. 
Per cent. Per cent. 
Manganese ores . 40 to 63 0 to 10 
Ferruginous manganese ores ... 25 ,, 50 10 ,, 30 
5,30 30,, 56 


Manganiferous iron ores 
Tron ores cae sea rn, oe 45 ,, 70 
Distribution of Manganese Ores.—In the United 
Kingdom, manganese ores occur in North Wales, 
Cornwall, Devonshire, Derbyshire, Worcestershire, and 
Cumberland. During the earlier part of the present 
century, the annual output was, in some years, nearly 
23,000 tons. Production has, however, fallen off very 
considerably, although, during the scarcity of supplies 
in the Great War, it rose again, and in 1918 attained 
17,465 tons. In 1924, the world consumption of 
manganese ores was 1,450,000 tons, that of the United 
Kingdom alone having amounted to 331,527 tons, 
from which it is obvious that the home supply is quite 
insignificant ; hence the importance of securing an 
adequate source of supply to our country. It should, 
however, be noted that the figures relating to man- 
ganese ore production and consumption vary consider- 
ably, according to the various authorities, and it is by 
no means always clear what grades are included or 
excluded in the official statistics published from time 
to time. The information available up to the time of 
the preparation of this paper is embodied in Table I. 
TABLE I.—World’s Production of High-Grade 
Manganese Ore. 
(Thousands of Tons.) 




















Country. | 1921. 1922. | 1923. | 1924. | 1925 
India .. : | 679 474 695 803 710 
Gold Coast | 7 66 140 233 339 
Russia .. “f 28 193 237 492 513 
Brazil .. sol 274 335 232 157 307 
United States 14 13 33 57 76 
Other countries 200 300 350 500 500 

|-—— — 
Totals 2,242 2,445 





.| 1,199 | 1,381 | 1,687 








In addition there is the tonnage of low-grade ores to 
be added, namely, about 250,000 tons in 1925. The 
grand total of all grades of manganese ores in 1925 
amounted therefore to about 2,700,000 tons, of which 
the British Empire produced 1,190,000, or 44 per cent. 
An important monograph* on manganese ore, by 
Mr. Datico Zereteli, was published in 1925, from which 
the following particulars are quoted. It is satisfactory 
to note that, even if the manganese resources of the 
United Kingdom are on so small a scale, the resources 
of the Empire rank above those of any other country. 
Thus while, in 1924, Brazil produced 200,000 tons, 
and Georgia in Russia, which before the war was the 
principal producer, contributed 480,795 tons, India 
produced no less than 639,210 tons, and the Gold Coast 
255,647 tons. Manganese ores are also found in other 
parts of the British Empire, such as South Africa, East 
Africa, Canada, and Australia. 

The chief European supplies are derived from the 
Georgian deposits, of which those of Tchiaturi are 
the most extensive, being estimated, according to 
Zereteli, to contain nearly 220,000,000 tons, 73,000,000 
having already been extracted. Further very exten- 
sive deposits occur in other parts of the Union of 
Socialist Soviet Republics, notably in the Nikopol 
and Gaisinsk districts, in the Urals, in Siberia, and in 
North Caucasia. Small amounts of rich (60 per cent. 
manganese) ores are found in Spain, Italy and Sweden, 
and lower grade ores are found in France, Belgium, 
Germany, Greece, and Turkey. 

Although high-grade ores occur in the United States, 
most of the manganese-ore deposits in that country are 
low grade, or consist of manganiferous iron ore only. 
During the war, however, these native resources were 
extensively exploited, production in 1918 having 
attained to no less than 305,869 tons. In that year, 
the production of ferruginous manganese ore (10 per 
cent. to 35 per cent. manganese) and of manganiferous 
iron ore (5 per cent. to 10 per cent. manganese) rose to 
916,163 and 254,299 tons, respectively, the produc- 
tion of ferro-manganese in the United States in that 
year reaching 333,027 tons. The known reserves are, | 
however, small, and the output has fallen greatly ; 
Montana, which in 1918 produced 199,932 tons, 
produced only 21,916 tons in 1924. 





In an article by Mr. Olin R. Kuhn* there is given 
a complete table of analyses of the world’s manganese 
ores, known at that period. It is also stated that 
about 95 per cent. of the manganese ore produced in 
Brazil comes from the Minas Geraes district, about 
150 miles north-west of Rio de Janeiro. It was first 
discovered about the year 1880. 

With regard to the supply of manganese ore from 
the Gold Coast, the African Manganese Company, 
Limited, exhibited samples from the ore to the finished 
product at the British Empire Exhibition held at 
Wembley in 1924 and 1925. The developments made 
by this company have been most remarkable, and 
manganese ore now forms one of the principal exports 
from the Gold Coast. The deposits were discovered 
by the Geological Survey in 1914, but were not 
developed until 1916. These deposits occur in numerous 
districts in the Gold Coast Colony, Ashanti, and the 
Northern Territories. Owing to folding of the sedi- 
ments, they are visible at many places from the Birrim 
River, near Dixcove, on the coast to the north-west 
corner of the Northern Territories, for a distance of 
some 440 miles. The largest deposit occurs at Insuta- 
Dagwin, Goid Coast, where it forms the major portion 
of a high ridge, extending for about two miles by the 
side of the Sekondi-Kumasi Railway at a distance of 
36 miles to 38 miles from the port of Sekondi. This 
huge deposit consists of massive ore and of “ detrital” 
ore, the latter being composed of manganese oxide in 
grains and small to large nodules in a red clayey soil. 
The ore now being produced is of high grade, and is 
specially suitable for the manufacture of ferro-manga- 
nese. Much of it is of the best quality, and is used in 
the chemical industry. The analysis of the average 
ore is :— 


Manganese. Iron. Silicon. Phosphorus, 
Percent. Percent. Percent. Per cent. 
50 to 53 2to4 3to7 0-1 to 0-12 


The author understands that manganese ore (42 per 
cent. manganese) has recently been found in the Belgian 
Congo. The following are the shipments of manganese 
ore from West Africa for the years 1916 to 1925. The 
considerable fall in 1921 was due to the shortage of 
ocean transport :— 


1916 4,300 Tons. 
1920 41,000 ,, 
1921 7,000 ., 
1923 117,900 ,, 
1924 255,400 ,, 
1925 357,200 ,, 


The total exports of manganese ore up to March 31, 
1925, were approximately 660,000 tons, having a value 
of about 1,237,000. 

In the Bulletin of the Imperial Institute for No- 
vember, 1926, it is stated that a large number of 
occurrences of manganese ore are known in Cape 
Province, Bechuanaland, and in the Transvaal, though 
some of them, so far, have not proved of much economic 
importance. The Bulletin also says that : ‘* The most 
important deposits are those of lateroidal character 
associated with dolomite in the Krugersdorp district. 
The manganese occurs as psilomelane or pyrolusite, 
and the workings are a number of shallow pits in pockets 
of ore which are 100 yards or so across. Recently 
attention has been directed to the important deposits 
of manganese ore in the Postmasburg district, which 
have been known since 1922, and have been lately 
described by Dr. A. L. Hall.t ‘They are situated about 
100 miles west of Kimberley, and extend ina northerly 
direction from Postmasburg, having been traced for 
40 miles along the Gamagara Ridge. The ore is almost 
entirely psilomelane, and is in the form of a sheet 
up to 20 ft. thick interbedded in slates and iron-bearing 
conglomerates. Assays indicate a manganese content 
of 42 per cent. to 58 per cent., 1-75 per cent. to 7 per 
cent. of silica, 3-25 per cent. to 10-9 per cent. of iron, 
and no phosphorus. Based on an average thickness of 
4 ft., it has been estimated that 900,000 tons of ore 
are exposed in residual cappings, while in the case of a 
certain length of outcrop of the bed of average width 
8 ft., and assumed to continue to a depth of only 10 ft., 
there are 1,800,000 tons. These figures may be 
considerably multiplied, for, owing to minor folding, 
there are several outliers of the ore body. Active 
development is proceeding, and the immediate construc- 
tion of a branch railway line from Douglas seems 
warranted.” 

Ina recent press communication from Johannesburg. 
it was stated that the Unicn Manganese Company of 
Johannesburg had signed an important contract with 
two large American steel companies, under which the 
1atter obtain the right to work the manganese deposits 
near Postmasburg on a royalty basis. The deposits 
are said to extend for forty miles. Under the scheme 
it is stated that a large company will be formed in 





* “Surveys Manganese Ore Supply,” /ron Trade 
Review, Aug. 18, 1921. est 
+ “The Manganese Deposits near Postmasburg, Wes 





* Manganese Ore, with Special Reference to Georgian 





London, on May 5, 1927. Abridged. 





Ore. Dryden Press. London, 1925. 





of Kimberley,” Transactions of the Geological Society of 
South Africa, 1926. 
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America, and that a railway is about to be built con- 
necting the fields with the main line. The latest 
reports respecting these deposits state that they are 
of high-grade and contain as much as one thousand 
million tons of procurable ore. Should this estimate 
be found to be even approximately correct, the appre- 
hensions so freely expressed in some quarters as to 
a possible future shortage of manganese ore will 
prove groundless. The American interests referred to 
are reported to have placed in the hands of the Govern- 
ment of South Africa a sum of 250,0001. for the con- 
templated railway, and to have allocated no less than 
2,000,0001. for the purpose of developing the enter- 
prise. Sir William Hoy, general manager of the South 
African Railways, has declared “that the develop- 
ments in connection with manganese deposits will 
stagger the country, which will shortly possess the 
largest manganese mines in the world.” 

The Indian ore deposits are in the Central Provinces, 
Madras and Bombay provinces, Mysore, Bengal and 
Lower Burmah. The author is indebted to the Central 


while deposits occur in China, in the Philippine Islands, 
and in Portuguese India. 

The question of shortage of manganese supplies, 
whilst not immediately a serious one, may prove to be 
so in the not very far distant future. This has been 
one of the author’s objects in preparing his present 
paper, so that interest may be aroused and attention 
paid to the subject. Metallurgically speaking, our 
world ‘‘ without manganese ’’ would indeed be a sorry 
place. There is no doubt that, from the ferro-metal- 
lurgist’s point of view, the metal manganese ranks 
next in importance to the metal iron. The ordinary 
stee! of commerce cannot be made satisfactorily unless 
containing from about 0-40 per cent. to 1-00 per cent. 
of manganese—that is, apart from the oxidised portion, 
this percentage should remain in the final steel product. 
Thus, every million tons of such steel requires from 
about 9,000 to 12,000 tons of ferro-mangancse con- 
taining 80 per cent.-of the metal manganese. Seeing 
that America alone is now producing at the rate of 
over 45 million tons of steel per annum, whilst it is 





practice, it may be stated that in the manufacture of 
such ferro-manganese there was recovered 80-44 per 
cent. of the metallic manganese contained in all the 
ore consumed in 1925, whereas in 1918 no less than 
10 to 40 per cent. of the manganese in the ore was lost. 
In 1925, ferro-manganese in the United States was 
made at eight different furnaces, by three different 
producers, and the average value per ton at the furnaces 
was 101-78 dols. In 1925, in addition to the production 
in the United States, 68,077 tons of ferro-manganese 
were imported; 45,291 tons came from the United 
Kingdom ; 7,838 from Canada; 2,194 from Germany ; 
8,478 from Norway ; and 3,162 from Sweden. There 
was also produced in the United States, 95,890 tons of 
spiegeleisen, the average value per ton at the furnaces 
being 25-10 dols. 

For lack of space, the author can only deal briefly 
with the position of manganese in its relation to the 
mineral industry. ‘Those who require more information 
will find this in the five Bulletins and Monographs of 





the Imperial Mineral Resources Department of the 
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Provinces Manganese Ore Company, Limited, for the 
following information with regard to their mines. This 
company is the largest producer of manganese ore in 
India, and owns twenty separate mines in the Central 
Provinces, which are estimated to contain upwards of 
twenty million tons of high-grade ore. These present 
properties are able to meet all the demands upon them 
for manganese ore, and their capacity for production 
will be further increased as soon as a new broad-gauge 
railway, now being constructed, is completed. The 
ore from these mines is blended into what is known on 
the market as ‘“ Oriental” ore, with an analysis of : 


Mn. BP. SiOo. Fe. 
51-00 0-105 7-50 6-50 

The importance to the Empire of this company’s 
teserves of high-grade manganese ore will be appreciated 
when it is remembered that the statement has been 
made that the West African deposits in the Gold Coast 
Colony have now passed into the control of American 
interests, as have also the important manganese ore 
deposits in the Caucasus. The Brazilian manganese ore 
deposits, owing to their geographical position, naturally 
find their principal outlet in the American markets. It 
Is of interest that the Central Provinces Manganese Ore 
Company have recently allied themselves with four 
British ferro-manganese makers, so that a regular 
supply of high-grade ore is secured for this country, 
It is interesting to note that ferro-manganese of 
80 per cent. grade has been recently made quite 
Successfully by the Monterrey Iron and Steel Company 
: Mexico, under the superintendence of Mr. D. J. 
elkel, of this company’s blast-furnace department. 
a taw materials used in the manufacture of this 
“manganese were obtained in Mexico, the man- 
—_ ore being mined in the States of Durango, 
4n Luis Potosi, and Chihuahua. In Japan, there are 


| true much of this is produced from remelted scrap, 
it will be seen that the demand for the metal man- 
ganese must be very large. A striking illustration 
of this was shown in the war. In England, thanks 
to our Navy, we were kept sufficiently well supplied 
with the necessary manganese ores, but in certain 
other countries there was a dearth of such ores. So 
serious was this lack of supply that large quantities 
of steel were made containing very little manganese, 
or even in some cases none at all, the results often 
being most disastrous. Such steel was of the worst 
type, showing unsoundness, blowholes, and piping, 
with segregating material, in consequence, abounding 
to an unusual degree. 

In order to give an idea of the position of the man- 
ganese resources of the world, the author has prepared 
the above map on which are shown: (a) The chief 
sources of supply, that is, giving an output of over 
100,000 tons per annum; (4) sources giving an output 
of over 10,000 and under 100,000 tons per annum ; 
(¢) sources with an output below 10,000 tons ; (d) large 
potential sources of supply, that is, not yet fully 
developed. In the preparation of this map the author 
has drawn freely on the information given by the 
various authorities, including the Imperial Mineral 
Resources Bureau, Zereteli, Curtis, and others whose 
articles have appeared in the technical press. Although 
the information may not be complete, it is thought 
that the data presented represent generally the 
situation as regards the manganese ore supplies of 
the world. 

In a paper by Mr. Hubert W. Davies on “ Iron Ore, 
Pig Iron and Steel in 1925,” issued by the Bureau of 
Mines, Washington, it is stated that in 1925 the produc- 
tion of ferro-manganese in the United States was 
259,870 tons, averaging 78-93 per cent. manganese, 
and containing 205,046 tons of the metal manganese. 





aeennese ore deposits, but the highest output was 
a 97,000 tons in 1918. Manganese ores are also 
und in Cuba, Costa Rica, the Argentine, and in Chile, 


To produce this there were used 519,139 tons of 


Imperial Institute. The following is a short synopsis 
of the Bulletins in question :— 

‘** Mineral Industry of British Empire and Foreign 
Countries, War Period. Manganese (1913-1919).” 

It shows that, like the United States, Germany is 
short of manganese ores, so that the metallurgists of 
that country have had practically to rely upon outside 
sources of supply. Many experiments were made in 
Germany during the war, when she was unable to obtain 
manganese ores, and when great efforts were made to 
find an effective substitute as a deoxidiser of steel. It 
is pointed out in the pamphlet that amongst the 
“*common deoxidisers tried were alloys of aluminium 
and silicon, while calcium, vanadium, uranium, and 
boron alloys were also used, although their cost was 
excessive and, when not assisted by one or more of the 
common deoxidisers, the steel produced was not of good 
quality, in many cases useless. The greatest hopes 
were placed on calcium carbide, but persistent tests 
on a large scale proved unsuccessful. It is there 
regarded as entirely unlikely that it will be found 
possible to replace manganese in the manufacture of 
steel, until some radically new discovery or invention 
occurs. 

‘** Minerals of the Empire—Prepared for the British 
Empire Exhibition, Wembley, 1924.” 

This pamphlet contains a useful chapter on man- 
ganese, showing that in 1913 our Empire produced 
about 35 per cent. of the world’s output of manganese 
ore. Also that, whilst considerable reserves exist in 
the Empire, the known deposits throughout the world 
are not numerous. 

‘““Manganese Ores.” Monograph on Mineral Re- 
sources, with Special Reference to the British Empire. 
Prepared under the Direction of the Mineral Resources 
Committee of the Imperial Institute, with the Assistance 
of the Scientific and Technical Staff, by Mr. A. H. 
Curtis, B.A., F.G.S., M.Inst.M.M. 





imported manganese ore, and 34,942 tons of domestic 
manganese ore. As showing the improved methods of | 


This monograph contains some 120 pages, and 
includes an excellent bibliography. Information is 
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given with regard to the sources of supply of manganese 
ores within the Empire and in foreign countries. 


In a recent paper, Sir Thomas H. Holland,* K.C.S.1., | 
F.R.S., surveys the resources of the British Empire in | 


basic raw materials. He points out how desirable it 


is to study this vital question, and mentions that in | 


America there has recently been inaugurated the 
systematic inquiry into the stocks of essential minerals. 
A committee of specialists has been appointed, under 
the advice and guidance of the two leading mining 
and metallurigical societies in that country. Sir 
Thomas Holland states that: ‘The precision and 
thoroughness with which this vital question of their 
country’s needs is being treated gives us a lead which 
it would be dangerous to disregard. For this Empire 
the question of mineral supply is even more important 
than in America; for our chief manufacturing area 
and principal military base are in Great Britain, where 
we have only a fraction of the minerals that are now 
required, and where we have already depleted some of 
the stocks that once we had.” ‘Therefore the only 
immediate policy to be adopted by the big manufac- 
turing countries is to take careful stock of their mineral 
resources. It is probably easier to do this in the 
United States than within the British Empire, which 
consists of independent States separated from each 
other. There are, however, enormous territories un- 
explored within our Empire, and we can safely view 
the future without alarm. 

Uses and Applications of Manganese Ores,—Manga- 
nese ores find their chief application in the manufacture 
of the crude commercial alloys—ferro-manganese, 
spiegeleisen, silico-spiegel, and silico-manganese. Con- 
siderable amounts of manganese ore are likewise 
employed for mixing with iron ore burdens in the 
manufacture of pig iron from iron ores deficient in 
manganese, when the pig iron is required for steel- 
making processes. For the production of ferro- 
manganese, the percentage of manganese in the ore 
burden should not, ordinarily, be below 40 per cent., 
and 50 per cent. ores are to be preferred on the grounds 
of economy in coke consumption and regularity of 
working. ‘The silica and alumina should be low and the 
phosphoric acid should not exceed 0-20 per cent. 
Associated metallic impurities, such as copper, lead, 
and zinc, are objectionable. High-grade manganese 
oxides, of which ground pyrolusite (black oxide of 
manganese, MnO,) is the most preferred, are used 
extensively for the manufacture of dry and other 
batteries. Their value for such purposes depends upon 
the amount of available oxygen present, which is, of 
course, a function of the amount of MnO, they contain, 
and it is upon this basis that they are bought and sold. 
The maximum, 18-4 per cent., is obtained with pure 
(100 per cent.) black oxide. Some 35,000 tons of 
manganese ore are used annually in the United States 
alone for electrical purposes. 

Pyrolusite is also used in the chemical laboratory for 
making oxygen, although its use for this purpose has 
been virtually abandoned, Manganese ores are used 
in the glass industry as decolorisers, the slightly violet 
tint imparted by small proportions of manganese silicate 
being chromatically compensatory and complementary 
to the greenish-yellow tint due to traces of iron oxides 
in the sands used, and thus rendering the resulting 
‘metal ”’ colourless, They are also used as colouring 
materials both in the glass and in the ceramic industries; 
in the manufacture of pigments and as oil driers; and 
in the chemical industries for the manufacture of the 
salts of the metal, which have extensive applications in 
pharmacy, the textile industries, and for other miscel- 
laneous purposes. They were formerly employed to an 
extent greater than they are at present in the manu- 
facture of chlorine. 

Referring to its use in the manufacture of steel, that 
is other than manganese steel, manganese is a metal 
which takes up the oxygen present in the molten steel, 
and the slag formed is more fluid and passes away more 
readily than when either silicon or aluminium, or both, 
are used for the purpose of removing the oxygen. 
Moreover, the unoxidised manganese, which is usually 
considerable, remains in the steel, and plays a useful 
part in helping to increase the elastic limit and 
tenacity, either in the cast or forged form. Burgess 
and Aston remarked, as far back as 1909, that ‘‘ man- 
ganese is the universal cure-all, the tonic of the 
metallurgist. It is added as a deoxidiser and in sufficient 
excess (up to about 1 per cent.) to minimise the effect 
of the sulphur present.” Manganese is almost as 
useful when making castings as forgings. Although it 
is true dynamo castings of high permeability contain 
little or no manganese, for ordinary steel castings 
manganese is usefully employed, helping to avoid 
pulling or cracking when the casting is cooling down. 

The deoxidising action is usually considered to lie 
in the greater affinity of manganese than of iron for 
oxygen, and the consequent seizing by the manganese 

* “International Interests in Raw Materials,” Journ. 
Royal Society of Arts, Nov. 10, 1926. 
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oxide of iron. The magnanese oxide thus formed is 
insoluble in iron and goes almost entirely into the slag, 
returning iron to the bath as metal. The usual additions 
of manganese do not entirely eliminate oxygen from 
the steel, and probably have a small effect upon 
dissolved gases. Traces of oxygen are commonly taken 
care of by the addition of aluminium after the ferro- 
manganese addition, but the scavenging effect of 
manganese is nevertheless very strong, and it is this 
action, in addition to other functions, which makes its 
use so indispensable. 

Another action of manganese, to which is due in part 
its value, is its behaviour with sulphur. As steel exists 
at the end of a blow or heat, the sulphur is present 
almost entirely as sulphide of iron. Microscopic 
examination shows iron sulphide to exist in steel 
largely as films between the metal crystals, a condition 
which gives rise to weakness and brittleness of the 
metal when hot—“ red-shortness,’’ due to the impairing 
of the closeness of texture and cohesion of the iron 
molecules. Manganese additions convert the iron 
sulphide to mixed sulphides. With the present low- 
sulphur specifications and fast practice, it may be 
doubted whether very much manganese sulphide 
separates out from the metal into the slag. It probably 
remains in very large part in the metal, but is found to 
exist as sharp or rounded inclusions instead of films. 
A third property of manganese, which is lacking in 
other common deoxidisers, is that it raises the critical 
temperature to which it is safe to heat the steel, 
preventing coarse crystallisation at high temperatures. 

Pure Manganese.—Manganese is an element belonging 
to the long period of Group VII (the halogens) in the 
periodic classification, although it has little in common 
with the other members of this group, except for the 
fact that it forms a heptoxide (Mn,O7), the properties 
and salts of which closely resemble those of the 
corresponding chlorine compounds. Its atomic weight 
is 54-93, and its atomic number 25. Although hitherto 
it has baffled most of the attempts made to prepare it 
in a condition of very high purity, specimens have 
recently been produced by Dr. W. Rosenhain, F.R.S., 
aided by Dr. Marie Gayler and others, at the National 
Physical Laboratory, containing 99-98 per cent. 
manganese, the residual impurity, though exceedingly 
small, consisting mainly of carbon, which appears 
to be pertinaciously retained and to have an altogether 
exceptional affinity for the metal. The pure metal, 
as prepared by Dr. Rosenhain, has a coarse silvery 
crystalline columnar fracture, with a yellowish tinge 








and patches of yellowish discoloration. Its hardness is 
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of the greater part of the oxygen existing as dissolved | stated to be as high as 550 Brinell, and it is exceedingly 


brittle. It scratches glass easily, and is untouched 
by a file. 

Production of Metallic Manganese.—Whilst Scheele, 
the great Swedish chemist, did not succeed in separating 
the metal itself from the manganese ore, his dissertation 
on the subject in 1774 was considered to be a master- 
piece, and contained important discoveries in chemistry. 
It was at this date that manganese ore (MnO,) was 
proved by Scheele to be an oxide. The earliest process 
for the production of the metal manganese was that 
adopted by the Swedish chemist Gahn, who reduced 
the dioxide with charcoal at a high temperature. To 
him, therefore, is due the credit of succeeding in 
isolating the metal manganese. According to Dr. Dyson, 
the best method of preparing pure manganese is by 
the electrolysis of the chloride in saturated aqueous 
solution. The Annual Report of the National Physical 
Laboratory for the year 1924, however, states this 
process to be extremely laborious and the metal 
specially prone to oxidation. An alternative method 
has been adopted at the Laboratory. The impure 
metal resulting from the Goldschmidt electro-thermic 
process (in which the oxides are reduced by admixture 
with powdered aluminium) is remelted in a high- 
frequency electric furnace under a high vacuum, and 
the manganese, which distils over in these circumstances, 
is condensed in layers on specially designed condensers, 
and contains traces only of silicon and aluminium. 
It is by this method that the specimens of pure 
manganese referred to above have been obtained. 


(To be continued.) 





GERMAN TecHNICAL HicH Scuoots.—The attendance 
figures for the thirteen technical high schools of Germany, 
including the Free Town of Danzig, for the winter sessions 
1926-1927, differ little from those for the previous winter, 
and are more than twice as large as those for the winter 
1913-14. The main increase of the last few years has been 
in the numbers of persons attending the lectures without 
being registered, a large portion of whom are ~~ 
graduates. The list, for some years, was headed by 
Munich, now with 4,397 students of all classes, but 
Berlin is again at the top with 4,793 students. bs 
regards the faculties, engineering and electrical a, 
ing are still strongly predominating ;_ their students as é 
winter were three times as large as in 1913-14. Ar hitects 
and students of general science (philosophical faculty) 
have increased in numbers a little, while chemists have 
decreased. The total attendance figure for last winter 
was 28,429, and 12,546 of these students were engineers OF 
electricians ; the figures for the winter 1925-26 were, Pe 
spectively, 27,056 and 12,614. 
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THE ELECTROLUX REFRIGERATOR. 


CONSTRUCTED BY MESSRS. ELECTROLUX, LIMITED, ENGINEERS, LUTON. 
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THE ELECTROLUX REFRIGERATOR. 


StncE the introduction of the Electrolux refrigerator, 
which we illustrated and described on page 75 of our 
issue of July 16 of last year, some improvements 
have been made in the design by the original inventors, 
Messrs. Baltzar de Platen and Carl. G Munters, of 
Stockholm, with the object of increasing its efficiency. 
These improvements are now incorporated in the 
refrigerators made at the Luton works of Messrs. 
Electrolux, Limited, whose London address is 153-155, 
Regent-street, W.1, and as these plants are particu- 
larly interesting examples of the practical application 
of physical laws, we propose to describe below one of 
the latest models. Before doing so, however, we ma. 
remind our readers of the general principles involved, 
which are identical with those of the original design, 
but as the cycle employed is theoretically the same as 
that of the ordinary ammonia~absorption refrigerator, 
it may be an advantage to explain the latter first. 


The ammonia-absorption refrigerator, in its simplest 
form, employs four vessels, known respectively as the 
generator, condenser, evaporator, and absorber. The 
Senerator contains an aqueous solution of ammonia, 
and heat is applied to this to drive off the gaseous 
ammonia, which then passes into the condenser, where 
It is cooled by circulating water and condensed to liquid 
ammonia. Both these vessels are at a comparatively 

igh pressure, while the evaporator and absorber are 
e & low pressure. The liquid ammonia passes from 

© condenser, through a regulating valve, to the 
Svaporator where it evaporates at the low pressure, 
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absorbing heat and thereby giving the desired refrige- 
rating effect. The gas then passes on to the absorber, 
where it is absorbed by a dilute solution of aqueous 
ammonia supplied to the absorber from the generator, 
and, as the absorption of the ammonia gas is accom- 
panied by the evolution of heat, the absorber is usually 
cooled by circulating water. In the process of genera- 
ting the ammonia gas from the aqueous solution in 
the generator, the strong solution rises to the top, 
as its specific gravity is lower than that of the weak 
solution which sinks to the bottom, whence it passes 
into the absorber through a check valve. The strong 
ammonia solution is pumped back from the absorber 
into the generator, entering at the top, the cycle being 


Y}|completed in this way, and the ,pump serving to 


maintain the pressure differences required for the 
operation of the process. 

Although the plant will operate as above described, 
its efficiency is materially improved by the provision 
of a heat interchanger between the generator and the 
absorber. It will be understood that the weak solution 
passing from the generator to the absorber is compara- 
tively hot, and, as the temperature of the latter is 
required to be as low as possible in order to obtain 
effective absorption, the heat interchanger is used to 
cool the weak solution on its way to the absorber and 
to heat the strong solution flowing in the opposite 
direction from the absorber to the generator. 

In the Electrolux refrigerator, which may now be 
described, no pumps, valves or other moving parts, 
requiring more or less skilled attention, are employed 
to produce the necessary pressure differences or to 





circulate the strong and weak ammonia solutions, so 
that the plants are particularly suitable for domestic 
use or for small establishments in which no engineering 
staff is maintained. All that is needed for their 
operation is a supply of heat for the generator, for 
which gas, oil or electricity may be employed, and a 
supply of water for cooling the condenser and absorber. 
The plants can then be used for cooling a chamber for 
the storage of perishable foodstuffs, and also for 
producing small quantities of ice. Circulation of the 
ammonia solutions and gases in the apparatus is 
obtained by purely automatic means, as will be clear 
later, and the necessary pressure difference is secured 
by the particularly ingenious device of introducing 
hydrogen into the evaporator and absorber, and 
confining it to these vessels alone. Actually, the total 
pressure in the whole system is the same, viz., 200 Ib. 
per square inch, and this represents the pressure of 
the ammonia in the generator and condenser, from 
which the hydrogen is excluded. In the absorber and 
evaporator, on the other hand, the total pressure is 
equal to the sum of the partial pressures of the hydrogen 
and ammonia, so that the pressure of the latter alone 
can have practically any desired value less than the 
total pressure, according to the proportion of hydrogen 
present. . 

In practice, the hydrogen in the upper part of both 
the evaporator and absorber, as well as in the con- 
necting pipe between these two parts, is practically 
pure, and the partial pressure of the ammonia gas 
is there very low. In both vessels the proportion of 
ammonia present increases towards the lower end, the 
partial pressure of the ammonia there amounting to 
about 30 lb. per square inch. As the ammonia, in 
liquid form, passes from the condenser into the top of 
the evaporator, its pressure is reduced from the total 
pressure of 200 lb. per square inch to the low partial 
pressure, so that it evaporates, and the heat absorption 
accompanying the change of state produces the refri- 
gerating effect. 

Figs. 1 and 2 are two views of an Electrolux refri- 
gerator provided with two separate chambers having 
a capacity of 6 cub. ft. and a shelf area of 8} sq. ft. 
The cooling apparatus, which is located at the sides of 
the chambers, is capable of maintaining them at a tem- 
perature of 45 deg. F.; the heat consumption may be 
varied, according to the temperature of the surroundings 
and to the rate of cooling desired, from 14 to 3} cub. ft. 
of gas perhour. If electrical heating is employed, it can 
be regulated in three definite steps of 180, 280 and 360 
watts; the cooling water required amounts, on an 
average, to about 6 gallons per hour. The evaporator 
is situated on one side of the upper chamber, and sur- 
rounding it are four trays or drawers which are filled 
with water for the production of ice; about 8 lb. of 
ice can be produced a day in this way. In Fig. 2, one 
of the side covers of the refrigerator has been removed 
to show the arrangement of the apparatus. Of the 
three vessels visible, the two at the bottom are the 
generator and absorber, while the condenser is at the 
top; the evaporator being located in the upper cooling 
chamber, as already mentioned, cannot be seen in this 
figure. 

Fig. 3 shows the main vessels and their connections 
in diagrammatic form, and will be used to explain 
the operation of the apparatus. Starting with the 
generator, shown in the lower left-hand corner of 
Fig. 3, it will be seen that the strong ammonia solution 
enters this at the top, passing on its way from the 
absorber, first through a liquid heat interchanger and 
then through a pipe coiled round a gas flame. The 
hot gases from the latter pass upwards through a 
central tube in the generator and escape through a 
chimney at the top. In doing so they heat the 
ammonia solution in the generator and drive off 
the gas, the weaker solution, owing to its higher 
specific gravity, sinking to the bottom of the genera- 
tor and returning through the liquid heat inter- 
changer to the top of the absorber. The weak solution 
leaving the generator is, of course, at a comparatively 
high temperature, but the greater part of the heat it 
contains is transferred in the heat interchanger to 
the cooler strong solution flowing in the opposite 
direction. In this way the thermodynamic efticiency 
of the apparatus is increased, although the provision of 
a liquid heat interchanger is not a new feature. 

The ammonia gas on its way from the generator to 
the condenser passes through a rectifier, the design of 
which has been considerably improved in comparison 
with the earlier form. The original rectifier consisted 
of a tube of comparatively large diameter fitted with 
baffles and radiating fins, and the small proportion of 
water vapour present in the ammonia gas was condensed 
in this owing to the cooling effect of the fins. The rectifier 
tube was inclined and the condensed vapour drained 
back into the generator. This form of rectifier was 
satisfactory provided it was situated in a current of 
air of about the same temperature of the cooling water, 
but in still and comparatively warm air the cooling 
effect was found to be insufficient. In the new form of 
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rectifier, shown diagrammatically in Fig. 3, the tube is 
vertical and is fitted internally with a series of baffle 
plates. Around the upper part of the tube an annular | 
chamber, or jacket, is formed, into which liquid ammonia | 
from the condenser can flow, as will be clear from the | 
diagram. The hot gas passing up through the rectifier | 
tube tends to heat the liquid ammonia in the jacket, 
but as this liquid is practically at its boiling point, its 
temperature does not rise. Some of it is, however, 
evaporated, heat being extracted from the hot gas 
passing up through the rectifier tube to effect the 
change of state, and the resulting ammonia gas passes | 
into the condenser through the curved pipe A near 
the inlet end. The liquid ammonia in the jacket thus 
remains at a constant temperature, which, on the 
average, is about 10 deg. F. above that of the cooling 
water, but is sufficiently low to condense the moisture 
in the ammonia leaving the generator. There is, 
however, no possibility of condensing the gas in the 
rectifier, a contingency which might arise with the 
air-cooled rectifier if the air temperature was lower 
than that of the cooling water. With this particular 
form of rectifier, heat can be supplied to the generator 
at widely varying rates without affecting the efficiency 
of rectification ; if too much heat is supplied, more 
ammonia is, of course, boiled off from the jacket, but 
the temperature does not rise and the water vapour 
present is completely condensed. This is a particularly 
important feature with gas heating, as the heat supplied 
is liable to fluctuate in accordance with pressure 
variations in the supply system. When electric heating 
is employed it also renders practicable the supply of 
heat at three different rates, as already mentioned. 

The ammonia gas from the rectifier tube, together 
with that from the jacket, passes into the condenser 
shown diagrammatically at the top of Fig. 3. This 
condenser is cooled by the circulating water, which 
has previously passed round the absorber, and it 
should perhaps be mentioned that copper piping is 
used for conveying the circulating water in order to 
avoid corrosion. In the condenser, however, the copper 
piping is prevented from coming into contact with the 
ammonia, which would attack it, by employing an outer 
tube of steel over the copper. The ammonia, which is 
condensed into the liquid form at the lower end of 
the condenser, first collects in the vertical tube B 
flowing along the horizontal tube C into the rectifier | 
jacket as it rises, and afterwards overflowing through 
the pipe D into the top of the evaporator when the 


| the ammonia gas entering the condenser drives the 


hydrogen through the vent, but the downward curvature 
of the latter prevents any liquid ammonia from 
following the hydrogen. Any liquid that may be de- 


| posited in the heat-interchanger collects in a form of 


trap E and runs thence into the absorber; a small 


| pipe, which dips below the surface of the liquid in the 


trap, serves to drain any liquid from the space outside 
the tubes, while preventing the gases from mixing. 

The action of the absorber will be clear from Fig. 3 
with but little explanation. The weak solution enters 
at the top and pours over the trays as indicated, 


| absorbing the ammonia from the mixed gases, which 


enter at the bottom and travel upwards. The solution 
thus becomes stronger as it descends, and the mixed 
gases lose ammonia as they ascend, until, at the top 
of the absorber, the remaining gas is practically pure 
hydrogen, which, as already explained, is comparatively 
hot. This hydrogen returns to the evaporator, being 
cooled on its way through the heat interchanger. 
In this way the hydrogen is continuously circulated 
through the evaporator and absorber only, while the 
water is confined to the generator and absorber, 
and the ammonia passes through all the vessels in 
the order described above. The ammonia changes 
in the course of a cycle from an aqueous solution to a 
gas, is then condensed to a liquid, and afterwards 
evaporated to a gas, while it is finally again re-absorbed 
into a solution, thus completing the cycle. For the 
first change of state, heat must be supplied to the 
refrigerant, while in the second and fourth changes, 
heat is removed by the cooling water. In the third 
change, heat is absorbed by the refrigerant from 
external sources, and the ratio of the heat so absorbed 
to that supplied may be taken as a measure of the 
thermal efficiency of the apparatus. From tests carried 
out on the latest Electrolux apparatus, we understand 
that the thermal efficiency is almost 40 per cent. with 
the cooling water at the comparatively high tempera- 
ture of 75 deg. F., and that this efficiency remains 
practically constant throughout the range of heat 
supplied. 
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apparatus is functioning normally. In this it trickles 
over a series of baffle plates, evaporating as it descends, 
and extracting the necessary heat for the evaporation 
process through the walls of the evaporator from the 
surrounding objects. 

As already mentioned, the pressure of the ammonia 
gas in the evaporator is kept down by the intro- 
duction of hydrogen. It is not, however, sufficient 
merely to introduce a certain quantity of hydrogen 
into the system, since, if the gases were allowed to 
mix freely, the partial pressure of the ammonia 
would gradually rise until a point was reached 
at which no further evaporation could take place. 
This is prevented in the apparatus we are describing 
by arranging for the circulation of the hydrogen, 
practically pure hydrogen being supplied from the 
top of the absorber to the top of the evaporator, 
and the mixed hydrogen and ammonia gases passing 
from the bottom of the evaporator to the bottom 
of the absorber through a gas heat-interchanger, 
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which is one of the recent improvements; in Fig. 3 
the letters H indicate the parts where practically 
pure hydrogen exists. In the absorber, the ammonia 
is absorbed by tho weak solution from the generator, 
the strong solution being returned to the generator as 
described above. The hydrogen, which is warmed by 
the heat evolved during the process of absorption of 
the ammonia, leaves from the top of the absorber and 
passes back to the top of the evaporator through the 
heat interchanger, flowing in the opposite direction to 
the nixed gases from the evaporator. The mixed 
gases are, of course, at a very low temperature, and 
as they flow through the heat interchanger the warm 
hydrogen is cooled and the heat which would otherwise 
be carried by it into the evaporator is prevented from 
reaching that vessel. This heat would, of course, 
diminish the useful refrigerating effect of the evapora- 
tion, so that its extraction and removal by the cooling 
water circulating round the absorber gives a material 
increase in the thermal efticiency of the system. 

The gas heat interchanger is in the form of a cylinder | 
containing tubes, through which the cold mixed gases | 
pass while the warm hydrogen flows through the 
cylinder outside the tubes. The upper header of the 

| 
| 
| 
| 








interchanger is extended upwards into the receptacle 
for the liquid ammonia coming from the condenser, 
and terminates in a vent pipe, as shown in the diagram. 
The object of this vent is to enable any hydrogen 
that may find its way into the condenser when the 
apparatus is not in use to return to the absorber or 
evaporator. As soon as heat is applied to the generator, 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The excessive burden of overhead 
costs, which directly results in selling prices less favour. 
able than those offered by foreign rivals, is a subject to 
which the closest scrutiny has been given by manu. 
facturers throughout the steel and engineering branches 
for many months past. Successive internal economies 
have been enforced at virtually all the big works, but it 
has become evident that if the position is to improve 
there must be help of an external character. One of the 
biggest burdens imposed is that represented by local 
rates. Following the coal strike Sheffield manufacturers 
hoped (and repeatedly made representations to this 
effect) that the rate levy would be stabilised in the 
region of 15s. in the pound. Instead of this it has 
advanced to over 20s, in the pound, and the multiplicity 
of municipal schemes of a socialistic character now under 
consideration would seem to make further increase 
inevitable. The suggestion that the manufacturing 
burden might be eased considerably by more abundant 
and cheaper supplies of gas is receiving special attention. 
In the opinion of many industrial organisers it would not 
be impossible, given co-operation by distributors, to 
harness for manufacturing household purposes the large 
volume of by-product gas that is now available at district 
coke ovens. Supporters of this suggestion point out that 
German steelworks are being fed with gas of this descrip. 
tion through steel pipes with welded joints, and assert 
that if a similar scheme were in operation locally it would 
be possible to distribute supplies at less than half the 
present price. Curtailment of bulk steel production 
owing to inability to replace expiring contracts is already 
in evidence. Two large furnaces at Templeboro’ have 
suspended operations, and a further restriction of 
output is likely unless conditions quickly improve. Iron 
prices are a shade easier, but there is no possibility of 
substantial cuts until blast furnace coke recedes from its 
present high level. One of the biggest coking plants in 
the Sheffield district is to be replaced by a modern battery 
of 25 Becker ovens with a carbonising capacity of 3,600 
tons of slack per week. The new installation will be 
complete with semi-direct by-product recovery plant. 
Conditions in the tool trades are mixed. Good business 
is being done in shovels and spades, and export orders 
are coming in freely for farm tools, axes and hatchets. 
There is keen competition from Germany in small hand 
tools. 


South Yorkshire Coal Trade.—The weakness in house- 
coal business reported during the past two months, which 
has resulted in short-time working at district collieries, 
is reflected in the downward movement of prices, _ Best 
and secondary grades have this week eased an average 
of from 1s, to 2s. 6d. per ton. Surpluses in wagons are 
being disposed of at special prices. Export business in 
industrial fuel is moderate, mostly at keenly competitive 
rates. Pits are left with a considerable surplus, the 
offer of which tends to depress prices for inland delivery. 
The official price of 22s, per ton at ovens for three and 
six months’ contracts in blast furnace coke is maintained, 
but there are signs of weakening in other qualities. 
Quotations :—Best hand-picked branch, 30s. to 3ls.; 
best house coal, 25s. to 27s. 6d.; screened house coal, 
22s. to 24s.; screened house nuts, 18s. 6d. to 20s. 6d. ; 
Yorkshire hards, 18s. to 20s. ; Derbyshire hards, 18s. to 
20s. ; rough slacks, 10s. 6d. to lls. 6d. ; nutty slacks, 
8s. to 9s. ; smalls, 3s. to 5s. 6d. é 








Power Erricrency Exursition.—In our issue of 
February 11 last, on page 184, we gave particulars of 
the Power Efficiency Exhibition, which was to have 
been held at the City Hall, Manchester, from June 22 
to July 2 next. We have now been informed that, 
although a large measure of support had been accorded 
the project, it was not sufficient to warrant proceeding 
with the venture, and the exhibition has accordingly 
been postponed until a future date. Any further 
communications, regarding this matter should be 
addressed to the Manager, Textile and Industrial Exhibi- 
tions, Limited, 121, Deansgate, Manchester. 





MERCHANDISE Marks Act, 1926.—The Board of Trade 
have referred to the Standing Committee, appointed 
by them under the Merchandise Marks Act, applications 
for Orders in Council to be made requiring indications 
of origin in the case of imported wire netting and woven 
wire, mill bobbins, screw bottle stoppers, and other 
articles. Representatives of any interests substantially 
affected by any of the applications referred to, who 
desire to be heard in opposition, are requested to com- 
municate with the secretary of the committee, Mr. E. W. 
Reardon, New Public Offices, Great George-street, 
Westminster, London, S.W.1, with the least possible 
delay, and, if practicable, not later than June 3 next. 


TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case:—The Victorian Government Railways Commis- 
sioners are inviting tenders for the supply and delivery 
of a cold sawing machine complete with water ag 4 
and fittings. Tenders to reach Melbourne by June iy 
and local representation is essential. Contract No. 40426. 
(Ref. No. AX 4651.)—The Municipality of Antwerp are 
inviting tenders, to be presented by June 20, for the 
supply and erection of 32 full portal travelling electric 
cranes for the Port of Antwerp. Contract No. 576. 





(Ref. No. AX 4653.) 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Last week’s five shillings 
fall in Cleveland pig iron prices has brought forth little 
new business. Some expansion in home sales is reported, 
but export trade is as dull as ever, and the total demand 
for iron is not sufficient to take up the whole of the 
limited quantity available for the open markets, with the 
result that makers’ stocks are now accumulating. The 
bulk of the production continues to go into direct con- 
sumption of manufacturers’ own steel works. The drop 
in prices has enabled merchants to cover one or two 
speculative sales made a few weeks ago at makers’ 
quotations, No. 1 quality is 77s. 6d. ; No. 3 g.m.b., 75s. ; 
No. 4 foundry, 74s. ; and No. 4 forge, 73s. 6d. 


Hematite.—There is just a little better inquiry for 
east coast hematite iron, but the limited supply is more 
than ample for the market, and with makers very keen to 
negotiate, prices are distinctly easy. No difficulty is 
experienced in placing orders for Nos. 1, 2 and 3 at 81s., 
and indeed possibly that figure could be shaded. 


Foreign Ore.—There is no market for foreign ore, 
consumers being heavily bought, but sellers keep rates 
nominally on the basis of best rubio at 22s. 6d. c.i.f. 
Tees. 

Blastfurnace Coke.—Sellers are markedly disinclined 
to name below 23s. for Durham blastfurnace coke of 
good medium quality delivered here, but local consumers 
consider the price too high, and, anticipating downward 
movement, are not disposed to enter into extensive 
contracts. 4 


Manufactured Iron and Steel—Producers of manufac- 
tured iron and steel are turning out heavy tonnage, but 
continued dearth of new orders is causing anxiety not- 
withstanding that some firms have orders booked that 
will keep them busy over the next few months. A slight 
improvement in overseas inquiries for certain commo- 
dities is somewhat encouraging, but continental firms are 
still underselling in markets abroad the products of this 
district. Common iron bars are 11l, 15s., best bars, 
121. 5s., best best bars, 12J, 15s., iron rivets, 121. 5s. ; steel 
rivets, 122.; packing (parallel), 8/.; packing (tapered), 
lll. ; steel billets (soft), 77. 128. 6d; steel billets (medium), 

, 2s. 6d. ; steel billets (hard), 87. 12s. 6d.; steel ship 
plates, 8/. 28, 6d.; steel angles, 71. 12s. 6d. ; steel joists, 
il. 12s. 6d. ; heavy steel rails, 87. 10s. ; and galvanised 
corrugated sheets, 147. 15s. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—During the past week there has 
been practically no change in the conditions ruling in 
the Scottish steel trade. Old contracts continue to keep 
the mills running, but so far the future is being left to 
look after itself, as buyers are holding aloof from the 
market, and little fresh material is being fixed up. This 
state of affairs is rather perturbing, and all concerned 
view the future with anxiety. All the ship plates being 
turned out at present are going rapidly into consumption, 
and a certain amount of foreign material is also being 
used to supplement local deliveries. Shipbuilders are 
getting through quite a fair tonnage of plates, but sections 
are not so active. Inquiries in the market for ship- 
ment lots are not very numerous, and this is having a 
depressing effect on the trade. Makers of black sheets 
are not securing as many orders as they were, and the 
prospects do not seem over bright at the moment. Prices 
all round show practically no change, and are much the 
same as last week’s quotations. 


Malleable-Iron Trade.—Conditions in the West of 
Scotland malleable-iron trade are without change. 
Makers are securing very few fresh orders, and contracts 
on hand do not amount to a very large tonnage, with 
the result that each week brings up its own difficulties as 
to output and running of plant. The recent reduction of 
is, 6d. per ton in re-rolled steel bars has not so far had 
the desired effect of stimulating business. The Con- 
tinental competition is very keen, and foreign bars are 
being offered in some cases at nearly 20s. per ton under 
the present local quotations. For ‘‘ Crown” bars the 
price is 112, 5s, per ton, delivered Glasgow stations, and 
lor re-rolled steel bars 8/. 2s, 6d. per ton. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade the tone is somewhat more dull, and foundry iron 
's hot moving very freely. The output is ample for all 
requirements, meantime, both on home and _ export 
account. Hematite continues in fairly good demand. 
Prices are still inclined to be easier. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, May 7, amounted to 109 tons only. Of the 
total 35 tons went overseas, and 74 tons coastwise. 
For the corresponding week of last year, the figures were 
971 tons overseas and 87 tons coastwise, making a total 
shipment of 1.057 tons. 


Shipbuildsng—The Caledon Shipbuilding Company, 

Limited, Dundee, have secured a contract to build a 

i; Steamer for the Limerick Steamship Company, 

eg This vessel is for the cattle-carrying traffic of 
ners, 





Le esONAE—We are informed that Messrs. E. Brook, 
mited, Empress Works, Huddersfield, have now 


changed their name to Messrs. Brook Motors, Limited, 
4% and from March last. 





NOTES FROM THE SOUTH - WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The question of rebuilding the 
South Wales Miners’ Federation, which has suffered a 
considerable loss of membership in consequence of the 
fiasco last year, and the formation of a rival organisation, 
was considered by a special delegate conference of the 
South Wales Federation this week. After the general 
position had been outlined, it was decided to rely on 
intensive propaganda, it being unanimously agreed that 
the executive should consider the various suggestions 
made by the delegates, and render every assistance to 
the lodges in the efforts which are to be made to rehabili- 
tate the organisation. At the same time, another 
branch of the Miners’ Industrial Union has been formed 
among men working at Cwmpennar Colliery, which is 
the third branch in the district. The Egyptian State 
Railways’ contract for 100,000 metric tons of Welsh 
large coal, delivered at Alexandria over the next three 
months, has been awarded to Messrs. Furness, Withy and 
Company, Limited, at 32s. 3d. c.i.f., although the Evans 
and Reid Coal Company, Limited, offered to supply at 
32s. ; a coal not in the Egyptian Railway list was, however, 
included in the latter tender. The Navigazione Generale 
Italiana has also placed an order for 50,000 tons of best 
Admiralty large coal, with delivery from June to Septem- 
ber. The market in the meantime has developed an 
easier feeling in respect to large coals on account of a 
poordemand. Best Admiralty classes were about steady 
at 23s., but seconds were irregular at 21s. to 22s., with 
ordinaries from 20s. to 21s., and Monmouthshires from 
19s. to 20s. 6d. Smalls, on account of a lessened produc- 
tion of large coupled with the reservation of larger 
quantities of small by collieries, for use under their own 
boilers in the event of temporary stoppages through 
irregular working, were scarce and strong on the basis 
of 14s. 6d. to 15s. for the best classes, and from 12s, 6d. 
up for inferior qualities. In the past week, shipments of 
coal as cargo foreign amounted to 507,000 tons, of which 
339,450 tons were despatched from Cardiff, 55,550 tons 
from Newport, 67,150 tons from Swansea, 37,670 tons 
from Port Talbot, and 7,180 tons from Llanelly. 


Iron and Steel.—Exports of iron and steel in the past 
week totalled 17,814 tons, compared with 19,112 tons in 
the preceding week. Shipments of tinplates and terne- 
plates totalled 9,976 tons, against 8,276 tons; black 
plates and sheets, 1,941 tons, against 213 tons; gal- 
vanised sheets, 1,640 tons, against 2,740 tons; and 
other iron and steel goods to 4,257 tons, against 7,883 
tons, 





Roya Arr Force Disptay. The eighth Royal Air 
Force Display will take place on Saturday, July 2. at 
Hendon Aerodrome. The programme of this annual 
display, which is an integral part of the training of the 
Royal Air Force, has been arranged to demonstrate the 
efficiency and airmanship of service squadrons in a series of 
airevolutions. The flying parade of new types of war and 
civil aircraft should also serve to emphasise the advance 
in British design. The aerodrome having been purchased 
by the Air Ministry last year, arrangements have been 
made to improve accommodation and traffic facilities. 
In addition to road improvements, a grand stand with 
a seating capacity of 3,000 is in course of erection. 


THE LEEDS MEETING OF THE BRITISH ASSOCIATION.— 
The meeting of the British Association will be held in 
Leeds this year from August 31 to September 7, under 
the presidency of Professor Sir Arthur Keith, M.D., 
LL.D., F.R.S. The sectional meetings will commence 
on Thursday morning, September 1, and Section G 
(Engineering) will meet in the Emmanuel School. 
Professor Sir J. B. Henderson will act as president of 
this section, Professor F. C, Lea being the recorder and 
Professor G Cook and Mr. J. S. Wilson the secretaries ; 
Mr. H. R. Lupton is the local secretary. The presidents 
of the other sections of interest to our readers are as 
follows: Section A (Mathematics and Physics), Professor 
EK. T. Whittaker, F.R.S.; Section B (Chemistry), 
Dr. N. V. Sidgwick, F.R.S.; and Section F (Economics), 
Professor D. H. Macgregor. Of these, Sections A and B 
will meet in the University and Section F in the Y.W.C.A. 
building. Further particulars can be obtained from the 
Secretary, Mr. O. J. R. Howarth, M.A., Burlington House, 
London, W.1. 

ContTRAcTS.—Messrs. The Woodall-Duckham Vertical 
Retort and Oven Construction Company (1920), Limited, 
have received an order from the Nunnery Colliery Com- 
pany, Limited, of Sheffield, for a complete coke-oven 
plant comprising a battery of 25 Becker ovens capable 
of carbonising 3,600 tons of slack per week. The 
contract includes the erection of semi-direct by-product 
recovery plant, railway sidings, coal and coke-handling 
plant, &c.—Messrs. Stothert and Pitt, Limited, Bath, 
have secured two important orders, the first of which is 
from the Hoskins Iron and Steel Company, New South 
Wales, Australia, for an iron-ore unloader, which will take 
the form of an electric gantry jib crane, embodying 
the firm’s latest crank-operated horizontal luffing gear. 
The crane will be capable of dealitig with a 20-ton working 
load, and the maximum outreach from the frent rail will 
be 48 ft. In the truck framing will be fitted a movable 
hopper of 46 cubic yards capacity, into which the grab 
will discharge. About 7 tons of ore will be taken per 
lift, and the designed output will be 300 tons an hour. 
The second order is from the Falmouth Docks and 
Engineering Company, Cornwall. This will comprise a 
large electric gantry crane for installation between two 
graving docks. The lifting capacity is to be 30 tons on 
the main hook at 85 ft. radius, and 10 tons on the 
auxiliary hoist at 91 ft. radius, 


NOTICES OF MEETINGS. 


THE INSTITUTION OF MUNICIPAL AND County EnaI- 
NEERS: METROPOLITAN DistRIct.—To-night, at 6 p.m., 
at 92, Victoria-street, S.W.1. Debate on the “ Future 
of London,” opened by Mr. W. R. Davidge. 


THE Junior INstiITUTION OF ENGINEERS.—To-night, 
at 7,30 p m., at 39, Victoria-street, S.W.1. “‘ The Stability 
of Dredged Cuts in Alluvium,” by Dr. H. Chatley. 


THE Royat AERONAUTICAL SocreTy.—Monday, May 
16, at the Royal Society of Arts, John-street, Adelphi, 
W.C.2. The Fifteenth Wilbur Wright Memorial Lecture 
by Dr. L. Prandtl. 


THE Rattway Cius.—Monday, May 16, at 7.30 p.m., 
at 25, Tothill-street, S.W.1. ‘Some Railway Byways,” 
by Mr. C. N. Anderson. 

THE Socrety or Guiass TEcHNOLOGY.—Wednesday, 
May 18, and Thursday, May 19, at the University College, 
Gower-street, W.C.1. Wednesday, May 18, at 2.30 p.m. 
“The Decomposition of Glass by Water at High Tem- 
peratures and Pressures,” by Dr. G. W. Morey and 
Dr. N. L. Bowen. “The Brittleness of Glass,” by 
Professor G. Gehlhoff. “The New British 15-arm 
Automatic Suction Bottle Machine,” by Mr. F. Redfern. 
“Standard Durability Tests for Bottles.” At 7 p.m. 
Annual Dinner at the Hotel Cecil, Strand, W.C.2. 
Thursday, May 19, at 10.15 a.m. Visit to the Lamp 
Works of the General Electric Company, Limited, Brook 
Green, Hammersmith, W.6. At 2.30 p.m., at the 
University College, Gower-street, W.C.1. General Dis- 
cussion on Furnace Efficiency. Further discussion of 
“A Brief Review of Furnace Developments,” by 
Professor W. E. S. Turner. 


THE Royat METEOROLOGICAL SocreTy.— Wednesday, 
May 18, at 5 p.m., at 49, Cromwell-road, South Ken- 
sington, S.W.7. ‘“‘ Cyclones and the General Circulation,” 
by Dr. H. Jeffreys. ‘‘ Early Water-Mills in relation to 
Changes in the Rainfall of East Kent,” by Mr. G. M. 
Meyer. ‘“ Report on Winter Thunderstorms in the 
British Isles from January 1 to March 31, 1926,” by 
Mr. S. Morris Bower. 7 

TuHE INsTITUTION OF MuNIcIPAL AND County EncI- 
NEERS : WEST MIDLAND District.— Wednesday, May 18, 
at 5.30 p.m., at the Council House, Birmingham. “ Notes 
on Recent Road Construction and Surfacing Work in 
Birmingham,” by Mr. J. 8S. King. 

THE INSTITUTION OF ELECTRICAL ENGINEERS: WIRE- 
Less SEecTIon.—Wednesday, May 18, at 6 p.m., at 
Savoy-place, Victoria-embankment, W.C.2. ‘‘A Wire- 
less Works Laboratory,” by Mr. P. K. Turner. 


THE Roya. Society or Arts.—Wednesday, May 18, 
at 8 p.m., at John-street, Adelphi, W.C.2. ‘ Industrial 
Welfare in Great Britain and the United States,” by 
Mr. R. R. Hyde. 

Tue INSTITUTION OF MINING AND METALLURGY.— 
Thursday, May 19, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly, W.1. ‘*‘ Proposed 
Review of the Mineral Resources of the Empire,’ by Sir 
T. H. Holland. ‘ Observations upon the Mining Law in 
the Empire,” by Mr. G. Stone. ‘‘The Empire’s Tin Re- 
sources.” by Mr. R. Pawle. “The Organisation and 
Work of the Mineral Resources Department of the Im- 
perial Institute,’ by Sir R. Redmayne. 

THE Royat InstituTion.—Friday, May 20, at 9 p.m., 
at Albemarle-street, W.1. ‘“‘The Structure of the 
Silicates,’’ by Professor W. L. Bragg. 

THE Roya Sanitary InstiruTe.—Saturday, May 21, 
at 10.30 a.m., at the Guildhall, Bath. ‘‘ Sewage Dis- 
posal,” by Mr. F. P. Sissons. Followed by a visit to the 
Bath City Sewage Disposal Works. 








New Power Sration at Rotuesay.—The Town 
Council of Rothesay, acting in collaboration with their 
consulting engineers, Messrs. Stevenson and McGutffie, of 
Glasgow, have had installed, in their new power station, a 
5-cylinder, 250-brake horse-power, Mirrlees-Diesel engine, 
made by Messrs. Mirrlees Bickerton and Day, Limited, of 
Stockport. The engine is direct-coupled to a 170-kw. 
Metropolitan-Vickers generator. The new station was 
officially opened on April 12 last. 


LAUNCH OF THE 8.5. ‘* Ben-My-CuRreEE.’’—Last month 
the §S.S. Ben-My-Chree, a new twin-screw cross- 
channel passenger steamer, which has been constructed 
to the order of the Isle of Man Steam Packet Cor nuny, 
of Douglas, was launched by Messrs. Cammell,; Laird 
and Company, Limited, from their Birkenhead yard. 
The new packet, which complies with Lloyd’s class A.1 
for service in the Irish Channel, and has a straight stem, 
elliptical stern, two steel masts and one funnel, has the 
following main dimensions: Length, 355 ft.; breadth, 
46 ft.; and a depth, moulded to the shelter deck, of 
264 ft. A cellular double bottom, which, together with 
peak tanks, is used for the carriage of feed water and 
water ballast, extends forward and aft of the boiler 
space, the fuel oil being stored in deep tanks, extending 
from the keel to the lower deck, immediately forward 
of the boiler rooms. Ten watertight bulkheads are 
fitted, five of which have sliding water-tight doors which 
may be closed hydraulically from the navigating bridge 
in the case of an emergency. The propelling machinery, 
which has also been constructed by the builders, and is 
designed to give a speed of 22 knots, consists of two sets 
of Parsons single-reduction geared turbines, driving 
twin screws. Steam is supplied by two double-ended 
and two single-ended boilers, burning oil fuel and 
working on the closed stokehold principle of forced 
draught. Accommodation is provided for a total of 2,400 





passengers. 
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THE TRADE UNIONS BILL. 


Wirtx the considerable number of amendments 
that have already been tabled it would be pre- 
mature to conjecture the exact ultimate form of 
the Trade Unions Bill. How, for example, an 
illegal strike will be defined finally, and whether 
the provisions against intimidation will be left 
in their present form, will undoubtedly affect 
the scope of the Act, and cannot be known until 
the Bill has been through Committee. Assuming. 
however, that it is found possible so to draft the 
Act as to give effect to the Attorney-General’s four 
propositions, it will leave no doubt as to the ille- 
gality of several notorious abuses that trade union- 
ists and their industries have suffered in recent years. 
How far it will serve to remedy them is another 
matter, and will depend largely or mainly on how 
the Act is administered. In any event, though it 
may palliate the disease from which industry is 
suffering at the present time, it seems unlikely to 
do much towards curing it. Its main defect may 
be expressed simply. The trade unions have been 
given what in practice are tremendous powers in 
order to enable them to express the wishes of their 
constituents. Often these powers are used for pur- 
poses that the large majority of members have not 
sanctioned, and the Bill does little to prevent this 
abuse. 

In so far as the Bill does restrict those powers, it 
has been described as an attack on the rights of 
trade unions. If by trade unions is meant the 
general body of their members, the complaint is 
unfounded. What the Bill proposes to abate is 
in effect not the rights of trade union members, 
but the privileges of their executives. The present 
industrial situation has arisen because, in practice, 
trade union executives are able to give in the name 
of their unions, and to enforce on their members 
and on others, decisions which no majority of their 
members has sanctioned. If decisions taken by 
the majority of the members themselves were to 
conflict with the interests of the community, to say 
nothing of their own, a serious situation would 
indeed arise. The trade unionists would be entitled 
to have what they wanted, in so far (according to 
the doctrine of the common -law) as it did not 
injure the interests of other people. Some com- 
promise would therefore have to be found between 
the wishes of the union and the other interests 
affected. The compromise would be reached 
between political parties, who are accustomed to a 
certain amount of give and take ; but in its ultimate 





effect it would have to work under the economic 
laws of nature, which have no such elasticity. 
It is not difficult to see how British industry, 
hampered by such compromises, would be likely 
to compete with the industries of other countries 
not so handicapped. The sityation, neverthe- 
less, would have to be met if it arose, and it 
would be as imprudent, as it would be coward- 
ly, for the community to endeavour to evade 
recognising it. 

What, however, the community has done has been 
to recognise it before it has arisen. It is agreed 
that in every industry the will of the workers should 
prevail, so far as it is compatible with the interest 
of others. At the present time, however, trade 
unions have no effective mechanism for ascertaining 
the will of their members. Even when a proposal 
is submitted to the members, it is assumed that 
those who do not vote against it are prepared to 
sanction it, and the most drastic measures have 
repeatedly been taken on the strength of this 
assumed sanction. When, for example, the im- 
portant question of the political levy was balloted 
among the trade unions, only about a fourth of the 
members of the Mining Federation voted in favour 
of it, and barely one-eighth of the members of the 
Amalgamated Society of Engineers took any part 
in the ballot. Even among the miners, over 40 
per cent. of the votes were cast against the levy. 
These instances are neither exceptional nor extreme, 
and they show that even when a question is sub- 
mitted to the vote of members it may be decided 
not by a majority of them, and still less by 
the two-thirds or larger majority which prudent 
bodies require for the decision of serious ques- 
tions, but by a minority of the total membership, 
and usually by a very small minority. Often, 
however, the decision is still more remote from 
what has been sanctioned by the members. It is 
made by either the local or the central executives, 
and may be determined by the influence of a very 
few active officers. No case has, in fact, arisen in 
which the ascertained wishes of the majority of 
trade unionists have conflicted with their interests 
or those of the industry. Their wishes have simply 
not been ascertained. 

At any time this might have been undesirable, 
but while the leaders of industrial workers were 
of the same class as the workers themselves and 
had no object but to maintain and improve their 
industrial conditions, it was not perhaps a matter 
of much moment to. restrict their mandate closely 
to what their constituents had expressly sanctioned. 
At the present time, however, the trade union move- 
ment has become inextricably mixed up with what 
misleadingly is known as the Labour Party. As the 
present membership of the House of Commons shows, 
this party by no means necessarily represents a 
majority of the industrial workers. It is, in fact, a 
heterogeneous body, consisting of elements with 
entirely different and often opposite purposes ; and, 
under existing conditions, the powers of trade unions 
are applied practically to form a sweepstake for the 
benefit of whichever section of the movement may 
happen for the time being to preponderate among 
the small minority of the central or local executive 
that is in power. The ruinous course that British 
industry took a year ago was due to the fact that 
the Muscovite section, whose avowed objects were 
in no way industrial, had obtained such a hold on 
the trade union mechanism as forced even genuine 
industrial leaders to join in their measures for fear 
of losing such control as they retained on their men. 
It would be no attack upon trade unions, but, on 
the contrary, the best means of safeguarding their 
most vital interests, to say that in grave matters 
they shall exercise their powers by their own vote, 
and not leave them to be scrambled for by political 





or revolutionary leaders in competition with the 
genuine representatives of industry. It is a standing 
injustice to trade unionists and a danger to industry 
that grave steps, such as a strike, should be taken 
without the express sanction of a majority of the 
members whom it affects, and no such step should be 
lawful unless it had been voted by such a majority 
in a ballot of the members, conducted with the same 
assurance of completeness and secrecy as is provided 
in parliamentary elections. Already independent 





officials exist in plenty, such for instance as registrars 
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of births, deaths and marriages, with whose co-opera- 
tion ballots could be taken with the minimum of 
trouble, and the State might well relieve the unions 
of the expense involved in giving them an inde- 
pendent guarantee that the ballot was secret and 
complete. The present practice, which the Bill dges 
not alter, is often to leave such decisions to be 
made by a body of men, of whom an influential 
group has avowed the ruin of British industry to 
be the best and most desired means of attaining 
their political objects. The reform of trade unions 
is not likely to be effective in the interest of their 
members or any one else, until it provides that no 
grave step shall be taken in the name of the workers, 
which the workers themselves, and not a small 
minority of them, have not expressly sanctioned. 

It is easy to understand the objection of trade 
union officials to such a reform. In existing condi- 
tions, members who abstain from voting on a pro- 
position are assumed to sanction it, and the inertia 
that should preserve the equilibrium of the body 
is thus used to facilitate its change of position. The 
more, in fact, members abstain from voting, the less 
voting power is necessary to produce a change, and 
the more unstable therefore is the equilibrium. 
That such a state should be preferred even by 
genuinely industrial leaders probably arises in the 
main from the earlier conception of the trade union 
as a military organisation for fighting the employers. 
While this was its primary function, leaders might 
well have been concerned to engender conditions 
favourable to a strike, and even now this object is no 
less important to those who interfere in industrial 
matters for non-industrial purposes. ‘To industrial 
leaders, on the other hand, the conception of the 
union as primarily a military organisation is 
mischievous and reactionary. They lose far more 
than they gain in insisting on provisions that 
facilitate striking and on occasion may be turned 
against the interests of the industry, instead of 
regarding their organisations as primarily a mech- 
anism for co-operating with the employers in 
measures of benefit to their constituents. 

So long as the prospect of such co-operation seemed 
to depend merely on the humanitarian disposition 
of the employers and the community, it might have 
been intelligible that it did not excite confidence. 
Reasonably, it might have been thought to offer 
imperfect security against the influences of hard 
times and of avarice. During the present century, 
however, a striking change has come over the eco- 
nomic attitude of business men. With a far greater 
force than ever before, and a force that is con- 
stantly increasing, it is recognised that the well- 
being of industry and the prosperity of a country 
depends no less on the prosperity of those who work 
in its industries than on that of those who direct 
them or consume their products. The future of 
trade unions and their industrial leaders depends 
on the extent to which they recognise this fact, and 
organise themselves to co-operate with employers in 
their common interest. For the leaders in particular 
such co-operation offers opportunities of usefulness 
beyond any that were possible while unions were 
predominantly military bodies. Before the leaders 
can render this service they must be relieved in the 
conduct of their unions from the competition of 
those, whether inside or outside their body, who seek 
to use the influence of the union for ulterior 
objects. The defect of the present Bill appears 
to be that it has not given them this relief 
by the only means that would make it effective. 
It leaves the firebrands and the theorists to speak 
jointly with industrial leaders, or by turns with 
them, in the name of trade unionists, and does not 
replace this dangerously indirect method by the 
direct voice of the majority of the workers them- 
selves. 








THE CENTRAL SCOTLAND ELEC- 
TRICITY SCHEME. 

Section 4 of the Electricity (Supply) Act, 1926, 
imposes upon the Electricity Commissioners the 
duty of preparing and transmitting to the Central 
Electricity Board, schemes determining “‘ selected 
stations in any area, providing for the inter- 
connection of these stations and, where necessary, 
for the standardisation of the frequency. It 





further lays down that every such scheme is to be 
published by the Board, so that interested persons 
may make representations thereon. After the 
expiry of a month from the date of publication, 
the Board may adopt the scheme, with or without 
modifications, and must then publish it in its 
amended form. Finally, the Board is made respons- 
ible for carrying the scheme out, subject to the right 
of any undertakers, upon whom obligations are 
imposed, to refer their complaints to arbitration. 
The first step in this not uncomplicated procedure 
was taken on Wednesday, when the Central Elec- 
tricity Board published the scheme, which the 
Electricity Commissioners have prepared for Central 
Scotland. This is a geographical district covering 
4,980 square miles, and including roughly the whole 
of the industrial shipbuilding and coalfield areas. It 
extends from Montrose and Brechin, in the county 
of Forfar, to the southern boundary of the county 
of Ayr. Edinburgh, Glasgow, Dundee, Perth, 
Stirling, Lanark and Kilmarnock fall within it, and 
it includes the two Scottish districts, which were 
delimited by the Act of 1919. For technical 
reasons, the area is of great interest, seeing that its 
re-organisation will necessitate a large measure of 
frequency standardisation. 

The scheme itself, the official title of which is the 
Central Scotland Electricity Scheme, 1927, is 
simple and concise. But like the traditional 
lady’s letter, its real interest lies in its postscript, 
or Supplementary Particulars, which are published 
separately. During the passage of the 1926 Act 
through Parliament, the general compiaint in 
engineering circles was that the measure itself and 
the Weir report, on which it was based, gave con- 
clusions, but not the evidence, which had enabled 
those conclusions to be reached. Taught by experi- 
ence, no doubt, the Electricity Commissioners have 
this time provided a large mass of detail, some 
actual and some necessarily hypothetical, which will 
enable electrical engineers to form their own opinions, 
—which may, or may not, be the same as those of 
the official body. 

The main features of the proposed scheme can 
be stated quite briefly. At present there are 42 
authorised undertakers in the area. These own 
36 generating stations between them. Of these 
stations, six are definitely “‘ selected,’ namely the 
Clydes Mill and Yoker stations of the Clyde Valley 
Electrical Power Company, the two stations of the 
Lanarkshire Hydro-Electric Power Company, and 
the Portobello and Dalmarnock stations of the 
Edinburgh and Glasgow Corporations respectively. 
In addition, four other stations, the Carolina Port 
station of the Dundee Corporation, the Bonnybridge 
station of the Scottish Central Electric Power 
Company, the Dunfermline station of the Fife 
Electric Power Company, and the Kilmarnock 
station of the Ayrshire Electricity Board are, what 
may be termed, “ semi-selected,” as ‘‘it is antici- 
pated that these stations will be required for limited 
periods only.” This procedure is interesting. In 
the first place, it is not contemplated in the Act, 
and in the second it is important to note that a 
station, once selected, cannot be removed from that 
class without the consent of the owners. The 
Commissioners conclude, however, that the Board 
will be able in time to show those concerned that it 
will be to their advantage that these stations 
should be closed. This may be. But, on the face of 
it, it seems gratuitously to invite the repetition of 
the very tactics which the new Act was designed to 
prevent. ‘Temporary arrangements for the purpose 
of the scheme may be entered into. As this is 
done in the case of four other stations, it would 
seem as if it would have been more advisable to 
adopt the same policy throughout. 

The scheme also provides for the eventual exten- 
sion of the four first-named selected stations during 
the period between the present date and 1937-38 ; 
Clydes Mill being extended by 100,000 kw., Dal- 
marnock by 50,000 kw., Portobello by the same 
amount, and Yoker by 75,000 kw. The extension 
of the Bonnybridge station by 6,250 kw. during 
the year 1928-29 is mentioned, an arrangement, 
which emphasises the uncertainty to which we have 
just drawn attention. Two new stations, one in 
the west and the other in the east of the area, 
and each with a capacity of 100,000 kw., are con- 








templated, but it is not expected that the first 
section of these will be required before the winter of 
1937-38. The hoped-for effect of the concentration 
of generating plant thus foreshadowed, combined 
with the interconnection scheme, to which we shall 
presently refer, may best be illustrated by the follow- 
ing figures. At present the plant installed or sanc- 
tioned in the selected stations and the others, which it 
is proposed to retain temporarily, amounts to 510,500 
kw. The extensions, we have mentioned, amount to 
281,250 kw., but with the exception of the 6,250 kw. 
at Bonnybridge, none of these will be begun before 
1932-33. Eventually, too, 148,100 kw. of plant will 
be withdrawn, and of that amount 68,910 kw. will 
be put out of action by 1932-33, the year in which 
the first important extensions will take place. 
This withdrawal would have been more rapid, but 
for the standardisation of the frequency. In other 
words, by 1937-38, which is the year when the new 
stations will first begin operation, there will be a 
net increase of generating plant in the area, of 
133,150 kw., from 510,500 kw. to 643,650 kw. ; and 
at the same time it is estimated that the electricity 
sold to consumers will have increased from 581-6 
millions to 1,534 millions. That is, while the genera- 
ting plant will have increased by 26 per cent., the 
effective output will have increased by 163 per cent. 
It is figures such as these which are the reason for 
the Act, though time alone will show whether they 
are justified or not. 

The scheme also provides for the erection of 
132,000-volt primary transmission lines, inter- 
connecting the selected stations by ring mains, 
and for the erection of a number of main transform- 
ing stations. Moreover, and here is perhaps the 
crux of the scheme, it provides for the standardisa- 
tion of the frequency in the area at 50. This policy 
will mean the conversion of the existing generating 
plant of the Glasgow Corporation and of the Clyde 
Valley Electrical and Lanarkshire Hydro-Electric 
Power Companies, as well as of the distribution sys- 
tems of these and eight other undertakings. It is 
obvious that this work can only be effectively 
carried out in accordance with a carefully-arranged 
programme, which must necessarily extend over 
several years, in order to avoid dislocation of supply. 
To assist in carrying out this difficult operation as 
smoothly as possible the Commissioners suggest 
the temporary employment of the Port Dundas 
station of the Glasgow Corporation and the Mother- 
well station of the Clyde Valley Electrical Power 
Company, while, fortunately, aid can also be 
obtained from the Glasgow Corporation’s, dust- 
destructor station at Govan, where 50-cycle plant 
has already been installed. It is estimated that this 
work will cost 2,921,250/., if begun in January, 
1928, and on the basis of 5 per cent. interest and 
a 40 years’ sinking fund, will mean an annual 
capital charge of 181,000/. This charge will, of 
course, be borne by all the authorised undertakers 
in the United Kingdom. 

We propose to return to the technical and financial 
details of this scheme, in a subsequent issue, as its 
features are not only of intrinsic importance, but. 
being the first of their kind, will doubtless form a 
precedent. They, therefore, demand careful and 
judicial investigation. For the moment we may 
conclude by saying that the estimated capital 
expenditure under the scheme, excluding the sum 
for frequency standardisation, is 3,054,034/. up to 
the end of 1933-34. On the basis of individual 
development the estimated expenditure to the end 
of the same period is 3,312,320/., so that there is 
some basis for the claim that improved facilities 
will be provided for an expenditure not greater than 
that which would have been necessary had no scheme 
been in existence. 








Launcu or THE §.S. “ SuREwATER.”—On Thursday’ 
April 28, the steamer Surewater was successfully launched 
from the yard of Messrs. The Cowpen Dry Docks and 
Shipbuilding Company, Limited, of Blyth. The main 
dimensions of the ship, which has been built to the 
order of Messrs. Water Transports, Limited, of Montreal, 
Canada, and is intended for service on the Great Lakes 
and Gulf of St. Lawrence in the wood pulp trade, are 
length, 258 ft.; breadth, 42 ft. 6 in.; and depth, 26 ft. 
The propelling machinery consists of triple-expansion 
engines, having cylinders 16 in., 27 in., and 44 in. in 
diameter, with a stroke of 33 in. ; steam being supplied 
by two natural-draught boilers made by Messrs. Blair 
and Company (1926), Limited, Stockton-on-Tees. 
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THE ROYAL SOCIETY 
CONVERSAZIONE. 


PuysicaL exhibits and demonstrations naturally 
were more prominent at the second conversazione 
of the Royal Society, held on Wednesday last, 
than they were at the first, which was specially 
planned as a Lister commemoration. But the 
biological exhibits were not less noteworthy, and 
the two discourses given in the course of the even- 
ing were of that nature. The Fellows of the Society 
and their guests were received by the President, 
Sir Ernest Rutherford, O.M., assisted by the honor- 
ary secretaries, Dr. J. H. Jeans and Dr. H. H. Dale. 

The one historical object exhibited, which was of 
considerable interest, was the original astrological 
planisphere, made for Queen Elizabeth’s personal 
use between 1560 and 1570 to the design of the 
astrologer, Dr. John Dee, and engraved by the die 
sinker of the Royal Mint, Humphrey Cole. The 
instrument consists of a planisphere, 13} in. in 
diameter, made of brass, and now of a rich bronze 
colour; it was suspended by a shackle piece 
and a finely-wrought bracket. The disc bears 
the monogram E.R., and around it are the twelve 
“houses” of astrology. Henry Sutton, into 
whose hands the instrument fell, engraved into 
the blank space of the reverse a circular slide- 
rule, probably the earliest known, with his mark : 
Henry Sutton fecit, 1655. Wollaston, a later 
possessor of the planisphere, added a line to the 
rule of the instrument, which was recently redis- 
covered and exhibited by Mr. George H. Gabb. 

Both the astronomical exhibits were connected 
with solar eclipses. The Astronomer Royal showed 
photographs of the corone of 1901 (sunspot 
minimum, corona very little developed at the poles), 
1905 (maximum, corona developed all round), 
1898 and 1919 (with strongly-marked coronal 
development all round), and Dr. E. H. Rayner, of 
the National Physical Laboratory, exhibited a very 
timely and instructive model of the coming total 
eclipse of June 29. The model was constructed 
for the Radio Research Board from information 
supplied by Dr. L. J. Comrie, of the Naval Almanac 
Office, for the time 5.25 a.m., when the centre of 
the shadow will be near the Yorkshire coast ; the 
diagram has been drawn for the region, about 60 
miles high, important for radio transmission. The 
moon’s shadow cone, which will cross England 
from North Wales in a north-easterly direction in 
a band 30 miles wide, travelling at a speed of 
1-5 mile per second, was represented by a tube, 
slightly wider at the eastern end than at the 
western ; the instantaneous shadow on the earth 
would have the outline of a narrow ellipse (a hori- 
zontal section through the inclined tube) obliquely 
crossing the band mentioned. The major axis of 
this ellipse will turn a little more to the north as 
the eclipse advances ; as a consequence, both the 
direction and the rate of advance of the actual 
shadow will be modified. 

The most interesting exhibit for engineers was 
probably the model of Professor B. P. Haigh and 
Mr. F. W. Thorne, illustrating the Reynold’s theory 
of lubrication, and referred to on page 426 ante. A 
6-in. horizontal journal was rotated in a box filled 
with glycerin, within a 7}-in. bearing ; the bearing 
could be raised or lowered, so that the journal 
occupied a central or an eccentric position. When 
the journal was central, the glycerin circulated with 
it in the same direction, but when eccentric, the 
outer layer of fluid moved in the opposite direction. 
The change in the position would correspond to a 
change in the load on the bearing. Glycerin was 
used on account of its high viscosity, and air 
bubbles were introduced to indicate the motion. 

Among Sir Robert Hadfield’s exhibits illustrating 
special properties and applications of ferrous alloys, 
we May mention the 4-in. reinforcement tie rods 
made of Era/C.R. non-corrodible steel, and fitted 
with wall plates and couplings, now used as tie 
rods in the preservation work of St. Paul’s Cathedral, 
to replace the original wrought-iron bars put in 
by Sir Christopher Wren. A 1-in. seamless tube of 
‘095 in. wall thickness, was a remarkable example 
of the cold rolling of the same material. 


(To be continued.) 





THE IRON AND STEEL INSTITUTE. 
(Continued from page 554.) 

Continuing our report of the annual meeting of 
the Iron and Steel Institute, on May 5 and 6 last, 
we now have to deal with the proceedings which 
followed the presidential address on the 5th inst. 


GASES AND ORE IN THE BLAstT FURNACE. 


The first paper taken was by Professor W. A. 
Bone and Drs. L. Reeve and H. L. Saunders, on 
the subject of the interactions of gases and ore in 
the blast furnace, and will be found on page 564 of 
our issue of last week. 

The first speaker in the discussion, Professor H. E. 
Armstrong, stated that it was the most important 
contribution to the literature on the subject since 
Sir Lowthian Bell had read his classical paper. 
Professor Bone had said that the first stage in the 
reduction of the ore was the conversion of the Fe,0,; 
to Fe,0,. The actual structure of these two 
molecules was not known; the first could be 
written (Fe,0,)z, and this molecule, upon losing 
one atom of oxygen, became (Fe,O0,)z. The material 
which had been able to produce this change was 
the gas carbon monoxide and the reaction occurred 
at a low temperature, 7.e., not above 650 deg. C. 
Viewing all the facts, it rather seemed that iron 
carbonyls were produced at some stage during the 
reaction. Mond had found that the gas produced 
by passing steam over heated coke, namely, a 
mixture of carbon monoxide and hydrogen, could 
be deprived of carbon monoxide by passing the 
gases over nickel. This had led this worker to the 
discovery of nickel carbonyl. The Institute should, 
he thought, seriously take up the question of the 
study of blast-furnace reactions. 

Mr. E. H. Lewis said that the question of added 
hydrogen was interesting but it should be carried 
farther. In the upper part of their furnaces they 
had 9 per cent of this gas, and not 2 percent. The 
very special conditions which obtained in their fur- 
naces in Scotland would, however, need extended 
investigation. Thenext speaker, Mr. J. Henderson, 
said the thermal efficiency of the blast furnace 
was extremely bad, and a great deal more ought 
to be known regarding the changes which took place 
within it. Mr. J. E. Fletcher, who spoke next, said 
that he had taken part in an investigation on 
the cupola melting of metal and, even in this 
smaller furnace, it was difficult to ascertain the 
precise reactions which were taking place. Professor 
C. H. Desch, who then took up the discussion, 
stated that the authors had laid stress on the con- 
ditions governing carbon deposition, and had made 
experiments on a small scale in a silica tube. In 
blast-furnace practice it was essential to avoid car- 
bon depogition, in order to avoid the blocking up 
of the furnace and the checking of the gas currents. 
He himself would like to know what practical 
furnacemen had to say with regard to this aspect 
of the problem. Chemists must attach great 
importance to Professor Armstrong’s suggestion 
that carbonyls were formed. Another point of 
importance was that if it were possible to permeate 
ore, in the simple manner indicated in the paper, with 
very finely divided carbon, it was a matter which 
would have to be borne in mind by all those who 
were dealing with direct processes. 

Mr. D. Sillars was of opinion that the carbon 
deposition difficulty did not arise to any great 
extent in this country. It had, however, been 
encountered in America during the smelting of 
Mesabi ores. In regard to the matter of the 
formation of carbonyls, he would like to say 
that the suggestion was by no means new; it 
could be found in an early edition of Professor 
Turner’s book, The Metallurgy of Iron. Mr. C. H. 
Ridsdale stated that the region in which the 
ore was reduced in the furnace was of the highest 
importance from the point of view of heat economy. 
The authors had shown that Fe,0, was reduced to 
Fe,0, in the early stages of the process. Magnetic 
ore, however, could only be reduced by solid carbon 
in the hearth; it could not be reduced by carbon 
monoxide in the upper part of the furnace. This 
implied a loss in heat units. If the authors could 
indicate how Fe,0, could be reduced by carbon 
monoxide, this would lead to lower coke consump- 
tion. Mr. A. Hutchinson said many of the prob- 





lems involved were chemical, and the preliminary 
research could only be conducted in a chemical 
laboratory. 

Mr. E. C. Evans said that the authorities of the 
United States Bureau of Mines had sent, through 
him, a written contribution to the discussion on the 
paper. They suggested that a closer link be 
established, through which the blast-furnace re- 
searches which had been and which were now 
being conducted by the Bureau of Mines might 
be compared with those of the Fuel Economy 
Committee, for the purpose of the prevention of 
duplication and for the correlation of future work. 
Sir Lowthian Bell had set a ratio of CO to CO, 
of approximately 2-0, beyond which he said it 
was impossible to go when smelting Cleveland ore 
with Durham coke, with a blast temperature of 
500 deg. C., and a resultant top temperature of 
300 deg. C. As had been pointed out in the present 
paper, Gayley, with dry blast. had found a ratio of 
CO to CO, of from 1-25 to 1-7. Howland, working 
on 16 American furnaces, had obtained a ratio below 
1-7. Most modern furnaces in America, operating 
on Mesabi ores, were producing top gases containing 
ratios of CO to CO, of less than 2-0, and were 
operating efficiently at blast temperatures higher 
than 500 deg. C. In the light of this evidence, it 
might: be said that Sir Lowthian’s figures probably 
applied to the particular conditions which he had 
at hand, when using Cleveland ore and Durham 
coke, but did not hold for modern American blast- 
furnace practice, using Mesabi ores and high blast 
temperatures. In their opinion, increased blast 
temperatures, accompanied by some changes in 
furnace lines, and possibly a change in the size of 
the ore or coke, or both, would have improved Sir 
Lothian’s practice, and would have increased the 
fuei efficiency and decreased the ratio of CO to CO,. 

The paper contained new and interesting data on 
carbon deposition and its effect on reduction 
reactions. The defining of the temperature limits 
within which carbon deposition took place was 
of practical interest to the Bureau of Mines, since 
it was believed that these data might be of con- 
siderable value in interpreting the results of certain 
surveys which the Bureau had completed. The 
results from the use of blast-furnace gas mixtures 
had revealed many interesting facts, one of which 
was the retardation of carbon deposition when 
hydrogen was introduced. In conclusion, it might 
be stated that the Bureau of Mines had attacked 
its blast-furnace problems in the laboratory and in 
the field in three main directions, namely, gas 
velocities, heat transfer from gas to solid, and rate 
of the reactions involved. The work had been 
augmented by researches on the Bureau’s experi- 
mental blast furnace, and on several modern 
industrial furnaces. 

Professor C. Benedicks said the literature on the 
subject had been referred to, but there were several 
investigators whose names, he thought, should 
have been included. Mr. Boudouard, Dr. McCance 
and Mr. Tigerskéld had done useful work on various 
sections of the problem under discussion. Quite 
recently at the Stockholm meeting of the Institute, 
in August, 1926, a paper had been presented by 
Professor K. A. Johansson and Mr. R. Von Seth, 
which described an investigation into the carburisa- 
tion and decarburisation of iron, and in which 
mixtures of carbon monoxide, carbon dioxide, and 
nitrogen corresponding to actual practice had been 
used.* As an indication of the great differences 
of opinion which existed among workers engaged in 
blast-furnace problems, it might be mentioned that 
Professor Wiist, of Aix-la-Chapelle, considered that 
the first reduction of the iron ore was followed, 
lower down in the furnace, by an oxidation, and that 
this latter reaction was a source of heat. 

Professor Bone. in replying, said the experi- 
ments recorded in the paper had taken two years to 
complete. There was a great deal more still to be 
done ; up to the present, they had confined them- 
selves totemperatures below 650 deg., but they desired 
to continue the investigations at higher temperatures, 
and also to proceed in various other directions. It 
was, however, a question of finance. Thesum received 
at present, by those in charge of the investigations 
was 8001. perannum; out of this sum 600/. was paid 





* See ENGINEERING, 1926, vol. cxxii, page 460. 
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in salaries. He was in a position to accommodate 
and to supervise an increased staff of four, if addi- 
tional financial support were forthcoming. He 
also desired to know if some one who was interested 
in this research, and who possessed a blast furnace 
in which various observations might be made, would 
be willing to co-operate in the work. A furnace in 
which two or three types of ore were smelted would 
best suit the purpose of the investigation. As 
scientific investigators they were endeavouring 
to ascertain the facts of the case, and the sequence 
of events ; they were not primarily concerned with 
what the outcome of the investigation would be. 


METALLURGICAL INDUSTRY OF EASTERN FRANCE. 


The second paper considered on Thursday morning 
was that entitled “Some Aspects of the Technical 
and Economic Conditions of the Heavy Metallurgical 
Industry of the East of France, with Particular 
Reference to the Utilisation of Gases and Motive 
Power,” by Professor J. Seigle, of Nancy. A general 
summary of the paper will be found on page 559 of 
our issue of last week. After its reading the 
meeting adjourned. 

MANGANESE AND FERRO-MANGANESE. 

The first paper taken at the resumed meeting on 
Thursday afternoon, May 5, was that by Sir Robert 
Hadfield on ‘‘The Metal Manganese and its Pro- 
perties ; Also the Production of Ferro-Manganese 
and its History.” We reproduce this paper on 
page 576. In presenting his paper, Sir Robert 
stated that an unfortunate error had crept into it. 
A statement appeared in the paper which was to 
the effect that the West African deposits in the 
Gold Coast Colony had now passed into the control 
of American interests. This he had now been 
informed, was incorrect, and he regretted that the 
mistake had been made. 

Sir Thomas Holland, who opened the discussion, 
stated that the paper was of great importance in 
view of the forthcoming Empire Mining and Metal- 
lurgical Congress at Montreal. Sir Robert had, in 
effect, raised two main questions. The first of these 
was whether we were shaping our economic policy 
in such a way as to secure, for the future, ores of 
manganese in quantities adequate enough to meet 
the requirements of our steel industry ; the second, 
were we doing enough to secure our supplies of 
manganese in the event of the interruption of 
some of our lines of communication during war 
time? The map included in the paper showed 
that Great Britain could not produce manganese 
ore in quantity ; moreover, it seemed extremely 
likely that this country would never be able 
to do so. On the other hand, United States 
mining engineers had shown that during a war 
they could raise a considerable quantity of 
manganese ore and manganiferous iron ore ; home- 
produced ores were, however, not sufficient for the 
needs of that country. In Great Britain, some 
150,000 tons of high-grade manganese ore were 
required annually by our steel industries and a 
further quantity of 50,000 tons for the chemical and 
other industries. Hostilities might bring about a 
shortage of shipping which might result in a partial 
or complete dearth of manganese ores. 

There were large resources of manganese ores in 
India, the Gold Coast, South Africa, and the Sinai 
peninsula. The Gold Coast was nearer to this 
country than was India, and, therefore, importation 
from the former region would be attended with less 
risk during a war. Sir Thomas stated that he had 
dwelt upon the subject of war conditions not 
because war was likely or unavoidable, but because 
it was the only circumstance which seemed to 
impress the British public seriously. Quite as good 
a case could be made from the economic side. 
No doubt all our politicians were aware that 
the manufacture of steel was an essential industry ; 
they also knew that iron ore was a necessary 
raw material for that industry. On the other 
hand, few of them were aware of the important 
place held by manganese ore in steel manufacture. 
If such things were not known to those who controlled 
the destinies of the nation, was it not time that 
institutions such as this should point out to those 
in power the complexities and dangers of the 
position in regard to manganese supplies, 





The question as to how much longer we in Great 
Britain could continue to obtain our ores from the 
rest of the Empire was also of great importance. 
For every ton of manganese ore extracted in that 
country. India only obtained one-third of the sale 
value at English ports of the product; the 
remainder was taken up in transport and freight 
charges. It was not surprising that various persons 
in India should not be satisfied with this state of 
affairs. Technical institutions should not, there 
fore, confine themselves to scientific details and 
leave the rest to politicians. He had a feeling that 
the institutions uniting to form the Empire Congress 
at Montreal would have to face a crisis. They would 
have to decide whether they were to continue to 
limit their activities tospecialised technical problems, 
or whether they were to express their views in public 
on the larger economic questions relating to mining 
and metallurgy. 

Colonel H. T. Levey, of the Gold Coast Colony 
Trade Bureau, said that all the deposits of ore in 
the Gold Coast were under the control of the African 
Manganese Company, and operations were proceed- 
ing at full speed. Transport, dock and harbour 
difficulties were great, but they were being over- 
come gradually. A new port was being constructed, 
and it was anticipated that by February or March 
of next year shipments of manganese ore would 
be very materially increased. Outputs were 
increasing continuously, and at the present time 
some 1,200.to 1,400 tons a day were being extracted. 
Sir Albert E. Kitson had discovered that considerable 
areas in the Gold Coast contained large deposits of 
manganese. Many of these, however, were uneco- 
nomical to work at the present time on account of 
their distance from seaports. The Government of 
the Colony had recently carried out surveys for the 
construction of 350 miles of railway, which would 
traverse the Northern Territories and Ashanti, 
and, when this undertaking was completed, it 
might be possible to work the deposits. The 
company working the manganese deposits was 
entirely British, 

Mr. H. K. Scott thought we were apt to 
assume that all the mineral deposits in the world 
had been discovered. He maintained that dis- 
coveries would be made in the future, as they had 
been made in the past. The huge deposit at Dagwin 
in the Gold Coast had been discovered in a curious 
manner. Sir Albert Kitson instructed his native 
servants to pick up any stone which looked at all 
abnormal. The result of this procedure was the 
discovery of a big deposit of manganese ore close 
to a railway which had been built for 30 years. 
He could not help thinking that when, what he might 
term, the lone spots of the world were more fully 
explored, further valuable mineral deposits would 
be found. The manganese ore deposit in Brazil 
had been discovered because, in building a rail- 
way, the engineers had cut through an outcrop. 
Professor Benedicks, who spoke next, stated that 
he would like to add two facts to the historical 
portion of Sir Robert’s paper. The ancients 
recognised a stone which they called “ virile mag- 
nesia,” because it had the power. of attracting 
iron; this was undoubtedly magnetite. Another 
stone, which they designated ‘‘ female magnesia,” 
was probably pyrolusite, and they gave it that name 
because it was capable of removing colour from 
glass. 

In the course of his reply, Sir Robert Hadfield 
agreed that large deposits of low-grade ores existed 
in the United States, but these minerals were use- 
less for making 80 per cent. ferro-manganese, and, 
after all, this was an essential raw material in steel 
manufacture. Two papers on our manganese-ore 
resources, published recently, should, he thought, 
be widely circulated, the first was by Sir Richard 
Redmayne, and was published by the Imperial 
Mineral Resources Department of the Imperial 
Institute, and the second, by Sir Thomas Holland, 
was entitled “International Interests in Raw 
Materials.” This had been read before the Royal 
Society of Arts on November 10, 1926. 


Low-CaRBON I[RON-MANGANESE ALLOYS. 
The second paper taken was also by Sir Robert 
Hadfield ; it was entitled ‘‘ Alloys of Iron and 
Manganese Containing Low Carbon,” and was read 





in abstract by the author. The contribution con- 
tained a description of experiments carried out on 
a series of iron-manganese alloys containing carbon 
of the order of 0-10 per cent., and manganese rang- 
ing from 0-06 per cent. to 38-90 per cent., together 
with one sample containing 83-50 per cent. The 
results of various tests, showed that alloys of 
manganese without carbon did not appear to be of 
commercial value. We hope to reproduce this paper 
later. 

The discussion was opened by Dr. W. Rosenhain, 
who thought that a word of caution was required. 
The alloys studied were not free from carbon, and 
recent experiments had shown that the effect of even 
traces of an element on the properties of an alloy 
might be appreciable. The only other speaker 
in the discussion, Dr. W. H. Hatfield, asked 
the author if he had studied the composition of 
manganese steel from the standpoint of wear resist- 
ance, and if he had found that, when the carbon was 
lowered, the wear resistance was also lowered. In 
regard to Sir Robert’s first paper, it should be remem- 
bered that the best steel for cutting purposes was still 
Huntsman’s steel, which contained from 0:03 to 0-07 
per cent. of manganese. This steel showed that it was 
possible to have excellent forging and rolling charac- 
teristics in a steel with the manganese as low as 
0-1 per cent. In consequence of this, it might 
perhaps be possible to conduct steel-making opera- 
tions without using large quantities of manganese. 
Tt would, of course, still be necessary to import 
considerable amounts of manganese for the manu- 
facture of manganese steel. In his reply to the 
discussion, Sir Robert stated that he quite agreed 
that the carbon percentages in his alloys were not 
mere traces, but he was inclined to think that 
Dr. Rosenhain would not find any serious difference 
between the physical properties of these alloys and 
those of others containing much lower proportions 
of carbon. In answer to Dr. Hatfield’s question, 
there was no doubt that low-carbon materials did 
not offer the same resistance to wear as did normal 
manganese steel. 


Attoys oF Tron RESEARCH. 


The last contribution considered on ‘Thursday 
afternoon was a symposium comprising Parts V, 
VI, VII, and VIII of ‘“ Alloys of Iron Research.” 
These papers represented a further portion of re- 
search work carried out at the National Physical 
Laboratory on behalf of the Alloys of Iron Research 
Committee. A general introductory paper was read 
by Dr. W. Rosenhain, who, in the absence of the 
author, Mr. N. P. Tucker, also introduced Part VII, 
entitled “‘ Preparation of High-Purity Silicon.” In 
doing so, he stated that the melting point of high- 
purity silicon had been determined since the 
publication of the paper. The figure was 1,415 
deg. C. + 1 deg. Part V of the symposium, entitled 
‘Preparation of Pure Chromium,” was read in 
abstract by the author, Mr. F. Adcock, and 
Part VI—‘“ Preparation of Pure Manganese” was 
introduced by Dr. Marie Gayler. Part VIII, which 
dealt with the constitution of alloys of iron and 
phosphorus, was presented by the author, Dr. J. L. 
Haughton. We hope to reproduce all these four 
contributions in forthcoming issues. 

Mr. E. H. Saniter, who opened the discussion, 
said he would like to know if the melting point 
of high-purity silicon, the figure for which had 
been given by Dr. Rosenhain, had been determined 
in vacuo, or otherwise. He thought that some 
attempt ought to have been made to determine 
directly the silicon, chromium and manganese 
present in the various samples of pure metals. 
This, he agreed, was by no means easy, and that 
was doubtless why the more usual method of 
estimation by difference had been adopted. Pro- 
fessor Desch desired to call the attention of the 
meeting to the preparation of manganese by distil- 
lation, as described in Dr. Gayler’s paper. Now that 
the high-frequency furnace was a regular labora- 
tory appliance, it seemed to him that distillation 
processes offered great possibilities for the prepara- 
tion of pure metals. For example, iron and nickel 
were both capable of being distilled, and it was 
a rapid and good way of preparing sheets of metal 
foil. Dr. Haughton had cleared up several obscure 
points in the course of his investigation. Completely 
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enclosed regions, similar to the y region shown 
on his diagram, had been found to exist as a result 
of recent investigations on the alloys of iron with 
silicon, aluminium, chromium, tungsten and molyb- 
denum. This characteristic appeared to be fairly 
general, and it looked as though it would enable 
metallurgists to simplify the diagrams of various 
binary alloys which hitherto had given rise to 
difficulties. 
DRAWING OF STEEL WIRE. 

The first paper presented to the meeting on 
Friday morning, May 6, was by Mr. E. A. Atkins ; 
it was on the subject of the drawing of steel wire 
and its relation to qualities of steel. We reproduce 
this paper on page 590 of the present issue. 

The first speaker in the discussion was Professor 
H. Louis, who said that the author, like all English 
engineers, was in favour of the torsion test for 
wires. This test had recently been discarded in 
Germany in favour of a “‘ to and fro” bending test. 
Could the author give the meeting any information 
concerning the relative merits of these two tests, 
from the point of view of utility in revealing hidden 
flaws in the wire. In America, electro-magnetic 
and X-ray methods had been tried for the purpose 
of revealing hidden flaws. He would like to know 
if Mr. Atkins had had any experience of either of 
these two methods. Referring to Fig. 8 in the 
paper, he desired to know if the section of plate 
and wire shown was exactly correct. If true flow 
took place, would not the diameter of the issuing 
wire be smaller than the hole in the plate, owing 
to a vena contracta effect. He himself had done 
some experiments, in which lead wire was squirted 
through a hole, and he had obtained a vena con- 
tracta effect. Mr. W. H. Wilkinson, who spoke 
next, was understood to say that he agreed with the 
author’s statement that supposedly good wire, 
when subjected to a torsion test, would give from 
30 to 40, or more, twists before fracture, and the 
fracture usually took the form of a shear at right 
angles to the axis. In wire of indifferent quality, 
the fracture assumed a ragged form. He had found, 
however, that very brittle wire often gave the 
requisite number of twists in the torsion test. 

Mr. D. Lewis stated that hidden flaws could be 
detected by X-ray methods. At the Research 
Department, Woolwich, a good deal of work was 
being done in the matter of detecting flaws in 
castings and welds. He had taken a piece of 
}-in. diameter iron rod, sawn into longitudinal 
halves, and drilled small holes in one of the pieces. 
The halves had then been put together again, 
and an X-ray photograph taken; the three holes 
showed up quite distinctly. Mr. A. T. Adam, the next 
speaker, said that the experiments, in which a high- 
carbon and a low-carbon rod had been butt-welded, 
interested him specially. The author had shown 
that there was no uneven flow and he himself would 
like to know a little more regarding the heat treat- 
ment of the high-carbon rod. Such experiments 
as he had performed showed that sorbitic structures 
flowed more uniformly than did ferrite. With 
regard to Fig. 3, he thought that the reductions at 
each stage in the wire-drawing process were very 
variable, and he would like to know if this had been 
intentional. He had perhaps been more fortunate 
than the author in the matter of oxide inclusions ; 
at all events, he could not say that he had had the 
Same disastrous experience. He had rarely had a 
steel which could not be drawn. In one instance, 
however, a cast had been put aside as hopeless and 
had been left for six months, during which time 
it had grown red with rust. It had been taken up 
again and had given no trouble whatever in the 
Wire-drawing process. The weathering action, to 
which it had been subjected, had no doubt cleared 
the surface of objectionable particles. A micro- 
graphic test which he found useful consisted in 
‘xamining the structure of the drawn wire itself. 

Dirty” steel gave a “wavy” structure while 
the structure of good steel was regular. 

Dr. W. Rosenhain stated that the “ cuppy ~ 
fracture, which the author had shown sometimes 
to exist in wire, was by no means new. Attention 
had been drawn to this phenomenon in the 9th or 
10th Alloys Research Committee Report. It had 
been found to occur in various non-ferrous alloys, 





in which there was no question of segregation. 
Was it not possible to produce this cuppy fracture 
by faulty drawing; over-drawing, for example ? 
The outside parallel flow might be retarded by 
friction against the die plate, and the core of the 
wire might be drawn relatively faster than the 
periphery. Segregation would certainly cause cup- 
ping, but it might not be absolutely necessary to 
have segregation present. He was not surprised 
to find that the particles of alumina were extremely 
hard and that they caused “ tailing.” He would 
like to know if, in the cases of “running out” 
mentioned in the paper, the hole in the draw plate 
had increased in size; it was just conceivable that 
the wire might expand after drawing. The author 
had drawn attention to the question of dissolved 
oxide in steel ; its function was interesting, but one 
was inclined to forget that the solubility of iron 
oxide in steel was very low indeed. Its solubility 
in pure iron itself was very low, and the presence 
of carbon in the metal was not likely to increase it. 
A good deal of misconception existed with regard to 
the harmful effects of iron oxide in steel. In a 
recent issue of Le Génié Civil, Mr. Frémont had 
condemned the existing methods of wire testing. 
The fatigue resistance of a wire was of vital impor- 
tance, and this was greatly influenced by bending and 
by corrosion. Both McAdam, in America, and 
Haigh, in this country, had shown that alternate- 
bending stresses, coupled with corrosion effects, 
had a pronounced influence on the fatigue resistance 
of a wire. Electric-induction heating, in which the 
heat was developed in the wire or strip itself, would 
doubtless solve many of the difficulties attributed to 
the irregular or unequal heating obtained in a 
fuel-fired furnace. 

Mr. E. H. Saniter thought that the author had 
dealt very fairly with the steel maker. He assured 
him he could have steel free from segregation and 
objectionable impurities, provided he was willing to 
pay the price. The number of particles counted in 
the various specimens of steel shown seemed to 
him to be enormous, and he would like further 
details regarding the method employed in the coun- 
ting ofthem. With regard tothe presence of oxides 
in steel, there was no doubt that a fair propor- 
tion of the mild steel used for wire drawing did 
include as much oxide as it was possible for it to 
contain. It was full of blowholes before rolling, 
and yet it drew well. He would like to know if 
the author had found something approaching 100 
per cent. of alumina in his crystals, or if they con- 
tained manganese and silicon as well. The author 
had quoted Dr. McCance as saying that a possible 
additional cause of the formation of deleterious 
inclusions might be the passing back of silicon 
from the slag into the steel, leaving myriads of 
silica specks which were ultimately converted 
into manganese silicate, or a complex silicate of 
manganese and iron. He could not understand 
this at all, and would like further information on 
the point. 

Dr. T. Swinden stated that the outstanding 
point of the research was the fact that alumina 
crystals had been shown to separate out; this 
was a definite advance in our knowledge on the 
subject. The rapid increase in tensile strength 
showed by the material in Fig. 3, might be partially 
explained by the fact that the phosphorus content 
of the steel was high (0-083 per cent.). The author 
had said that, generally, it was considered that when 
a piece of rod was converted into a piece of wire 
its length was increased and its diameter reduced 
by stretching or elongating. He desired to know 
if the author seriously suggested that wire did 
actually stretch rather than flow through the die. 
Mr. Saniter had said that the author had treated 
steel makers fairly ; yet he had devoted some four 
pages of his paper to the running out of wire 
caused by defects left in the steel as received from the 
maker, and had only given a small paragraph to 
the consideration of all the other causes of running 
out. Reductions now made in wire drawing were 
much heavier than was the case twenty years ago, 
and he questioned seriously whether wire drawers 
had made sufficient allowance for this. It sometimes 
occurred, that one wire manufacturer pronounced a 
quantity of steel good, while another considered a 
similar quantity, taken from the same cast, as not 


good; this state of affairs increased the steel 
manufacturer’s difficulties. The fact that, in mild 
steel, cementite was sometimes found at the grain 
boundaries, had been observed for many years, and 
he agreed with the author that cementite did actually 
go into solution and come out again below the lower 
critical point. 

Dr. W. H. Hatfield said that he was not convinced 
with regard to the influence of inclusions. Some time 
ago, he produced a considerable quantity of wire from 
steel which was heavily charged with aluminium. 
There had certainly been no difficulty in drawing this 
wire. 

Mr. Atkins, in reply, said Professor Louis had asked 
about the torsion test. He had stated in the paper 
that this test was of little value, beyond giving some 
idea of the solidity of the material. Furthermore, 
tests by magnetic means had been tried in America, 
but, after months of work, the investigators had come 
to the conclusion that the results obtained were of 
no practical value. He had not found that a 
vena contracta effect had been produced in wire 
drawing. The lead in Professor Louis’ experiments 
had been pushed out, while steel wire was pulled 
out through a hole in the draw plate. He had 
never found that any reduction took place in the 
diameter of drawn wire, except when the material 
was soft and the pull on it somewhat “ jumpy.” 
It was quite certain that X-ray methods would 
disclose hidden impurities, but when it was con- 
sidered that one ton of steel might represent 
300 miles of wire, the magnitude of the task was 
apparent. The method might be useful for the 
examination of billets; there were, however, so 
many tests which could be applied in a wire works 
that it was hardly necessary to consider the introduc- 
tion of X-ray tests. In answer to Mr. Adam, he 
desired to state that the diagrams given in the paper 
did not illustrate the best methods of drawing wire ; 
the processes utilised were all purely experimental. 

The polishing of a piece of steel in order to 
ascertain whether it contained specks harmful for 
the drawing operation was a highly skilled 
operation; the ability to differentiate between a 
good wire steel and one which would cause 
running out was entirely a matter of experience. 
The counting of the specks was a comparatively 
simple operation, the number in a small area 
was counted by the aid of a microscope and the 
total, per square or cubic inch, was arrived at 
by calculation. It was possible to produce cupping 
in good homogeneous material, but this did not 
usually occur in ordinary practice. Electrical 
heating was being used for fine wire, but it was 
considered too expensive for stout wire. The 
crystalline specks which had been separated from 
the steel did not consist of absolutely pure alumina. 
They had been analysed by fusing with sodium 
carbonate. The melt had then been dissolved out 
and the aluminium precipitated as aluminium 
hydroxide. In some cases, traces of manganese 
and of iron had been found, but these were traces 
only. He had come to the conclusion that the 
trouble they were discussing was due to the 
presence of crystals of alumina in the steel. He 
had investigated the matter thoroughly, and 
there did not seem to be any necessity for doing 
further work on the subject. The paragraph 
referred to by Mr. Saniter had been copied, word 
for word, from the Proceedings of the Faraday 
Society. 

(To be continued.) 





THe Witsur Wricut Memorit Lecrure.—The 
council of the Royal Aeronautical Society have this year 
invited Dr. L. Prandtl, of Gottingen University, to 
deliver the Wilbur Wright Memorial Lecture, which he 
will do on Monday next, the 16th inst., at 6.30 p.m., 
in the hall of the Royal Society of Arts, John-street, 
Adelphi, W.C.2. The lecture has hitherto been given 
by a leading authority on aeronautical matters of this 
country or of the United States, so that the forthcoming 
lecture will be the first to be delivered by a scientist of 
any other nationality. It is fitting, however, that the 
value of Dr. Prandtl’s work in aerodynamics should be 
acknowledged in this way, as, in developing the sugges- 
tions of Dr. F. W. Lanchester, F.R.S., who delivered the 
lecture last year, Dr. Prandtl has probably done more than 
any other scientist to explain the underlying principles of 
mechanical flight. The Society’s gold medal has also 
been awarded to Dr. Prandtl, and use will be made of 
the opportunity afforded by the lecture for the actual 





presentation of the medal to him. 
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LABOUR NOTES. 


THE House of Commons went into Committee on 
the Trade Unions and Trade Disputes Bill on Wednes- 
day. The discussion was suspended at 8.15 in order 
that private members’ motions might be taken; 
but it was resumed after 11 o’clock and continued 
on the following days. An amendment was moved by 
Sir H. Slesser to preface Clause 1—which declares 
certain strikes to be illegal—with the words “ For the 
purpose of removing doubts.” It was defeated by 
302 votes to 152. 





The majority of the amendments of which notice had 
been given related to Clause 1, and the most important 
was one submitted on behalf of the Government. It 
was in the following terms :—‘‘ It is hereby declared 
that any lock-out is illegal if it has any object besides 
the furtherance of a trade dispute within the trade 
or industry in which the employers locking-out are 
engaged and is a lock-out designed or calculated to 
coerce the Government either directly or by inflicting 
hardship upon the community; and it is further 
declared that it is illegal to commence, or continue, or 
to apply any sums in furtherance or support of any 
such illegal lock-out.” 

Another Government amendment proposed to 
substitute the following for the first section of Clause 1 
as it appears in the Bill :—‘‘ It is hereby declared that 
any strike is illegal if it has any object besides the 
furtherance of a trade dispute within the trade or 
industry in which the strikers are engaged and is a strike 
designed or calculated to coerce the Government either 
directly or by inflicting hardship upon the community ; 
and it is further declared that it is illegal to commence, 
or continue, or to apply any sums in furtherance or 
support of any such illegal strike.” 


The clause in the Bill is as follows :—‘‘ It is hereby de- 
clared that any strike having any object besides 
the furtherance of a trade dispute within the trade 
or industry in which the strikers are engaged is an 
illegal strike if it is a strike designed or calculated 
to coerce the Government, or to intimidate the com- 
munity or any substantial portion of the community, 
and that it is illegal to commence, or continue, or to 
apply any sums in furtherance or support of any such 
illegal strike.” 





The amendments of which notice was given by the 
Labour Party were, frankly, destructive. The principal 
Liberal amendment to Clause 1 was, in effect, to 
substitute Sir John Simon’s definition of an illegal 
strike. Its terms were as follows :—‘* That notwith- 
standing anything in the Trade Union Acts, it is 
declared that any combination, whether of employers 
or of persons employed, to coerce the Government or 
Parliament by means of simultaneous refusal to con- 
tinue employment or work is an unlawful conspiracy.” 


The Executive Council of the Amalgamated Engineer- 
ing Union have passed the following resolution :— 
“That this Executive Council of the Amalgamated 
Engineering Union has had under consideration the 
Government’s Trade Unions and Trade Disputes 
Bill, and is of the opinion that the proposals set out 
in the Bill referred to undoubtedly deprive the trade 
unions of powers hitherto possessed, and will offer 
most strenuous opposition to the Bill being placed on 
the Statute Book.” 

According to The British Worker, the “ official 
trade union defence campaign bulletin,’’ the Trade 
Unions and Trade Disputes Bill attacks women not 
only in industry but also in the home. “ There is,” 
it is declared, “* a special and separate attack on those, 
be they women or men, who organise relief work and 
try to see that innocent and helpless children shall 
not suffer in an industrial dispute. It needs only a 
Tory judge or a Tory magistrate to declare any par- 
ticular strike illegal—as under this Bill practically 
any strike can and will be declared—and, in connection 
with that strike to give food to a hungry child becomes 
a crime, punishable by two years’ imprisonment.” 


* Contrast,” says The Worker, the official organ of 
the National Minority Movement, “the clear-eyed 
determination of the Minority Movement Conferences, 
their plain, straightforward policy, their precise and 
intelligible programmes, with the tortuous vacilla- 
tion, the foggy nebulosity, the pretentious emptiness 
of the ‘ official’ gatherings, and learn whence Baldwin 
gathered the courage to strike the succession of blows 
at the workers for which his name will stink in history. 
Had the rank and file leaders been worthy their courage 
and their cause, he would have retreated long since. 
As it is, he knows that, while the present leadership 
holds the reins, he can do his worst with impunity. 
Yet, if he were wise he would note these Minority 











Conferences and take warning. If he goads-us savagely 
enough, he may live to learn, ‘in one wild hour, how 
much the wretched dare.’ Thomas, Clynes and Co. 
cannot save capitalism for ever.” 





The writer of an editorial note in Man and Metal, 
the journal of the Iron and Steel Trades Confederation, 
blames outsiders for hampering the Parliamentary 
party in its opposition to the Trade Unions and Trade 
Disputes Bill by offering impracticable suggestions. 
The wise way for those outside the House would be, 
he says, to leave Parliament to the parliamentarians, 
and allow them without interference to exercise all 
the rights and powers they have to obstruct, amend, 
or defeat the measure. ‘‘ The word ‘amendment,’ ” 
the writer goes on to say, ‘“‘ seems to be a stumbling 
block to many of the critics of the Labour Party. 
They have an impression that when a parliamentarian 
speaks of amending something he really means to 
make it better from the point of view of the promoter— 
which, of course, would be worse than the present situa- 
tion from the view point of the opponent. What the 
Labour men of the House mean by moving an amend- 
ment is a form of wording which would destroy this 
Bill as at present drafted ; but the critics say that no 
amendments have to be moved. In that case, the 
Bill goes through exactly as it is, because it has to be 
remembered that the British workman in a moment of 
folly gave three votes to the employing class in the 
House of Commons and one to his own class. Now 
he is expecting that ‘the walls of Jericho will fall ’ if 
the minority leave the House for the time being and 
go holding demonstrations and meetings in the country, 
not realising that, unless there is opposition in the 
House, the demonstrations outside will be useless.” 





In the course of a reply to Lord Parmoor in the House 
of Lords, last week, the Earl of Balfour denied that the 
xovernment’s delay in ratifying the Washington Hours’ 
Convention was due to a desire to reverse Great 
Britain’s attitude on the question of the working week. 
It was the object and policy of the Government, he 
said, to proceed to the legislation required before the 
ratification of the Convention could take place, and, 
immediately that legislation was accomplished, to 
proceed with ratification. The Government had to be 
clear, it was added, as to the interpretation of what was 
agreed upon at Washington. The penalty for not being 
clear would be that disputes might arise of an acri- 
monious character, and that what was intended to be a 
great social reform would become a source of difficulty. 
Great Britain had always led, and was still leading, in 
industrial reform, and 90 per cent. of her industrial 
population were already enjoying the conditions they 
would enjoy when the Convention was ratified. 





Moving the second reading of the Prevention of 
Unemployment Bill in the House of Commons on 
Friday last, Mr. G. Hall, the Labour member for the 
Aberdare Division, said that Clause 1 provided for the 
setting up of a powerful committee, called the Unem- 
ployment and Development Board, with the Minister 
of Labour as chairman, who should undertake the pre- 
paration, collection, and publication of information 
and statistics relating to the work of the Board. In 
addition to the chairman, the Board would consist of 
all the Ministers in charge of any department of the 
State who could influence the amount of unemploy- 
ment, either by giving contracts or by the employment 
of direct labour. Clause 2 gave the Board power to 
make advances out of its funds to be expended either 
in the United Kingdom or other parts of the Empire, 
to or through such Government Departments, Dominion 
or Colonial Governments, local or public authorities, 
or associations of persons or companies, either by way of 
grant or loan to be used to promote employment, 
including land development, land drainage, afforesta- 
tion, the opening up of water power resources, railway 
and other constructional works, and for the opening up 
of Crown Colonies and Protectorates. It would con- 
sider the amount of work which would be required for 
giving employment on army, naval, and Air Force 
contracts, Inland Revenue, and other Government 
buildings, including school buildings. 





Clause 3, Mr. Hall proceeded to explain, gave power 
to prepare national employment and development 
schemes, and authorised the Board to pursue continuous 
investigation into the nature of, and the remedies 
for, unemployment. Clause 4 called for the assistance 
of local authorities, and clause 5 provided that 
10,000,0001. should be charged on and issued out of the 
Consolidated Fund each year. In Germany, a com- 
mittee similar to that provided for in the Bill had been 
set up, and had, since the end of 1925, provided no 
fewer than 24,420,000 days of work and reduced the 
number of unemployed by 430,000. Such an effort 
was well worth making in this country, where there were 
a hundred and one schemes which might be put into 
operation. 





Mr. H. G. Williams, the Unionist member for Reading ‘ 
moved as an amendment :— ° 

‘* That this House declines to give a second reading to 
a Bill which would extend bureaucratic interference 
with industry, and at the same time would fail to 
achieve its professed object.’ The motion for the second 
reading was, after discussion, negatived by 177 votes 
to 112, and the amendment was then agreed to. 





In April, the home branch membership of the 
Amalgamated Engineering Union decreased from 
196,184 to 195,742, and the colonial branch membership 
increased from 26,816 to 27,270. The number of 
members on sick benefit decreased from 6,422 to 5,666, 
and the number of members on superannuation benefit 
increased from 9,526 to 9,542. The total number of 
unemployed members was 16,270, -as'compared with 
16,876 at the end of March. The percentage, reckoned 
in the usual way, was 7-76. 





The writer of the ‘‘ Editor’s Notes” in the May issue 
of the Amalgamated Engineering Union’s Monthly 
Journal suggests that if next Thursday’s conference 
with the employers results in the concession of a wages 
advance, the increase shall be paid only “to those 
covered in the terms of the application’—in other 
words that non-union men shall be denied the advance. 
In another “ note’’ he asks what there is to prevent the 
setting up of a Joint Committee “ whose duty it would 
be to examine trade conditions at least half-yearly 
and make recommendations ?”’ ‘“ It would, of course, 
be necessary,” he goes on to say, “to establish a 
reasonable base rate, below which wages must not fall, 
and following upon that fluctuations would be deter- 
mined by the state of the industry. This might not 
have been possible in the old days, but with a body of 
employers organised on scientific lines, such as the 
Engineering and Allied Employers National Federation 
is at the present time, it ought not to be beyond the 
range of possibilities.” 





The Ministry of Labour states that on May 2, 1927, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,021,700, 
of whom 815,700 were men, 33,000 boys, 139,900 
women, and 33,100 girls. Of the total number, 
703,100 were wholly unemployed, 250,500 temporarily 
stopped, and 68,100 normally in casual employment. 
On April 25, 1927, the number of unemployed persons 
was 1,044,757, of whom ;841,762 were men, 31,834 
boys, 139,185 women, and 31,976 girls ; and on May 3, 
1926, it was 1,105,916, of whom 846,670 were men, 
32,513 boys, 190,612 women, and 36,121 girls. 

A conference of trade union branch *officials,’shop 
stewards and members of district committees took 
place in London last week-end to discuss the engineer- 
ing wages question, as it affects the London area. 
Practically the whole of the unions with members 
employed in the industry were represented. Mr. C. E. 
Knight, of the General Workers’ Union presided, and 
after hearing reports by Mr. E. Cruse, of the Amal- 
gamated Engineering Union, and Mr. I. Hayward, of 
the Enginemen and Firemen, the meeting adopted a 
resolution calling upon the executives to demand a 
definite reply from the employers to the national claim. 
The resolution further demanded that if the application 
failed on May 19, the London district should have 
authority to take action towards enforcing the claim 
The London Joint Trades}Committee will meet on 
May 23 to receive a report of the conference with the 
employers, and later, if necessary, another delegate 
conference of the London unions will take place. 





In the course of its report for 1926, the Ministry of 
Labour states, with regard to unemployment insurance, 
that the year was one of great strain upon the adminis- 
tration, and more particularly upon the finances of the 
scheme. In the insurance year July 6, 1925, to July 4, 
1926, the contributions to the fund were as follows :— 
From employers, 17,800,000/.; from employees, 
15,820,0001. ; from Service Departments, 320,000I. ; 
from the State, 12,910,000/. For the six months from 
July 5 to December 31, 1926, the contributions were :— 
From employers, 7,170,0001.; from employees, 
6,270,0001.; from Service Departments, 160,0001. ; 
from the State, 5,270,0001. The amount of benefit 
paid during the year was 50,201,758/., and the debt to 
the Treasury, which amounted to 7,262,5691. at 
December 31, 1925, was increased during the year to 
22,640,0001. The average weekly number of persons 
receiving benefit was about 1,046,800. The total 
number of cases of fraud in 1926 was substantially 
lower than in 1925. The number of persons prosecuted 
was 1,750, as compared with 2,034. The summonses 
were dismissed in 99 cases. The cost of administrative 
expenses to the income of the fund was 9-1 per cent. 
in the financial year 1924-25, and 9-8 per cent. 1) 
1925-26. 
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HIS MAJESTYS 


CONSTRUCTED BY MESSRS. JOHN I. 


TORPEDO-BOAT DESTROYER ‘“ AMAZON.” 


THORNYCROFT AND COMPANY, LIMITED, SOUTHAMPTON. 








H.M. TORPEDO-BOAT DESTROYER 
‘* AMAZON.”’’ 


WHEN referring, on page 524 ante, to the new 
destroyer Ambuscade, constructed for H.M. Navy by 
Messrs. Yarrow and Company, Limited, Scotstoun, 
and recently added to the Fleet, we mentioned that a 
similar vessel bearing the name Amazon had been 
built by Messrs. John I. Thornycroft and Company, 
Limited, at Southampton. The latter vessel, a photo- 
graph of which is reproduced on this page, completed 
her acceptance trials on Thursday of last week, and 
left on the following day for Portsmouth. As she is 
the first British war vessel to be constructed in the 
Southampton district since the termination of the war, 
an official visit was paid to the ship by the Mayor 
of Southampton, in his capacity of Admiral of the 
Port, prior to her departure, and by the courtesy of 
the Admiralty and of Messrs. Thornycroft, we were 
able to be present on that occasion. 

We have already given the main particulars of the 
vessel in the article above referred to, but may here 
repeat that she has a length of 311 ft. 9 in., a breadth 
of 31 ft. 6 in., and a draught of 9 ft. 1 in. on the stan- 
dard displacement of 1,330 tons; the total oil-fuel 
capacity, we may add, is 433 tons. Six 21-in. torpedo 
tubes are carried in two triple mountings placed on 
deck amidships, and the other armament includes 
four 4-7-in. guns, two 2-pdr. pompoms, and_ five 
machine guns. The Amazon was laid down in 
January, 1925, at Messrs. Thornycroft’s Woolston 
Yard, where the machinery was also constructed. This 
is of the Brown-Curtis turbine type, with single- 
reduction gearing and oil-fired boilers, and was designed 
to give a speed of 37 knots on full-power trial at the 
above-mentioned displacement, in smooth water, and 
with clean bottom. Actually, we understand, the mean 
Speed maintained for six hours was 37-47 knots, and 
the mean of six runs on the measured mile was 
37-96 knots. 








TRIAL TRir oF THE S.S. “ HartBripGr.”’—Successful 
trials were carried out at sea on Tuesday, April 26, of 
- 8.8. Hartbridge, which has been built by Messrs. Wm. 
Cn and Company, Limited, to the order of Messrs. 
Tosby, Magee and Company, Limited, of West Hartle- 
og Che vessel, whose main dimensions are: length, 
390 ft. ; breadth, 55 ft.; and depth, 30 ft., is of the 
pos para type with poop, long bridge and forecastle, 
— divided into the cargo holds, fore and aft peak 
aoa and machinery space, by six watertight bulk- 
ate P. Five large hatchways give access to the holds, 
the — Steam winches are provided for the handling of 
pe lied; The propelling machinery, which has been 
ee by the Central Marine Engine Works of the 
evli a fonsists of triple-expansion engines having 
yinders 26 in., 43 in. and 71 in. in diameter with a stroke 
nree large single-ended boilers supply the 


of 48 in., and tl 





THE LATE PROFESSOR M. F. 
FITZGERALD. 


Proressor MAvrIcE FREDERICK FirzGERALD, who 
died on the 4th instant, aged 76, was the eldest son of 
the late Rt. Rev. William Fitzgerald, Bishop of Killaloe. 
In 1867 he entered Trinity College, Dublin, specialis- 
ing in mathematics, and gaining a scholarship. In 
1872 he became a pupil of Messrs. Easton and Anderson, 
Erith, gaining experience on the sewerage of Doncaster, 
and subsequently having charge of the erection of 
pumping plant for graving docks at home and abroad. 

For many years he was Professor of Engineering in 
Belfast, and endeared himself to a long succession of 
students by his careful teaching and unfailing kindness. 
His character was one of charming simplicity and 
modesty, but he quietly exerted a great influence on 
the progress of technical education in the capital of 
Ulster. He held the B.A. degree of Dublin, and was a 
D.Sc. of Belfast. F 

His only son, who joined the Royal Flying Corps 
at the beginning of the Great War, was killed on 
service in France. His brother, the late Professor 
George Francis Fitzgerald, T.C.D., was for many 
years a leader in physical research, and discovered and 
indicated some of the main facts and theories. the 
development of which has secured for later scholars a 
world-wide fame. 





STANDARD SPECIFICATION FOR CONTOURS FOR Locomo- 
TIVE TyREs.—A new specification, based on a memor- 
andum and diagrams submitted jointly by the Association 
of Railway Locomotive Engineers and the Railway 
Engineers’ Association, has just been published by the 
British Engineering Standards Association, for contours 
for locomotive tyres for British railways of 4 ft. 84} in. 
gauge. These contours have been designed for use 
with the B. S. bull-head rails and a 1}-in. flangeway 
between the check and running rails. It is based 
upon varying the distance between the backs of the 
flanges to suit different thicknesses of flange, while the 
back of the inner portion of the tyre can be varied to suit 
the rim of the centre. Two considerable advantages 
are put forward for this new specification in that 
provision is made for maintaining constant the dis- 
tance between backs of flanges as they become worn by 
coming in contact with check rails ; and the new form 
of tyre, having any of the three contours, can be so 
fixed on wheel centres that the flange is in the correct 
running position without altering the distance between 
rims of wheel centres. After a short foreword, the 
specification falls into three main sections, the first 
of which is entitled ‘‘ Notes,” and contains recom- 
mendations, &c., with regard to the use of the contours, 
Then follow three plates giving fully dimensioned 
drawings of the three types of B. S. contours A, E and G, 
and at the end is an appendix containing a table of metric 
equivalents for the dimensions given. Copies of the 
new specification (No. 276, 1927) may be obtained from 
the ‘B.E.S.A. Publications Department, 28, Victoria- 





steam at 180 Ib, 


per sq. in. working pressure. 
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ENGINEERING TRAINING AND 
EDUCATION. 


Lectureships in Metallurgy and Industrial Bursaries. 
—The Armourers and Brasiers’ Company, Armourers’ 
Hall, 81, Coleman-street, London, E.C.2, have founded 
lectureships in metallurgy in London, and arrangements 
have been made for two series of lectures to be delivered 
in the near future. The first series will be on the sub- 
ject of the corrosion of metals and will be delivered 
by Mr. Ulick R. Evans, at the Royal School of Mines, 
Prince Consort-road, South Kensington, S.W.7, at 
5.30 p.m. on May 18 and 25, and June 1 next. The 
second series will deal with special steels and their 
application to engineering, and will be delivered by 
Dr. W. H. Hatfield at the Sir John Cass Technical 
Institute, Jewry-street, Aldgate, E.C.3, at 6.30 p.m., 
on May 17 and 31, and June 14, next. Admission 
to the lectures is free without ticket. With a view 
to promoting craftsmanship, the Company have 
founded senior industrial bursaries, having an annual 
value of 170/., and junior industrial bursaries valued at 
50]. per annum. The senior bursaries are founded to 
assist young men who have obtained honours at the 
final examination of the University of London for the 
degree of B.Sc. in engineering, mining, or metallurgy, 
but whose means are not sufficient to enable them to 
prosecute their studies further without assistance. 
The junior bursaries are founded to enable youths who 
have shown promise in their preliminary studies in 
subjects relating to engineering or metallurgy to 
continue these studies. Full details regarding these 
bursaries will be announced in due course. 








LauncH oF THE S.S. “Tounista.”—On Saturday, 
April 30, a successful launch took place of the steel 
screw steamer Tunisia, which is being built at the yard 
of Messrs. John Redhead and Sons, Limited, South 
Shields, to the order of Messrs. Frank C. Strick and 
Company, of London. She is of the single-deck type, 
with poop, long bridge and forecastle, her main dimen- 
sions being: length, 384 ft., breadth, 52 ft. 3 in., and 
depth, 28 ft. 3 in.; and she is designed to carry about 
7,340 tons on a light draught. A double bottom runs all 
fore and aft, which, together with large fore and aft 
peak tanks, is used for the carriage of water ballast. 
'To render the vessel suitable for the ore trade, in which 
she will be engaged, the scantlings are made heavy, the 
cargo being carried in large clear holds with suitably 
placed hatchways served by 10 steam winches. The 
officers and engineers have comfortable accommodation 
on deck amidships, the petty officers in the bridge ’tween 
decks, and the seamen and firemen in the forecastle. The 
propelling machinery, all of which has been constructed 
by Messrs. John Redhead and Sons, Limited, is of the 
triple-expansion type with cylinders 24} in., 41 in., and 
66 in, in diameter and a stroke of 45 in., steam being 
supplied by two large boilers, fitted with Howden’s 
system of forced draught, at a working pressure of 





street, London, S.W.1, price 2s. 2d., post free. 


180 lb. per square inch, 
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LETTER TO THE EDITOR. 


THE NAVAL ESTIMATES AND THE 
ONE POWER STANDARD. 


To THE Epriror OF ENGINEERING. 

Sm,—I have been much interested in reading your 
leading article on pages 359 and 360 of your March 25 
issue. Unfortunately, I am afraid I cannot agree with 
some of the conclusions you have drawn from state- 
ments made. Near the top of page 360 you say * The 
United States at present possesses 32 cruisers.” This 
statement is correct in so far as it goes, but below in the 
middle of that paragraph you state “ A question of such 
gravity must obviously be examined with the greatest 
possible impartiality.” 

Permit me to inquire whether the impartiality with 
which this case was examined in your columns took 
account of the fact that three of the American cruisers 
listed were launched and in service before the Spanish- 
American War of nearly 30 years ago—that one of them, 
then six years old from date of launching, was Admiral 
Dewey’s Flagship at the Battle of Manila Bay, and that 
another of them, then seven years old, was Admiral 
Sampson’s Flagship before Santiago. I wonder if that 
impartiality at the same time took account of the fact 
that only ten of these cruisers are less than 20 years old 
from the year of launching and that the 22 old ships are 
mostly of such low military value, measured by present 
standards,,as to be almost wholly obsolescent. As a 
matter of fact, ten of the whole group are of less than 
4,000 tons displacement and seven of this number 
possess the triple disability of diminutive size, low 
speed (under 20 knots) and ancient vintage (all 24 years 
old or more). 

How any one investigating this problem with the 
greatest possible impartiality could use mere numbers 
and thus equate these lame ducks to the fine high-speed 
cruisers in the British Fleet passes my limited ability 
to understand. As I understand it, none of the 
47 British cruisers considered by you was launched 
earlier than 1912, and all have made 28 knots or 
better. Only ten of the Americans can approach that 
speed. That there may be no misunderstanding as to 
the list of American cruisers, I am appending that list 
in groups by classes of ships :-— 





_—- | | Launched. Speed. 
| 

| Tons. Knots. 
10 Omaha Class ae | 7,500 1921-24 34 
3 Chester Class | 3,750 1907 25 
3 Seattle Class | 14,500 1905-06 22 
2 St. Louis Class .. | 9,700 1904-05 22 
5 Pittsburgh Class aoe 13,680 1903-04 22 
5 Denver Class .. i oe 3,200 | 1901-03 | 16 
2 New Orleans Class ws Ae 3,480 | 1896-99 | 20 
1 Olympia Class .. os aia 5,865 | 1892 i 2 
1 Rochester Class.. on ae 8,150 | 1891 21 


32 


1 should much appreciate your opinion of this matter 
in the light of some of the above facts. 
Yours very truly, 
Smpney G. Koon, M.M.E. 
(Associate Editor, The Iron Age ; 
during the late War, Inspector of 
Naval Construction, U.S.N.) 
The ron Age, 239, West Thirty-Ninth-street, 
New York. 
|We must refer Mr. Koon to the text of the article. 
Its whole purpose was to show that numerical and 
strategical naval equality were absolutely different 
things, and that a country’s naval power should be 
related to the strategical duties that its fleet performs. 
We equated the 32 United States cruisers with nothing, 
but stated that after deducting fifteen cruisers for 
reconnaissance work, the United States would have 
seventeen left over ‘ for concentration upon any trade 
route that the American staff might select.” If Mr. 
Koon desires to show that the statement is misleading, 
he would be well advised to criticise the article as a 
whole instead of concentra :ing upon two sentences from 
it.—Ep. E.| 








ProvosED TouLousE-BurENos ArRES AERIAL Mam 
SERVICE.—According to a recent issue of the Monthly 
Review of the Bank of London and South America, 
Limited, proposals have been put forward for 
an aerial mail service between Europe and the 
Argentine. The service is to be inaugurated on 
September 1 next, and correspondence will be carried 
from Toulouse to Buenos Aires in 7$ days at the 
outset, and later in four days. The route will be from 
Toulouse to Casablanca, and from Casablanca to 
St. Louis (Senegal), by aeroplane; from St. Louis to 
Cape Verde Islands by seaplane; from the Cape 
Verde Islands to Fernando Noronha by steamer; from 
Fernando Noronha to Pernambuco by seaplane ; 
and thence to Rio de Janeiro and on to Buenos Aires 
by aeroplane. The total distance to be covered is 
7,690 miles, 





THE DRAWING OF STEEL WIRE AND 
ITS RELATION TO QUALITIES OF 
STEEL.* 

By E. A. Arxins, M.1.Mech.E. 

Tue trade of steel wire-making in this country, in 
regard to the weight of material used, is not so important 
as some of the other metal-working industries, but it 
is extremely important from the point of view of the 
widespread uses of wire in connection with almost 
every kind of manufactured article for industrial, 
commercial, and domestic purposes. Its importance 
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Mild Steel.—Chemical Analysis. 

Carbon, 0-140; Silicon, Trace ; Sulphur, 0-044; Phos- 

phorus, 0-046; Manganese, 0-540 per cent. 

Fig. 2.—TENSILE STRENGTH CuRVE OF MILD-STEEL 
WIRE, DRAWN FROM 5 GAvuGE (0°207 IN. UN- 
ANNEALED ROD TO 33 GAUGE (0°0098 IN.) IN 20 
HOLES, INTER-ANNEALED AT 163 GAUGE (0° 061 IN.) 


z 





5% 7 8% 10% 1 1218 4G 
(3/.8.) Diameters of Gauges 
Mild Steel.—Chemical Analysis. 
Carbon, 0-10; Silicon, Nil; Sulphur, 0-09 ; Phosphorus, 
0-083; Manganese, 0-73 per cent. 
Fic. 3.—TENSILE STRENGTH AND ELONGATION 
CuRVES OF STEEL WIRE DRAWN FROM 5} GAUGE 
TO 14} GAUGE. 
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Mild Steel.—Chemical Analysis. 
Carbon, 0-11; Silicon, 0-053 ; Sulphur, 0-013; Phos- 
phorus, 0-01; Manganese, 0-38 per cent. 

Fic. 4.—TENsILE STRENGTH AND ELONGATION 
CURVES DURING THE REDUCTION OF LARGE 
GAUGE WIRE. 


can perhaps best be realised when it is remembered 
that the actual functioning of a whole complex piece 
of machinery may depend upon a piece of wire weighing 
only a fraction of anounce. Therefore, in consequence 
of the extended use of wire in constructing the critical 
parts of machines, the skeletons of buildings, the rein- 
forcing of roads, and the welding together of the parts 
of articles of all descriptions, it is becoming more and 
more important that the quality of the steel used 
should be such that the wire produced from it is exactly 





= Paper read before the Iron and Steel Institute» 








London, May 6, 1927. Abridged. 














suitable to the purpose for which it is intended. 
Whilst there are a great number of mechanical 
variations in connection with wire-drawing machinery, 
essentially the principle consists in reducing the 
diameter of a rod or wire by pulling it through a conical 
hole. The diagrams Figs. 2 to 5 illustrate the changes 
which take place in the material as it passes from one 
size to the other. Fig. 2 shows the varying tensile 
strength of a piece of 5-gauge rod when being reduced 
to 33-gauge wire, with an inter-annealing at 16} gauge. 
It is interesting to note that the tensile strength runs 
up from 33 tons per square inch in the 5-gauge rod to 
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Hard Steel.—Chemical Analysis. 
Carbon, 0-750 ; Silicon, 0-230; Sulphur 0-027 ; Phos- 
phorus, 0-010; Manganese, 0-560 per cent. 

Fie. 5.—TENSILE STRENGTH CURVE OF A Harp- 
STEEL WIRE DRAWN FROM 5 GAUGE (0-214 IN.) 
UNTEMPERED ROD TO 30 GAUGE (0°0214 IN.) IN 
18 HOLES, TEMPERED AT 8 GAUGE (0°160 IN.) 
AND RETEMPERED AT 16} GAUGE (0° 062 1N.). 





STRESS-STRAIN DIAGRAM OF MILD 
STEEL. CARBON ‘12% 
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Fic. 6.—StTREsS-STRAIN DIAGRAMS FOR HarD AND 
Sort STEEL WIRES. 
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63 tons per square inch in 164-gauge wire. Annealing 
at 164 gauge brings the strength down to about 27 tons 
per square inch, then when drawn from this gauge 


to 33 gauge its tensile strength mounts up to 85 tons 
per square inch. In Fig. 3 is shown a stress curve for 
a wire drawn from 5} gauge down to 14} gauge, and on 
this diagram an elongation curve has been plotted 
showing that, in the passes given, the elongation !1as 
fallen from about 33 per cent. to 3 per cent. 

The diagram Fig. 4 shows the change in tensile 
strength and elongation when a heavy rod is reduced 
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in six draughts. In Fig. 5 the curve indicates the varia- | of the material, it is somewhat open to question on 
tion in tensile strength of a 0-75 per cent. carbon steel | account of the alteration of the cross section by drilling. 
It will | Another method of showing the relative “‘ flow” of 
be observed that whilst the raw rod had a tensile | core and surface is to square carefully the back end of 
strength of about 58 tons per square inch, the finished | a piece of wire, and after drawing to note the depth 
wire has one of 210 tons per square inch. The two gaps | of the concavity at the end of the wire. This method, 
in the curve show the points at which tempering and | however, is manifestly defective, inasmuch as the 


wire when drawn from 5 gauge to 30 gauge. 


retempering have taken place. A study of the stress- 
strain diagrams (Fig. 6) of mild steel and hard steel 
clearly shows how rapidly the ductility of the material 
falls after being drawn from the raw rod in the case 
of mild steel, or from the tempered rod in the case of 
hard steel. The diagram for mild steel wire also 
shows that when the rod has been drawn into wire 
it ceases to have a definite yield point. This is also 
true for hard steel, both for the drawn wire and for 
the tempered rod before being drawn. 

Flow of Metal in Drawing.--Before dealing with the 
defects in steel which cause trouble in wire-drawing, 
it will be well to consider the forces which act upon 
a piece of wire to reduce its diameter, and the kind of 
“flow? which occurs in passing through the hole in 
the drawplate. It will then be seen to what severe 
treatment steel is subjected in the process of wire- 
drawing. Generally, it is considered that when a 
piece of rod is converted into a piece of wire its length 
is increased and its diameter reduced by stretching 
or elongating. However, what really happens when 
the rod is passing through the drawplate is that the 
wire is assisted by the pull to stretch at any one instant 
over a very short length. The problem is not quite so 
simple as the statement seems to convey, as the ‘* flow ” 
of metal in travelling through the orifice is not of the 
same character as when a rod is either stretched or 
swaged to reduce its diameter. 

Fig. 7 is a diagram illustrating the forces which act 
upon the wire rod as it passes through the plate. 
The force P represents the pull on the wire, and the 
forees R, R the resultants of the circumferential 
pressure upon the cone surface. It will be seen that 
the whole of the reduction from the larger to the 
smaller size takes place over the length AB. The 
problem then resolves itself into that of the flow of 
metal through a reducing orifice. A peculiarity of 
wire-drawing is that the pressure which causes reduc- 
tion is really due to the pull on the wire. It could 
not be done by pushing, as it would be almost 
impossible to push a hard material through a conical 
hole on account of the enormous resisting forces 
set up. 
pressure on the shoulder may in some cases rise to 
as much as 150 tons per square inch, there is no 
difficulty in drawing. the wire through the conical 
hole, due to the fact that the pull simultaneously 
causes intense neck pressure, bringing about a local 
collapse of the material, thus assisting it to pass 
forward. This feature of the ‘‘ flow”’ of the steel is 
illustrated by Fig. 8, and its mechanism probably 
is very much the same as that which happens in the 
case either of material or of living beings getting 
jammed in a tapered opening, in which it will readily 
be seen that further pressure on the back would but 
tend to increase the “jam,” whereas releasing by 
a pull from the small side of the opening would reduce 
the pressure and allow the “‘ flow” to continue. By 
imagining the wire to be built up of an infinite number 
of planes at right angles to its axis, and considering 
what might happen to those planes as they pass 
through the conical hole, it may be conceived that 
the pull on the wire will tend to bulge forward the 
centre of the planes (as shown in Fig. 8), with the 
result that the middle portion of the material will 
always be moving slightly in advance of that which 
iS nearer to the skin of the wire. This central collapsing, 
therefore, may be the real secret underlying the 
reducing of wire through a tapered hole. 

The amount by which the centre moves forward in 
advance of the outside, it may be supposed, will 
vary with the kind of material and the percentage 
reduction of area, With very light drafting there will 
be need for the centre portion to move forward perhaps 
only a molecule or so in advance of the outside; but 
with heavy drafts the forward movement of the centre 
will be much greater. When the drafting is heavy 
ee to cause a pull which is almost equal to the 
ane load of the wire, it can be imagined that 

ere will be separation of the steel at its core, the 
— yr in the fracture of an ordinary test piece which 
The. the point of breaking in the testing machine. 

© results of various experiments and tests give 
=. to the theory enunciated. 
P a Horsburgh has already demonstrated* that if 
oa. 7 - be drilled at right angles to the axis of 
pe sur plugged with suitable material and subse- 
ali athe drawn, the centre of the section moves forward 
a h y in advance of the two ends. Whilst this 
ao oe illustrates the relative movement 
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of Steel, 


In the case of a pull, however, whilst the | 


material inside the cup is not supported and, conse- 
quently, would draw out considerably more after 
each draft than if it were solid. 

With the object of having the wire solid and at 
the same time being able to detect the relative ‘“‘ flow ” 
of the material during drawing, several attempts were 
made to butt-weld different steels, subsequently 
sectioning them and noting the result. Two pieces 
of 5-gauge mild steel rod were carefully butt-welded 
by the electrical resistance method after the ends had 
been squared, as it was known that the junction 
would be somewhat decarburised and would give an 





Fig. 14. Prece or }-1n. DIAMETER WIRE, SHOWING 
IncrPIENT Cups. (NATURAL SIZE.) 








Fie. 17. Corr Fractures IN WIRE, ABOUT }-IN. 
Apart. xX 20. (REDUCED TO +.) 





Fic. 20., SuLpHuR Print oF SECTION oF HEADED 
Bott. 


area of material which would differ in appearance 
from the main portion of the rod. The rod was then 
drawn from 5- to 12-gauge wire in five drafts. The 
welded joint was then carefully sectioned and, when 
etched, it was seen that the centre of the section low 
in carbon had moved in advance of its outside. A 
similar experiment was carried out by butt-welding 
two rods having such diverse carbon contents as 
0-60 per cent. and 0-05 per cent. After air tempering 
the 5-gauge road was drawn down to 10-gauge wire 
in five drafts, the high carbon end of the rod passing 
first through the drawplate. Careful sectioning of 
the resulting wire showed that there was apparently 
no difference between the “flow” of the core and 
the skin of the wire. It would appear from the above 
experiment that in reducing hard steel by comparatively 
light drafts there is very little relative movement 
between the centre and the outside of the wire in 
passing through the drawplate. This part of the 
investigation leads directly to the question of segregated 
material, which is one of the bugbears of the wire- 
drawer who desires to manufacture a high-class 
product. 


Segregated Steel.—It is not uncommon to find that 
certain portions of a cast of hard steel have segregations 
at the core of the rods which, unless the greatest possible 
care in drawing is exercised, lead either to complete or 
incipient fractures. The photograph (natural size) 
of a longitudinal section of a piece of } in. diameter 
wire, Fig. 14, reveals four incipient cups, showing 
that the wire in drawing had regularly broken at the 
core, whilst the outside remained intact. Where the 
core is of a pronouncediy hard type the centre portion 
of the wire in drawing will break into cups, which may 
be only about jin. apart, as shown in Fig. 17. Wire of 
this description is, of course, useless, and dangerous 
if put into service. 

It may be contended that this ‘‘ cuppiness ” can be 
somewhat obviated by taking very light drafts (or 
reversing the wire after each draft in drawing), but 
the steelmaker should remember that it is impossible 
to examine every piece of rod and subject it to a special 
treatment to suit its particular peculiarities. Material 
should be of such a quality that it will give a good 
quality wire when subjected to the standard practice 
in wire-drawing. When steel billets are segregated, 
the segregation will inevitably be found in the core of 
the resulting wire, whatever gauge it may be drawn 
to, and though for some purposes there is no very 
serious disadvantage in the use of the wire, such 
material is almost useless for heading or similar work. 
This is illustrated by a sulphur print of a section of a 
headed bolt, Fig. 20, in which the stresses set up by 
the flowing of the steel when cold-headed may be so 
severe as to cause the material to separate at the neck 
under very light pressure, or the head itself may split 
across its centre at right angles to the axis of the bolt. 
Hard wire drawn from segregated steel, it can readily 
be understood, is not the best quality to use for 
ropes. 

A mild steel rod when segregated often shows a 
structure the outside area of which is quite diverse 
from the inside. This is illustrated in Fig. 21, in which 
the structure of the material near the surface of the rod 
is shown on the left, whilst that of the core is shown 
on the right side of the micrograph. In the latter 
‘part, large sulphide inclusions and also the massive 
formation of pearlite may be seen. In the same manner 
a high-phosphorus material containing ghost lines, as 
shown in longitudinal section in micrograph Fig. 22 
and also in cross section in Fig. 23, will cause all sorts 
of trouble by splitting or breaking when worked 
up into wire in the cold. As is well known, the banded 
lines are not easily removed by any ordinary method of 
heat treatment, but in this connection it may be of 
interest to examine the structure of a specimen both 
before and after heat treatment. Fig. 24 shows the 
bamded structure in a rod, whilst Fig. 25 exhibits the 
structure after it has been subjected to a temperature 
of 950 deg. C. for 34 hours and cooled slowly for a 
period of 5 hours. It will be observed that though 
the banded structure has been broken up the grains 
are very large. In any case, it is well to remember 
that in the treatment of ordinary material abnormal 
methods of manufacture cannot possibly be adopted to 
suit varying kinds of steel. 

Surface Defects and Hollowness.—Laps or spills on 
wire may be caused through a bad surface on ingots, 
due either to splashes in casting or skin blowholes. 
Defects may be caused during the rolling of the billets 
into rods by overfilling the grooves, which sets up 
fins. Fine cracks on billet edges due to a bad composi- 
tion of steel or to overheating may cause roaks, which 
result in either broken wire or damaged surface. 
Insufficient cropping to remove “ pipe’’ will result 
in producing defective rods or hollow wire, which in 
most cases is useless, 

Effect of Non-Metallic Inclusions,—Slag inclusions 
in steel, besides causing trouble in drawing the wire to 
correct sizes, may also result in the necking down of the 
wire at the parts where the slag inclusions are segre- 
gated as groups (Fig. 10). Fortunately, this is not a 
very common phenomenon, but it may occasionally 
occur if very dirty steel of the particular type shown is 
used. 

The Cause of Wire “‘ Running Out” or not Sizing 
Correctly.—Formerly continual disputes arose between 
the wire manufacturer and the steelmaker as to why 
some classes of steel, whether acid or basic, could not 
be drawn correctly to size, the wire sometimes sizing 
so badly that one end of a 150-lb. piece might be 17 
gauge and the other end 16 gauge or larger. This 
meant that the wire in passing through the conical 
hole of the wire-drawer’s plate gradually ground or 
pulled out the hole until it was one or more gauges 
larger in diameter by the time the complete piece had 
passed through, the resulting wire, of course, being 
tapered from end to end. Whilst the wire-drawer 
blamed the steel, the steelmaker attributed the trouble 
to some defect in the wire-drawer’s plate, machinery, or 
processin connection with the manufacture. 
However, many years ago, an examination of the 
surfaces of evenly drawn and defective wires furnished 
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a clue to the trouble. It was found that the one which 
drew even-ended had fine, unbroken drawing lines on 
the surface, whereas the drawing lines on the surface of 
the wire which “ ran out ” were broken up, the appear- 
ance being somewhat similar to a ploughed field in which 
the furrows had been trampled down by a@ herd of 
cattle. This led to a search for the cause of the 
breaking up of the drawing lines. Examination of the 
polished, unetched surfaces of the steels which drew 
badly indicated the presence of very minute specks of 
non-metallic material. When drawn into fine wire it 
was found that the specks were still present in the steel 





The Nature of the Hard Inclusions.—An investigation 
has been carried out to discover the nature of the 
inclusions which cause the most trouble in drawing 
wire to the correct size. The first material dealt 
with was a hard steel with 0-65 per cent. carbon. 
The history of its manufacture was unknown, but it 
ran out of size very badly when drawn into wire. 
Examination of a 5-gauge rod showed the specks to be 
of rather large size. Examination at a higher power 
showed that the inclusions were crystalline in form, 
being apparently transparent. Micrograph Fig. 32, 
at a high magnification, shows one crystal clearly and 

















Fig. 21. Lert, Strucrure at SuRFACE OF Rop. -— - 
Riagut, CENTRE OF RoD WITH SULPHIDE GLOBULES Fic. 22 
G. 22. 
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Fig. 24. BaANpED STRUCTURE IN WIRE. 100. 
(REDUCED TO ,*y.) Fic. 25. BANDED STRUCTURE IN WIRE AFTER 
ANNEALING AT 950 DEG. C. x 100. (RE- 
DUCED TO jy.) 
Fig. 33. SEPARATED CRYSTALS ON A GLAss SLIDE. 


100. 


(REDUCED TO #.) 





One CoMPLETE CRYSTALLINE SPECK AND | ® Second one partially removed from its position in the 
x 1500. (REDUCED To ,) solid metal by- polishing. This micrograph also 
‘*” |shows an enlarged view of part of the polishing tails. 
| A steel was chosen which was definitely “‘ specky ”’ in 
in their original form, thus showing that they were | character, and by following a method somewhat similar 
intensely hard and could not be elongated. A polished | to that of Dickenson* it was completely dissolved, and 
longitudinal section of such a wire is shown in Fig. 28. | the residue collected, which when examined under the 
The tails at the sides of the specks indicate not only the | microscope was found to contain some transparent 
direction of polishing but the hardness of the inclusions. | crystals in a conglomerate mass. This was subse- 
After careful calculation it was found that this form of | quently treated with hydrofluoric acid, which removed 
non-metallic speck was present in the steel sometimes ! the silica but had no apparent action upon the crystals. 
to the extent of 140,000 to the square inch, or about | The residue of crystals when placed on a micro-slide 
50 millions to the cubic inch. Many subsequent | and examined under the microscope appeared as shown 
examinations of billets, rods, and wire gave fairly|in Fig. 33. These were later dissolved, subsequent 
accurate information as to the amount that the respec- | analysis showing them to be composed of alumina. 
tive materials would ‘“‘ run out "in wire-drawing. Thus| The great hardness of the crystals was readily shown 


Fig. 32. 
OnE BROKEN ONE. 


a mild steel, which exhibited about 40,000 specks to the | by lightly pressing a piece of glass upon them and moving | 
square inch, increased in diameter 10 mils during the | it laterally, the result being that the surface of the 
last pass when being drawn to 14 gauge, which made | _— 
the wire 14 gauge at one end and 13 gauge at the other. 





* See ENGINEERING, 1926, vol. exxi, p. 640. 





| practical purposes, level ended, “running out 


| gauge) when drawn down from 5-gauge rod to 16-gauge 


glass was scratched. It can be appreciated that such 
hard crystals of alumina embedded in the steel have a 
great abrasive power in grinding the hole larger in 
the wire-drawer’s plate. It has, of course, long been 
known that when aluminium is added to steel it causes 
trouble in “‘ running out” in wire-drawing, but it is 
somewhat peculiar to find that the alumina takes the 
crystalline form as illustrated. It was thought that 
it would be of interest to add definite amounts of 
aluminium to particular types of steel, to examine 
these carefully and note the actual results in wire. 
drawing. First of all, a basic hard steel with 0-65 
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Fig. 23. Section oF WIRE SHOWING THE ENDS 
or HiGH-PHOSPHORUS THREADS. 100. (Re- 
DUCED TO +.) 





Fie. 28. LonGirupinaL SEcTION OF WIRE 
SHOWING SPEcKS. xX 100. + 





100. 


A Roak rn WriRE Ron. 
(REDUCED TO +.) 


Fic. 36. 


| per cent. carbon and 0-55 per cent. manganese Was 


made, 3-7 oz. of aluminium to the ton being added 
as the steel was run into the ingot mould. This when 
examined in the billet form, after polishing only, 
exhibited specks. When drawn into wire it ~ ran 
out” 7 mils whilst being taken down to 17 gauge. An 
ingot of the same cast which had no aluminium added 
to the mould was shown to be practically clean hen 
polished, only one speck appearing on & definite area. 
This when drawn down to 17-gauge wire was, 7 - 

ess 
than half a mil in a 160-Ib. piece. 

A cast of mild steel with 9-3 oz. of aluminium to the 
ton added to the ingot mould also showed specks, this 
“running out” no less than 10 mils (more than 4 
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wire. Another mould of the same cast of mild steel 
had 19 oz. of aluminium to the ton added, the billets 
of this when examined showing an enormous number 
of specks, In attempting to draw this to wire it was 
found impossible to size at all, as the hole of the draw- 
plate was almost immediately ground out. 

Samples of all the above steels were dissolved and 
examinations were made for the presence of the hard 
crystals, and in each of the ‘‘ specky ’ materials these 
were discovered. Whether the alumina is wholly in 
the erystalline form, or partially crystalline and partly 
amorphous, is difficult to say, and in any case it is 


Rod | Wire 16 g. 





the minute hard specks are, no doubt, one of the causes 
of the rapid wear of the edges of screwing and other 
cutting tools when steel of this character is being 
worked. 

In concluding with steel which causes “ running 
out’ in wire, it is only fair to say that wire will 
sometimes “run out’ of size for reasons quite apart 
from the quality of the steel. For instance, if all the 
scale has not been properly cleaned from the surface 
of the wire, if it has not been properly coated, or if 
the lubrication is not sufficiently good, the hole in the 








drawplate may pull out. Also, if the hole in the draw- 





the ladle will result in the formation of silicates which 
will not have sufficient time to pass up out of the steel 
before it is runinto the moulds. Dr. McCance* mentions 
that a possible additional cause of the formation of 
deleterious inclusions may be the passing back of 
silicon from the slag into the steel, leaving myriads of 
silica specks which are ultimately converted into man- 
ganese silicate, or a complex silicate of manganese 
and iron. Possibly this may be the true explanation 
for the appearance of some kinds of specks. Again, 
as the temperature of the steel, both in the bath and 





ladle, has a considerable influence in the amount of 




















| | | 
| 
Carbon 0°12 | | | 
per cent. | , | ' | 
Time of heating} | 15 mins. | 25 mins. | 60 mins. | 120 mins. | 120 mins. | 130 mins. Mild Steel Wire | Wire | Wire | Wire 
Highest temp. | 640° C. | 600° C. 735° C. 840° C. | 900° C. 1,010° C. Rod 10 percent. | 10 percent. | 20 percent. | 30 percent. 
Time held at | | F te } ¥ | ; ’ Reduction Reduction | Reduction | Reduction 
highest temp. 15 mins. 25 mins. | 10 mins. 10 mins. | 10 mins. 10 mins. Annealed of Area. | of Area. of Area. of Area. 
Time of cooling 50 mins. | 50 mins. | 60 mins. | 60 mins. 100 mins. | 130 mins. at 690° C. Annealed Annealed Annealed Annealed 
Tensile strength] 64-3 tons 34 tons | 28-25tons | 25-46 tons | 25-2 tons | 25-25 tons | 25-05 tons 4.320 Grns at 690° C. at 590° C. at 690° C. | at 690°C. 
oe ma | | | | per oq. in 2 252 Grains 4,500 Grns. | 2,100 Grns. | 3,500 Grns. 
De nt. | | Sh i i i 
Binches | 2-5 12-5 | 20 25 | 22-5 | 22-5 | 22-5 POR: | FOS | SER | Hee. =. 
Twists in } | 
Stnoliée | 46 80 103 | ar fs } 142 | 88 Fig. 38. VARIATION IN GRAIN SIZE DUE TO VARYING COLD- 
' 
WORK STRAIN AND HEat-TREATMENT. X 100. (REDUCED TO 2.) 


Fic. 37. VARIATION IN STRUCTURE AND PHYSICAL PROPERTIES OF 16-GAUGE MILD 
STEEL WIRE UNDER DIFFERENT HEAT-TREATMENTS. 





Fig. 45. SEcTION oF WIRE FROM STEEL Rope, OF WHICH THE SURFACE HAD BEEN 


CONVERTED INTO MARTENSITE THROUGH HEAT 


only of academic interest. One thing is certain— 
namely, it is in the hard vitreous form, which, of 
course, is the cause of its great abrasive action. It 
was thought that crystals of alumina might be found in 
the residue of cisterns of hydrochloric acid in which 
large quantities of ‘“‘ specky ” rods had been cleaned. 
This assumption turned out to be correct, for examina- 
tion of the sludge from the bottom of the cisterns 
showed this to contain crystals similar to those which 
had been actually separated from the solid steel. 
Whilst this result can be taken as being somewhat 
confirmatory, perhaps it would be unwise to attach 
too much importance to it on account of the possibility 
of the crystals coming from other sources. 

The results of the tests and examinations carried out 
certainly prove that where aluminium is used as a 
deoxidiser the resulting inclusions have the most 
pernicious influence in causing wire to “run out ”’ of 
size through the grinding out of the hole in the draw- 
plate ; but it should be understood that they are only 
one of the causes of the grinding action. Many cases of 
the ‘ running out ” of wire, in which it can be definitely 
proved that aluminium was not added to the steel during 
its Manufacture, have been traced, and careful exami- 
nations of these casts show that the minute specks 
are, no doubt, manganese-iron silicate, and are, of 
course, more difficult to get rid of in the process of 
steelmaking than the alumina specks. The alumina 
crystals have not yet been detected in a steel which 
could be definitely proved not to have been treated with 
aluminium, but in consequence of the recent coal 
‘stoppage it has not been possible to carry out prolonged 
tests. Further work may give results of a definite 
character. Besides causing trouble in wire-drawing, 








< 100. (REDUCED TO 3.) 


GENERATED BY FRICTION. 


plate is not properly set, or if 
the material of the latter is 
not of the right composition 
or in the correct physical 
state, the die may not hold up, 
and consequently, as the wire 
passes through it will increase 
in diameter. 

The Making of Clean Steel 
Suitable for Wire-Drawing.— 
As the quality of steel wire 
and several other products 
is very seriously affected by 
small non-metallic inclusions, 
it is worthy of prolonged 
investigation to discover the 
methods by which steels of 
suitable quality can be pro- 
duced economically. The problem really resolves 
itself into one of how best to deoxidise the steel. 
The removal of non-metallic inclusions in mild steel 
is not so difficult as in the case of medium and high- 
carbon steels, as the mild steel apparently lends itself 
better to a final prolonged treatment in the furnace 
with manganese, which gives time for the inclusions 
to float to the surface. If deoxidation has been 
carried sufficiently far, and there are no further 
additions of ferro-silicon or aluminium either in the 
ladle or ingot moulds, there would appear to be nothing, 
apart from refractory inclusions, which could cause 
the formation of specks of a non-metallic character. 

In the case of high-carbon steels if the deoxidation 
in the furnace has not been carried sufficiently far, 
the additions of ferro-manganese and ferro-silicon in 


Fies. 46a To 46c. 








Fig. 46a. 





Fie. 468. 





Fig. 46c. 


GrapvuAL CHANGE FROM MartensiTE (Top Lert- 


HAND) TO SorBiTE (Borrom RicHT-HAND) OVER A 0-15-1n. LENGTH 
oF Harp STEEL WIRE. 


deoxidation which takes place, this in itself may be 
one of the determining factors in the production of 
clean or dirty steel. 

Dissolved Oxide in Steel.—Perhaps one of the most com- 
plex problems in steelmaking is that of the effect of oxide 
of iron when in solution in steel. The latter factor is 
probably one of the disturbing influences in connection 
with the torsioning of steel wire. The torsion test, 
which is commonly applied to hard steel wire, consists 
in twisting to destruction a definite length of the wire, 
say, equal to 100 diameters. Supposedly good wire 
will give from thirty to forty or more twists before it 
fractures, and the fracture usually takes the form of 





* Transactions of the Faraday Society, Dec., 1925, 
vol. xxi., pt. 2, p. 199. 
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a shear at right angles to the axis, but in wire of 
indifferent quality it assumes a ragged form. 

It is difficult to know what the torsion test actually 
measures in wire, except, perhaps, that it is an indica- 
tion of the density of the steel, of its freedom from 
surface defects, and general good quality. The torsion 
test results may, however, be affected in several ways. 
In the patenting or tempering of wire, if a high tempera- 
ture is used causing large grain-size, the torsional 
properties of the wire are usually improved, whilst the 
other physical properties may be impaired. Again, 
when wire is drawn from harsh or oxidised steel, the | 
torsional properties are very considerably reduced, 
and from this it would seem reasonable to conclude 
that the percentage amount of oxide in solution in the 
steel is one of the potent factors which affect the | 








length before breaking. After the heat treatments 
as indicated, the tensile strength varies between 34 
and 35 tons per square inch, the elongation between 
12-5 and 22-5 per cent., and the twists between 80 and 
142. With such varying results between the limits of 
heat treatment shown, it can readily be seen that an 
almost infinite variety of physical properties can be 
induced, even in a bit of mild steel wire, under different 
conditions of annealing. It is thus manifest that where 
heat treatment is used to bring about certain results 
there is need of great caution before blaming the steel- 
maker for the bad quality of the steel. 

Perhaps one of the most peculiar results obtained in 
connection with the annealing of mild steel is the extra- 
ordinary difference in the grain growth according as the 
area is reduced in wire-drawing. Five illustrations of 


twisting of a wire. On the other hand, wire drawn | this are given in Fig. 38. For the purpose of this test 
from oxidised steel has considerable torsional stiffness | many wires were drawn out of identical material, and 
or rigidity, and this is a useful property in wire for | were heated in the annealing furnace in the same posi- 
making the cheaper kind of cylindrical or conical | tion and at the same time so as to ensure uniform 


springs which, in practice twist only a few degrees. 
[t may be that there is some use for a steel or an 
iron which is definitely alloyed with its own oxide, 
and the last-mentioned case appears to be an illustra- 
tion of this. 

Whilst an enormous amount of work has been carried 
out by Dr. McCance and others on oxide in steel, 
nothing seems to have been done to show that steels 
containing a definite oxide content can be put to 
commercial uses. In cleaning or pickling wire by 





hydrochloric or sulphuric acid there can be no doubt 
that oxide in solution, free oxide, and small silicate | 
specks are considerably affected by occluded hydrogen, | 
probably causing the formation of water vapour or 
other compounds which set up internal pressure in the | 
steel, resulting in actual bursting of the wire orin other | 
ways deteriorating its quality. Experiments on 

various kinds of steel certainly show that some are 

affected much more than others, giving out a larger 

volume of hydrogen or water vapour when subjected 

to coating processes, or merely when allowed to stand 

over a lengthy period. 

Surface Blisters after Coating.—A good deal of discus- 
sion has taken place recently on the cause of blisters 
on coated surfaces. These blisters, as has often been 
proved, actually develop in the pickling cistern, and, 
in the opinion of the author, are due to the minute 
inclusions above mentioned, which are near the surface, 
and which, when disintegrated, leave behind products 
that lift up the tin or other metal during or after coating. 
In galvanising, tinning, or electro-plating, the occluded 
hydrogen may have a seriously disturbing effect upon 
the deposited metal. 

Effect of accidental Constituents in Steel_—Whilst 
small quantities of nickel for some purposes have very 
little effect upon the quality of wire, it has been found 
that when the nickel reaches 0-20 per cent. and over, 
difficulties arise in the cleaning of the rods. The effect 
of so small a quantity of nickel is shown by the scale 
turning red when the rods are hot-rolled. Unfortu- 
nately, this red oxide is converted in the pickling bath 
into a complex iron-nickel oxide, which is not removed 
from the wire by subsequent pickling. This retards 
the formation of the necessary ferric-hydrate coat on 
the rod or wire which is intentionally formed after 
cleaning to facilitate drawing. It might be contended 
that this black deposit could be readily removed by 
the use of nitric acid, but it must again be pointed 
out how impossible it is to adopt abnormal processes 
to meet particular circumstances. In the making of 
steel, therefore, for ordinary wire-drawing purposes, 
care should be taken to keep the nickel content as low 
as possible, say down to 0-10 per cent. It might also 
be mentioned that the presence of nickel has a disturb- 
ing influence in connection with annealing. Trouble 
has been caused occasionally through the presence of 
abnormal amounts of copper and tin in wire-making 
steel. This tends to an the edges of billets crack 
in the hot-rolling, resulting in roaks (Fig. 36, page 592), 
on the surface of the rod, which give rise to what is 
known as “ herring-boning”’ on the wire. 

Unfounded Complaints of Bad Quality Steel_—Whilst 
the steelmaker has all kinds of complaints to deal with 
in reference to the quality oi his steel, there are many 
cases where complaints are unfounded. In former 
days material was classified as ‘‘ good,’ “ bad,” or 
rotten,” and whilst perhaps the latter two qualities 
were reported to the steelworks, the former one was 
rarely mentioned. But investigation has shown that 
in some cases high-class material has been spoilt through 
wrong treatment in passing through the various pro- 
cesses, the quality of steel being blamed if the results 
were not as anticipated. 

That a piece of 16-gauge mild steel wire can have very 
varying physical properties under different conditions 
of heat treatment is shown by Fig. 37. It will be noticed 
that an untreated 16-gauge mild steel wire has a tensile 
strength of 64-3 tons per square inch, and an elongation 





conditions. Where three wires, with respective reduc- 
tions of area of 10, 20, and 30 per cent., had been 
annealed at 690 deg. C., the number of grains to the 
square inch were, respectively, 252, 2,100, and 3,500. 
At the lower temperature of 590 deg. C., the wire, having 
a 10 per cent. reduction of area, gave 4,500 grains to 
the square inch. Steels giving such varied results 
have often been denounced as worthless, whereas the 
problem is purely one of correct heat treatment. 


are the same, the physical properties, as measured by 
twists, bends, and snarls, are all in favour of annealing 


can be well enough annealed at 700 deg. C. for ail 
practical purposes, but if the carbon approaches 0-12 per 
cent. the effect will be disastrous if the material is to 
be drawn to fine sizes after annealing. These facts 


is placed in endeavouring to use mild steel of mixed 
carbon content. 

Cementite in Mild Steel Wire.—Cementite in annealed 
mild steel wire confers very unfavourable properties 
on the finer wire subsequently drawn fromit. Evidence 
of this is mainly shown in lack of tensile strength and 
snarling properties. Also the ductility of the steel is 
usually so impaired that to attempt to draw it more than 
two passes causes breakage, the quantity of breakage 
depending upon the amount and size of cementite at 
the grain boundaries. The formation of cementite 
in mild steel appears to be due to the change in grain- 
size taking place below the lower critical point Ac.. 
The cementite seems to diffuse through the ferrite. 
its diffusive power apparently increasing as the tem- 
perature gets nearer to Aci. In any case, it appears 
that the cementite segregate formed after annealing 
always shows up at the grain boundaries. As the 
pearlite from which the cementite is formed is in an 
elongated form it must, therefore, have travelled by a 
process of solid diffusion to the re-formed ferrite 











TABLE I. 
| Tensile | Elonga- | Twists Bends 
—- oe | oe. | oe | ee 
| Sq. In | Per Cent. | iameters. Rod. 
10 gauge. Annealed at 720 deg. C. and drawn to 11 gauge .. | 30°8 | 10 | 16 | 3 | 2 
10 gauge. Annealed at 820 deg. C: and drawn to 11 gauge .. 30-4 | 10 | 93 13 9 





Similarly, in fine wires where the annealing had not 
been carried out under conditions suitable to a low- 
carbon material, the grain was caused to grow suffi- 
ciently large to cover the full diameter of the wire, 
causing intense brittleness, as shown by the conchoidal 
fracture of the broken wire. Yet only a few inches 
further along on the same wire the material was found 
to be tough and showed small grain, when examined 
under the microscope. 

A much more difficult case to deal with in connection 
with annealing is where wire has a very low carbon 
content near the surface and a higher content in the 
middle portion. This unfortunately often results in 
large grain growth at the surface, which, if it does not 
cause fracture, will produce a lumpy appearance on 
the surface of the wire when bent. There are also 
cases where the steel of wire or strip has been described 
as bad, but has simply been made defective by being 
carburised by contact with carbon monoxide, either 
through cracked annealing pots or through overheating 
in the presence of fresh cast-iron borings. 

Effect of Varying Carbon Contents and Temperature 
on Annealing for subsequent Cold-Work.—Bad quality 
of steel is sometimes blamed for the numerous breakages 
in connection with mild steel which has to be drawn 
down to fine gauge of wire, but this more often than 
not is due to low-temperature annealing. When 
mild steel wire has to be annealed for subsequent 
drawing into fine gauges, its temperature certainly 
ought to be above the Acg point, but this is very rarely 
obtained under ordinary conditions of practice. The 
disadvantages of using temperatures above 750 deg. C. 


boundaries. The cementite particles appear to accumu- 
late at these points, and segregate as films partially 
surrounding the grains, owing to the fact that conditions 
of temperature necessary for eutectoid formation are 
not present. Even with the enormous grain-growth 
produced by annealing after critical straining the 
cementite can always be found at the grain boundaries. 

The slow heating and cooling associated with pot 
annealing is particularly favourable for changes in 
grain-size, and, even if the temperature obtained 
exceeds the Ac; point and pearlite separates, the 
subsequent slow cooling is often sufficient to cause 
alterations in grain-size and the formation of cementite. 
In these cases it would appear that the steelmaker 
should not be blamed for unsuitable qualities of 
steel, but that methods of annealing which give quicker 
heating and cooling would certainly be advantageous. 

Effect of Varying Analysis on Tempering.—Another 
case of wrong heat treatment which is sometimes put 
down to bad steel is illustrated by Fig. 46. A steel 
rod analysing carbon 0-71 per cent., and manganese 
0-84 per cent., while passing through the patenting 
| furnace was found to give patches of alternate hard and 
|tough material; By taking a piece of wire which was 
| tough at one end and hard at the other and carefully 
| tracing back, it was found that in a length of 0-15 in. 
|the material was completely changed from martensite 
ito sorbite, showing that the rate of cooling had been 
| so critical that the least alteration in conditions gave 
| either oneortheother structure. A panorama of micro- 
| graphs was taken over the 0-15 in. length, and is partly 





reproduced in the form of a zigzag strip in Fig. 46, 












at the higher temperature. Very low carbon wire 


show at what a disadvantage the wire manufacturer 





of 2-5 per cent., the wire giving 46 twists in an 8-in. 


in pot annealing are the sinking of the pile of hot | which shows the martensite at the top end and the 
bundles which causes the wire to stick together, thus | complete change to the sorbite at the bottom. The 
presenting difficulties in separation for cleaning, and |furnaceman naturally blamed the quality of the steel 
the lowering of the strength and life of the annealing | for the broken rods or wire, whereas a little change in 
pots. In open furnace work, the wire scales too heavily | the process would have produced excellent material. 
to allow of quick cleaning, quite apart from the loss| Defects Developed through Misuse of Wire.—\n 
in weight. In pot annealing, unless the greatest | addition to the fictitious complaints which the steel- 
care is exercised, the temperature rarely exceeds 750 deg. maker has to put up with from the manufacturer, there 
C., and whilst this is quite sufficient for purposes of | are also those which are sometimes made by the user of 
finished annealed wire, it has a very marked effect | the articles made from the steel. One illustration in 
on wire required for subsequent drawing. In| connection with a wire rope may be sufficient to give 
a piece of mild-steel wire, which had been annealed | point to this. A micrograph of a longitudinal section 
at 720 deg. C., the ferrite had recrystallised, but | of a wire from a steel rope is shown in Fig. 45. Com- 
the pearlite had remained in the elongated form. | plaint was made that the rope had been manufactured 
When, on the other hand, a piece of the same wire |from bad quality wire or steel as the case might be, 
was annealed at 820 deg. C., the pearlite fibres were | whereas careful examination of the surfaces ot the 
eliminated and the structure was normal. These | fractured wires showed that they had been subjected to 
wires, although giving very similar properties in the | such intense friction that the skin was converted into 
annealed state, showed vastly differently physica! | the martensitic form, as shown by the white band along 
test results after drawing one hole to 11 gauge. The |the upper edge of the wire in the micrograph. Two 
results are shown in Table I. |complete cracks through this band are also shown. 
Low tensile strength is, therefore, no criterion of | After such conditions had been engendered it will 
well-annealed wire. In the case of the wire annealed | readily be understood that the wires of the rope would 
at 720 deg. C., the pearlite remained as drawn-out | fracture. 
fibres running indiscriminately through the ferrite} Object of the Paper.—In conclusion, it may be sai’ 
grains. In the two cases mentioned above, it will be ithat a very wide field has intentionally been cover a 
observed that whilst the tensile strength and elongation | by this paper with the threefold object of (a) raising 
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a useful discussion on the best and most economical 
method of producing clean steel for wire-drawing pur- 
poses, (6) showing the necessity of co-operation between 
the wire manufacturer and steelmaker, and (c) dealing 
with problems from a works point of view without 
presenting undue technical details, so as to enlist the 
help of the practical man. 





THE TREFOREST STATION OF 
SOUTH WALES POWER COMPANY. 


THE South Wales Electrical Power Distribution 
Company is one of the earliest of the so-called power 
companies, the Act creating it having been passed in 
1900. Its sphere of operation extends over the County 
of Glamorgan and that part of the county of Monmouth, 
which lies to the west of the River Usk, with the usual 
restrictions as to certain county boroughs and urban 
districts, which are comprised within these boundaries. 
The system of feeders and distributing mains, belonging 
to the company, and to such undertakings as take a 
supply from it, are shown on the accompanying map 
(Fig. 1). The total length of this feeder and distri- 
bution system is 211 miles, of which 102 miles are 
overhead and the remainder underground. It is 
interesting to note that both the generation and distri- 
bution pressures are 11,000 volts. It has been decided, 
however, in order that future developments may be 
carried out on modern lines, to incorporate the existing 
feeders and mains in the distribution system and to 
erect new feeders operating at 33,000 volts. Two of 
these 33,000 volt feeders have already been constructed, 
though they are still being worked at 11,000 volts. 

When the company first began its operations, the ad- 
vantages of concentrating the generating plant in large 
stations were not appreciated to the same extent as they 
are to-day. Four generating stations were therefore 
built, one at Upper Boat, near Treforest on the River 
Taff, and others at Cwmbran near Pontypool, at 
Bridgend and at Neath. Of the three last, the first 
was shut down in 1909, and the other two were handed 
over to the appropriate local authorities about the 
Same time, so that Treforest is now the sole station 
Operated by the company. 

The continued, and recently accelerated, growth in 
the electrical demands of the area served, have naturally 
necessitated considerable extensions in the generating 
Plant, on the usual lines, but the Treforest station is of 
particular interest to the power station historian, in 
that the original equipment is still in position and can 
be utilised in caseof need. This original equipment con- 
sists of 14 Niclausse boilers. These supply steam at 
alt lb. per 8q. in. to three 1,500 kw. Willans-Ganz 
pam which generate three-phase current at 
te 000 volts and a frequency of 25. In 1908, a 3,000- 

W. turbo-alternator was installed. This was followed 

Y @ second machine with the same output and a third 
une an output of 5,000 kw. 

tom the low-pressure boiler plant, to which some addi- 
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the steady increase in the load led to the erection of 
an 18,750 kw. Parsons turbo-alternator, for the supply 
of which boilers operating at 350 Ib. per sq. in. and a 
temperature of 750 deg. F., were installed. All these 
extensions were carried out in the original building. 
A rising demand showed, however, that enlarge- 
ments would be necessary, and Mr. J. S. Highfield, of 
Messrs. Highfield and Roger Smith, was therefore 
called in in 1923 to advise on the subject of extensions. 
As a result, it was decided to add to the boiler house, 
so that it would house eight boilers, each evaporating 
60,000 Ib. of water per hour, and to the turbine room, 
so that it would accommodate two more turbo-alter- 
nators and the necessary auxiliary plant. It was 
arranged that this extension should be self-contained, 
in order that the new plant could take over the load 
from the old, and enable the latter to be gradually 
replaced. When this reconstruction and replacement 
are completed the station will contain six sets, ranging 
from 16,000 to 25,000 kw. in output, with the neces- 
sary boilers, switchgear and auxiliary plant. At 
present the extension contains one 16,000 kw. turbo- 
alternator and two 1,000 kw. auxiliary sets, which 
were formally set in operation by the Earl of Plymouth 
on Tuesday, April 26. Space is also available for a 
second 25,000 kw. set, and tenders for this have been 


invited. 


Fig. 4 on the next page is a view taken from the 
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and older plant behind it. The boiler house is to 
the left and the switchgear and control room to the 
right of the illustration. This portion of the station 
also contains two 4,330 kv.-a. booster transformers 
for compensating the voltage drop on the longer 
lines. By this means the voltage can be raised 
either 250, 500, 750 or 1,000 volts. There are also two 
1,200 kv.-a. banks of station transformers, which 
have been manufactured by the British Electric 
Transformer Company, Limited. These supply current 
at 440 and 250 volts for auxiliary power and lighting 
purposes in the station itself. Finally, attention may 
be called to the two 2,000 kw. Bruce-Peebles frequency 
changers, which alter the frequency of the energy sup- 
plied to the Barry Docks of the Great Western Railwey 
from the generator frequency of 25 to 50 before trans- 
mission. It will be interesting to see whether an 
extension of this method will provide a solution of 
the frequency problem, with which the company will 
shortly be faced. 

In giving some details of the modern portion of the 
power station a start may be made with the coal- 
handling plant. All the coal used is rail borne. The 
trucks from the neighbouring collieries are drawn on 
to a Marshall wagon tippler, supplied by Fraser and 
Chalmers Engineering Works by a steam locomotive, 
and their contents are discharged on to a 24-in. Fraser 
and Chalmers belt conveyor. This conveyor is fitted 
with a travelling throw-off, so that coal can be deposited 
on to one or more rafts below the belt and picked up by 
a Stothert and Pitt travelling grab crane for transmis- 
sion to the storage ground, This crane also draws coal 
from the storage ground in case of need, and discharges 
it on to the conveyor via a travelling hopper. A further 
series of three belt-conveyors elevate the coal to the 
top of the boiler house and deliver it into the various 
bunkers, the capacity of each of whichis 300 tons, The 
equipment in the new boiler-house consists of four 
converted marine-type Babcock boilers, which are 
fitted with superheaters, air pre-heaters and chain- 
grate stokers. The latter can be operated at eight 
different speeds. The total heating surface of each 
boiler, including the superheater is 15,126 sq. ft. and the 
grate area is 3,984 sq. ft. The heating surface of the 
air heaters is 12,192 sq. ft. The normal output is 
60,000 lb, of steam per hour at 750 deg. F., with an 
overload output of 75,000 lb. Each boiler is provided 
with forced and induced draught, soot blower, feed 
regulator and steel stack, the latter being fitted with a 
‘** vortex” dust collector. The efficiency at full load 
is 83 per cent. with a feed-water temperature of 
200 deg. F. and using coal with a thermal value of 
12,500 B.Th.U. Control of the operation is effected by 
steam flow, forced and induced draught, and CO, indi- 
cators, and Lea recorder coal meters. Two electrically- 
driven Underfeed type ash conveyors take the ashes 
from the boilers through a water trough-to ash bunkers 
outside the boiler-house. Four similar boilers, with 
the sole exception that economisers will also be fitted, 
are now in course of erection. 
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Fic. 4. GENERAL VIEW oF TURBINE Room. 
The arrangements employed for feeding the boilers |slime is deposited, which formerly required cleaning 
and recovering heat from the system are of interest, |off about once a week. This slime is now dealt 
and may best be explained by reference to the diagram, | with by a chlorinating plant, which destroys the appro- 
Fig. 2, on page 595. The whole of the condensate | priateorganisms. Chlorine for this purpose is supplied 
from the main turbines is collected in two intermediate jin cylinders, and is passed into the water through 
tanks, each with a capacity of 2,500 gallons. Itis then|reducing valves. Floating matter is eliminated by 
used in the jet condensers, which form part of the two |the use of strainers, which work in conjunction with 
1,000 kw. auxiliary sets mentioned above. In thus|the circulating pumps. These pumps, of which there 
condensing the auxiliary steam the temperature of are three, are installed in a house erected on staging 
main condensate is raised to about 150 deg. F. This | over the river. They consist of a 34-in. Allen pump 
water is delivered by extraction pumps to four hot-well | with a capacity of 1,200,000 gall. per hour against a 
tanks in the boiler-house basement, each of which | 67-ft. head, which is fitted with a large mesh strainer 
has a capacity of 6,500 gallons. From these hot-wells |in the river and a small mesh Deptford rotary strainer 
the water is pumped into the head tanks by four jon the pressure side. The second pump is a 32-in. 
Pearn reciprocating pumps, each with an output of | Allen pump of similar capacity, working against a 
15,000 gallons per hour, and on its way condenses the | 49-ft. head and fitted with a Brackett strainer, while 
exhaust steam from the feed pumps, as well as the | the third is a 32-in. Allen pump, with a capacity of 
vapour from the evaporators, which supply the make-up | 810,000 gall. per hour against a 29-ft. head. This is 
feed water from the river. These processes raise the |also fitted with a Brackett strainer. These pumps 
temperature of main turbine condensate and make-up | deliver into a common header, whence supply will be 
water to about 200 deg. F. Four Weir turbo-feed | eventually given to all the condensers. The Brackett 
pumps, two with an output of 15,000 gallons and two | strainers are cleaned by water supplied by three 
with an output of 27,000 gallons per hour, supply water | separate pumps and, in addition, there are two “ Roto- 
from the head tanks to the boilers. Heat recovery | plunge” air extraction pumps for priming the main 
will also be assisted by the employment of the de- | pumps. The two Brackett strainers in the river are of 
aerating plant, which is shortly to be added. the revolving drum type, and are so arranged that all 
The thermal efficiency of the station has been a matter | the water is drawn from the outside through a 3,-in. 
of special consideration, with what success the curves |mesh-screen. The suction pipe is inside the drum, 
given in Fig. 3, on page 595, clearly indicate. Such | and revolves on it as a bearing. The results of these 
results can, of course, only be obtained by unremitting | different treatments is that the vacuum attains an 
care and by arranging that the boilers shall for all| average value of 29 in. and the condensers do not 
practical purposes run continuously under the most |have to be inspected more frequently than once a 
favourable conditions. ther factors, which assist |month. The river water, besides being used for cooling 
the same result, are the use of water seals at the ash | purposes is pumped from the circulating water inlets to 
hopper outlets, to prevent air leakage into the furnaces, | the condensers through Paterson filters up to the tanks 
and the provision of soot blowers and a complete set of | whence it is used for cooling the fan and feed pump 
instruments on each boiler. Special care has been | bearings, evaporators, oil coolers, etc. 
taken to ensure that the maximum amount of light} The earlier of the two modern turbo-alternators 
reaches the stoking-rogqm floor, while a separate record |in the station was supplied by Messrs. C. A. Parsons 
room and laboratory are provided, so that the steam |and Company, Limited. It is of the pure reaction 
flow per boiler, the boiler flue gas temperature at | single cylinder horizontal type and runs at a speed of 
selected points and the quantity of make-up and feed | 1,500 r.p.m. It exhausts into a Mirrlees-Watson con- 
water can be ascertained. | denser, the Drysdale extraction pumps with which latter 
The circulating water system is of interest, owing to | is fitted being in duplicate. The alternator generates 
the flood conditions on the River Taff. This river |three-phase current at 11,500 volts and 25 periods, 
rises and falls very rapidly, and, after a heavy rainfall, | and its cooling air is supplied by a separate fan through 
its flow is sometimes choked with debris, though gener- | a Sturtevant wet air filter. The internal reactance is 
ally it runs quite clear, leaving only sharp sand in | of the order of 20 per cent., so that external reactances 
suspension. This gritty suspended matter actually |are not required. The normal output of this set is 
cleans the condenser tubes, but normally an organic | 15,000 kw., the steam consumption being 9-1 Ib. per 
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kilowatt-hour at full load. The second, and more 
recent, set was manufactured by the English Electric 
Company, Limited. It is of the pure impulse type, 
and runs at 1,500 r.p.m. The condenser was supplied 
by Messrs. Hick, Hargreaves, Limited. In this case, the 
air pump is of the Ejectair type and the extraction 
pumps, which are in duplicate, are of the centrifugal pat- 
tern. The cooling system for the alternator was supplied 
by Messrs. Heenan and Froude, Limited. The normal 
output of the set is 14,000 kw., and the steam consump- 
tion at full load is 9-4 1b. of steam per kilowatt-hour. 

The house turbines, of which mention has already 
been made, supply current at 440 volts for driving 
the station auxiliaries, and for lighting. The turbines 
and gearing were supplied by Messrs. W. H. Allen and 
Company, Limited, and the alternators by the Electric 
Construction Company Limited. The turbine speed is 
5,000 r.p.m., and that of the alternator 500 r.p.m. 
Special attention has been paid to the design of these 
machines, so that they can be started quickly in case 
of a complete shutdown of the station. 

The switchgear employed for controlling these sets 
is of the Reyrolle ‘totally enclosed ironclad solenoid- 
operated type. The E.H.T. switchboard controls the 
two alternators we have just described, the two 
frequency changers, the two station transformer banks 
and nine outgoing feeders. The ’bus-bars are in dupli- 
cate, 5 per cent. reactances being fitted between the 
two sections. The gear is operated from a control board 
in the control room, which is also fitted with the 
necessary indicating and regulating instruments. 
There are two Tirrill regulators for regulating the 
voltage and a complete system of protective gear for 
both generators and feeders. The low-tension board 
was supplied by the British Thomson-Houston Com- 
pany, Limited. Two sets of *bus-bars are provided, 
each of which may be divided for cleaning. ne 
set is for the house turbines and the other for the 
transformers, so that a supply to both the power and 
lighting circuits may be given from either source. — 

Adjoining the control board is the load despatching 
room, which contains a telephone exchange, through 
which communication can be established with all the 
sub-stations, offices and other departments. The room 
is also provided with a large scale operating diagram 
of the distribution system, on which every switch 1s 
marked and its position, whether open or closed, shown. 
No switching may be done on the system without 
instructions from this room, so that continuity of supply 
and safety to the workmen are both equally ensured. 
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THE PRESERVATION OF BUILDING 
STONE. 


MeasuRES which have been taken to preserve 
building stones have, up till the present, been 
addressed to symptoms rather than to causes, for 
the very good reason that the causes have not been 
known with any precision. Until lately it has been 
rare for an organisation to be set up, such for in- 
stance as Lawes and Gilbert started for agriculture 
at Rothamstead, to investigate processes of very 
gradual operation. The Building Research Board 
of the Department for Scientific and Industrial 
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Research has recognised, however, that without 
such investigation the causes of the decay of building 
materials cannot be determined, and its treatment 
would have to remain empirical as at present. 
Accordingly, they set up, at the end of 1922, a 
Stone Preservation Committee, which has recently 
presented a report of the progress so far made.* 

The Committee has been engaged almost entirely 
on the preliminary investigations necessary for 
defining the lines of direct experiment, and is 
as yet not prepared to recommend any treatment 
for preserving the stone work of ancient buildings. 

xperiments are in progress on structures composed 
of a number of typical stones in regard to the 
efficiency of various preservative processes, but 
the chief interest of the report lies in the methods 
Which have been developed for investigating the 
Causes and processes involved in the decay of stone. 
The programme of work was divided broadly into 
the chemical, physical and geological aspects, 
conducted by Mr. Scott Russell, and the biological 
aspects, undertaken by Professor S. G. Paine. 
Professor Paine was requested to enquire whether 
there is sufficient evidence in favour of the theory 





.," Report of the Stone Preservation Committee. H.M. 





that living organisms play a substantial part in 
stone decay to warrant more extended work in 
this direction. For this purpose, it was necessary 
to elaborate new methods of bacteriological tech- 
nique, permitting the cultivation of organisms on 
highly specialised media, such as are presented 
by stone. This work has been carried to a consi- 
derable length, and has already yielded results of 
importance. It has, for instance, been established 
that stone, though apparently sound, may contain 
bacteria in considerable numbers to a depth of as 
much as 2 ft. below the quarry face. Sometimes 
the growth of organisms seemed to be promoted by 
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the absence of air, and sometimes by its presence; 
and the relative extent to which different organisms 
may grow is found therefore to vary in different 
samples of weathered stone, according to local 
conditions. Apart, however, from these variations, 
the species of organisms found in stones, collected 
in widely different localities, have been closely 
similar. So far, only twelve have been observed, all 
of which have been isolated and cultivated arti- 
ficially, but up till now no final opinion can be 
expressed as to whether bacteria do, or do not, play 
an important part in the processes of stone decay. 
It has, however, been ascertained definitely, that 
at least some bacteria can grow luxuriantly on 
media so poor in organic food materials that the 
life of other bacteria was barely supported; and a 
scheme of experiment is, therefore, proposed, for 
identifying and studying the organisms to be found 
in different stones, and at different depths, through- 
out the quarries of England and Wales. 

The principal part of the report is devoted to an 
appendix by Mr. Scott Russell, on experimental 
investigations conducted between May, 1923, and 
June, 1925. Their primary object was to obtain 
insight into the structure of stones at different 
stages of exposure, and a preliminary difficulty 
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consisted in finding a suitable transparent medium 





for impregnating specimens, which, without appreci- 
able change of volume, could be converted into a solid 
infusible at the temperature of mounting sections in 
Canada balsam (120 deg. C.), and thus preserve the 
structure of the specimen in a thin section, say 
of the order of 0-00l-in. The very considerable 
difficulties in finding and applying such a medium 
were finally overcome by the use of a synthetic 
resin of the type which, in its commercial form, is 
known as Bakelite, and considerable detail is given 
both of the processes of preparing the material and 
of the difficulties that have to be met. Sections 
of stone so impregnated can also be treated chemi- 
cally, and mounted with the help of a glycerin 
jelly at about 50 deg. C. 

One important result which has been obtained by 
applying this method, is that the liability of a stone 
to disintegration depends not merely on its chemical 
constituents but on the relative arrangement of 
the soluble and non-soluble parts. Consider, for 
example, the common case of a stone composed of 
carbonate of calcium, in the form, say, of calcite 
and of quartz, and exposed to the action of water, 
saturated at normal temperature and pressure with 
carbon dioxide from the air. A litre of such water 
will dissolve about a gramme of calcium carbonate. 
If the calcite is arranged in masses alternating with 
the quartz, prolonged action of the water may be 
necessary before enough material has been dissolved 
to cause disintegration. If, on the other hand, the 
quartz is surrounded by a thin cement of calcite, a 
relatively short exposure to the water may free 
comparatively large masses of quartz and cause 
severe disintegration. Ina similar way considerable 
difference has been found in the stability of certain 
limestones of similar geological formation and almost 








identical chemical composition. Some oolithic lime- 
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stones, for example, composed almost entirely of 
calcium carbonate, consist of non-porous ooliths con- 
tinuous with each other, without any well-defined 
cementing material, while in others the ooliths, 
though in contact with each other, are not struc- 
turally continuous, but are cemented together by a 
finely divided and highly porous bond of calcium 
carbonate. While, therefore, both stones are 
equally soluble, the solution of the former type 
takes place evenly over the surface, but, in the latter, 
extends through the small volume and enormously 
greater surface within the pores of the cementing 
material. In this way a given amount of solvent, 
acting mainly on the porous cementing material, may 
loosen and detach great masses of the non-porous 
material, and cause rapid and considerable disinte- 
gration of the stone. It appears therefore, that the 
distribution of porosity, within a building stone of 
given composition, may be the most important 
factor in determining the surface presented to 
chemical action, and hence the rate of attack on 
the different constituents. 

To exhibit this distribution in impregnated sec- 
tions, the section cemented to the slide is treated 
with dilute acetic acid ; this removes all the calcite 
and leaves a cast in resin of all the pore spaces. 
This can be mounted and examined under the 
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microscope, the distribution of the pore spaces being 
thus accurately determined. Figs. 1 and 2, page 597, 
show pore casts from two beds of the same quarry 
of Portland stone. It will be seen that in Fig. 1 
the interiors of the oolites are almost blank and 
non-porous. They are interpenetrating, and not 
cemented by a separate bond. In Fig. 2, the ooliths 
are not only not continuous with each other, but 
also contain porous rings. The cementing material 
is finely divided calcite. Both these views are 
magnified 120 diameters. Examination of a series 
of quarry samples of Portland stone shows similar 
types of structure distributed in various propor- 
tions. In addition to the distribution of porosity, 
the shape and continuity of the pore spaces is 
important as determining, not only the flow of | 
liquids through the stone, but also the effect of | 
erystal growth within the pores of the surface 
areas. Broadly, the porosity of sedimentary rocks 
will be of two main types, found in widely 
varying proportions. One, known as macropores 
or intergranular pores, will have a system of large 
pores between the stone grains, whether the latter 
be composed of single crystals or aggregates of 
small crystals ; and the other, known as micropores, 
or intercrystalline pores, will have a system of 
small pores within the grains and binding materials 
themselves. It is thought possible that, in addition, 
capillary channels may exist between large crystals, 
which would be known as mesopores, and serve 
to provide communication between otherwise dis- 
continuous areas of macroporosity. The investiga- 
tion will be extended to all limestones in common 
use, and the information so obtained will be corre- 
lated with the known weathering properties. 

When Portland and other limestones are exposed 
to town atmospheres the solvent liquid includes not 
only water and carbon dioxide, but also sulphuric 
and possibly sulphurous acid. Where the stone is 
subject to free washing by rain water any calcium 
sulphate or bi-carbonate will be removed as fast as 
it is formed, and the surface of the stone, which 
usually remains white, will be eaten back by a slow 
process of sdlution. In other areas, the sulphuric 
acid will form gypsum or some other sulphate of 
calcium, by reacting with the calcite. At the surface, 
a layer of soot will accumulate, held together by a 
cement of gypsum, and the liquids that flow down 
through the stone will tend to deposit the calcium 
salts with which they are saturated in the pores 
through which they flow, giving crystallised calcium 
sulphate or gypsum in the pores and on surfaces 
sheltered from evaporation, and _ re-depositing 
calcite on surfaces from which evaporation takes 
place. If the re-deposited calcite has larger crystals 
than the calcite in the original stone, it will be less 
liable to subsequent attack by rain water, and will 
persist as a surface skin. Behind this skin the 
macropores have been found considerably enlarged, 
while gypsum has been deposited at a still greater 
depth. By these processes, in town atmospheres an 
outer black layer is formed, composed of soot and 
dust cemented together by well crystallised gypsum. 
Between this layer and the stone is a well defined 
layer of gypsum absolutely free from soot and dust, 
and the macropores of the stone are filled with 
calcium sulphate to a variable depth, which in 
the specimen examined averaged about 10 mm. to 
5 mm. 

Examples of the structures are shown in Figs. 3, 
4 and 5, Figs. 4 and 5 being viewed in polarised light, 
in which the double refraction of calcite distin- 
guishes it from the dark spaces of gypsum. Figs. 3 
and 4 show samples of stone from Somerset 
House, and Fig. 5 fom the Tower of London. 
In all cases the magnification is 120 diameters. 
In the absence of other weathering actions, the de- 
position of calcium sulphate from solution did not 
seem to develop flaws in Portland stone. Under 
certain conditions, however, calcium carbonate 
can be converted into gypsum directly without 
having gone into solution, and this is thought 
probably to be the most damaging form of attack 
of sulphuric acid on limestones, because on this 
conversion the material expands to 1-7 times its 
original volume and sets up considerable stresses 
within the stone. A number of areas in which this 
process has occurred can be seen in Figs. 3, 4 and 5. 
Further work is in progress to determine precisely the 








circumstances and stages in which it occurred. It 
appears likely that among other conditions the 
presence of finely divided calcite is necessary for 
the conversion, as the gypsum would be bound to 
form a protective skin on the surface of the calcite, 
and a large pore area would therefore be necessary 
|for the formation of a deposit of appreciable size. 
The section, for example, of which the same field 
is shown in ordinary light in Fig. 3 and in polarised 
light in Fig. 4 shows an oolith that has been cut 
across during the dressing of the stone, and the 
conversion into gypsum has proceeded round one 
highly porous shell, leaving the less porous centre 
and outer shell untouched. Apparently the direct 
conversion does not take place except in the presence 
of a layer of soot. 

A large number of stones have been subjected 
to preliminary examination, and interim results 
have been obtained from a number of preservatives, 
to which it is perhaps needless to refer in detail 
until the further observations in progress have been 
completed. Up till now, attention has been confined 
mainly to limestones and in particular to Portland 
stone. It is possible, however, that a method may 
be worked out for making porosity casts of sand- 
stone by removing the silica with hydrofluoric 
acid. The stones of which weathered specimens 
have been examined, have been taken from a variety 
of buildings in London and elsewhere, including 
Portland stone from the Tower of London, Somerset 
House and Aberystwyth, Bath stone from a royal 
palace and Farleigh Castle, Caen stone from the 
Tower of London and Cley Church, Norfolk, Gatton 
stone from the Tower of London, and Elgin sand- 
stone from Elgin cathedral. 
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Collected Papers of Sir James Dewar. Edited by Lapy 

Dewar, with the assistance of J. D. Hamitron Dick- 

son, H. Munro Ross and E. C. Scorr Dickson, 

Cambridge University Press. Two vols. [4/. 4s, net.] 
THE papers which describe the joint investigations 
of Sir James Dewar and Professor G. D. Liveing 
on spectroscopy were collected and published in 
1915, but, with that exception, the present collec- 
tion contains all Sir James Dewar’s individual and 
joint scientific papers of which a published record 
is available. It also includes two papers prepared 
from hitherto unpublished material, and an 
appendix containing several others that reiate 
to his work, including a summary by Professor 
J. A. Fleming of the electric and magnetic 
researches at low temperatures, made jointly by 
Dewar and himself before 1896, two papers by 
Mr. J. D. H. Dickson giving thermometric data 
relating to or based on the results of these 
researches and those by which they were continued, 
and some of the papers by Professor Allan 
Macfadyen and Mr. Sydney Rowland, on the 
biological work at low temperatures which they 
carried out at Dewar’s instigation and with his 
assistance. In some instances Friday Evening 
Discourses at the Royal Institution dealt with 
matter that was also communicated to the Royal 
and other Societies, and in this collection duplicated 
passages have been omitted from one or other 
paper where this could be done without interfering 
with the continuity of the exposition. With few 
exceptions, introduced to keep together papers 
read at about the same time on the same or similar 
subjects, the papers are printed in the order in 
which they were delivered, and the full titles and 
references of all other papers of which there is 
a record are inserted in their proper places. 
Substantially, therefore, the work is a complete 
record of Dewar’s scientific activity, presented in 
his own original words. Their publication extended 
over a period of fifty-six years. 

The collection in a single work of original papers 
by scientific pioneers has a considerable convenience, 
which is especially evident when they extend over 
long periods. However completely their substance 
may seem to have been embodied in text books, 
their original form may have a permanent value 
that is partly lost in later accounts of the work. 
It is a commonplace that science may be assimi- 
lated more easily when it is nascent than after it 
has suffered the processes of condensation and 


re-exposition by which it is introduced into the 
secondary literature. For one thing the text book 
writer is apt to assume an infallibility that is 
remote from the state of mind, not only of the 
student, but also of the scientific man when he js 
making a discovery. At that epoch, the discoverer 
is only just escaping from the same sort of doubts 
and difficulties as other people feel when they 
touch his subject. He will recollect the indivi. 
dual difficulties more keenly then than at a later 
date, and is likely to describe them completely 
and explicitly so that he or others might recognise 
them long after they had been overcome. Links 
of reasoning, so long as they are still needed for 
extending the way from the known into the 
unknown, fall into their places naturally and 
necessarily, and indeed the road cannot be made 
while any of them is missing. When, however, 
the track is put together again artificially for 
the guidance of scientific tourists, some links 
may have become blurred by familiarity, or even 
be mislaid or omitted altogether. 

This virtue of the original sources is doubtless 
more evident in abstract than in concrete sciences, 
but in any science it is a convenience to students 
who wish to read it at first hand. This is particularly 
so where, as with Dewar, a discoverer has never 
stopped to embody his. results in a treatise, but 
has left them lying about in the literature of half 
a century, while he went searching for more. 
Such a collection, moreoyer, is something more than 
a book of reference on the full-sized scale. Itisa 
connected chronicle of the researches it describes. 
It shows the difficulties that occurred while problems 
were still unsolved, and sometimes even seemed 
likely to be insoluble—a very different position 
from that in which the solutions have become so 
familiar that the real trouble is rather to remember 
the difficulties than to know how they were avoided. 
It traces, too, the steps by which the sciences have 
progressed, and from time to time reveals, quite 
instructively, mistakes of observation or of inference 
which were made. It forms, moreover, a sort of 
biography of the author’s scientific life, which, 
in the instance of Sir James Dewar, will be esteemed 
the more because it seems to be the only biography 
of him: we are likely to get. 

The value of a biography of Dewar does not lie 
merely in the picture it gives of his personal activi- 
ties. He was Fullerian Professor of Chemistry in 
the Royal Institution for 46 years, for all but ten 
of which he was residential professor and superin- 
tendent in succession to Tyndall, and, with the 
exception of the ten years, during which his chair 
had been occupied by Odling and Gladstone, he 
was the direct successor of Faraday and Davy. 
While nothing is more remarkable in the Royal 
Institution than the catholic variety of its interests, 
these aré sometimes apt to mask the great place it has 
held since its foundation in the advancement of ex- 
perimental science, It needs only an instant’s reflec- 
tion to remember how outstanding this place was 
in the time of Young, Davy and Faraday ; and with 
the affiliation to it of the Davy-Faraday Labora- 
tory, it is likely to maintain its position in the 
future. Probably no institution in the world can 
show such an output of disinterested scientific 
work, undertaken from the single desire to seek 
and declare scientific truth for its own sake, as 
stood to the credit of the Royal Institution in the 
first century of its existence. In Dewar’s presidential 
address to the British Association he gave details 
of the total cost of the Institution’s work for that 
period, including, not only its research, but the 
public demonstrations for which it had set so high a 
standard. It averaged 1,200/. a year; and the 
figure illustrates crudely but decisively how much 
it has owed to the devotion, as well as the genius, 
of its staff. ; 
The present collection of Dewar’s own work will 
fall into its appropriate place in exhibiting as 4 
whole how the character of the Royal Institutions 
experimental work was maintained under his 
direction. The Institution takes for its field the 
whole circle of the sciences, with which no one man 
can be intimately familiar; but a mere perusal of 
the contents of this collection shows how exception- 
ally various were the sciences in which Dewar worked. 








This variety serves to explain the readiness with 
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which, throughout the next forty years, he was always 
breaking out in some fresh place, and the ease with 
which, when the war deprived him of the means of 
continuing his low temperature investigations, he 
turned to his studies of very thin films. These 
he continued to the end of his life, even after he 
had been able to resume his ordinary work, and the 
experiments by which he disclosed the phenomena 
of such films and traced applications for them were 
of unsurpassed beauty and ingenuity. 

It is, however, his low-temperature work by 
which principally he will be remembered. In it 
the whole range of his scientific methods and 
accomplishments is shown most completely. In 
recent years a wealth of genius has been devoted 
to searching for the foundations of molecular 
physics, and has been fertile in providing illuminat- 
ing theories through which, provisionally, science 
has advanced by giant strides instead of step by 
step. The admiration that is felt for such work 
does not, however, reduce the value or the need for 
step-by-step workers, nor for those whose aim is 
rather to develop and apply methods of adding to 
knowledge than to investigate its intimate founda- 
tions. In all the many subjects he treats, this 
was always Dewar’s primary aim, and it is exhibited 
nowhere more fully than in the researches on 
low temperatures that he pursued continuously 
for nearly half a century. Though he never seemed 
specially concerned to refine on it, he took the 
closest account at every stage of the best available 
theory. More than once, for instance, he laid 
stress on the valuable guidance he received from 
Van der Waals’ work and results in planning his 
own experimental attempts to attain lower tem- 
peratures, and it may indeed be through his care 
in giving his experimental work a sound theoretical 
basis that often he found himself able to get out of 
a difficulty by developing a method he had adopted 
many years before. His invention of the vacuum 
flask, for instance, was only a development of a 
form of calorimeter he had devised nearly twenty 
years earlier on the basis of some work by Dulong 
and Petit, and the perfection of the vacuum by 
means of charcoal at low temperatures, which 
enabled liquid gases to be manipulated practically 
in metal containers, only carried a stage further 
the ‘‘ new method of obtaining very perfect vacua ” 
that Tait and he had described more than thirty 
years before. 

It took all Dewar’s soundness of method and 
exceptional manipulative skill, together with the 
engineering ability and perseverance of R. N. 
Lennox, his chief assistant, to enable him to liquefy 
hydrogen. The extent of this achievement is 
apt to be masked when boiling points are measured 
from the centigrade zero. It appears in its right 
proportion when they are stated in degrees abso- 
lute, in which the boiling point of hydrogen, 
(20-5 deg.) is about a fourth of that of liquid air 
and about a fifteenth of the temperature of an ordi- 
nary laboratory. To produce liquid air, there- 
fore, at atmospheric pressure, is an operation of 
the same order as condensing steam into water at 
the temperature of molten cast iron in an atmosphere 
and with utensils equally hot, and to produce 
liquid hydrogen substitutes the temperature of 
the electric arc for that of cast iron. The 
difficulties of the operations were not appreciated 
fully when they were first attempted, and, curiously 
enough, Dewar’s earliest paper on the liquefaction 
of gases accepted and adopted Pictet’s statement 
that he had liquefied hydrogen at — 140 deg. C., 
a mistake that was shown later to have arisen 
from working with an impure gas. Great, however, 
as was Dewar’s pioneer work in overcoming the 
difficulties of which earlier investigators had been 
unaware, it may be doubted whether this was more 
Important than the ‘extraordinary variety of 
applications to which he put the means of obtaining 
low temperatures that others had introduced, and 
he himself so notably extended. To an extent that 
Seems to have escaped his predecessors, he recog- 


mised that the properties of materials at such 
temperatures could not be inferred by mere extra- 
polation, and he launched into an apparently 
Unending series of determinations of constants 


of all kinds under the new temperature conditions, 
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at his death, and appear in the present collection. 
In some of this work he was associated with other 
distinguished investigators, the most extensive of 
these researches being the long series carried out 
with Professor J. A. Fleming, in which, among 
other results, the danger of extrapolation was shown 
conclusively in the failure of the linear fall of resist- 
ance with temperature, when the temperature of 
liquid hydrogen was approached. 

A word must be added in appreciation of the care 
and success with which the editors have assisted 
Lady Dewar in her pious work, and the beautiful 
form in which the publishers have embodied it. 





THE OFFICIAL TESTS OF THE KAPLAN 
TURBINE AT LILLA EDET. 


By Proressor Hsyatmar O. Dan. 


Lake Vanern in the South of Sweden is the third 
in size of the European inland seas. It has an 
area of nearly 5,600 sq. km. (about 2,160 sq. miles), 
and lies at a height of 44 m. (144 ft.) above the 
sealevel. The drainage area is 47,300 sq. km. (about 
18,257 sq. miles), part of which is in Norway. 
Lake Vanern discharges into the River Géta, 
which on its way to Gothenburg flows over the well- 
known Falls of Trollhattan. Though rather short, 
the river has a mean discharge of about 500 cub. 
m. (17,700 cub. ft.) per second. The volume of 
flow varies between 300 and 820 cub. m. per sec. 
(10,600 to 29,800 cub. ft.). Regulation works are 
now in hand at Lake Vanern, which it is calculated 
will raise the maximum discharge to about 1,000 cub. 
m. per second. 

From ancient times the Swedish State has owned 
the greater part of the Trollhattan Falls, which have 
a gross head of about 32 m. (105 ft.), and it was 
decided accordingly to develop them for power 
production as a State project. The first section, 
designed for an output of 50,000 h.p., was com- 
pleted in 1910. The Royal Waterfalls Board, which 
was appointed for the purpose, has since continued 
the systematic development of the State water power 
resources both here and elsewhere, and the Troll- 
hattan power station now has a capacity of about 
150,000 h.p. 

To the Waterfalls Board was also entrusted the 
reconstruction of the Trollhatte Canal—along which 
traffic passes between Vanern and the sea. This 
waterway for the most part consists of the river 
tself, and it was accordingly found expedient that 
the State should acquire the remaining falls below 
Trollhattan. By means of a regulating dam these 
were concentrated at Lilla Edet, about 50 km. 
(31 miles) from Gothenburg, where an average head 
of 6-5 m. (21-3 ft.) was secured, but this varies 
between 5-6 (18-3 ft.) and 7:8 m. (25-6 ft.) The 
first fall below Vanern at Vargén, which is about 
5 m. (16-4 ft.) high, and where the regulating dam 
for the lake will in all probability be located, has 
also become State property. 

In view of the demand for electric power then 
existing, the Waterfalls Board as far back as 1917 
put forward a proposal for the erection of a power 
station at Lilla Edet, but the change in the state 
of affairs at that juncture, together with other 
reasons, delayed the completion of the first section 
of this power station until the. beginning of 1925. 
As the result of very comprehensive investigations, it 
was at first intended to erect here a number of 
vertical turbines of what was at that time con- 
sidered to be a convenient size. Some of them were 
to have been single runner machines, each develop- 
ing 5,400 h.p. at 53-7 r.p.m., under a head of 
6-5 m. (21-3 ft.), and some with double runners 
were rated at 6,600 h.p., and would make 68-3 
r.p.m. The double runner type were less expensive, 
though it was feared they would have a somewhat 
lower efficiency, but in view of the conditions 
then prevailing it was decided to adopt them for 
the first section of the works. 

The desirability of reducing the length of the 
station and the number of units in order to simplify 
operations led, however, to a reconsideration of the 
matter, and in 1921 tenders were invited for double 
turbines, each of 10,000 h.p. rating, and running at 
62-5 r.p.m. The possibilities of the Kaplan turbine 
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a wide-spreading draft pipe, it was impossible to 
adopt the type at the time. 

Verkstaden Kristinehamn, of Sweden, were, how- 
ever, in close connection with Professor Kaplan, 
and as they had already done much intensive experi- 
mental work, when the inquiry above referred to 
was received, they felt themselves to be in a position 
to offer, as an alternative to the double turbines, 
a Kaplan turbine developing 10,000 h.p., at 
83-3 r.p.m., under a head of 6-5 m. (21-3 ft.), 
whilst retaining the distance of 15 m., between 
turbine centres, which had been decided on. At 
the same time two other firms were in a position 
to offer single runner propeller turbines of the 
same output, but running at 62:5 r.p.m. In 
spite of the relatively small experience then avail- 
able, the Waterfalls Board ordered a Kaplan turbine 
of 10,000 h.p. as the first unit for Lilla Edet, but 
with a guaranteed over-load capacity up to 
11,200 h.p. at 6-5 m. (21-3 ft.) head. The speed 
was, however, fixed at 62-5 r.p.m., so as to be 
uniform with propeller turbines then offered by 
other builders, which there was a disposition to 
accept. This was a bold step, especially with 
regard to the exceptional size of the turbine, which, 
if reduced to a model working with 1 m. head, 
would, under overload conditions, develop no less 
than 850 h.p., which is nearly double the highest 
figure yet recorded in other countries. 

Experimental work was then taken up with 
vigour, stimulated, no doubt, to a certain extent 
by the very liberal premiums offered for higher 
efficiency and greater output than the guarantee 
figures. Tests were made at the Kristinehamn 
laboratory, with runners having, in the first inst- 
ance, a diameter of 250 mm. (10 in.). By experi- 
menting on this relatively small scale model, a 
large variety of runners could be studied at a 
minimum of cost. After this preliminary work, 
selected runners, having a diameter of 600 mm. 
(23% in.), were tried at the works testing station, 
and ultimately final models with runners 950 mm. 
(37% in.) in diameter, were tested by the Waterfalls 
Board in their own testing station at Lilla Edet, 
which was built whilst the earlier researches were 
in progress. It soon became obvious that the risk 
of cavitation must be investigated. Special tests 
were accordingly made at the Verkstaden laboratory 
with a closed hydraulic circuit incorporating a 
centrifugal pump, so that the pressure on the 
suction side could be varied as desired, and the 
conditions governing the proper following of the 
surface of the blades by the flowing water, could 
be closely studied.* 

The general arrangement of the turbine with genera- 
tor and governor was illustrated in the issue of ENat- 
NEERING, for January 29, 1926, page 152. Views of 
the runner are also given in Figs. 1 and 2, page 600. 
The diameter of the runner is 5,800 mm. (19 ft. 3 in.), 
and that of the boss 2,350 mm. (7 ft. 84 in.). The 
four blades can be turned one way or the other, 
so as to increase or diminish the pitch. This opera- 
tion is effected by an oil-pressure servomotor, which 
is incorporated in the boss. The valve controlling 
the supply to this motor is operated by the governor. 
An additional servomotor varies the guide blade 
opening simultaneously and the two servomotors are 
interconnected by linkwork and cam gear. The 
shape of the cam was fixed by direct trial, so as to 
secure the best combination between the guide vane 
opening and the angle of the blades at all gates. 
Provision is made by which the servomotor which 
feathers the blades, is thrown out of action when 
the load falls to about } of the full load rating ; 
below this limit the speed is controlled wholly by 
varying the guide blade openings. 

The water is fed to the turbine through a concrete 
spiral channel, which, owing to the short distance 
available between the centres of the different units, 
is unusually high in proportion to its width. The 
approach to the spiral is divided into six parts by 
means of two vertical walls and one horizontal parti- 
tion wall, as indicated in Fig. 3. The intermediate 
sections have a free width of 6 m. (19-5 ft.), the side 
sections 2-5 m. (8 ft.) each. The height of the 
bottom sections is 5:15 m. (16-8 ft.), and that of 
the upper sections 6-75 m. (22 ft.), the total area, 
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* See ENGINEERING, vol. cxxi, page 484. 
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Fia. 2. View or PROPELLER READY FOR 
ERECTION IN PLACE. 


therefore, amounts to 130 m. (1,400 sq. ft.). At the | 
entrance to this channel, slots are provided to take | 
the stop logs. After this come the two gates, one for | 
the upper half and one for the lower. These gates | 
occupy the whole width of the inlet and are not | 
supported by the side slots, but only by the vertical | (72 B.) 

partition walls. In this way it was possible to | ¢j-2_3-¢ 5 6 729% 2oletres 
reduce their weight to a minimum. 

A short way in from the gates there are vertical | walls. They consist of coarse cast-steel screens; the law does not demand the use of fine screens 
fish-grids, also made in two sections, so that the | with 200 mm. (8 in.) openings between the bars, | at all times of the year and the risk of blockade by 
lower grid can be drawn up past the upper one.|and are made so that finer screens with 20 mm.|ice is considerably reduced when the fine screens 
These are let into slots formed in the sides of | (} in.) openings can be inserted in the coarse screens. | are not inserted. P 
the approach channel and in the vertical partition | This arrangement is particularly convenient, since| The draft tube of the Kaplan turbine is of very 
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KAPLAN TURBINE AT LILLA EDET. 


Fig.8. 
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special importance, since in it there is a large con- 
version of velocity head into pressure head. It was 
necessary, therefore, to give it a considerable length, 
and it was shaped carefully in conformity with the 
results of the model tests. The high velocity of 
flow in the upper part of the suction pipe and the 
low pressure existing there made it necessary to give 
the concrete a protective lining. The upper part of 
the draught pipe was therefore lined with plates, 
while much of the rest was lined with clinker. 
Part of the “roof” of this draught tube forms 
the floor of the switchboard and of the instrument 
room, which is adjacent to the machine room, and 
it also provides storage accommodation for the 
stop logs already referred to. 

The official tests of the Kaplan turbine were 
carried out in 1926 by a committee formed of the 
writer, with Mr. K. I. Karlsson, civil engineer of 
Vattenbyggnadsbyran, and Professor Arvid Lind- 
strom. The determination of the volume of water 
could scarcely be made in any other way than by 
current meters. These meters were located in front 
of the fish grids at the mouths of the six rectangular 
Openings which convey the water to the spiral. To 
Save time and to secure increased accuracy, a number 
of meters were mounted on three movable frames, 
one for each vertical opening, which could be raised 
or lowered, as required. These frames are illus- 
trated in Figs. 4 to 6, above. The whole of the 
lower fish-grid was removed and in the upper parti- 
tions only the coarse grids remained. In order that 


the meters might pass below the horizontal partition | 
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wall without risk, provi- 
sion was made so that 
they could be swung out 
of the horizontal by 
means of worm gearing 
(see Figs. 5 and 7). On 
the frame for the central 
opening, seven meters 
were mounted, while, in addition, five others were 
arranged on each of the frames for the side openings. 

The measurements were made at six levels in the 
lower sections and at seven in the upper. Thus, the 
number of measurement points amounted to 221. 
Moreover, certain fixed meters were also set up, 
though but little use was made of their readings. 
The current meter signals were recorded on chrono- 
graphs with high-speed charts, which at the same 
time received time signals from a seconds watch. 
The measurements at each position of the frame 
generally occupied about 2 minutes. 

During the test the lower right-hand section of the 
approach channel (looking along the direction of the 
current) appeared to give small and highly varying 
velocities in the water even with quite large guide- 
blade openings, whilst at small openings there was 
actually an indication of reverse flow in parts of this 
section. It was therefore closed with a timber wall, 
and a number of check tests made. Altogether 38 
efficiency tests of the Kaplan turbine were carried out. 

The head was measured directly as being the 
difference between the water level in front of the 
fish-grids and that at the outlet from the draught 
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tube. The loss in the upper coarse grid was very 
slight, and the velocity heads at both measurement 
points were about the same. 

The output was measured in the usual way, 
using the 2-wattmeter method, the generator being 
loaded by a water resistance. These measurements 
were made with the greatest accuracy, and the 
output of the turbine was obtained by adding to 
the electrical output the losses in the generator 
and the leads between the generator and instruments. 

The results are shown by the curves in Fig. 8, 
where the guaranteed efficiencies at the three 
different heads, viz., 5°6 m. (18-3 ft.), 6°5 m. 
(21-3 ft.) and 7 m. (23 ft.), are also entered. 
As will be seen, the guarantees have been appre- 
ciably improved upon both as regards output 
and efficiency, so that considerable premium pay- 
ments were made to the contractors. A particu- 
larly interesting comparison, between the results 
obtained and the figures which, according to Moody’s 
formula, were calculated from the model turbine of 
950 mm. (37% in.) diameter, is also shown by the 
chain dotted line in Fig. 8 for 6-5 m. (21-3-ft.) 
head. The agreement appears to be quite good, and 
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goes to prove that this formula reproduces the actual 
conditions fairly accurately. 

In regard to governing, it had been guaranteed 
that the alteration in speed on throwing off 2,500 h.p., 
5,000 h.p., and 10,000 h.p. should not exceed 
6 per cent., 12 per cent., and 30 per cent. On test, 
when 10,000 h.p. was shut off an increase in speed of 
28-7 per cent. was found, whereas the guaranteed 
values were somewhat exceeded when the smaller 
alterations in load took place. These results, which 





have but little practical significance, are closely | 
allied with the fact that the contractors, when | 


giving the guarantees, were not fully aware of the 
special conditions concerning the Kaplan turbine 
in regard to governing—a circumstance which is 
fully explained by the fact that this turbine was 
the first of the Kaplan type for which the Kristine- 
hamn Works had received an order. The stability 
of the governing was quite satisfactory. The 
“run-away ” test gave a maximum speed at 7-m. 
(23-ft.) head which was 127 r.p.m. as against the 
guaranteed 125. Neither vibrations nor other 
drawbacks were observed during the run-away test. 

The machinery delivered thus filled all the 
essential specified requirements and surpassed very 
substantially the guarantees undertaken with 
regard to output and efficiency. During the time 
which has since elapsed no trouble or difficulties 
have arisen ; it therefore seems that the turbine in 
the future will doubtless realise all expectations. 
During the time that the Lilla Edet turbine was 
under construction and subsequently, Verkstaden 
Kristinehamn has made some 25 Kaplan turbines 
for purchasers both in Sweden and abroad. 

These works have also continued their research 
work in order to develop the Kaplan turbine still 
further and make it suitable also for greater 
heads. These experiments, which have included 
questions of both design and material, have resulted 
in the works now considering the Kaplan turbine 
to be without doubt practical for heads up to 
20 m. (55-5 ft.), with, it is true, some restriction as 
regards the specific speed. Verkstaden Kristinehamn 
have, we understand, recently booked an order for 
two Kaplan turbines each of 15,000 h.p., 167 r.p.m., 
at 15-4 m. (50-5 ft.) to 19-4 m. (64 ft.) head, for a 
power station in Sweden. 

Regarding the question of the size of turbines, 
it is considered that the runner diameter may be as 
much as 8 m. (26-3 ft.), corresponding to a capacity 
of about 1,360 h.p. at 1 metre head. As the 
runner can be taken to pieces for transport, there 
should be no difficulties to meet from this point of 
view. 

An investigation has also been made regarding 
the effect of various shapes and lengths of the suction 
pipe on the Kaplan turbine. The results appear in 
Fig. 9, which shows that the efficiency at low loads 
is affected only slightly, if at all, by the shape of 
the suction pipe. With heavier loads the Kaplan 
suction pipe, C, is decidedly the best. It demands, 
however, considerably greater depth and width 
than a suction pipe of more normal shape. The 
length of the more normal suction pipe has less 
influence with the present shape of the blades on 
runners than was yound to be the case when earlier 
trials were made oi runners with shorter blades. 








THE IRON AND STEEL INSTITUTE. 
(Continued from page 587.) 


CONTINUING our report of the annual meeting 
of the Iron and Steel Institute, on May 5 and 6 
last, we now propose t» deal with the second and 





in Spain, to consider the whole question ; the chair- 
man is Mr. A. de Churruca, and the honorary 
secretary is Mr. Barreiro. 


Heat-REsISTING STEELS. 


The second paper taken on Friday morning was 
by Dr. W. H. Hatfield; it was on the subject of 
heat-resisting steels and contained a description 
of detailed experiments undertaken to show the 
influence of various gases, at high temperatures, 
on pure metals, iron alloys, and complex steels. 
The matter is of considerable interest to engineers, 
and we intend to reprint this contribution in a 
subsequent issue. 

The discussion was opened by Mr. T. G. Elliot, who 
stated that, on the whole, he was rather disappointed 
in the paper; he thought that too much reliance 
should not be placed on laboratory tests. Some 
years ago he had had occasion to test the heat- 
resisting properties of two steels, similar in com- 
position to the author's materials Q and J of 
Table I. After three-hour and five-hour tests at 
850 deg. C., the materials were changed but little, 
and it was decided to make long-period tests at 
930 deg. C. For the first 300 hours little change 
took place in either of the steels. Subsequent to 
this, however, sample J commenced to deteriorate 
rapidly; sample Q, on the other hand, lasted 
for 700 hours before commencing to deteriorate. 
He was surprised at the effect of SO, on nickel. 
and had carried out an investigation on the subject, 
He had cut strips from a nickel crucible, and had 
tested them out at 800 deg. C and at 1,000 deg. C. 
in an atmosphere of SO,. Contrary to Dr. Hat- 
field’s results, he had found that the increase in 
weight at 1,000 deg. C. was greater than that at 
800 deg. C. 

Mr. U. R. Evans said that he disagreed from 
several of the remarks made by the previous speaker, 
and he would like to take that opportunity of 
emphasising how much scientific metallurgy had, 
in the past, been indebted to the research work 
carried out in the laboratory under Dr. Hatfield’s 
control. He desired to pay a tribute to the frank- 
ness and completeness always displayed in his 
papers; full details, not only of composition but 
also of heat treatment were invariably given, and 
this fact made them stand in a class apart from all 
other papers of that type. Dr. Hatfield, rightly, 
lay great stress on the great oxidising action, upon 
metals, of ordinary products of combustion when 
compared with that of gases characteristic of muffle 
atmosphere. Probably this might be partly attri- 
buted to the fact that the former contained much 
free oxygen, whilst the sample of the latter employed 
contained free carbon monoxide. The author 
was, however, undoubtedly correct in emphasising 
the part played by sulphur dioxide, carbon dioxide 
and water vapour in stimulating attack, and it was 
noteworthy, that these same bodies also promoted 
low-temperature corrosion. He thought, however, 
that the mechanism of the action of these bodies, 
at high and low temperatures, was different. At 
low temperatures, sulphur dioxide only promoted 
the corrosion of iron in the presence of moisture. 
When iron was kept in dry air containing sulphur 
dioxide, no action took place, even after many weeks. 
If, however, moisture was present on the metal, 
rusting occurred with alarming speed, and the 
action showed all the features of electrochemical 
attack. At high temperatures, on the other 
hand, the mechanism must be different. Here the 
influence of sulphur dioxide, although stimulated 
by the presence of water, proceeded without the 





addition of any considerable quantity of moisture, 


third papers considered on Friday morning, May 6, | as the author’s figures showed. 


and with the first contribution taken on Friday | 
During the course of the morning} explanation. The work of Pilling and Bedworth 


afternoon. 


He would tentatively suggest the following 


session, a statement was read by Mr. Luis Barreiro,| had. shown that the speed of high-temperature 


of Bilbao, Spain. This reminded members that 
the last meeting held in Spain, was that which 
took place at Bilbao in 1896. The question of 
holding another meeting in Spain had latterly 
been under serious consideration and, if agreeable 
to the Council and members of the Institute, it 
was considered that the autumn of 1928 would 
be a favourable occasion for holding a second 
meeting at Bilbao. We have since been informed 





that a small advisory committee has been formed, 





oxidation was controlled by the diffusion of oxygen, 
through the oxide film, to the metal below; any 
influence which would increase the porosity of the 
oxide would increase the rate of attack. Oxide, 
formed by the direct action of oxygen, would be rela- 
tively impervious ; but if, by the action of sulphur 
dioxide, traces of sulphate or sulphite, were formed, 
even momentarily and locally, although these 
salts might at once decompose to give oxide, yet 


this oxide would be of more porous character and 
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would protect the metal less well. Hence, the 
acceleration of oxidation by sulphur dioxide was 
easily understood. Carbon dioxide would act in 
an analogous way, whilst water vapour would 
accelerate oxidation by acting on the iron to give 
hydrogen; a mixture of oxygen and hydrogen 
oxidised copper more rapidly than oxygen alone, 
and the same would probably be true of iron. 
Dr. Hatfield had referred to the work of Baker. 
The researches of this worker, and the more recent 
investigations of Norrish, had led to the idea in the 
minds of some metallurgists that perfectly dry 
metals would not suffer oxidation in perfectly dry 
air. This idea was hardly warranted by the facts, 
for it seemed fairly certain that other polar sub- 
stances, besides water, could act catalytically 
in the same way. Metals were polar substances 
par excellence, and the catalytic activity of metals 
and metallic oxides was well known; there seemed 
no reason to expect that a further catalyst, e.g., 
water, would here be-required. He had had a 
conversation with Dr. Norrish on this subject, and 
he had allowed him to say that he would not expect 
the high-temperature oxidation of metals to be 
inhibited by drying. He had also pointed out 
that probably, at the high temperatures used by 
Dr. Hatfield, even reactions which would require 
the presence of water or a polar substance at ordinary 
temperatures would, in many cases, proceed without 
a catalyst, owing to the enhanced energy of the 
molecules at high temperatures. 

Colonel N. T. Belaiew stated that the study of 
heat-resisting steels might be helped forward by an 
investigation based on the thermo-expansibility 
of the various constituents present. Most of the 
materials employed in the manufacture of ordnance 
were chrome-nickel alloy steels; these had to with- 
stand, not only high temperatures, but also corrosion 
and erosion. It was interesting to note that plain 
nickel steels had also been sometimes employed in 
gun making, ahd these alloys had given a good 
account of themselves. The next speaker, Professor 
Benedicks, thought that one of the most striking 
facts contained in the paper was that the presence of 
silicon in a steel increased the resistance to oxidation 
of the material. Evidence of this was given in 
Table VI. This increased resistance was no doubt 
due to the fact that an oxygen-containing layer 
surrounded the metal. It was somewhat surprising 
to find that the best results had been obtained (in 
the complex gas atmosphere) with specimen Q, 
and he desired to know if the author was not of 
opinion that the relatively high content of silicon 
present in that steel (1-46 per cent.), was not at 
least partly responsible for the resistance to corro- 
sion shown by the material. He had carried out 
some experiments with the object of finding a steel 
which would resist the action of a sulphate-cellu- 
lose lye, and, among other materials, he had tried a 
silicon steel containing a little nickel. Unfortunately 
this alloy was badly attacked and had given the 
worst results of the whole series. This was due to 
the fact that any oxide film which might have been 
formed was dissolved off by the sodium hydroxide 
present in the solution. It was evident, therefore, 
that the non-corrodibility of a steel could not be 
stated in general terms, the service conditions which 
the steel would have to undergo should always be 
taken into account. 

In closing the discussion, the President stated 
that Dr. Hatfield had suggested that complex steels 
containing nickel and tungsten as well as chromium 
were more likely to resist corrosion successfully than 
steels containing chromium alone. He had himself 
found that plain iron-chromium alloys could 
function for months, under a considerable stress, 
in an oxidising atmosphere ; at the end of that time 
the material was found to be very little attacked. 
He felt sure that the meeting would be glad to hear 
that Dr. Hatfield had been elected a member of the 
Council of the Institute, along with Colonel M. H. L. 
Bell and Mr. A. O. Peech. In a very brief reply t© 
the discussion, Dr. Hatfield stated that he had 
concentrated on the subject of chemical attack 10 
his paper. The difference between the mechanical 
properties of various steels at high temperatures 
would be dealt with in a future contribution. {he 
remainder of the points raised would be ans\ ered 





in writing. 
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Tor ANNEALING OF Mitp-STEEL SHEETs. 


The last contribution considered on Friday 
morning was entitled, ‘“‘ The Influence of Annealing 
Temperature on the Properties of Mild-Steel 
Sheets.” It was by Professor C. A. Edwards and 
Mr. J. C. Jones and was read in abstract by the 
latter, who stated that the influence of annealing 
temperature on the Erichsen values of a number of 
steel sheets, varying in thickness and differing in 
composition, had been determined. It had been 
found that the greater part of the rolling stresses, 
left in the sheets from the hot-rolling, was removed 
by annealing at temperatures of from 625 deg. to 
650 deg. C. In most instances a further substantial 
improvement occurred after the temperature had 
been raised above the A3 transformation. | Within 
these two limits of temperature, namely, 650 deg. C. 
and 920 deg. C., the results obtained were, com- 
comparatively speaking, constant for each material. 
There were, however, indications that in some cases, 
somewhat better results were obtained at 700 deg. C. 
than at any higher temperature up to 900 deg. C. 
This was certainly the case for sheets 0-5 mm. thick, 
and it was thought that the deterioration in the 
values, on the raising of the annealing temperatures 
above 700 deg. C., was due to the coarsening of the 
ferrite crystals. 

It was interesting to note that, with quite high 
phosphorus and sulphur contents in the steel, very 
good Erichsen values could be obtained by annealing 
at temperatures around 1,000 deg. C. In all pro- 
bability this was due to the steel becoming more 
homogeneous as a result of the diffusion of phos- 
phorus and the balling up of manganese sulphide, in 
addition to the recrystallisation which took place on 
passing, through the A3 transformation. A large 
number of tensile tests had been made with sheets 
0-4 mm. and 1-25 mm. thick. Perhaps the most 
interesting features revealed by these experiments 
were those relating to ductility. It was found that, 
after annealing at about 700 deg. C., the elongations 
of the 0-4-mm. specimens, when tested in the direc- 
tion of sheet rolling, were considerably higher than 
when tested in the other direction. After annealing 
above 900 deg. C., however, the difference in this 
respect was small. Between these two limits, the 
curves plotted showed distinct minima, correspond- 
ing with an annealing temperature of about 800 deg. C. 
With regard to the 1-25 mm. specimen, the tensile 
properties were more regular when tested at right 
angles to the direction of sheet-rolling than when 
tested in the other direction, and, generally speaking, 
the elongation values were better in the former than 
in the latter case. Extremely low elongation 
results were obtained for this sheet when tested 
parallel with the direction of sheet rolling, after 
annealing at 900 deg. C. 

The discussion was opened by Mr. W. R. Davies, 
who stated that, as a manufacturer of tin plate, he 
had found the paper of great interest. He thought 
that some of the results of tests put forward by the 
authors would need confirmation before they could 
be accepted. Some of the Erichsen tests, for inst- 
ance, varied considerably and should give rise to 
further investigation. The authors had spoken of 
tolling stresses in mild-steel sheets ; other things 
had also to be considered in tin-plate manufacture. 
The surface of the metal had to be well cleaned ; 
this might not be quite so important in galvanising, 
but in sheets intended for tin-plate manufacture, it 
Was essential that all ‘‘ water stains’ should be 
Tfemoved. The weight per foot of the original bar 
bore some relation to the stresses found in a finished 
plate. He had carried out 180-deg. bending tests 
na plate produced from a bar of heavy section. 
Asam ple of this taken across the direction of rolling 
had given 16-75 bends; along the direction of 
rolling, the figure was 10-5. Similar tests, carried 
* with a second bar of lighter gauge had given, 
Per the grain, 13 bends, and, in the longitudinal 
seotien, 11-33 bends. In all the Erichsen tests, 

atried o ut by the authors, the side of the test piece 
"pon which the punch pressed had been covered 
With vaseline. He questioned the wisdom of that 
— he thought that the test conditions 
ne lave been more comparable with actual 
es Practice, Again, the authors had cut their 
$ into pieces measuring 3} in. by 2} in.; he 
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suggested that variations often occurred in the 
same plate, and small test pieces might not always 
give satisfactory results. In close-annealing opera- 
tions, a pack weighing 2} tons was often heat- 
treated in bulk; he would like to know how the 
lower part of the pack fared under these conditions 
of annealing. Mr. A. Allison, who spoke next, stated 
that the edge of a slab became extended and formed 
part of the surface of a sheet. This might have an 
influence on some of the Erichsen tests. 

Professor Edwards, in reply, said that one of the 
most important features in the annealing operation 
was the removal of the so-called “‘ water stains ” in 
the steel sheets. If considered from the point of 
view of temperature alone, there was no doubt that 
water stains could be removed if the sheets were 
annealed at 700 deg. C. In pack annealing, however, 
the difficulty was to ensure that all the sheets in 
the pack were heated to 700 deg. C. Similarly, all 
cold-rolling stresses could be removed by annealing 
to a temperature of 650 deg. C.; here again it was 
necessary for sufficient time to be given for the 
heat to soak right through the pack. With regard 
to the influence of the thickness of the original bars 
on the properties of sheets, the results put for- 
ward by Mr. Davies were exactly what he would 
have anticipated. He hoped, as a result of further 
work, to be in a position to stipulate the size of 
bar which would give the best results. He had 
smeared the surface of his Erichsen-test specimens 
with vaseline in order to remove any slight irregu- 
larities in the smoothness of the sheets ; he wanted 
to secure the best results possible. 

At this stage of the proceedings, the Chairman ad- 
journed the meeting until 2.30 p.m., that afternoon. 


Cotp-RoLuep Strip STEEL. 


“Some Notes on Cold-Rolled Strip Steel,” by 
Dr. T. Swinden and Mr. G. R. Bolsover, was the 
title of the first paper taken at the final session 
on the afternoon of Friday, May 6. Dr. Swinden, 
who read the contribution in abstract, stated that 
there was little published data referring to the 
cold-rolling of strip steel, and it had, therefore, 
been thought desirable to place on record a 
selection of tests obtained in the course of everyday 
practice in a works. The mechanical properties 
of various steel strips containing, respectively, 
0-10 per cent., 0-34 per cent., 0-54 per cent. and 
0-70 per cent. of carbon, had been determined, after 
the specimens had been subjected to varying 
amounts of cold work by rolling. The 0-54 per 
cent. carbon steel was in two, and the 0-70 per 
cent. carbon steel in three, different conditions 
prior to cold-rolling. The maximum stress in 
tension was found to increase with cold working ; 
but, for a given percentage reduction by cold 
work, the increase was proportionately less as the 
amount of cold work, previously received by the 
steel, increased. Each of the steels was cold-rolled 
from 0-30 in. to 0-10 in. in thickness, and samples 
were taken for test purposes after each 0-02-in. 
reduction in thickness. The original strip of the 
0-34 per cent. carbon steel gave a maximum stress 
figure of 41-5 tons per square inch ; after reduction 
to 0-278 in., the maximum stress was 48-6 tons. 
Progressive reduction in thickness of approximately 
0-02 in. gave maximum stress figures of 52:5, 
52-4, 55-5, 56-3, 59-3, 61-7, 64-0 and 65-4 tons 
per square inch, respectively. The final specimen, 
which had a thickness of 0-1 in., had a maximum 
stress of 68-8 tons per square inch. The proof 
stress of the cold-rolled specimens was found to 
follow very closely the maximum stress in tension, 
but to be proportionately less as the carbon content 
of the steel increased. The resistance to shear 
was found to increase with cold working, but to 
a less degree than the maximum stress in tension. 
Brinell hardness tests on cold-worked materials 
were unreliable as an indication of the maximum 
stress in tension; but, in general, the ratio between 
these two tests increased with the cold work. There 
was no indication in the authors’ tests, nor in their 
general experience, of a fallin hardness on progressive 
cold-rolling, as had been suggested by some workers. 

A further series of tests had been carried out 
on five of the steel strips after reductions in thickness 
of approximately 33 per cent. and 66 per cent., 
followed by heating for one hour to various 
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temperatures up to 700 deg. C. In all cases, with 
the exception of the dead-soft strip, the maximum 
stress in tension increased with the rise of reheating 
temperature to approximately 300 deg. C., and 
fell with increasing temperature above this point. 
The proof stress increased, both in amount and 
in proportion to the maximum stress, up to 
approximately 300 deg. C., after which both these 
values fell. The resistance to shear also increased 
up to approximately 300 deg. C. Not only did 
the Brinell hardness number rise on reheating, 
but the ratio of maximum stress to the hardness 
value fell, giving a higher proportional rise for the 
Brinell number than for the maximum stress. 

Mr. A. Allison, the first speaker in the discussion, 
asked whether the results of the tensile tests were 
the average of duplicate estimations. The authors 
had stated that too much reliance should not be 
placed on the figures for reduction of area given ; 
he, however, thought that in cold-rolled strip 
practice, the values obtained for reduction of 
area were quite useless and, in his opinion, the 
authors had understated rather than overstated 
the case. In the matter of hardness tests for 
strip steel, scleroscope tests were, he thought, 
more reliable than Brinell tests. The authors had 
found that a dead-soft steel hardened appreciably 
less by cold-work than any of the other strips 
tested; while a 0-70 per cent. carbon steel, 
annealed before cold-rolling, work-hardened more 
readily. To account for this he suggested that, 
in the harder steel, the supply of crystals favourably 
oriented for receiving deformation was more 
quickly exhausted than was the case in the mild 
steel, and hardening was more uniform and 
progressive. Mr. J. S. G. Primrose, who spoke 
next, asked if the hardness values given by the 
authors could in some way be correlated with 
Erichsen test figures. If these two values could 
be connected, the resultant information would be 
useful to those engaged on deep stamping work. 

Dr. W. H. Hatfield said that the authors had 
referred to the unreliability of Brinell hardness 
tests on cold-worked materials as an indication of 
the maximum stress in tension. In some few cases, 
however, the Brinell-hardness number might give 
a better quantitative indication than did the 
maximum stress figure. In the 0-70 per cent. 
carbon-steel series, for instance, during an increase 
in percentage reduction from 20 per cent. to 30 per 
cent., the maximum stress of the material remained 
constant in the neighbourhood of 72 tons per 
square inch; the Brinell hardness figure, on the 
other hand, increased steadily from 283 to 291. 
Mr. Bolsover, in his reply, stated that the figures 
of the tests recorded in the paper were not, generally 
speaking, the result of duplicate estimations; a 
second test was only performed when this appeared 
to be necessary. The very large number of tests 
carried out, however, confirmed the results obtained. 
He entirely disagreed from Mr. Allison ; the sclero- 
scope was useless for strip steel—the material was 
too thin to give a reliable figure. They had per- 
formed a large number of Erichsen tests on steels 
similar to those given in the paper, but they had 
not considered it advisable to publish them. In 
order to obtain strictly comparative tests on the 
Erichsen machine, all the samples of strip steel 
would have to be rolled down to the same thickness. 
Dr. Hatfield had questioned the relative reliability 
of the tensile-test result and of the Brinell-hardness 
value. He himself was still of the opinion that the 
maximum-stress figure was the more reliable. The 
figures quoted by Dr. Hatfield had been obtained 
from a strip which had been normalised in the form 
of a coil prior to rolling. After normalising it had 
been taken out from the furnace, and the centre of 
the coil had cooled more slowly than the two ends 
of the strip. This, undoubtedly, had had an 
influence on the subsequent tensile-tests. 


(To be continued.) 








THE UNITED STATES AND MANGANESE OrnE.—According 
to figures compiled by the U.S. Department of Commerce, 
the quantity of manganese ore imported into the United 
States, during 1926, totalled approximately 745,000 
tons, an increase of 130,000 tons over the previous year’s 
figures. The chief sources of supply are Russia and 
Brazil. Imports from India and the Gold Coast, although 
comparatively small at present, are increasing steadily. 
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MOTOR TRACTOR WITH TWO-CYLINDER HOT-BULB ENGINE. 
CONSTRUCTED BY MESSRS. AKTIEBOLAGET AVANCEMOTOR, ENGINEERS, STOCKHOLM. 
(For Description, see opposite Page.) 
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THE AVANCE TRACTOR. 


WHEN commenting upon the trials of agricultural 
tractors held at Shrawardine in 1921, we expressed 
surprise that the two-cycle, hot-bulb, oil engine was 
not more favoured for tractor work. Only one tractor 
fitted with an engine of this type, the Avance, was 
entered for the trials referred to. This tractor was 
driven by a single-cylinder engine, and, as a result, the 
irregularity of turning effort seemed to be reflected in 
the quality of the work done on the rather hard ground. 
In addition, the lack of balance inevitable with a single- 
cylinder machine resulted in rather violent vibration 
when the tractor was undergoing the test for belt 
horse-power. Recently, the makers of this tractor, 
Messrs. Aktiebolaget Avancemotor, of Angestendal, 
Stockholm, have introduced a new two-stroke, two- 
cylinder model, in which the above objections are 
overcome, the torque being, of course, equivalent to 
that of a four-cylinder, four-stroke engine, as fitted to 
the majority of petrol tractors. Apart from the minor 
defects to which we have referred, the earlier single- 
cylinder tractor gave a very satisfactory performance 
at Shrawardine, and it is interesting to note that the 
newer machine was recently awarded the first prize 
in a series of official trials conducted in the Argentine. 
In these trials, the Avance tractor was competing 
against a number of well-established machines, each 
known to be capable of giving an excellent perform- 
ance, and it therefore, appears that the hot-bulb type 
of engine cannot have any appreciable disadvantage 
for tractor work, while its economy as compared with a 
petrol engine has long been established. 

The tractor is illustrated in Figs. 1 to 9, annexed, and 
on page 612, from which it will be seen that the machi- 
hery is built up into one block of castings which take 
the place of a separate frame. The engine develops 
30 b.h.p. at 625 r.p.m., and has an overload capacity 
of 10 per cent. There are two forward speeds and 
one reverse, the highest speed being used for general 
traction or for pulling a 12-in., three-furrow plough. 
This speed can be employed even if the depth of plough- 
ing should be as much as 10 in. The lower speed is 
provided for very deep ploughing in exceptionally stiff 
soil. The ploughing capacity of the tractor is up to 

1-6 acres per 10-hours running, according to the size 
of the field. The fuel consumption is as low as 1:78 
gallons per acre under suitable conditions, and never 
exceeds 2-05 gallons per acre. The majority of the 
Weight is on the driving wheels, and this, in conjunction 
With the fact that the engine power is carefully 
Proportioned to the weight, enables the tractor to work 
= Out serious slipping even when ploughing under 
the most unfavourable conditions. The construction 


referred to permits of all moving parts being totally 


gg without difficulty. All the gear wheels and 


8 are manufactured from high-grade steel, and 
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all the more important bearings are of the ball or 
roller type. In order to reduce vibration when driving 
on hard roads, the tractor body is supported by a 
spring from the front axle. 

Turning now to the construction in detail, cross sec- 
tions of the engine are given in Figs. 1 and 2. The 
two cylinders are in the form of a monobloc'casting, 
with separate detachable heads. Crank case compres- 
sion is employed, the air valves being mounted in a 
separate casing, as shown in Fig. 2. The air is warmed 
before entering the crank case by passing it through 
a chamber cast in the upper part of the radiator. This 
chamber can be provided with an air pipe extending 
well above the top of the radiator, and a special air 
filter can be supplied if required to fit into the radiator 
air chamber. The spray valve, shown at the top of 
the bulb in the same figure, can be rotated on its axis 
by means of a system of levers and rods, termi- 
nating in a handle at the inner end of the fuel tank, 
within convenient reach of the driver, as shown in 
Fig. 1. When the engine is first started up the spray 
is directed on to the inner end of an ignition plug 
projecting through the cylinder wall. The outer end 
of the plug is heated by a blow lamp before the engine 
is started. The plugs for the two cylinders face each 
other, as shown in Fig. 1, and the flame of the blow 
lamp, the burner of which is shown to the left of the 
head in Figs. 2 and 3, is directed equally on the two 
ends, one lamp thus serving for both cylinders. After 
the engine has been running a short time, the lamp is 
extinguished, and the spray valve turned to direct 
the fuel jet vertically downwards into the centre of 
the bulb. Once the engine is running without external 
heat, it will continue to do so satisfactorily even on no 
load. Water injection is not employed under any 
circumstances. It will be noticed in Fig. 1 that the 
cover above the spray valve is water-jacketed, the 
water being supplied through a pipe connecting this 
jacket space with the top of the cylinder jacket. 
The connecting pipe is fitted with a cock, and this 
is closed when starting up the engine, to reduce the 
time required to enable the bulb to reach a temperature 
sufficient to dispense with the starting lamp. The 
outside view of the head, given in Fig. 3, shows the 
cock and connecting pipe in end elevation. 

The circulation of the water through the jackets and 
radiator is effected by means of a centrifugal pump 
mounted on the inner end of the fan-shaft. This pump 
is shown in section in Fig. 1, and the connections from 
the base of the radiator to the pump inlet, and from the 
jacket of the atomiser cover to the top of the radiator, 
can also be clearly seen in the same figure. The pump 
and fan-driving shaft is mounted in an eccentric bush 
to take up any slack which may develop in the belt. 

The fuel pumps and governor are shown in Figs. 1 
and 3. From the former it will be seen that the eccen- 
tric for driving the pumps is mounted on the crankshaft 
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immediately in front of the flywheel. The eccentric 
rods is shown in Fig. 3 coupled to the horizontal arm of 
a bell-crank lever. The vertical arm of this lever is 
forked, the forks being off-set in plan, so that the 
inner side of each can bear on the end of one of the 
pump plungers. The two pumps are mounted parallel 
with one another, but facing in opposite directions, as 
shown in Fig. 3. To vary the quantity of fuel injected, 
the length of the plunger stroke is regulated by a stop 
bearing on a collar on the plunger stem. The stop is 
formed on the end of a sleeve with an internal thread. 
The latter engages with a corresponding external thread 
on the pump body, and a lever, coupled by a rod to 
the control lever in the cab, is clamped over the sleeve. 
The movement of the control lever will thus cause the 
sleeve to rotate, and the length of the pump stroke is 
correspondingly altered. Independent adjustment of 
the pumps can be made by slacking off the nut holding 
the lever on to the sleeve, and turning the latter by 
the milled head provided on its outer end. A lever, 
shown clearly in Fig. 1, is provided for working the 
pump by hand to inject a charge before starting the 
engine. This lever is pinned to a short vertical shaft 
passing through the cover at the top of the pump 
casing. At the base of the shaft is a flat disc in which 
are two pins. When the hand lever is moved, these 
pins make contact with the ends of the plungers and 
thus operate the pumps. Details of the governor are 
given in Fig. 3. It is arranged to vary the length of 
the stroke of the fuel pumps, according to the load on 
the engine. The mechanical construction of the engine 
can be followed from Figs. 1, 2 and 3, and hardly calls 
for particular comment. The various engine bearings 
are lubricated on the forced-feed system. The lubri- 
cating pump is driven by a rod connected to the fuel- 
pump eccentric, as shown in Fig. 3. 

Turning now to the transmission, it will be noticed 
from Fig. 1 that all the moving parts are enclosed in 
dust and oil-tight casings. A division wall is intro- 
duced between the clutch and gear-box casings, the 
latter being filled with oil up to the level of the bottom 
of the lay-shaft. The clutch is of the multi-plate 
type, and is operated by the long lever below the 
steering wheel. As already mentioned, the gear-box 
gives two forward and one reverse speeds. All three 
speeds are indirect, the first and second forward speeds 
being obtained by sliding wheels on the main shaft into 
engagement with corresponding wheels on the lay- 
shaft. The reverse gear is obtained by sliding the rear 
wheel on the main-shaft into engagement with a wheel 
on the reverse shaft, which is parallel with, and slightly 
lower than, the main shaft. A second wheel on the 
reverse shaft is in constant engagement with the rear 
of the two wheels on the lay-shaft. The selector gear 
is shown above the main shaft in Fig. 1. From the 
end of the lay-shaft the drive is taken through crown 
and bevel wheels to the differential shaft, from which 
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the final drive is taken to each of the road wheels by 
spur gearing. A section through the gear-box casing 
on the road-wheel centres is given in Fig. 4, a section 
through the differential casing being given in Fig. 5. 
The differential is self-locking under heavy loads. 
Details of the steering gear and front axle are given in 
Figs. 6 to 8, page 612, while the connection between the 
steering column and the bell-crank lever on the axle can 
be followed from Fig. 1. It will be noticed from these 
figures that the steering mechanism generally follows 
automobile practice. There is no separate steering- 
box, but, as the worm and sector at the base of the 
steering column are inside the gear-case, they are 
effectively protected and lubricated. The engine is 
started by means of a starting handle on the near 
side of the tractor. The shaft on which this handle 
is mounted terminates in a bevel wheel engaging with 
the wheel behind the fan-driving pulley shown in 
Fig. 1. A brake is fitted on the differential shaft, as 
shown in Fig. 5. The fuel tank has a capacity of 
17 gallons, and supplies the pumps by gravity. 

The tractor can be used for driving farm machinery 
by taking off the bracket which supports the driver’s 
seat, when a belt pulley can be mounted on the end 
of the main transmission shaft, which is extended 
through to the back of the chassis for this purpose, as 
shown in Fig. 1. 

The tractor can be supplied either with 54-in. 
diameter iron wheels for agricultural service, as shown 
in Figs. 1 to 8, or with 47-in. diameter rubber-tyred 
wheels for road service, as shown in Fig. 9. Six 
different combinations of gears are available, the 
standard combination for agricultural service giving 
forward speeds of 2-9 and 2 m.p.h., and a reverse speed 
of 1-4 m.p.h. For road service, the standard speeds 
are respectively 5-7, 2-7 and 1-9 m.p.h. With special 
combinations, a ploughing speed of 4-4 m.p.h., and a 
road speed of 7-1 m.p.h., can be obtained, both these 
being of course on top gear. On a series of brake tests 
on the engine, using crude oil of 0-860 specific gravity 
and having a calorific value of 9,600 calories per kilo- 
gram, the fuel consumption in gallons per b.h.p. hour 
was found to be 0-15 when the engine was developing 
5 b.h.p. The consumption fell as the power was in- 
creased until it was only 0-06 gallons per brake horse- 
power hour at 25 brake horse-power, a slight rise taking 
place subsequently to 0-065 gallons at 35 brake horse- 
power. 

In ploughing tests on heavy land, which had not been 
cultivated for eight years, average results taken over 
a fortnight gave the following figures. Drawing a 
4-furrow 12-in. plough, and ploughing to an average 
depth of 7 in., a self-registering dynamometer applied 
to the draw bar registered a load of 4,560 lb., with a 
brake horse-power of 18-5. These results were 
obtained on the first speed, the fuel employed being 
Russian masut with a specific gravity of 0-920. On 
second speed, the maximum load was 3,200 lb. and the 
brake horse-power 21-5. Measurements were taken 
of the slip as a percentage of the driving speed obtainable 
if the wheels were running on the tops of the grips, and 
it was found that as the load was increased on first 
speed from about 100 to 4,560 lb., the slip gradually 
rose from about 2 to 25 per cent. On second speed, the 
slip followed the same curve until the load was 2,500 Ib., 
and it then rose more rapidly to 25 per cent. with a load 
of 3,200 Ib. 

In addition to being manufactured as a separate unit, 
the tractor is marketed by Messrs. Aktiebolaget A bjérn 
Anderson, Svedala, built into a road grader, as shown 
in Figs. 10 and 11. The frame of the grader is built 
up of channel-iron sections, and the space between 
the scarifier and the mould board has been made as large 
as possible to enable the earth to slide along the board 
without interference from the scarifier, which can thus 
be left on the machine when the latter is in use for 
grading only. The mould board is a steel plate 4 in. 
thick and 8 ft. long. It is provided with a detachable 
blade made of manganese steel. The total width, 
measured on the chord, is 17} in., and the width of the 
cutting edge is 7} in. The supporting brackets for the 
board, with the various connections, are steel castings, 
and the same type of casting is used throughout the 
machine for all parts subject to high stresses. The rods 
for raising and lowering the board have ball-and-socket 
joints, hardened and ground. The board is operated 
from the driver’s seat by a hand wheel on the end of a 
worm shaft, both the worm and wheel being enclosed 
in a housing and running in an oil bath. Both the 
wheel and worm are machine cut, the latter being 
hardened. 

The scarifier is a steel casting, and is provided with 
eight steel teeth 14 in. square. The distance between 
the teeth is 6} in. As shown in the illustrations, 
both the tractor and front wheels are fitted with rubber 
tyres. The former are 47} in. in diameter, and the 
latter 28 in. The tractor has already been fully 


described, and we may conclude our description of the 
grader by giving the leading dimensions. These are : 
distance from front axle to! 


wheelbase, 16 ft. 5 in. ; 


mould board, 7 ft. 28 in.; overall length, 22 ft. 4 in. ; 
total height, 6 ft. 7 in.; width over outside of rear 
wheels, 5 ft. 78 in. The total weight with scarifier is 
about 5 tons 18 cwt., of which 1 ton 10 cwt. is on the 
front wheels, and 4 tons 8 cwt. on the rear. 








MANGANESE AND FERRO- 
MANGANESE. 


The Metal Manganese and its Properties: Also the 
Production of Ferro-Manganese and its History.* 


By Str Rospert HADFIELD, Br., F.R.S. 
(Concluded from page 578.) 
Turk ALLoys oF IRON AND MANGANESE. 


THE principal commercial alloys of iron and man- 
ganese are ferro-manganese and spiegel, including 
silico-spiegel. Ferro-manganese is a generic term for 
the crude pig metal containing in practice usually about 
80 per cent. Spiegel ranges from 5 to 20 per cent., 
but the higher percentages are those for which there 
is most demand. Silico-spiegel contains 15 to 20 per 
cent. manganese, and about 10 per cent. silicon. All 
these materials contain carbon, averaging about 6 or 
7 per cent. in ferro-manganese, 4 or 5 per cent. in 
spiegel, but usually less than 5 per cent. in silico- 
spiegel. The presence of carbon is, in some respects, 
a disadvantage in experimental and research work, yet 
it is a curious and interesting fact that had the author 
been able, in the early days of his experimental work, 
to obtain high-grade ferro-manganese as free from 
carbon as is now possible, he might in all probability 
have missed making the discovery of manganese steel. 

Table III shows the composition of several specimens 
of British ferro-manganese, spiegels, and silico-spiegels, 
and has been compiled from the ‘“‘ Memorandum on 
Iron and Steel at the Franco-British Exhibition,”’ 
drawn up in 1908 by the late Professor Bauerman, and 
published in the Journal of the Iron and Steel Institutet 
for that year. In Table III are included the analyses 
of a number of special low-carbon ferro-manganeses, 
samples of pure manganese and other commercial 
alloys taken over a period of several years at the works 
of the author’s company, and supplied by a number of 
different manufacturers. A high-grade (97-35 per 
cent.) manganese from Messrs. Thermit, Limited, is 
also included in the above-mentioned table. 

History of Ferro-Manganese.—At the British Associa- 
tion meeting held in Birmingham in 1865, in the 
Mechanical Science Section, as it was then termed, and 
preceded by an address from Sir William Armstrong, 
K.C.B., F.R.S., President of the Section, there appeared 
a paper on “The Manufacture of Cast Steel: its 
Progress and Employment as a Substitute for Wrought 
Iron,” by Sir Henry Bessemer—that is, nine years 
after his first paper was read before the same association. 
After dealing with the many difficulties to be overcome 
in the manufacture of his steel, he pointed out how in 
1839 the trade of Sheffield received an enormous im- 
pulse from the invention of Josiah Marshall Heath, in 
his patent covering the employment of metallic man- 
ganese, or, as he called it, ‘‘ carburet of manganese.” 
Sir Henry Bessemer then detailed the phases of the 
Mushet case, and finally added that “ at the suggestion 
of the author (Bessemer) works for the production of 
manganese alloys were erected by Mr. Henderson of 
Glasgow, who now makes a very pure alloy of iron and 
manganese containing from 25 to 35 per cent. of the 
latter metal, and possessing many advantages over 
spiegel, which it will doubtless replace.” In 1871 
Ferdinand Kohn,+ an original member of the Institute, 
read a paper on the production of alloys or iron and 
manganese. The position is there fully described 
with reference to the production of what was at that 
time an important metal known as _ spiegeleisen, 
obtained from the district of Siegen, in Rhenish Prussia. 
‘Before the days of the introduction of the Bessemer 
and openhearth methods of making steel, no one took 
much real interest in the application of the metal 
manganese or its compounds to ferrous metallurgy ; in 
fact this element, for the type of steel then produced, 
was only required in what might be termed minute 
percentages. It has to be borne in mind that at that 
time practically the only method of producing fluid 
steel was by the crucible process, and this was not more 
than about sixty yearsago. Steel melted and produced 
in this manner—that is, in the crucible—was not 
exposed to the same severe oxidising influences as with 
the newer process mentioned. Consequently man- 
ganese was not then so necessary. 

In the Appendix to Kohn’s paper, he stated that the 
Terre Noire Company, then one of the largest and 
most successful Bessemer steelworks in France, 
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employed a low percentage grade of ferro-manganese 
produced by means of the Henderson process, and 
averaging from 23 per cent. to 25 per cent. of metallic 
manganese. It will thus be seen that this French 
development originated from the English process of 
Henderson, and no doubt that explains why this 
company later on, under the direction of Mr. Pourcel, 
were led to investigate the production of rich 80 per 
cent. ferro-manganese in the blast-furnace, which they 
accomplished with great success, and thus finally solved 
this problem, one of the most important in ferrous 
metallurgy. The company’s earliest production of 
such alloys was exclusively used for the softest Bessemer 
stecl required for boiler plates, ship plates, the con- 
struction of ordnance, and similar purposes. The 
knowledge rapidly spread, and in this way was intro- 
duced the mild steel of to-day. Thus the successful 
production of a new ferrous alloy led to the development 
and application of steel in directions not previously 
thought to be possible. ; 

Such were the beginnings of the manufacture of 
mild steel, which has revolutionised the world by 
enabling forms of construction to be produced which 
were not before possible. This was all due to the metal 
manganese and its wonderful effect in improving the 
quality of the steel, a matter which nowadays we 
take for granted. There is no doubt to-day about the 
great importance of manganese, not only as regards 
cleansing steel from the oxygen or oxides present, but 
to some extent on account of the physical properties 
it confers upon iron itself. 

It may be safely stated that the credit for having 
successfully solved the problem of the production of 
ferro-alloys in the blast-furnace, and at prices com- 
mensurate with the needs of steel-makers for this 
material, belongs to Mr. Alexandre Pourcel and to his 
colleagues, Messrs. Valton and Euverte, at the Terre 
Noire, La Voulte and Bességes Foundry and Ironworks 
Company. Their experiments were, for the most part, 
carried out from 1875 to 1885. To show how completely 
Mr. Pourcel had solved the problem of producing ferro- 
manganese — let it be remembered that this was nearly 
half a century ago, when chemical and metallurgical 
knowledge were in their earlier stages of development 
—the author gave in Table IV data obtained from a 
translation he made at that time of the particulars 
given in the Terre Noire Company’s brochure issued 
at the Paris Exhibition of 1878. It may be said that 
present-day products are practically the same as Mr. 
Pourcel was able to provide so long ago. 

Mr. Pourcel himself, with characteristic modesty, 
assigns the actual credit for the first: successful attempt, 
experimentally to make ferro-manganese, to Prieger, of 
Bonn,* who made the material in a crucible. It is 
to be remarked, however, that as far back as 1830, 
or thereabouts, David Mushet had made a material of 
the kind that would now be regarded as a ferro-man- 
ganese of low grade, and, as already mentioned, similar 
products were being made on a commercial scale as far 
back as 1865, in Glasgow, by W. Henderson. The work 
of Mr. Pourcel was, however, on quite a different scale 
and resulted in the material which, by the crucible 
process, cost no less than 80!. to 100/. per ton, or by 
Henderson’s process, about 56’. per ton, being at once 
reduced to 16. per ton—a truly remarkable achieve- 
ment at the time. This figure was later reduced to 
the extraordinarily low selling price of about 8/. per 
ton. 

In view of the historic importance of the original work 
by Robert Mushet, who resided at Coleford, Gloucester, 
the author thought that it would be well worth while 
and of general interest to say a few words regarding 
this phase of the development of the use of manganese 
in ferrous metallurgy. Various records show that 
Robert Mushet and his father, David Mushet, were 
much interested in experiments with this metal. 
David Mushet’s book, published in 1840, entitled 
** Papers on Iron and Steel, Practical and Experimental 
—A Series of Original Communications made to the 
Philosophical Magazine, chiefly on those Subjects,” 
gives an account of a number of his experiments, and 
singularly enough, in some of them the non-magnetic 
qualities of the material produced are mentioned. 
There is no doubt, however, that these specimens 
were more in the nature of spiegel than ferro-manganese. 

It is not unnatural, therefore, when the development 
of Sir Henry Bessemer’s process occurred, after the 
reading of his paper on “‘ The Manufacture of Malleable 
Iron and Steel without Fuel,” at the British Association 
Meeting held at Cheltenham on August 13, 1856, at 
which time it was difficult to obtain a malleable product 
which would forge and roll properly, that the attention 
of many investigators was called to the subject and 
experiments were made. It will be remembered that 
in Sweden the Bessemer process went ahead without 
much difficulty. This was no doubt largely because, 
in the first place, the molten pig iron treated by the 
Bessemer process and apparatus was, compared with 











* Le Génie Civil, vol. vii. pp. 3-5, 21-23, and 50-52. 
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the British and other irons, much lower in sulphur 
and phosphorus. There was still further the fact that 
Swedish pig iron contained manganese; consequently, 
during the blowing of the charges by the Bessemer 
process the whole of the manganese was not oxidised, 
and therefore the product obtained was really a de- 
carburised iron or low-carbon decarburised iron, 
in which @ certain percentage of manganese finally 
remained, thus greatly assisting the malleability. 

There is not sufficient space in this paper to devote 
to this phase of the introduction of the Bessemer 
process, all full of interest. In any case, it will be seen 
how important the addition of manganese was to ensure 
the requisite malleability, whilst hot, of the steel 
produced, and to remove the red-shortness. Robert 
Mushet saw this, and took out four patents for improve- 
ments in the manufacture of iron and steel. 

In one of these, No. 2219, 1856, we find a specific 
reference to the addition of a compound or alloy of 
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to convey the necessary percentage of manganese. 
As the spiegel contained 5 per cent. to 6 per cent. of 
carbon, the steel produced was necessarily somewhat 
high in carbon, and the ship-plates so made often 
broke owing to lack of toughness in the steel. Mr. 
Pourcel, knowing of the existence of ferro-manganese 
prepared in the crucible, with carbon 6 per cent. 
and manganese 60 per cent. to 70 per cent., therefore 
replaced the spiegel with ferro-manganese and produced 
a steel with only one-fourth the former percentage of 
carbon. It was thus in 1867 that the Terre Noire 
Company delivered the first ship-plates in mild Bessemer 
steel. 

Mr. G. Magniny pointed out that we in England were 
the first to carry out the reduction of manganese ore 
into its metallic form, ferro-manganese, by means of 
the reverberatory furnace; in the Henderson process, 
installed in Glasgow, the method of producing ferro- 
manganese on a carbon hearth gave products much 





TasLte III.—ANALYSES OF BRITISH MANGANESE METAL AND ALLOYS. 









































Ferro-Manganese. Spiegel. 
High Low High Low High Low 
Manganese. | Manganese. | Manganese. | Manganese. | Manganese. | Manganese. 
Per Cent. Per Cent. Per Cent. Per Cent Per Cent. Per Cent. 
Manganese as ar See Af ae 80-00 60 -00 20-34 10 +2: 30-30 4-00 
Carbon... ie ae ae Be aa 7-20 6-40 4-95 3°82 5-50 3-50 
Silicon... ae - a we ae 0-380 0-60 0-70 0-50 0-50 0-25 
Sulphur .. ae ae a a Be 0-004 0-005 Nil Nil -- — 
Phosphorus 8 “a ES Sr ue 0-180 0-100 0-07 0-06 0-09 0-04 
Tron ae aig ee ne sg we 11-80 32-80 73°94 85-37 63-91 92-21 
2s Metallic Manganese. 
Manganese 90-35 90-50 92-20 95-30 96-00 97-85 
Carbon 1-18 0-78 1-04 0-08 0-06 0-025 
Silicon 0-92 0-49 4°96 1-40 0-60 0-64 
Sulphur _— _— _ _ 0-208 os 
Phosphorus 0-27 0-30 0-36 _- 0-068 _ 
Aluminium —_ _ _ _ 1-03 0-28 
Iron _— —_ _ _ 0-78 0-75 
Silico- Silico- 
(aie ae Low-Carbon Ferro-Manganese. Spiegel. Manganese. 

ea 1 
Manganese 79-10 79-34 88-13 20-00 70-30 
Carbon 0-58 0-94 1-28 1-40 0-75 
Silicon 6-22 0-66 1-31 12-30 20-70 
Sulphur a: 0-017 — Nil _— 
Phosphorus 0-157 0-164 —_ 0-08 _ 
Tron — _— a 66-22 ag 














TABLE IV.—SPecIMENS OF THE FERRO-MANGANESE EXHIBITED BY TERRE NorrE WorRKS IN 1878. 














Analysis. 
| 

Fe. | Mn. | C.C. | Si. | Ss. | P. 

Ferro-manganese (25 per cent. Mn) F 69-60 25-15 5°20 0-052 = 0-095 
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carbon, manganese and iron, purified or decarbonised 
—that is, blown material. Mushet also went so far 
as to say that he preferred to use the white crystalline 
castiron. To quote his words: ‘‘ The triple compound 
or material of or containing iron, carbon and man- 
ganese, may be conveniently and economically prepared 
by smelting into pig-iron or cast-iron metal in the 
blast furnace with either coal, coke, or charcoal fuel, 
such sparry carbonates of iron termed spathose, iron 
ores, or such other ores of iron as contain, besides iron, 
@ considerable quantity of manganese; and I prefer 
to use the whitecrystalline cast-iron metal thus obtained, 
and known in Prussia as spiegeleisen, for this white 
cast-iron metal, whilst it contains a large alloy of 
Manganese, is more free from sulphur, phosphorus, 
and silicon than the grey pig iron obtained from 
smelting spathose manganesic iron ores, and I prefer 
to use such varieties of this white crystalline cast-iron 
metal as are found to contain a large alloy of man- 
ganese,”’ 

Let us now turn to the equally interesting subject 
of how and why ferro-manganese developed in place of 
Spiegel. This was described by Mr. G. Magniny, of 
the Fonderies, Forges et Aciéries de Saint-Etienne, in 
his interesting monograph presented in April, 1925, in 
fonnection with the celebration of the Sixtieth Anni- 
gone of the entry into industry of Mr. Pourcel. 

t was there pointed out that steel ship-plates were 
produced from Bessemer steel in which spiegel was used 


less costly than the ferro-manganese produced in the 
crucible. To use Mr. Magniny’s own words, ‘‘ This 
process, which constituted a real and marked progress, 
was installed at Terre Noire in 1869.’ Then Mr. 
Pourcel, naturally desiring to reduce the cost of 
producing ferro-manganese, conceived the idea of 
solving the problem by establishing and installing 
methods of producing ferro-manganese in the blast- 
furnace. The great difficulty in the way was to 
avoid the lining of the blast-furnace being attacked, 
but, as Mr. Magniny says, the Henderson furnace method 
gave him the necessary idea, and that was quite 
sufficient, namely, to replace the silico-alumina bricks 
by carbon bricks. This idea was at once put into 
operation. Full information regarding his experiments 
was published by Mr. Pourcel* in a series of articles 
published in 1885, later reproduced by Moissan in 
Fremy’s ‘‘ Encyclopédie chimique.” 

Unhappily, in 1888, the Terre Noire Company, 
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be beyond the scope of the present paper. It may, 
however, be pointed out that for its production in the 
blast furnace high-grade ores are necessary, and that 
the process of smelting is apt to be expensive, not only 
because of the price of such ores, but also because the 
coke consumption of a blast furnace working on such 
a burden is much higher than when ordinary iron 
ores are smelted for the production of pig iron. Three 
tons of coke per ton of ferro-manganese produced is 
by no means an unusual consumption, but with 
carefully selected ores and coke of the most suitable 
description the consumption may be brought down 
to about 2 tons per ton of ferro-manganese. The loss 
in manganese may, moreover, be considerable, par- 
ticularly if the furnace is working at too high a tem- 
perature, when much of the metal may pass into the 
slag, and this is also liable to occur if insufficient coke 
is charged. 

Ferro-manganese produced in the blast furnace almost 
invariably contains appreciable percentages of carbon, 
from which it is almost impossible to divest it. Ferro- 
manganese produced in the electric furnace can, on 
the other hand, be obtained with comparatively low 
carbon. Into the reason for this it would not be 
possible, within the limits of this paper, to go in any 
detail, and, for similar reasons, the effect of the presence 
of silica, lime, alumina, and phosphoric acid, on the 
working side of the charge, and that of such other 
impurities as zinc, copper, &c., cannot, in this con- 
nection, be further dealt with. It must suffice to say 
that high-grade ferro-manganese can be made in the 
electric furnace, the direct consumption of carbon in 
such processes being much lower than in the blast 
furnace, and approximating to about 500 Ib. per ton 
of ferro-manganese. It is claimed that the electric 
furnace yields a purer product, and that the nature 
and grade of the product are under better control. 
Electric processes are, however, not very efficient in 
other respects, and the product, owing to the heavy 
consumption of current, is expensive. The losses, 
due to the greater volatilisation at the high tem- 
peratures employed, are also apt to be heavy, and the 
utmost skill and much experience are required in 
working an electric furnace for the production of ferro- 
manganese, if losses from these and other causes are 
not to become prohibitive. The cost of ferro- 
manganese produced in such circumstances is, therefore, 
higher than that of the blast-furnace product. The 
manufacture of silico-spiegel and spiegel is, however, 
almost invariably carried out in the electric furnace 
at the present time. 

On the other hand, the production of ferro-man- 
ganese in the blast furnace is the better and more 
economical process, although for certain kinds of work, 
where high purity is required, ferro-manganese pro- 
duced in the electric furnace may have advantages. 
The late Dr. J. E. Stead, F.R.S., in his presidential 
address to the Iron and Steel Institute in 1920, stated 
that the losses which occurred in smelting manganese 
ores amounted to 20 per cent. Apparently a similar 
figure applies to British present-day practice. 

The chief factor in determining the purity of ferro- 
manganese is the phosphoric acid content in the ore, 
rather than the process by which it is made. The 
author has had before him British ferro-manganese in 
which the phosphorus content is exceedingly low, 
so that by care and attention during the process of 
manufacture there is no doubt that the blast-furnace 
method can well hold its own. 

The oldest electrical processes for the production 
of ferro-manganese are the Gin process and the Hofer 
process. In the former, dehydrated sodium sulphate 
is added to the ore, previous to its reduction by carbon 


TasBLe V.—British Makers of Ferro-Manganese and their 
Output Capacity. 








Capacity 
—_— Number of | per Annum. 
Furnaces. Tons. 
| 
The Darwen and Mostyn Iron | 
Company, Limited . . a Sie) 5 | 75,000 
Dorman, Long and Company, | 
Limited aa ae es uel 2 45,000 
Linthorpe, Dinsdale Smelting Com- | 
pany, Limited a Pe eal 2 45,000 
United Steel Company (Workington 
Iron and Steel Branch) .. a 1 25,000 
Bolckow, Vaughan and Company, 
Limited xe oa ea -+| 1 25,000 
Wigan Coal and Iron Company, 
Ties | 1 25,000 





which did such splendid work in the advar it of 
metallurgy, and with which Mr. Pourcel had remained 
until 1883, closed down owing to financial difficulties. 
Mr. Pourcel, who is now eighty-five years of age, is 
one of the distinguished honorary vice-presidents of 
our Institute. 

Manufacture of Ferro-Manganese.—To give a detailed 
account of the manufacture of ferro-manganese would 








* Le Génie Civil, May, 1885. 


in the furnace. In the Hofer process, calcium fluoride 
is employed, and reactions take place in which both 
silica and phosphorus are volatilised and so eliminated. 
Ores which contain these constituents can, therefore, 
be treated by the Hofer process, although unsuitable 
for direct reduction in a blast furnace. A pig of 
neatly pure manganese, weighing over 100 Ib., 
obtained by this process, was shown at the Franco- 





British Exhibition, London, 1908, but, unfortunately, 
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no analyses were forthcoming to show the composition 
of the material. 

Dr. J. E. Stead, F.R.S., in his Presidential Address 
in 1920, already referred to, devoted one section to 
the consideration of the manufacture of spiegel and 
ferro-manganese. When speaking of the historical 
side and referring to the early days, about 1870 to 
1875, he mentioned that in his own experience with 
the German and Ebbw Vale spiegeleisen at the 
Gorton steelworks of Messrs. Bolekow, Vaughan and 
Company, Limited, in 1872, the higher manganese 





[May 20, 1927. 
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information is given, together with many references 
to the work of previous investigators, and, in particular, 
to early researches on the production of the pure 
metal itself. So far, indeed, as purity is concerned, 
the material produced in the electric furnace is often 
quite low in carbon. The analysis of a sample of a 
consignment of such material obtained from a Swedish 
firm by the author in 1921, is given below, and it 
shows that, apart from the question of carbon-free 
manganese, in the sense of the pure metal, ferro- 
manganese with less than 80 per cent. manganese 


TABLE VI.—ANALYSES OF FERRO-MANGANESE (80 PER CENT. MANGANESE) IN VARIOUS GRADES. 





Analysis. 


















































Source. 
| C. Si. 8. A Mn. Cu. Al. Ss. Fe. 
| Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. |Per Cent. | Per Cent. 
Ordinary Blast-Furnace Products. 
> 7:07 0-76 0-027 0-20 791 = -- == 12-84* 
i Sal 6-89 0-60 — 0-29 79-1 —_ —_ —_ 13-12* 
ay 6-80 0-78 0-029 0-276 80-5 a = ~= 11-61* 
“_ | 6-90 1-34 -- 0-266 79°4 — os -- 12-19* 
Special Products of High and Low Carbon. 
Norwegian sie i i 6°94 | O-21 0-014 0-18 78-5 0-016 = 0-046 14:1 
Comptoir General d’Usines 2:09 | _ _— 0-292 80-0 —_ — — 17-62* 
(French Electric Furnace) (estd.) 

Ferrolegeringar (Swedish) 0-94 0-66 0-017 0-154 79-34 — — — 18 -89* 
St. Beron (French) ae .. | 0-58 §-22 — -157 79-1 — — -= 15-03* 
Metallic Manganese. 

Thermit .. ai oi +» | 0-025 | 0-64 | -— | — 97-7 0-23 0-28 = 0-74 
Watsons... os - --| 0:06 | 0-60 | 0-208 0-068 96-0 — 1-03 —_ 0-78 
Blackwells = a% -. | 0-08 } 1-40 | —_— =< 95-3 —_ oa sks 3-22* 
Hall & Co. si ss Be | 0-11 | —_ — 95-28 co ad — 4-61* 





* These figures represent iron by difference, and are necessarily approximate, owing to the presence in appreciable 


quantities of other elements not determined by analysis. 


in the latter made a great difference to the hot-working 
properties of the steel. Red-short cracks, common 
when the German material was used, practically 
disappeared, and, instead of having to cold-dress 
nearly every hammered bloom, little dressing was 
necessary. He further stated that, following the 
advantage derived from the use of higher manganese, 
and with the availability of the manganiferous ores 
of South Spain, the Ebbw Vale Company soon 
produced material containing from 17 per cent. to 
20 per cent. manganese. Messrs. Bolckow, Vaughan 
and Company, Limited, in 1873, at their Witton 
Park Works, were the first to produce a similar quality 
on the North-East Coast. Other makers in Sheffield 
and elsewhere soon followed. Within a year or two 
little or no German spiegeleisen was used in the manu- 
facture of rails in this country. 

Then came Pourcel in 1875, and, as narrated else- 
where, solved the problem of producing rich ferro- 
manganese in the blast-furnace, containing 40 per cent., 
50 per cent., and eventually up to 85 per cent. man- 
ganese. Great credit is due to British makers for the 
way in which they developed this important manu- 
facture. Table V, on page 607, gives the names of 
the British makers of ferro-manganese, the number 
of furnaces they employ, and their capacity per 
annum. It will be seen that the largest manufacturers 
of ferro-mangancse are the Darwen and Mostyn 
Iron Company, Limited. 

The author thought it would also be of interest 
to give the analyses of ferro-manganese of the various 
grades used by his firm. They are shown in Table VI. 
It may be interesting to add that amongst deliveries 
to the author's firm in 1892 was material containing 
no less than 88-88 per cent. manganese, quite a 
metallurgical feat. In the early days of the manu- 
facture of spiegei, which came from the Continent, 
it was thought quite a triumph to obtain 12 per cent., 
16 per cent., or 20 per cent. manganese in the spiegel. 

As regards any improvement in the manufacture of 
ferro-manganese, there seems to be but little difference 
in the type and quality compared with that of the 
material which originated with Mr. Pourcel in 1875. 
The author, however, points out that it would be 
very desirable and useful if ferro-manganese could be 
produced containing under 0-05 per cent. of the 
metalloid phosphorus. There is no doubt that for 
special purposes such a product would be of much 
practical service. 

Carbon-free Ferro-Munganese.—Many efforts have 
been made from time to time to obtain ferro-manganese 
in the blast-furnace free from carbon ; or, alternatively, 
to submit the blast-furnace product to some process of 
refining which would have the result of getting rid 
of the carbon it contained. A valuable paper was 
presented on this subject to the Carnegie Scholarship 
Committee of the Iron and Steel Institute, in 1906, 
by two British metallurgists, E. G. L. Roberts and 
KE. A. Wraight.* The paper covers a wide field, and 
while the results of the experiments recorded therein 
are inconclusive, a mass of interesting and valuable 








* Journal of the Iron and Steel Institute, 1906, No. Il, 
pages 229—286. 





can likewise be obtained with a fairly low carbon 
content. 


Per cent. 
Manganese ig ae 79.34 
Carbon ... een poe oo 0.94 
Silicon... ane aoe Nee 0.66 
Sulphur ae 0-017 
Phosphorus er : 0.154 


Reference to the analyses given in Table III further 
serves to show the extent to which the problem of 
producing carbon-free ferro-manganese may now be 
regarded as having been solved. 





THE DEVELOPMENT OF THE DIESEL- 
ELECTRIC LOCOMOTIVE. 


THE economic advantages resulting from the use of 
internal-combustion engines running on residual oil 
have now become fully recognised all over the world, 
and many more or less successful attempts have been 
made to employ such engines for railway work. It 
has generally been accepted, however, that the Diesel 
engine has certain limitations which militate against 
its success in this class of work, the more important 
of these being its relative inflexibility and its high 
weight to power ratio. As regards the former, it 
appears to have become generally accepted that the 
Diesel engine itself is capable of little improvement in 
the required «direction, and that the problem of its 
successful employment for locomotive work could only 
be solved by a flexible transmission. Many ingenious 
transmission systems have been developed, for parti- 
culars of some of which we may refer our readers to a 
paper on * Traction on Rails by Internal-Combustion 
Engines,” read by Mr. Eugene Brilli¢é, before the 
British Section of the Société des Ingénieurs Civils de 
France, in 1925, and reproduced in ENGINEERING, 
vol. exix., page 491, et seg. It will be found that 
the majority of the systems fall within one of two 
classes, the required flexibility being obtained either by 
change-speed gearing or an electric transmission. It 
may be noted in passing that these solutions are iden- 
tical with those employed for road vehicles, the gear 
box in this case having a very marked preponderance 
over electric transmission. 

Little difficulty now exists in obtaining a figure of 
about 2 lb. of coal per draw-bar horse-power-hour in 
the case of a steam locomotive, while the corresponding 
brake figure for a Diesel locomotive engine is from 0-4 
to 0°45 lb. of oil. As an approximate comparison, the 
steam plant thus uses about five times the weight of fuel 
per b.h.p. hour. Taking the price of coal at 22s. 6d. per 
ton, and of oil at 4/. 10s. per ton, it will be seen that 
the Diesel locomotive is more economical in fuel to the 
extent of about 20 per cent. It should be borne in 
mind, however, that the stand-by losses may increase 
the overall figure for a steam locomotive to between 3 
and 4 lb. of coal per b.h.p. hour, and as these losses are 
practically negligible in the case of the Diesel locomo- 
tive, the overall fuel economy is considerably higher than 
would appear from the above comparison. The actual 
difference is greater than in any other field of power engi- 
neering at the present time, and is far greater than any 








possible advantage resulting from the change over from 
the turbine to the oil engine in marine practice. In 
view of the potential advantages, and of the relatively 
small extent to which heavy-oil engines have been 
employed for rail traction, it will be evident that the 
difficulties involved must be exceptionally great. Unless 
one or other of the entirely new methods of applying 
the Diesel engine to railway work, which are at present 
under investigation, prove successful, it would appear 
from what has already been said that future develop. 
ments must be looked for, in spite of preconceived 
views, in the direction of improvements in the engine 
itself, and that the transmission will continue to be 
either of the electrical type or by gear box. In view 
of the experience of road-vehicle users, it would appear 
at first sight that the former of these alternatives would 
be preferable to the latter, but the cases of the railway 
locomotive and the road vehicle are not truly com- 
parable. The latter normally employs a petrol engine, 
which is capable of much greater flexibility than the 
Diesel engine, and in addition the initial starting torque 
demanded from the locomotive is relatively much 
greater. The electrical system permits of any desired 
degree of torque variation, and eliminates any problems 
associated with gear changing. In the past, many 
designers have preferred to rely on the gear box on the 
grounds that the oil-electric drive involved a locomotive 
which was unduly heavy and expensive, these factors 
resulting from the high weight and comparatively low 
speed of the Diesel engine. 

It would appear, therefore, as already suggested, 
that the real problem lies in the engine itself, and that 
if it were possible to devise a light weight, fast-running 
type, the difficulties associated with the oil-electric 
drive’ would be overcome, and it would be possible to 
take full advantage of the experience gained with the 
normal type of electric locomotive. In effect, the 
problem would become that of substituting a light- 
weight oil engine for the resistances and switchgear of 
the electric locomotive. As is now well known, Messrs. 
William Beardmore and Company, Limited, have 
been working on this problem for a number of years 
at their Parkhead Works, and their investigations have 
led to the gradual evolution of a quick-running engine 
of the required type. A short description of an eight- 
cylinder engine made by this firm, running at 750 
r.p.m., and developing 400 brake horse-power on a 
weight basis of 2} tons, was given in a paper on ‘* The 
High Efficiency Oil Engine,” read by Mr. A. E. L. 
Chorlton before the Institution of Mechanical Engineers 
in March, 1926. This paper was reproduced on page 409 
of vol. exxi of ENGINEERING, and it will be seen that 
the author mentioned that the engine had been applied 
to railway service with satisfactory results, the cost 
being much below that of steam power. Engines of 
the type described are now built in several sizes, and 
have been very successful in practice. They have 
been in use on the Canadian National Railways for 
over 18 months, the total mileage now being more 
than 600,000, some sets having exceeded a mileage 
of 100,000 without a refit. As fitted to railcars, 
they are drawing trailer cars giving an equivalent of 
nearly double the original load contemplated. The 
running costs have now been determined over a reasoli- 
able period, and it is found that the cost per train-mile 
works out at 13d., this figure including wages of crew, 
cost of fuel and’ lubricating oil, incidental stores, shop 
repairs, running repairs, roundhouse expenses, and all 
charges. In comparing the cost with that of other 
forms of motive power for rail transportation, the high 
acceleration and maximum speed of 50 miles per hour 
reached by these cars must be taken into consideration. 
The high rate of labour costs prevailing in Canada must 
also be taken into account, this averaging over 6d. per 
train-mile. 

This successful experience has been the forerunner of 
further developments by Messrs. Beardmore with this 
class of engine. In their examination of the problem 
of railway transport with Diesel-electric traction, the 
firm have arrived at a rough classification of the re- 
quirements into three groups, which can best be met 
respectively by locomotives, motor trains, and rail 
cars. By the courtesy of the firm, we had recently an 
opportunity of visiting the Parkhead Works and examin- 
ing engines under construction for these different 
purposes. All the engines are constructed on the same 
general principles, and we have selected a six-cylinder 
engine for service in a motor train for detailed descrip- 
tion, as this may be taken as typical of all. 

Two photographs of the engine are reproduced in 
Figs. 1 and 2, Plate XX XII, an end elevation is given 
in Fig. 5, and longitudinal and transverse sections 
are given in Figs. 3 and 4. A sectional view through 
the governor is given in Fig. 6, opposite. From these 
illustrations it will be seen that the design is very 
similar to that of the engine described in Mr. Choriton's 
paper, but a reference to the drawings of this oon 
engine, which were reproduced on page 411 0 
vol. exxi, of ENGINEERING, will show that a number 
of modifications have been made in the latest model 
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to fit it for special duty. The engine operates on 
the four-stroke cycle, with solid injection. It has 
a bore of 8} in. and a stroke of 12 in., and develops 
300 brake horse-power at a speed of 750 r.p.m. 
Cast steel is employed in the construction wherever 
possible, giving ample strength and rigidity, with 
a weight of about 13 Ib. for each brake horse- 
power developed. As will be clear from Fig. 4, the 
upper half of the crankcase and the cylinders are in 
the form of a single monobloc casting, while the lower 
half of the crankcase forms a pedestal which supports 
the engine on the baseplate, and is extended to carry 
the lower half of the armature housing for the generator. 
Both the cylinder block and pedestal are of cast steel. 
The cylinder block is bored out to receive the liners, 


ENGINEERING. 





609 





shaft is mounted in a passage running through the 
cylinder block near the top, as shown in Figs. 3 and 4, 
and the exhaust valves are operated by a push rod and 
rocker. The inlet valves are operated from the same 
shaft through a bell-crank lever and second push 
rod, which is carried across the top of the head as 
shown in Fig. 4. The valve tappets are of aluminium 
and are provided with rollers in contact with the cams. 
They work in cast iron guides and are fitted with springs 
to take up any slack in the valve gear. A half-com- 
pression device is provided which takes the form of a 
series of cams on the inner ends of short shafts projecting 
through the wall of the valve casing, as shown on the 
right in Fig. 6. The shafts are all fitted with outside 
levers, which are connected to a common operating 





such circumstances. In practice, the governors are 
controlled on a common electrical circuit to obtain the 
required result. Referring to Fig. 6, it will be seen 
that the governor proper is of the usual centrifugal 
type, driven through spiral bevel gearing from the 
crankshaft of the engine. As the weights move 





outwards, they cause the central spindle to lift and tilt 
the horizontal lever shown in the figure against the 
pressure of the control spring. It will be noticed that 
the horizontal lever is connected at its right-hand end 
to a plunger, the position of which controls the quantity 
of fuel supplied to the cylinders. The control spring is 
mounted in a cage forming part of a bracket, which is 
pivoted at the upper right-hand corner. This bracket 
can be rotated on its pivot by a pinion engaging with a 


Fig. 6. 
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which are of plain carbon steel. They are held in 
Place by a flange under the separate cylinder heads, 
and are free to expand downwards, as shown in Fig. 4. 
he crankshaft is supported between each pair of throws, 
48 shown in Fig. 3, the main bearings being fitted with 
mild steel shells, lined with white metal. A vibration 
omer is fitted on the end of the shaft remote from 
the flywheel, immediately beyond the gear train shown 
he: 3. The connecting rods are of nickel steel. 
‘He pistons are made in two parts, the heads being 

-alloy forgings, and the skirts copper-aluminium alloy. 
hey are fitted with one scraper and four gas rings. The 
gudgeon pins are of the full floating type, and are 
= from case-hardened nickel steel. Contact 

tween their ends and the cylinder bore is prevented 
ea it metal caps. The small ends are bushed 
dea Rhoophor bronze, the big ends being fitted with 
a ‘ ells lined with white metal. The cylinder heads, 
illo: are shown in section in Figs. 3 and 4, are aluminium 
an castings, the valve seats being of nickel-chrome 
pe cast into the heads. As will be clear from Fig. 4, 

ple water Spaces are provided in the head. 
a head is fitted with one fuel-injection, two inlet, 
and two exhaust valves. The inlet valves are made from 
per cent. nickel steel, and the exhaust valves are also 

Nickel steel with a higher nickel content. The cam- 
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lever, is shown in Figs. 1 and 2. When the cams are 
rotated, they make contact during a portion of the 
stroke with the bell crank levers through which the 
inlet valves are operated, and thus reduce the com- 
pression. The valve gear is completely enclosed in 
an aluminium cover. The camshaft, which is carried 
in six aluminium alloy die cast bearings, is a one-piece 
nickel-steel forging, and is driven from the crankshaft 
by a train of gear wheels in the detachable aluminium- 
alloy end casing shown in Fig. 3. The end casing can 
also be clearly seen in Figs. 1 and 2. All the gear-wheel 
spindles in the train are mounted on ball bearings. The 
governor is housed in a separate box bolted to the 
gear casing, and a third casing, bolted to the governor 
box, contains the fuel pumps. 

A section through the governor box is given in 
Fig. 6. The governing of the engine constitutes 
one of the most difficult problems to be solved in 
connection with motor trains, as it may be necessary to 
vary the speed of the engine between 250 and 750 r.p.m. 
with a total variation at any speed not exceeding plus or 
minus 2} per cent. The trains may be required to run 
with a motor-car at each end, in which case one of the 
engines would be entirely under remote control, and 
the governor arrangements must be such that both 
engines are always running at the same speed under 


quadrant rack cut on its left-hand edge. The pinion 

also engages with a vertical rack terminating in a piston, 

| the position of which can be varied by supplying oil 
to the upper or underside as required. The oil supply 
to one side or the other is regulated by the control valve 
visible to the left of the cylinder. This control valve 
can either be set by hand or with a solenoid through 
the levers connected to its underside, which are coupled 
to the external link gear, visible in Figs. 1, 2 and 5. 
It will be observed in Fig. 6 that the horizontal lever is 
provided with a vertical arm at the left-hand end. The 
end of this arm is in the form of a ball, making contact 
with a spring-loaded dash pot, the object of the arrange- 
ment being to prevent hunting. 

When the control plunger is raised, oil is admitted from 
the space surrounding the centre of the plunger to the 
top of the piston, while oil is also permitted to escape 
from the underside through the lower cylinder port, and 
slots in the rings at the base of the plunger, into the 
governor casing. The piston descends as the pressure 
is built up on the upper side, and carries with it the 
inclined lever to which the control valve is attached, 
thus automatically shutting off the oil supply to the 
piston. In descending, the piston rotates the pinion 
and thus swings the bracket, carrying the control 
spring, on its pivot. This will cause the roller on the 
lower end of the spring abutment to move towards the 
centre of rotation of the horizontal lever, and will thus 
alter the mechanical advantage of the latter, at the 
same time altering the spring compression. It will be 
clear that the arrangement described varies the spring 
load in relation to the centrifugal force at each specific 
engine speed. 

The fuel pump body, which can be clearly seen in 
Figs. 1 and 2, is machined from a solid steel block 
in the usual way. There are three vertical plungers, 
each supplying two cylinders, driven from eccentrics 
on an extension of the crankshaft. An Oldham 
coupling is fitted between the extension, which is 
carried on ball bearings, and the shaft proper. The 
fuel oil from the storage tank first passes to a small 
gear pump, visible in Fig. 1 on the extreme left. 
This raises the pressure in the supply pipe to the 
fuel pumps to about 40 lb. per square inch. The 
fuel, after leaving the gear pump, passes through 
a filter, and enters a reservoir which is directly 
connected with the control valve passages of the 
fuel pump. The reservoir is fitted with a relief 
valve, which is set to discharge at approximately 
40 lb. per square inch, and is fitted to deal 
with the by-pass oil from the main pump, which is 
returned into the reservoir as explained later. 
Parallel with each pump plunger there is a fuel 
control valve and a switch valve, both of the piston 
type. The object of the former is to controi the 
quantity of fuel delivered to the engine, and the 
time of injection. The function of the switch valve 
is to direct the fuel to one or other of the two cylinders 
connected with each unit of the pump. The control 
valve is driven from a rocking link in phase with the 
main plunger. This link is mounted on an eccentric 
fulcrum, and the injection is timed by varying the 
eccentricity. There is a double helix formed on the 
control valve, corresponding with a similarly-shaped 
port in the pump block. The connection between the 
valve spindle and the valve is in the form of a ball 
joint, so that the valve can be rotated on its own axis. 
It is carried through above the top of the pump body, 
and terminates in a wheel engaging with a rack. 
This rack is connected to the governor control shown 
on the left in Fig. 6, and also to the hand control. 
The rotation of the control valve regulates the supply 
of fuel by giving a greater or less sealing effect to 
the port. The narrowest part of the helical portion of 
the valve is slightly greater than the width of the 
port, and when this is facing the port, no fuel is 
admitted to the engine. As the valve is rotated, 
the portion covering the port gradually becomes 
wider, the amount of lap governing the quantity of 
oil delivered. The design provides a very rapid 
closing and opening of the port at the moment of 
injection, resulting in a sharp cut-off and instantaneous 
closing of the fuel-valve needle. On the upward stroke, 
injection commences when the plunger is approxi- 
mately in its mid-position and travelling at its greatest 








velocity, the control valve sealing the port at this 
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point. Previous to this, the main plunger has been 
by-passing the oil back into the reservoir, and after 
injection has been completed, the oil is again by-passed 
to this chamber. As the pump is driven at engine 
speed, each plunger will deliver a supply of oil at 
every revolution of the crankshaft, and this is directed 
to the appropriate cylinder by the switch valves 
referred to. 

The atomisers, one of which is shown in Fig. 4, 
are of the automatic type with spring-loaded needle 
valves. They are provided with a number of small 
holes in the nozzles, so that the fuel is injected in the 
form of a very fine spray. The pressure of the oil in 
the supply main causes the needle to lift against the 
spring at the point of injection, and after injection is 
completed, the needle is returned by the spring pressure. 
The injection pressure is approximately 8,000 Ib. 
per square inch. Each cylinder is provided with a 
vent cock, one of these being shown in Fig. 6. This 
enables the charge to be by-passed to a return pipe 
running along the cylinder heads. By this means 
any cylinder can be cut out at will for test purposes 
as required. There is a return pipe from each 
atomiser, this pipe serving to carry any oil leaking 
past the fuel valve packing back to the return pipe. 
All drained oil is returned to the tank by a small 
geared pump mounted on the back ef the pump, which 
serves to put the fuel supply under initial pressure. 

The lubricating oil and circulating water pumps are 
mounted respectively on the side and bottom of the 
governor casing, as shown in Figs. | and 2. Both 
pumps are driven by spiral bevel gearing from the 
wheel on the crankshaft, shown driving the governor 
in Fig. 6. The lubricating oil is drawn from the 
sump through a coarse filter, and after passing through 
the pump enters a second filter. All the main 
hearings of the engine are pressure fed, including 
the small ends, to which the oil is directed by pipes 
up the connecting rods. A lead is taken to the end 
of the crankshaft as shown on the left in Fig. 2, and 
from this point the oil passes through the hollow shaft, 
and is taken by suitable leads to each camshaft bearing. 


(To be continued.) 








THE LATE MR. ALLAN STIRLING. 


Tue death of Mr. Allan Stirling at his home in 
Norfolk, Virginia, on February 3, 1927, at the age of 
82, removes one whose name has been familiar for two 
generations, but of whose career little is probably 
known by British engineers. Mr. Stirling was born 
at Rutherglen, Scotland, on July 25, 1844, and attended 
the High School of Glasgow. In 1860 he went to 
America, and in the course of time graduated in 
engineering at the Cooper Institute, New York. His 
first appointment was at the well-known De Lamater 
Iron Works, New York, but in 1862 he entered the 
service of the Navy Department, and during the Civil 
War was employed on the machinery designs for some 
of the monitors. The war over, he entered the shops 
of Anderson and MacLaren, and later on, as a draughts- 
man with Winslow, Griswold and Holley, of Troy, 
N.Y., was connected with the design of one of the first 
Bessemer steel plants in the United States. Subse- 
quently for eleven years he held an important position 
with the Burden Iron Works, of Troy, and from 1878 
to 1880 was in charge of the mechanical department of 
the Metropolitan Elevated Railway of New York. 

About this time he determined to specialise in steam 
boiler work, and it was in 1883 he suggested to his old 
friend, De Lamater, the construction of a boiler for 
working at 300 lb. pressure. Later on he established 
works in Canada, and the design of the three-drum 
Stirling boiler is said to have come to him during a 
night journey in a Canadian train. From this sprang 
the well-known four-drum Stirling boiler, patented 
by him in 1892, for the manufacture of which the 
International Boiler Company was formed. The 
remainder of Mr. Stirling’s career was bound up with 
the development of this boiler, and, though it is many 
years since he retired from business, he occasionally 
designed a boiler for an old customer. Through his 
friend, Alexander Holley, Stirling joined the American 
Society of Mechanical Engineers at its foundation in 
1880, and read a paper on boilers at its first meeting. 
He also served as manager of the Society from 1861 
to 1884, and for two years was one of its vice-presidents. 








LAUNCH OF THE 8.8, ‘‘ Van OuTHOORN.’’—A successful 
launch took place, at the yard of the De Maas Ship- 
building Company, Slikkerveer, Holland, on Thursday, 
May 12, of the S.S. Van Outhoorn, the second of three 
similar vessels which the company has in hand for the 
same owners. The vessel has a deadweight capacity of 
1,340 tons and a total displacement of 3,340 tons, her 
main dimensions being :—Length, 299 ft. 10}in.; breadth, 
45 ft. llin. ; anddepth, 17ft. The propelling machinery 
together with the boilers, are being supplied by Messrs. 
Fyenoord, of Rotterdam, and are designed to give the 
vessel a speed of 12 knots. 









ENGINEERING. 


THE LUTON WORKS OF ELECTROLUX, 


LIMITED. 


In our last week’s issue, on page 579, we illustrated 
and described the latest type of Electrolux refrigerator, 
and mentioned that these appliances were now being 
manufactured at the works of Messrs. Electrolux, 
Limited, at Luton, Bedfordshire. These works, we 
may now add, were officially inaugurated on Wednes- 
day last by the Rt. Hon. Sir Robert Horne, P.C., 
G.B.E., the opening ceremony being followed by a 
luncheon and a brief tour of inspection of the works. 
From the speech of Major H. A. Wernher, who occupied 
the chair at the luncheon, we understand that the 
company took over the buildings of a previously 
existing aircraft factory about a year ago, and have 
since equipped them for the production of the refri- 
gerators and of domestic vacuum cleaners. The 
latter, it may be mentioned, were previously manufac- 
tured in Sweden for the British market, and it is a 
comparatively recent decision to manufacture the 
greater part of them at the Luton works, in addition 
to the refrigerators. 

At present, the motors for the vacuum cleaners and 
certain partly-manufactured parts of the refrigerators, 
are imported or purchased, but much of the manufac- 
turing work is done at the new factory, and it is 
intended to increase the proportion in the near future. 
The works include an extensive plant for welding up 
the parts of the refrigerator units, exhausting the air 
from them, charging them with ammonia, water and 
hydrogen, and afterwards carrying out exhaustive 
tests. In passing rapidly through them on Wednesday 
last, we noticed a device, not mentioned in our previous 
description of the apparatus, for automatically cutting 
off the heat in the event of a failure of the supply of 
cooling water. Other items of interest in the equip- 
ment of the works are a plant for coating the seamless- 
steel linings of the refrigerators with porcelain, and 
plants for nickel plating various components, and 
polishing aluminium, the latter being used mainly in 
the production of the vacuum cleaners. 

As in all modern factories, the general lay out has 
been designed to facilitate a high rate of production, 
the materials entering at one end and the work 
proceeding progressively through the shops until the 
products finally reach the other end in the completed 
form. Ample space is available for the extension of 
the works as the demand increases, some 200 acres of 
adjoining land having been acquired for this purpose 
and for the erection of housing accommodation for the 
employees. These, at present, number about 500, 
and their comfort and well being has been attended to 
by the provision of lunch and recreation rooms, sports 
fields, and other amenities. A bonus system, it may be 
added, has also been instituted. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Clereland Iron Trade.—The situation as regards 
Cleveland pig-iron is far from satisfactory. Producers 
continue to absorb the bulk of the output at their own 
steelworks, but after making such provision, the very 
limited quantities for disposal in the open market are 
more than ample for current needs, with the result that 
stocks are now noticeable at makers’ yards. Customers 
consider quotations still too high, and in anticipation 
of further downward movement, are confining purchases 
to parcels sufficient to cover early urgent requirements. 
No. 1 quality is on offer at 77s. 6d. ; No. 3 g.m.b. at 75s. ; 
No. 4 foundry at 74s.: and No. 4 forge at 73s. 6d. 


Hematite.—Stocks of East-coast hematite iron are 
assuming rather large dimensions, and makers fear thev 
may be compelled to put one or two furnaces out ci 
operation shortly. In their anxiety to keep plant 
running, firms are prepared to shade the reduced market 
rates, which are declared to be unprofitable. No. 1 
quality is offered at 80s. 6d., and Nos. 1, 2, and 3 are 
now put at 80s. 

Foreign Ore.—It is almost impossible to put through 
new business in foreign ore just now, but imports against 
running contracts continue exceptionally heavy, and 
nominally market rates are upheld on the basis of best 
rubio at 22s. c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke 
quotations are still falling; though makers are very 
disinclined to acknowledge continued downward move- 
ment, and declare that current rates are well below cost 
of production. Consumers, however, confidently look 
for still lower figures in the near future. Good med iuin 
sorts are 22s, to 22s. 6d. delivered here. 


Manufactured Iron and Stecl.—Tonnage output cf 
finished iron and steel keeps heavy, and some manufac- 
turers are well sold over the next month or two, but 
arrears of deliveries appear to have been overtaken ; the 
new contracts to follow on orders, which are being executed, 
are very difficult to arrange. Prices are not quotably 
altered, but, in sonie cases. recognised market rates can 
be shaded. Common iron bars are I1/. 15s. ; best bars. 





127. 5s.; best best bars, 12/. 15s. ; iron rivets, 12/. 5s.; 
steel rivets, 12/.; packing (parallel), 82.; packing 


(tapered), 11/.; steel billets (soft), 77. 12s. 6d.; steel 
billets (medium), 8/. 2s. 6d.; steel billets (hard), 
8l. 12s. 6d.; steel ship plates, 8/. 2s. 6d.; steel angles, 
7l. 128. 6d. ; steel joists, 71. 12s. 6¢.; and heavy sections 
of steel rails, 87, 10s. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—Very little change can be reported 
in the state of the Scottish steel trade this week. In the 
majority of cases active conditions rule, but in some works 
the orders on hand for plates are nearing completion 
and little fresh has been booked for forward delivery. 
A certain amount of new work is being picked up, here 
and there, but volume is lacking and the future still causes 
some concern. Thereis a shade more doing in sections of 
late, but the amount of actual new business is not very 
large. Sellers of Continental steel are again active 
and are offering material, c.i.f. Glasgow, at prices which 
the local makers could not even consider for one moment. 
The black sheet makers are inclined to be quieter, 
particularly in the home trade, but the export markets 
show a tendency to waken up again. The following are 
to-day’s prices :—Boiler plates, 11/. per ton ; ship pistes, 
8. 2s. 6d. to 8l. 5s. per ton; sections, 7/, 12s. 6d. to 
71. 15s. per ton ; and sheets, under + to fin., 10/. to 12/. 
per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—A dull and quiet tone con- 
tinues in the West of Scotland malleable-iron trade, and 
makers are hard put to it to keep their plant running. 
There are not many orders on hand and inquiries do not 
indicate any sign of a revival in buying. Makers of 
re-rolled steel bars are also feeling the pinch. The home 
price for the latter is 8/. 2s. 6d. per ton, but export lots 
can be had at from 7. 17s. 6d. to 8l. per ton. For 
“crown” bars the price delivered Glasgow stations 1S 
unchanged at 11/. 5s. per ton. 


Scottish Pig-Iron Trade.—Weakness characterises the 
Scottish pig-iron trade and producers sometimes have 4 
little difficulty in disposing of their output. Hematite 
moves quite freely of course, but foundry grades are not 
much sought after at present. The number of furnaces 
in blast is unchanged and there is no talk of any more 
being put into commission in the meantime. The current 
market quotations may be taken as under :—Hematite, 
85s. per ton, delivered at the steel works ; foundry iron, 
No. 1, 89s. per ton, and No, 3, 84s. per ton, both on 
trucks at makers’ yards. 





Scottish Pig-Iron Shipments.—The shipments - 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, May 14, amounted to 827 tons. 
Of this, 795 tons went overseas and 32 tons coastwise. 

TriaL Trip oF THE §S.S. “Ciry oF Hznzrorp. 


Successful trials were carried out on the Firth of ¢ 
on Wednesday, May 4, of the single-screw steamer 
City of Hereford, when a mean speed of 13} knots pe 
attained. A description of this new v ssel, which ha 
been built by Messrs. Barclay, Curle and siccaraat rt 
Limited, for Messrs. The Ellerman Lines, Limited, 
will be found on page 440 ante, written on the occasion 
of her launch. 
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NOTES FROM SOUTH YORKSHIRE.|; NOTES FROM THE SOUTH - WEST. 


SHEFFIELD, Wednesday. 
Hull Coal Trafic.—Though the total tonnage received 


Carpirr, Wednesday. 
The Coal Trade.—In accordance with the terms of the 


at Hull from South Yorkshire collieries, both for last | agreement reached in November last, the minimum wages 
month and for the four months of this year inclusive, | of colliery workers in South Wales will suffer a reduction 


was less than in the corresponding period last year, a 
welcome expansion in export business is indicated in the 
official returns. For the year, the quantity sent abroad 
was 24,000 tons greater than for the related period in 
1926, while for April alone the improvement was about 
14,000 tons. ‘The greatest expansion during April was 
in business with South America, which exceeded 26,000 
tous, as compared with 14,000 tons in the corresponding 
month last year. Improvements were also shown with 
South Yorkshire’s next largest buyers, namely, France 
and Sweden. Italy came next in the order of volume 
of purchases, and signs of revival were indicated in 
business with Iceland and Norway. 


Iron and Steel.—In heavy steel manufacture, the im- 
provement hoped for since Easter has not materialised. 
Production of bulk steel now being in excess of require- 
ments, a third open-hearth furnace has been put out of 
conunission. There is still, however, great activity in 
bulk steel in closely related districts, and if expiring 
contracts can be replaced reports may become more 
satisfactory. Forges and rolling mills are operating well 
within capacity, but at the same time are providing a 
bigger tonnage than in pre-war times for consumption in 
the engineering industries. Active conditions prevail in 
electrical and automobile engineering. German and 
other Continental producers are competing very keenly 
for business in special steels, particularly with South 
Africa. 


South Yorkshire Coal Trade.——Though working short 
time, house-coal pits have the greatest difficulty in dis- 
posing of their outputs. There is no sign that recent 
reductions in prices have stimulated the inland demand. 
Collieries are offering special lots at cheap rates. Accord- 
ing to some producers, supplies can be had below the 
actual getting cost. Inland sales of best steam hards are 
fairly good. South Yorkshire is getting a fair propor- 
tion of export business, but is having to meet cut rates 
from pits in districts nearer the coast. Despite the 
easing in other grades of coke, the official quotation for 
blast-furnace coke is unchanged. Quotations are :—Best 
hand-picked branch, 30s. to 3ls.; best house, 25s. to 
27s. 6d. ; screened house coal, 22s. to 24s. ; screened house 
nuts, 18s. 6d. to 20s. 6d. ; Yorkshire hards, 18s. to 20s. ; 
Derbyshire hards, 18s. to 20s.; rough slacks, 10s. 6d. 
to lls. 6d.; nutty slacks, 8s. to 9s.; and smalls, 3s, 
to 5s. 6d. 





LAUNCH OF THE LIGHTERS “‘ ENcINA ” AND “‘ ENEA.”’— 
Two of the four steel port lighters, the Encina and the 
Enea, which are being built by Messrs. Harland and Wolff 
at their Govan shipyard, to the order of the Argentine 
Navigation Company (Nicholas Mihanovitch), Limited, 
Buenos Aires, were successfully launched on Thursday, 
May 5. These lighters, which are built in two sections 
to facilitate shipment, are 90 ft. long, 28 ft. broad, and 
7 ft. 6 in, deep, and will carry 350 tons deadweight on 
a draught of 7 ft. Two large hatches are provided, 
together- with derricks and hand winches for dealing 
with loads up to two tons. 





TeNpERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—-The Municipal Council of Johannesburg are 
inviting tenders for the supply of (a) three 6-ton steam 
wagons, and (b) four 4-ton trailers. Contract No. 789. 
Tenders to reach Johannesburg by June 2. Local 
representation is, in practice, essential. (Ref. No. AX 
4691.) There are two calls from the South African 
Railways and Harbour Board, both of which are to be 
presented hy June 30. One is for thesupply and delivery 
of gas-filled and vacuum electric lamps for the twelve 
months ending December 31, 1928. Contract No. 1009. 
(Ref. No. BX 3518.) The other is for telegraph material. 
Contract No. 1006. (Ref. No. BX 3519.) 





_Mevat CLEANING BY MEANS OF TRICHLORETHYLENE.— 
Since 1924, the railway repair shops at Grunewald, near 
Berlin, have been using trichlorethylene, instead of 
caustic soda, for degreasing the parts of machinery, such 
88 gears, piston rods, &c., and rolling-stock, before ing 
them on for repairs. Trichlorethylene, C2HCls, re- 
sembles chloroform, has the density 1-47, boils at 87 
deg. C., and is an excellent solvent for grease, oil, resins, 
tars, &c. It is used as a substitute for benzene, because 
itis not explosive and is cheaper. The trichlorethylene 
does not mix with water, and can hence be separated from 
the oil by slightly superheated steam with recovery of 
both the trich orethylene and the oil, and does not corrode 
metals even in the presence of hot water. The dry metal 
Parts are put in wire baskets, which may revolve, and 
treated for 10 or 15 minutes with the trichlorethylene 
vapours, being kept hot and allowed to cool ; the liquid 
amtilled. The trichlorethylene only extracts the grease ; 

16 rust and dirt are afterwards removed by revolving 
a brushes, The special plant for continuous cleaning, 
per was the first of its kind, was put down at a cost of 

2007, for installation, but paid for itself within ten 
months, The cleaning is better than it was before; the 
= remain dry, whilst treatment with soda left them 
yao _ to rust, and the capacity of the plant 
‘ >ased, 





on June | from the present level of 42-22 per cent. above 
the 1915 standard to 28 per cent. on the standard. The 
actual reduction will, however, depend on the results of 
the industry during the first quarter of this year. It 
is anticipated that the wages payable to the men will 
fall to the minimum. Following the activity of March 
last, shipments of coal, coke and patent fuel from South 
Wales suffered a reduction of 511,997 tons to 2,390,699 
tons in April, when there were only 23 working days as 
a result of the intervention of the Easter holidays. 
Exports of coal were reduced by 483,459 tons to 2,271,215 
tons, foreign shipments as cargo falling by 428,104 tons 
to 1,833,929 tons, bunkers for foreign-going vessels by 
76,597 tons to 301,652 tons, but coastwise cargo exports 
were raised by 21,242 tons to 135,634 tons. Exports of 
patent fuel were reduced by 29,348 tons to 112,230 tons, 
and those of coke raised by 810 tons to 7,254 tons. The 
average pricerealised for coal shipped foreign was, however, 
increased by 83d. per ton to 20s. 10d. per ton f.o.b., the 
price of sized descriptions being raised by 10d. to 27s. 10d., 
and large by ld. to 22s. 10d., but small at 13s. 2d. and 
through at 16s. 8d. showed no change. The outlook, 
however, is discouraging, for the demand for large coal 
has slackened off and all qualities, with the exception of 
best Admiralties, are excessive with prices irregular and 
dependent on individual circumstances. Ordinary 
large is obtainable down to 18s., with best Admiralties 
up to 23s. Smalls, however, in view of reduced outputs, 
caused by pit stoppages, are steady from 12s. 6d. to 15s., 
though if bought in conjunction with large can be secured 
at, discounts. 

Heavy Ore Imports.—Imports of iron ore into South 
Wales in April amounted to 135,256 tons, which represents 
the largest quantity imported in any month for at least 
two years, and compares with 52,343 tons in March. 
The improvement is due to the increased activity at the 
iron works, particularly the Dowlais works at Cardiff, 
where the new furnace recently created a world’s record 
for a week’s output. 


Shipping Dividents.—-The balance sheets of four Cardiff 
companies have been issued during the past week, and 
each shows a profit and resumes the payment of dividends 
to the ordinary shareholders. The Seven Seas Shipping 
Company, Limited, show a profit of 8,6571., and pay a 
dividend of 7 per cent., the Bristol Channel Steamers, 
Limited, a profit of 20,492/., and a dividend of 2} per 
cent., the Redcroft Steam Navigation Company, Limited, 
a profit of 11,148/., and a dividend of 24 per cent., and the 
Claymore Shipping Company, Limited, a profit of 
17,295/., and a dividend of 6} per cent., all less tax. 








PrRsonaL,—An arrangement has been made between 
Messrs. Carlo Brivio, of Via Principe Umberto, 25, Milan, 
and Messrs. Automatic and Electric Furnaces, Limited. 
173-175, Farringdon Road, London, E.C.1, for the 
manufacture and sale of Wild-Barfield electro-magnetic 
furnaces in Italy. Mr. C. P. Walker has severed his 
connection with Messrs. Kek, Limited, and has joined 
Messrs. Marco, Limited, of Rowin Works, Lynn Road, 
Leystonstone, E.11. Messrs. The Mirrlees Watson 
Company, Limited, Scotland Street, Glasgow, C.5, 
have acquired the rights of manufacture and sale, for 
land and marine service, for the British Empire, of a new 
design of surface condenser, developed and manufactured 
in France by La Société des Condenseurs Delas, Paris. 





SPECIFICATION FOR GEAR WHEELS AND PINIONS FOR 
Evectric TRAMwAys.—Some time ago the Municipal 
Tramways Association took up the subject of a standard 
specification for gear wheels and pinions for tramway 
traction. When the matter was gone into with the 
B.E.S.A., delay arose due to the fact that each manu- 
facturer worked to a slightly different formula for the 
tooth form, and employed different materials and 
heat treatments for the manufacture of the wheels. 
However, as higher speeds became general, inter- 
changeability and standardisation were found to be 
indispensable; and, the need having impressed itself 
generally on engineers, a committee was formed, which 
included steel manufacturers, makers of gears, tramway 
officials and metallurgists. The result of the work of 
this body has been the issue recently by the British 
Engineering Standards Association, of a standard speci- 
fication (No. 235, 1927) for tramway gear wheels and 
pinions. To this a large number of gear wheels and 
pinions have been made, and these, we are informed, 
have proved satisfactory in service. The publication is 
divided into Parts I, II and III, followed by four appen- 
dices, the latter defining the standard plug gauge for 
testing the taper of the bore of the pinions, the form of 
British standard test piece, and giving particulars of split 
gear wheels, and a table of Brinell hardness numbers ; the 
first two of the appendices are accompanied by detailed 
drawings. Part I contains general definitions of heat 
treatment, gear tooth parts, &c., and also some general 
clauses dealing with manufacture, marking, mechanical 
tests, &c. Part II deals with the dimensions and finish 
of the gear wheels and pinions, and Part III contains 
specifications of the chemical composition, manufacture, 
heat treatment, &c., for case-hardened forged gear 
wheels and pinions, case-hardened cast gear wheels, 
0-45 per cent. carbon steel forged gear wheels and 
pinions, and cast gear wheels. Copies of the specification 
can be obtained from the publications department, 
British Engineering Standards Association, 28, Victoria- 
street, London, 8.W.1, price 2s. 2d., post free. 


NOTICES OF MEETINGS. 





Tue Royat Instrrution.—To-night, at 9 p.m., at 
Albemarle-street, W.1. “The Structure of the 
Silicates,”” by Professor W. L. Bragg. 


Tue Royat Sanrrary InstiruTE.—Saturday, May 21, 
at 10.30 am., at the Guildhall, Bath. ‘Sewage Dis- 
posal,” by Mr. F. P. Sissons; followed by a visit to 
the Bath City Sewage Dispozal Works. 

Tue INstTrTuTE oF British FouNDRYMEN: LANcA- 
SHIRE BRANCH—JuNIOR SEcTION.—Saturday, May 21, 
at 2.45 p.m. Visit to the Works of the National Gas 
Encine Company, Limited, Ashton-under-Lyne. 


Tre InstiruTIoN OF MECHANICAL ENGINEERS: 
Gravvuates SEcTION.—Monday, May 23, at 7 p.m., at 
Storeys’-gate, S.W.1. ‘‘ High-Compression Engines and 
Detonation,”’ by Mr. H. 8. Tegner. 


THE INSTITUTION OF PRODUCTION ENGINEERS.— 
Friday, May 27, at 7.30 p.ni., at the Society of Motor 
Manutacturers and Traders, Limited, 83, Pall Mall, S.W.1. 
** Rate-Fixing,” by Mr. J. Ronald. 


THe NortH or ENGLAND INSTITUTE OF MINING 
AND MECHANICAL ENGINEERS: ASSOCIATES AND 
Stupents’ Section.—-Saturday, May 28, at 3 p.m., 
at the Mining Institute, Neville Hall, Newcastle-upon- 
Tyne. ‘‘ Variable-Speed Gears and their Application 
for Colliery Purposes,’’ by: Mr. W. 8. Armstrong. 








Minimum Size or DistrisuTion Marns.—In a 
memorandum which has been sent by the Electricity 
Commissioners to the Incorporated Municipal Electrical 
Association and the Provincial Electrical Supply Com- 
mittee of the United Kingdom, attention is drawn to the 
practice of laying distributors of so small a section as to 
prevent the proper development of the domestic load. 
In anumber of such cases, the cost of excavation, jointing, 
and reinstatement exceeds that of the cable, and a small 
additional expenditure on the latter would often enable 
a much larger load to be dealt with. The policy of antici- 
pating the demand by providing distributors of adequate 
section is therefore urged, and it is suggested that, except 
in special cases, distributors of cross-sections of less than 
0-05 sq. in. should not be laid. 


ContrRActs.—The contract has been obtained by the 
General Electric Company, Limited, from the General 
Post Office, London, for the supply of 75,000 Robertson 
carbon-filament telephone switchboard lamps. The engine 
works department of Sir W. G. Armstrong, Whitworth 
and Company. Limited, have received a contract from 
the L. and N.E. Railway to take out and repair the three 
pairs of 90 ft. entrance lock gates at Immingham Dock. 
The gates will be floated out and towed up the Humber, 
about 94 miles, to ‘the slipway at the Dockyard, Hull, 
where the repairs will be carried out. Similar repairs 
have lately been carried out by the company at Grange- 
mouth, Leith, Cardiff, Newport, &c. Messrs. Worthing- 
ton-Simpson, Limited, ueen’s House, Kingsway, 
London, W.C.2, have recently secured a contract for the 
supply of oil engines and pumps for the Waikerie pumping 
installation, South Australia. The plant includes four 
solid-injection oil engines of 540, 360, 270 and 60 h.p., 
respectively, driving centrifugal putnps. 





CONFERENCE ON LARGE ExLectric H1cu-TENSION 
Systems.—The fourth session of the International 
Conference on Large Electric High-Tension Systems 
(Conférence Internationale des Grands Réseaux Elec- 
triques & Haute Tension) will be held in Paris from June 23 
to July 2 next; the previous sessions took place in 
1921, 1923 and 1925. The proceedings will be divided 
into three main sections, namely, power production ; 
construction of lines ; and working of systems. Coun- 
tries, to the number of 28, are represented in the member- 
ship. In 1925, some 530 members attended the con- 
ference ; of these 242 were manufacturers of electrical 
material, 251 were power distributors, and 37 were 
professors or teachers, or consulting engineers. Two 
languages, namely, English and French, are used at the 
meetings of the conierence, and all papers and discussions 
are translated from the one to the other. Full particulars 
of the conference will he supplied on application to the 
Secrétaire Général, M. J. Tribot Laspiére, 25, Boulevard 
Malesherbes, Paris. 





THe REINFORCEMENT OF RoaD ConcRETE.—-The 
Weston Concrete Engineering Company, Limited, of 
High-street, West Norwood, S8.E.27, has published, in 
pamphlet form, certain correspondence between Mr. H. 
Weston and the Ministry of Transport, dealing with the 
relative merits of high-tensile and ordinary mild steel, 
as applied to the reinforcement of road concrete. The 
existing official regulations permit high-tensile steel to 
be strained up to a calculated stress of one-third of its 

ield point, the corresponding figure for mild steel being 
half the yield point. On this basis, a mild-steel reinforce- 
ment, weighing 10 lb. per square yard, may be replaced by 
6% Ib. of a high-tensile steel. Mr. Weston states in the 
correspondence that the higher stress can only be 
developed if the concrete cracks, and claims that, as 
applied to road work, high-tensile steel has no advantage 
over the softer material. This opinion is back d hy 
reports prepared by Messrs David Kirkaldy and Son, by 
Dr. Oscar Faber, and the Considére Constructions, Limited. 
In addition to these reports, the pamphlet includes a 
letter from the superintending architect of the London 
County Council, stating that the Council has never per- 
mit a reduction in the weight of the reinforcement 





when high tensile steel was used, 
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ELECTRICAL MACHINERY AND APPLIANCES.—We have | business transactions. The products of the firm are, of 
received from the British Thomson-Houston Company, | course, too numerous for individual reference, but we may 
Limited, of Rugby, what we imagine must be one of the | mention, as an indication of their nature, that the three 





most comprehensive catalogues of electrical machinery 
and appliances issued, It takes the form of a filing cabinet, 
containing three large files for the firm’s pamphlets 
with an open space for a fourth file to be issued later. 
A bound index is also fitted into a special compartinent 
in the cabinet. The system of numbering adopted ensures 
lists of similar apparatus being grouped together, and this 


| files above referred to relate, respectively, to electrical 
| machinery ; switchgear and lighting arresters ; and control 
| gear, meters, domestic, and miscellaneous appliances. 

| en 


AERIAL SURVEYING IN THE East.—The survey by air 


taken by the Air Survey Company, Limited, 3, Copthall 


| photography in the Chittagong district of India, under- | 


arrangement will be maintained automatically by inserting | buildings, Copthall-avenue, London, E.C.2, for the 
new lists in numerical order as they are issued. The user | Revenue and Settlement Departments of the Government 
will thus be able to obtain current information on any | of Bengal, has now been completed. During the course 
of the Company’s manufactures with the minimum of 
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LMOWEE RINE 


SvEDALA GRADER; OFF SIDE. 


been covered by vertical photographs. In spite of 
| exceptionally unsettled weather conditions, excellent 
| photographic results have been obtained throughout. 
In addition to the main survey, some work was done 
over tea plantations, and maps, to a scale of 8 in, to the 
mile, were prepared. In connection with some settlement 
work, maps to a scale of 16 in. to the mile were prepared 
from special photographs. The survey party has now 
left for the Malay States to carry out further surveys, 
including a large scale town plan of Georgetown, Penang. 
It is interesting to note that the first aerial mail in 
| Burma was carried by one of the Company’s pilots. 
The route was from Rangoon to Tavoy and Mergul, 4 














trouble, a circumstance which should do much to facilitate 


of this survey, which was only commenced in the early | distance of 245 miles. The flight occupied 33 hours, 
part of January of this year, 1,200 square miles have! whereas the sea passage takes 48 hours. 
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THE PATH OF PROGRESS. 


Fourrer’s maxim that the mathematician 
should look mainly to physics for inspiration and 
guidance fell into disrepute in this country during 
the later decades of the nineteenth century, and 
culminated not many years ago in the declaration 
made, not without some suggestion of pride in the 
posture, that the mathematician never knew what 
he was talking about nor if what he said was true. 
A school of mathematicians seemed, indeed, to 
feel no reproach involved in the fact that their 
hydrodynamics could be defined, not unfairly, as 
a science which had nothing to do with the motion 
of real fluids. A path of escape from this, far from 
creditable, position was discovered by Osborne 
Reynolds when, in 1877, he devised means for 
studying the actual behaviour of real fluids, and 
proved the existence of a certain criterion, the 
famous Reynolds number, on the value of which 
depended the character of the flow round an 
obstacle or through a pipe. In an appeal quoted 
by the Master of Sempill at last Monday’s meeting 
of the Royal Aeronautical Society, Osborne Rey- 
nolds prayed the mathematician to drop for the 
time being his mathematical pride and to con- 
descend to study experimentally actual fluid paths 
in place of merely his theoretical stream-lines. 

The soundness of the advice thus given was 
clearly demonstrated at Monday’s meeting, the 
occasion for which was the delivery of the Wilbur 
Wright Memorial lecture by Professor L. Prandtl 
of Géttingen, who at the same time was awarded 
the highest honours the society has the power to 
bestow—its gold medal and its honorary fellowship. 

In the lecture which followed, and of which we 
hope to include a report in our next issue, Professor 
Prandtl showed that he had arrived independently, 
but somewhat later in point of time, at Lanchester’s 
circulation theory of aeroplane support, which 
when brought before the Physical Society in 1897 
was summarily rejected. In Germany the advice 
of Osborne Reynolds seems to have fallen on less 
obdurate ears, with the result that when, later on, 
Lanchester’s views and conclusions became known 
there, they were more easily understood and 
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appreciated than in England, where, as lately as six 
or seven years ago, eminent authorities were still 
confident that they would ultimately succeed in 
deducing from Stokes’s equations all that it was 
necessary or possible to know about the motion of 
real fluids. In the meantime we made unnumbered 
measurements. These yielded unquestionably 
useful results, but attained at a cost very appre- 
ciably higher than they would have been had the 
experiments had a less purely empirical and arbitrary 
basis. 

The remarkable researches carried out at Gét- 
tingen under Professor Prandtl’s direction provided 
for the first time a rational basis for comparing the 
performance of wings with different aspect ratios, 
and convincingly demonstrated the general truth of 
the hypothesis which we know in this country as the 
Lanchester-Prandtl theory of aeroplane lift and drag. 
The lecture on Monday contained, however, but 
passing reference to this, and it was mainly devoted 
to the exhibition of a series of photographs which 
showed, in a very remarkable way, the breakdown of 
the classical theory, which holds good merely for the 
instant at which a fluid begins to move round an 
obstacle. This initial régime is quickly succeeded 
by the production of a dead water space and a 
turbulent wake, the genesis of which was beauti- 
fully illustrated. Some of these photographs, it 
should be noted, dated back to 1904 or 1906. As 
matters stand, no doubt we are still awaiting an 
adequate mathematical treatment, or indeed, even 
an adequate description, of the phenomena involved, 
and certain logical gaps are thus apparent in 
Professor Prandtl’s paper. Possibly, new mathe- 
matical methods of attack will liave to be invented 
before these can be satisfactorily filled, but hints for 
such are far more likely to be derived from a study 
of actual fluid paths, than by attempts to develop 
further, without such guidance, the classical equa- 
tions of fluid flow. 

In justice to British aeronautics, we ought, 
perhaps, to add that whilst it is true that most of 
our students of aeroplane problems followed a blind 
alley in their attempts to discover a rational theory of 
aeroplane support, they did make very serious and 
important contributions to the theory of aeroplane 
stability, and apparently we may also claim priority 
for some important investigations into the stresses 
developed in beams which are also subject to heavy 
axial thrusts. The so-called Berry functions used 
in computing these stresses appear to have been 
first worked out and tabulated here. 

In supporting the vote of thanks passed to 
Professor Prandtl for his most instructive and 
suggestive paper, Dr. F. W. Lanchester resusci- 
tated the old argument that even the best of scientific 
investigators can be credited with nothing better 
than a second-class brain. The contention, which 
is very clearly set forth in the late Professor Ward’s 
Realm of Ends, is that every scientific discovery 
must, sooner or later, have been made by somebody, 
whilst no one but Shakespeare could have written 
Hamlet. Hence it is claimed Shakespeare’s work 
required a higher order of intellect than did the 
formulation of Newton’s doctrine of universal 
gravitation. ‘The evil that men do lives after 
them,” and that perhaps the only instance of 
fundamentally faulty logic to be found in the work 
cited should have been disinterred and accepted by 
Dr. Lanchester, shows that Mark Antony’s asser- 
tion was not entirely without warrant. It will be 
seen that it is the uniqueness of the product which 
is made the criterion of merit, and on this basis the 
composition of the nursery lyric of Hey Diddle 
Diddle is a work of genius, whilst the measurement 
of the diameter of Betelgeuse is merely the work of 
second-class minds. This, as Euclid would say, is 
absurd. Uniqueness, in fact, is essentially quanti- 
tative, and qualities cannot be appraised by arith- 
metic. Science does not consist in the mere 
accumulation of facts and measurements. The 
scientific thinker must be gifted with the artist’s 
power of selecting presentations of primary import- 
ance from the secondary and uninteresting. Wir 
sind Dichter was the claim made at a mathematical 
congress held in Germany during the ’sixties of last 
century, and Kelvin described Fourier’s Théorie 
analytique de la Chaleur as a mathematical poem. 
The poets of science, however, are compelled to 
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check their visions and to correct their dreams by 
continuously comparing their imaginings with ex- 
perience. Jubal Cain was content to sing of the 
**new found sea, And the souls its waves divide,”’ 
but his scientific brother Tubal, we are told, had 
grander dreams and clearer visions, with the result 
that “‘ He hollowed a fallen Tree, and passed to the 
other side.” 

Whether Shakespeare or Newton hd the greater in- 
tellect is a point on which opinions may well continue 
to differ, but the problem can certainly not be solved 
by the consideration of such a purely quantitative 
factor as uniqueness. The question really at issue 
is, whether higher intellectual qualities are required 
for a successful appeal to the emotions of man, than 
to his reason. We have, it may be noted, daily 
demonstrations by the mob orator that success in 
the former field does not necessarily. imply superior 
intellectual powers. Emotions are, in fact, the most 
primitive qualities of living beings. The reed shaken 
by the wind may well have rudimentary emotions. 
** Man,” said Pascal “is a reed, but a thinking 
reed,” and it is mainly by his reasoning powers that 
man is differentiated from the brute. 








IMPERIAL MINERAL RESOURCES. 


Ir is nearly forty years since Sir Robert Hadfield 
read his first classical papers on the properties of the 
alloys of iron and manganese, and it is appropriate 
that he should now be bringing available knowledge 
on the subject up-to-date in his paper read to the 
[ron and Steel Institute, which in somewhat 
abridged form we have reproduced in this and 
our last issue. This paper is in the nature of 
a monograph, not announcing any fresh discoveries, 
but describing the properties and production of 
the metal and its alloys with iron in their 
various aspects. From the technical point of view 
the information collected in this summary has, of 
course, an obvious value, but the author’s purpose 
in preparing it has not been wholly technical. He 
has been led to the conclusion that the possibility of 
shortage of manganese supplies, while not immedi- 
ately serious, may prove to be so in the not very 
distant future. He foresees that, in the same way 
as in the past there has been a scramble for the gold 
fields of the world, which to-day is being repeated for 
the oil fields, the possession of the manganese ore 
fields may in the future prove to be quite as import- 
ant. The ores of manganese are widely distributed 
all over the world, as will be seen by the map which 
is reproduced on page 577 ante, and of the available 
sources a large proportion lie within the British 
Empire. Not far short of half the manganese ores 
mined in 1925 came from British sources, and 
though the extent of them is not fully known, they 
are evidently sufficient to save British industries 
from any aggregate shortage for very many years to 
come, if they are preserved for British uses. Some of 
them, indeed, are already being acquired by United 
States’ interests, but even when allowance is made 
for the supply so diverted, the paper does not 
suggest any case of panic or immediate emergency. 
In the author’s opinion, however, such a case may 
arise for the world’s supply of manganese in the not 
very far distant future, and it will then be necessary 
for the Empire to have a more complete and intimate 
knowledge of its manganese resources than it 
possesses at present. 

The importance of manganese for the manu- 
facture of steel appears to have been first suggested 
in practice by Heath about 1839, and came to be 
recognised more and more, until for many years 
past it has stood by itself as the most effective and 
economical addition to iron in the manufacture of 
steel. Of the total manganese ore now raised it 
has been estimated that 95 per cent. is used 
for steel making; and, apart from the special 
properties of certain alloys to which Sir Robert 
Hadfield first drew attention, the metal is practi- 
cally indispensable for counteracting the influence 
of oxygen and of sulphur, and for improving the 
mechanical properties of the product. Looked at 
in round figures, the world’s production of steel is 
something under 100 million tons per annum, of 
which the United States are much the largest 
producers ; and it is estimated that the correspond- 
ing requirements of manganese would be of the 
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order of something under two million tons of 50 per 
cent ore, as against a world’s production in 1925 of 
about two and a half million tons of ore described 
as high grade, with the prospect of considerable 
increase in various quarters if required. For how 
long this output of manganese could be maintained 
seems difficult to say, having regard to the imperfect 
knowledge of the extent of many possible or promis- 
ing sources of supply. Sir Robert Hadfield’s map 
of Australia, for example, omits altogether the high- 
grade deposit at Horseshoe in the Peak Hill Goldfield 
of Western Australia, which is said to be the largest 
at present known in the continent. Of recent 
estimates the best known seems to be that of Mr. 
John V. W. Reynders, the President of the American 
Institute of Mining and Metallurgical Engineers in 
1925, who puts the known deposits of manganese 
as providing an adequate supply for the steel 
industry for probably no more than 40 or 50 years. 
In the meantime, however, a feature of the situation 
that must be of capital importance is that the 
United States produces only 2 per cent. of the high- 
grade manganese ore that it consumes. In common 
with other manufacturing countries, it was in great 
straits for manganese during the war, and of late 
years has been taking vigorous steps to ensure its 
supply in the future by agreements not only in 
relation to the Russian deposits, but also, it has 
been said, by others in regard to the deposits in 
South Africa and elsewhere. 

So seriously has opinion in the United States 
taken the manganese situation that a joint com- 
mittee of the Mining and Metallurgical Society of 
America and the American Institute of Mining and 
Metallurgical Engineers has presented a report, on 
the basis of which a bulletin has been issued by the 
Bureau of Mines with very specific recommenda- 
tions, directed primarily to avoiding the risk of such 
a shortage of manganese ore as happened during the 
war. An irreducible minimum of not less than 
600,000 tons of high-grade ferro-manganese ores 
is recommended to be held in stock against war 
requirements, to be supplemented by forced 
domestic production and privately owned stocks. 
Spiegel and high-manganese pig, it is suggested, 
should be substituted for ferro-manganese wherever 
possible, and the Government should organise a 
campaign for investigating and encouraging the 
use of possible substitutes for manganese. Govern- 
ment should also maintain a perpetual inventory 
of all domestic manganese resources of whatever 
grade, and keep in active touch with foreign sources 
and developments, current information being kept, 
not only as to available reserves but also as to 
stocks, the possibility and cost of accelerating 
output, and so forth. What effect has been given 
to these recommendations is not stated, but there 
is no doubt as to the technical authority of the 
Committee by which they are made. 

This Committee, however, appears to have been 
a stb-committee of a joint Committee of the same 
bodies on Foreign and Domestic Mining Policy, 
instituted in 1921 with the object of endeavouring 
to co-ordinate world supplies of minerals ; and the 
same purpose has inspired Sir Thomas Hoiland in a 
recent paper read before the Institution of Mining 
and Metallurgy to propose a review of mineral 
resources in each Dominion, and, if possible, in 
each of the larger Colonies, so as to have an 
authentic survey of the mineral resources of the 
Empire. The late President Roosevelt suggested 
some time ago that such a survey should be made 
in all producing countries, and there can be no 
question that the information this would yield 
will ultimately become necessary to enable the 
world to continue its existence in face of increased 
population and depleted deposits. Just as already 
internal competition tends to be mitigated in the 
face of international competition, so international 
competition will have to be replaced in an essential 
measure by co-operation in face of the growing 
intensity of the world’s demands upon the resources 
of the earth. Sir Thomas Holland’s proposal 
that in the meantime a survey should be made 
of the mineral resources of the Empire is a 
measure that should be rapidly practicable, and lead 
to permanent and important results. As the 
American Committee pointed out, it is foolish to 
attempt to make any country self-contained by 
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artificial restrictions. Each should be allowed to 
benefit by drawing on the special advantages of 
others. 

The existing United States tariff on manga- 
nese fosters no American industry, depletes the 
country’s scanty reserve of manganese ores, and 
saddles the nation’s industry with a burden of 
8,000,000 dols. in order to force the production 
of manganese ore to the extent of 600,000 dols. 
The survey that Sir Thomas Holland suggests is 
described happily as intended to be accurate rather 
than precise. He would have it made by Committees 
of specialists, preferably associated with the pro 
fessional institutions of each Dominion or Colony, 
which would be able to obtain results more rapidly 
and completely than would be possible by less 
practical and more official bodies. Committees of 
such a character would by their composition have the 
advantage of being familiar with the latest and even 
with impending technical developments, and the 
information on which their conclusions were based 
would be the latest, and not that of last year or 
the year before last. As Sir Richard Redmayne 
pointed out, Government organisation nowadays 
does not necessarily imply delay or red tape, 
and it may well be that it might even facilitate and 
accelerate the co-ordination of workers on overseas 
committees. 

Whatever bodies, however, made the survey, it 
would only anticipate by deliberate and voluntary 
means what otherwise would have to be done 
ultimately through economic pressure. Sir Thomas 
Holland urged that in safeguarding the resources of 
a State, without inhibiting mining enterprise, it is 
better to use mineral products even wastefully than 
to leave so much national capital lying idle. This 
perhaps is not a proposition that would be accepted 
generally. In all countries it is believed to-day, at 
least as a pious opinion, that waste is the one thing 
that can nowhere be afforded. An essential purpose 
of a survey of resources would indeed be to avoid 
waste, such as occurs when a country produces what 
another country can produce more cheaply. The 
minerals of the Empire form a special case of its 
total resources, and the proposals for their survey 
illustrate the field that is open for organised co- 
operative inquiry by those who are responsible for 
them. 





THE GROWTH OF CRYSTALS. 


THE seventeenth annual May Lecture of the 
Institute of Metals was delivered at the Institution 
of Mechanical Engineers, Storey’s Gate, Westmin- 
ster, London, S.W.1, on May 11 last, by Sir Henry A. 
Miers, F.R.S. In the unavoidable absence of the 
president, Sir John Dewrance, the Chair was taken 
by Dr. W. Rosenhain, F.R.S. The subject of 
the lecture was “‘ The Growth of Crystals in Super- 
saturated Liquids.” Sir Henry stated at the outset, 
that he would devote himself, firstly, to a brief 
account of the researches carried out in his labora- 
tory at Oxford University, some 20 years previously, 
and, having done this, he would then call attention 
to some of the more recent work in which use had 
been made of those experiments. In the course 
of some researches on the growth of crystals, 
continued the lecturer, it had become necessary 
to ascertain, if possible, the degree of supersatura- 
tion (if any) of the solution in contact with a growing 
crystal. For this purpose the only available 
method was to determine the refractive index of 
the liquid in contact with the crystal, and this had 
been done by measuring the angle of total internal 
reflection at the surface of a face of the crystal 
while actually growing in a cooling saturated 
solution. To interpret this refractive index, it 
had been necessary to make a large number of 
observations upon the change of refractive index 
with temperature in a number of solutions of known 
strength. This had been carried out by a similar 
method, using a glass prism immersed in the liquid 
instead of the growing crystal. The substance 
experimented upon was sodium nitrate.* It was 
found that, as the solution cooled, the refractive 
index increased until a certain temperature was 
attained, when an entirely unexpected change was 





* H. Miers and F. Isaac, Journal of the Chemical Society, 
1906, vol. 89, p. 413. 
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observed. The refractive index, having attained 
the maximum, began to diminish, as though some 
physical change had taken place in the liquid. 
This, however, generally appeared some little time 
after a few crystals had begun to appear in the 
solution, usually at its surface. 

The curve, tracing the change of refractive 
index with the temperature, showed a slight discon- 
tinuity at the moment when the crystals began 
to appear, but the sudden change was not accom- 
panied by any other visible event. When, however, 
the solution was kept constantly stirred, in order 
to ensure uniformity, the sudden change in the 
refractive index was invariably accompanied by 
a copious shower of minute crystals, which made 
their appearance throughout the whole solution. 
These phenomena were observed, not only in 
sodium nitrate, but in a large number of other 
aqueous solutions. It was fairly clear, therefore, 
that the change of index was due to the sudden 
weakening of the solution owing to the suddenly 
increased growth of solid crystals. These changes 
occurred at quite a different temperature for each 
solution, according to its strength. The obvious 
interpretation of these results was that, at this 
temperature, spontaneous crystallisation began, 
and that, above this temperature, any crystals 
which had made their appearance, had only been 
introduced from outside. By tracing the changes 
of refractive index in the cooling solution, it was 
easy to construct curves giving the relation between 
refractive index, temperature, and concentration. 

It was now possible to distinguish the following 
states of any aqueous solution: (a) the unsaturated 
state, above the solubility curve; (6) the satu- 
rated state, upon the solubility curve ; and (c) the 
supersaturated state below the solubility curve. 
The supersaturated or under-cooled solution might 
further be distinguished as ‘‘ metastable,’ corres- 
ponding to the area between the solubility and the 
supersolubility curves, and “labile,” the area 
below the supersolubility curve. These various 
states could easily be recognised by the behaviour 
of a minute crystal fragment of the dissolved sub- 
stance introduced into the solution. If the latter 
were unsaturated, the fragment dissolved. If it 
were exactly saturated, the fragment remained 
unchanged. If it were metastable, the fragment 
grew and became a perfect crystal. If it were 
labile, the introduction of the fragment caused a 
cloud of minute crystals to appear in its neighbour- 
hood, and the fragment grew with great rapidity. 

Further experiments had been undertaken in 
order to investigate the behaviour of binary mix- 
tures, in which the freezing point of each com- 
ponent could be traced, and, for this purpose, 
mixtures of salol and betol were chosen. These 
proved to be perfectly normal examples of the 
crystallisation of two components, the freezing 
point curves of which met in a eutectic point. 
For the next experiments, mixtures of two sub- 
stances, which formed solid solutions, were sought, 
and, for this purpose, naphthalene and 8-naphthol 
were taken. The crystals of these two substances 
were almost identical in form and optical character ; 
the freezing points of the mixtures lay wholly 
between those of the two components and the 
curves obtained corresponded to type I of Rooze- 
boom’s classification. Experiments with mono- 
chloracetic acid and naphthalene, with benzyl- 
aniline and azo benzene, and with other sub- 
stances were also carried out. The net result of 
the work carried out, continued Sir Henry, was 
that his co-workers and himself were satisfied that 
Spontaneous crystallisation occurred at a certain 
definite temperature in the cooling solutions, and 
not above this temperature. The absence of 
spontaneous crystallisation, until the temperature 
fell to a point on the supersolubility curve, seemed 
at the time, sufficient description of all that had 
been observed. 

How far the results of these experiments could 
be applied to changes in the solid state, when the 
conditions of diffusion, both of heat and of material, 
and the viscosity, were so different from those of 
the substances examined, it was difficult to say. 
Little was known about recrystallisation in the solid 
State, either in natural rocks or in laboratory 
mixtures of fused silicates ; in alloys, on the other 
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hand, it was a subject of constant study, and it 
was in this sphere that, their observations had been 
frequently quoted. The first application to solid 
alloys was made by S. W. J. Smith as early as 
1907, in a paper on the thermo-magnetic analysis 
of meteoric and of artificial nickel-iron alloys, 
published in the Philosophical Transactions of the 
Royal Society in 1908. He was able to explain the 
thermal hysteresis, exhibited in the return of 
magnetism in nickel-iron alloys, in terms of super- 
saturation and spontaneous crystallisation. Mag- 
netism disappeared as the magnetic crystals were 
dissolved, and reappeared as they crystallised. 
Again, the delayed crystallisation in a metastable 
state, and the sudden crystallisation in the labile 
state accounted for the irreversible phenorhena 
discovered by Hopkinson, and for the variation 
observed in the permeability of the irreversible 
alloys. In 1922, A. F. Hallimond had applied the 
results obtained at Oxford in 1906 to the crystallisa- 
tion of the carbon steels, and in particular to the 
formation of pearlite, troostite and martensite. 
This investigator was of opinion that the delayed 
crystallisation of « ferrite and cementite in contact 
with austenite was due to the passage of the material 
into a metastable area, in which inoculation at the 
inter-granular surfaces of the austenite might pro- 
duce ferrite in the hypoeutectoid steels and cemen- 
tite in the hypereutectoid steels. He further 
suggested that martensite should be regarded as 
the labile shower of «-ferrite, and troostite as the 
labile shower of cementite, produced when the 
solution entered the supersolubility region. 

Again, the age-hardening of alloys had directed 
attention to the action of supersaturation. The 
work of Hanson and Gayler on the aluminium- 
magnesium-silicon alloys (published in 1921) led 
to the conclusion that the age-hardening was due 
to the separation of the magnesium silicide, Mg, Si, 
in a finely-divided state, from the supersaturated 
solution ; in other words, something corresponding 
to the labile shower occurred. Slow cooling yielded 
well-defined crystals of the silicide. It appeared 
to be a question not merely of a gradually increasing 
number of nuclei as the degree of supersaturation 
increased, but the sudden passage of the constituent 
into a state of fine precipitation. Somewhat 
similar was the hardening of the aluminium-zinc 
alloys, containing over 35 per cent. of zinc, by the 
breaking up of the homogeneous supersaturated 
solution $, into the « and y phase, in a state of 
fine division. Finally, in a recent paper* summaris- 
ing the above researches, Dr. Rosenhain attributed 
the hardening of steel to the same cause, with the 
difference that this took place at once, and was not 
a case of age-hardening. 





NOTES. 


GoopwWILL IN INDUSTRY. 


CONSIDERABLE publicity has recently been given 
to the idea that a necessary preliminary to that 
peace in industry, which is at present so eminently 
desirable, is the establishment of goodwill between 
those who are conveniently called employers and 
employed. As in other spheres of human activity, 
there has been a tendency to tackle this problem 
from the wrong end, it being forgotten that goodwill 
like charity best begins at home, even if it does 
not end there. We are therefore glad to learn that 
the Glasgow and West Scotland Association of 
Foremen Engineers and Draughtsmen have taken 
a step, which we hope will lead to the desired end. 
It is pointed out in a circular issued by this Associa- 
tion that the three partners in industry are labour, 
management and capital ; and that, while the views 
of the first two have been voiced in a general way, 
the opinions of the second have been little heard, 
although its central position should enable it to 
appreciate the common difficulties inside the works 
more clearly than either. The members of the 
Association believe that within the ambit of 
existing organisation of the shipbuilding and 
engineering industries some simple means of 
effecting better personal contact between the 
representatives of capital, management and labour 
are possible. The discovery of such means would 
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tend in a negative sense to remove causes of mis- 
understanding and mistrust and in a positive sense 
to cement all grades closer together. The Associa- 
tion has, therefore, appointed a committee to investi- 
gate the whole question, excluding such matters as 
collective bargaining, wages or hours, which are 
regarded as being matters for the employers’ 
associations and trade unions. The intention is 
merely to ascertain whether, from the point of view 
of management, recommendations are possible that 
will assist both employers and employees organisa- 
tions to bring about a better spirit in industry. 
The Association will welcome any information or 
views, and communications should be addressed to 
the Secretary at Elmbank-crescent, Glasgow, the 
matter being strictly limited to what can be accom- 
plished in individual establishments with the best 
chance of success. 


CoNcRETE WATER CONDUITS. 


Two curious cases of the rapid deterioration of 
concrete water conduits were recently reported in 
the Paris journal, L’Hau. A contractor was en- 
trusted in 1913 by the Municipality of Vannes, 
Brittany, with the work of laying a conduit for 
potable water to that town. He proposed a pipe 
line of cast-iron, but the Municipality decided in 
favour of one of concrete. This conduit was com- 
pleted in 1915, but after a time the amount of water 
delivered by it began to fall off, and, finally, became 
so small that it was decided to uncover and make 
an inspection of the work. It was then found that 
every length was perforated all over; the joints 
alone were found to be practically intact. An action 
at law followed, and the finding was against the 
contractor, who was said to have carried out the 
order unsatisfactorily. The contractor, however, 
on appeal, won his case, since experts appointed to 
go into the matter decided that the destruction of 
the conduit was due to the fact that the water 
conveyed by it was of a very pure nature, and as it 
contained a very small amount of mineral sub- 
stances in solution, it tended to decalcify the cement. 
They added that a leaner mixture of concrete would 
have shown greater resistance to deterioration. 
Another concrete conduit in the same district, 
which had been in the hands of another contractor, 
was also found to be in the same bad condition. 
In this instance the contractor also won his case, 
his defence having been that the manufacturers 
from whom he had obtained his concrete pipes 
were a firm approved by the Municipality; the 
pipes, moreover, were duly inspected and passed 
at the works by an engineer of the Municipality, 
and all had satisfactorily undergone the required 
tests. The first contractor further contended that 
the responsible party was really the author of the 
scheme, a Municipal engineer, who ought to have 
known the nature of the potable water to be con- 
veyed and to have specified the quality of cement 
best suited to it. A further conclusion arrived at 
was that if the laying of cast-iron pipes, as proposed 
by the first contractor, had been agreed to, no un- 
toward circumstance would have arisen. Our Paris 
contemporary remarks that no data can be found 
in text-books concerning such decomposition of 
cement by pure water, as appears to have occurred 
in these two instances. We understand that both 
concrete pipes are now being replaced by others of 
cast-iron. 


KINEMATOGRAPH INSTALLATION AT THE IMPERIAL 
INSTITUTE. 


Amone other developments calculated to render 
the Imperial Institute more useful and attractive 
as a fund of information on the resources of the 
British Empire, one of particular interest is the 
construction and equipment of a kinematograph 
theatre which will be used to supplement the 
organised lecture tours of the exhibition galleries 
of the Institute. The building, which is of pleasing 
and effective design and has a seating capacity for 
400 persons, is now completed and will be opened 
in time for the Imperial Education Conference, 
which is to be held at the Board of Education in 
June next. It will be used continuously throughout 
the day for the display of specially prepared films 
illustrating the industries of, and the conditions of 








* See ENGINEERING, 1924, vol. cxviii, page 391. 


life in the Dominions and Colonies, so that groups 
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of scholars and adult visitors to the Institute will 
be able to see in motion many of the scenes so well 
depicted in still life by the excellent dioramic 
models on view in the galleries. These models, it 
may be remarked, now form a noteworthy feature of 
the exhibition, and are all carefully constructed in 
the workshops of the Institute from photographs 
and information supplied by persons thoroughly 
conversant with the actual conditions represented. 
With their aid, supplemented by the information 
conveyed by the films, scholars, and others interested 
in the Empire, should be able to obtain as accurate an 
impression of the existing conditions as is possible 
without an actual journey overseas. It is, perhaps, 
hardly necessary to add that in the construction 
of the kinematograph theatre and its equipment, 
British and Empire products have been employed 
exclusively. The two projectors used, one of which 
is fitted with an attachment for showing lantern 
slides, have been constructed by Messrs. Ross, 
Limited, and the motor-generator supplying current 
to the arc lamps, as well as the control gear, by 
Messrs. Crompton and Company, Limited. The 
motor is an ]1-h.p. machine, running at 1,300 r.p.m., 
and is supplied with direct-current at 220 volts from 
the Office of Works mains, while the generator to 
which the motor is directly coupled, has a capacity of 
60 amperes at 100 volts, continuous rating. The are 
iamps in the projectors are of the Ross searchlight 
type, with horizontal carbons, and are equipped 
with glass ellipsoidal mirrors. The projectors and 
the re-winding machine are enclosed in a fireproof 
room, and the glazed apertures through which the 
beams are projected can be covered, in case of 
accident, by Burkitt steel sliding shutters. The 
whole installation has thus been designed in accord- 
ance with the best modern British practice, and there 
can be little doubt that it will afford the public, 
especially the younger members of it, an attractive 
means of acquiring knowledge of the Empire, the 
possibilities of which are not yet fully appreciated 
in this country. 








THE ROYAL SOCIETY 
CONVERSAZIONE. 
(Continued from page 585.) 

The National Physical Laboratory was repre- 
sented by several exhibits, in addition to those 
previously mentioned. Dr. W. Rosenhain and Mr. 
A. J. Murphy showed specimens of solid pure 
mercury and of diluted tin-amalgam, studied 
and etched with hydrochloric acid under the 
microscope with the aid of special devices to 
prevent the thawing of the mercury, of which the 
freezing point is — 39deg.C. The specimen and lens 
are placed on the microscope stage in a box, through 
which air, dried by cooling, is passed to prevent dew 
from forming on the specimen. The addition of tin 
makes the grain of the solid mercury finer, the alloy 
grains appearing bright and the mercury dark. An 
amalgam containing 15 per cent. of thallium was 
found to freeze at — 66 deg. C., the lowest freezing 
point of any alloy so far determined. The Metal- 
lurgical Department also exhibited specimens of iron, 
manganese, chromium, silicon and beryllium of high 
purity. In most cases, the remaining impurity can 
only be detected spectroscopically. The beryllium, so 
far, is not quite so pure ; a tungsten wire shown had 
been coated with beryllium by heating it by alternat- 
ing current in an atmosphere of the colourless vapours 
of beryllium iodide. The apparatus for gas analysis 
by the aid of high-frequency oscillations, exhibited 
by Dr. Ezer Griffiths and Mr. J. H. Awbery, makes 
use of the piezo-electric oscillations of a quartz 
crystal under the influence of high-frequency 
currents. The position of the nodes of the oscilla- 
tions set. up depends upon the medium surrounding 
the crystal in the chamber, and the composition of 
the gas mixture, e.g., the percentage of hydrogen 
or carbon dioxide in air, etc., can be ascertained 
by measuring the wave-lengths. The same investi- 
gators showed how flame temperatures can be 
estimated spectroscopically. Light from a Pointo- 
lite lamp is focussed on to the slit of a spectroscope, 
a Bunsen flame, to which sodium is added, being 
placed so that the rays pass through the flame before 
reaching the slit. According to the temperature of 
the tungsten ball in the Pointolite lamp, which can 











be adjusted by a rheostat, the sodium lines in the 
spectroscope appear rather brighter or darker than 
the background. When the rheostat is adjusted so 
that the lines just disappear, the temperature of the 
Pointolite lamp is equal to that of the sodium vapour 
in the Bunsen flame, and the temperature of the 
former, measured by an optical pyrometer, will be 
equal to the flame temperature. 

The operation of the new thermostat for tempera- 
ture control, which Lieut.-Commander F. J. 
Campbell Allen and Mr. A. E. Salisbury, of London, 
exhibited, depends upon the fact that some magnetic 
metals and alloys lose their magnetism at certain 
temperatures. In the model shown, the alloy 
used was a strip of nickel steel attached to a bar of 
copper, part of which was surrounded by a heating 
coil. Underneath the strip was mounted a vertical 
electromagnet, the armature of which was formed 
by a long light lever carrying, at the far end, two 
contact pins dipping into mercury cups. As long as 
the strip was magnetic, the heating circuit was closed, 
but when the magnetism vanished, owing to the 
temperature attained by the alloy, the lever 
dropped, the pins were lifted out of the cups, and 
the current was cut off; the strip then cooled, 
became magnetic again, and the armature was 
once more raised. 

The only X-ray apparatus shown was an X-ray 
tube of transparent silica, by means of which 
Professor O. W. Richardson, F.R.S., and Mr. F. 8S. 
Robertson, of King’s College, London, are comparing 
the yields of soft X-rays from different substances, 
and are proving that the generation of soft X-rays 
is a periodic function of the atomic number for 
the group of the elements concerned. Plates of the 
substances to be compared, e.g., six metals, are 
mounted in a small lantern, which is suspended 
within the very-highly evacuated tube in such a 
way that, by manipulating a magnet outside the 
tube, one of the plates will be in the position of 
the target ; it then gives off electrons, the photo- 
electric effect of which is measured. Another target 
is afterwards brought into the position for measure- 
ment, without changing anything in the apparatus 
or making new connections, so that the different 
metals are tested under almost identical con- 
ditions. Fourteen metals have, so far, been 
examined, and it has been found that in the group 
chromium, manganese, iron, cobalt, copper (atomic 
numbers 24, 25, 26, 27, 29) the electronic efficiency 
falls off in this order. 

Mr. H. Dewhurst, of the Imperial College of 
Science, showed the preparation and working of 
his quick-acting bolometers, which consist of films of 
bismuth sputtered on collodion films. A flat ring 
is stamped out of sealing wax and fitted with two 
inlaid metal contacts ; the rings are floated on a 
solution of collodion on the surface of mercury in a 
trough, and the bismuth is deposited, by cathode 
volatilisation, in a diametrical strip across the 
collodion film produced. The bismuth film, of the 
order of 10-® cm. in thickness, rapidly responds to 
radiations. This was demonstrated by making 
the bolometer, exposed to light radiations, light 
up a neon lamp through a relay. 

Mr. J. E. Barnard, F.R.S., exhibited two of his 
remarkable complete outfits for microscopy with 
ultra-violet light, together with many spectrograms 
illustrating the absorption of certain culture media, 
and of silver bromide, in ultra-violet light. One of 
the instruments had been made in the department 
of applied physics of the National Institute for 
Medical Research at Hampstead, where Mr. Barnard 
is working ; the other was a finished model embody- 
ing the improvements of these complex microscopes, 
made by Messrs. R. and J. Beck, who have been 
supplying all the optical equipment. Mr, Barnard 
now utilises wave-lengths down to 2234 A.U., and 
still secures clear resolution at magnifying powers 
up to 3,500 diameters. Ultra-violet light was also 
applied in some of the experiments on the physiology 
and genetics of the covered smuts (fungi) of oats 
and barley, demonstrated by Mr. S. Dickinson, of 
the Rothamsted Experimental Station. One of the 
mechanical difficulties in such microscopy is the 
isolation of an individual specimen ; this was done 
by the aid of van Tieghem drop cells and glass 
needles worked from underneath the microscope 
stage. 








Mr. A. A. King, of Birmingham, demonstrated 
the use of ultra-violet rays in chemical analysis, 
A mercury lamp was placed in a box. The light 
falling upon the water in a glass or quartz flask 
produced a strong fluorescence in the water, more 
intense than the Tyndall cone; even the purest 
conductivity water (distilled finally from a tin 
vessel), was not quite free from fluorescence. 
Colourless crystals of mercuric chloride appeared 
bluish in the ultra-violet beam, but also showed 
some orange spots, due to contamination with 
traces of mercurous chloride. When filter paper, 
sensitised with mercuric chloride, is wetted with a 
liquid containing an arsenic compound, the spot turns 
lemon yellow (Gutzeit test); at extreme dilution, 
this coloration is invisible, but the spots appeared 
brown and black under ultra-violet illumination, 
and. traces of the order of 0-00001 milligramme of 
arsenic may be estimated in this way. The filter 
paper itself has a faint bluisli fluorescence. 

The large rock-salt prism of Sir Robert Robertson, 
F.R.S., of the Government Laboratory, might 
almost have been mistaken for a prism of rock 
crystal. It is a 60-deg. prism, 4? in. high, with a 
length of face of 5} in., and was made in the Labora- 
tory from a nearly perfect piece of rock salt, which 
was cut with a wire saw and then polished, and is 
to be used for research. The accurate determina- 
tion of the refracting angle at the National Physical 
Laboratory gave the value 60 deg. 0 min. 49-5 sec. 

The International Standard Electric Corporation 
exhibited apparatus for precision measurements of 
circuit efficiencies as used on the Anglo-American 
transatlantic telephone service. The oscillator 
used can supply currents of frequencies ranging 
from 35 to 30,000 cycles per second (for carrier- 
current telephony), and of 6 to 10 milliamperes, 
through a resistance of 600 ohms; the amplifier 
has a frequency range of 35 to 5,000 cycles, and 
an output of 25 to 30 milliamperes through 
600 ohms. 

The Research Laboratories of the General Electric 
Company demonstrated several novel lines of inves- 
tigation. The method of measuring the residual 
amount of gas in lamps, shown by Mr. J. T. Randall, 
is due to Dr. P. Selényi, of the Tungsram Laboratory 
of the Vereinigte Gliihlampen Elektrizitats A.G., 
of Ujpest, near Budapest, and illustrates a new 
way of effecting a clean-up of the gas adsorbed by 
the walls of the bulb. In the usual method of clean- 
up* a discharge takes place across the space between 
two filament electrodes, and the appearance of a 
bluish glow shows the effect. Selényi turns the 
lamp into a system of two condensers, one formed 
by the filament and the inner bulb surface, the 
other by the inner and outer bulb surfaces, by 
partly immersing the bulb in water and applying 
—from the terminals of a flickering neon lamp—an 
oscillating potential between the water and one end 
of the lamp filament. When the voltage supplied 
to the filament is gradually raised, ionisation of 
the residual gas will set in at a certain moment. 
The gas then conducts and forms a shunt across the 
inner condenser; the capacity of the system is 
thus changed, and the note heard in a telephone 
in the circuit decreases in pitch. As the ions are 
adsorbed, the pitch rises again, and when the clean- 
ing up is completed the note remains constant. 

Dr. N. R. Campbell’s demonstrations of two 
applications of photo-electric cells had for their 
object the improvement in methods of measuring 
light sources of small intensity, and the trans- 
mission of pictures by radio-telegraphy. Gas-filled 
photo-electric cells are generally worked at poten- 
tials too small for spark discharges. Dr. Campbell 
makes use of the unstable part of the characteristic, 
between the Townsend and the glow discharges, 
and he stabilises the discharge by means of a ther- 
mionic current-limiter in series with the cell. The 
current through the cell is then intermittent, and 
the frequency of the intermittent current varies 
with the light incident on the cells; conversely, 
the frequency can be used to detect or to measure 
light. By means of a current-limiter, the frequency 
is adjusted to about 5,000 in the dark; a very 
moderate illumination then causes the oscillation 
to stop. In transmitting pictures by radio-tele- 





® See also Mr. C. C. Paterson’s lecture before the Royal 
Society of Arts. ENGINEERING, March 4, p, 252 ante. 
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graphy, waves of about that frequency have to 
be modulated by light signals. This requires special 
devices, but Dr. Campbell makes the cell itself 
produce signals of the necessary form, and can 
obtain great sensitivity with weak light sources. In 
the second demonstration, the current was adjusted 
for a frequency of intermittence of about 1 per 
second, which was rendered audible by clicks in 
a telephone in series to the cell. A feeble illumina- 
tion was then again sufficient to produce a change 
in frequency; very feeble light intensities, e.g., 
from stars, can in this way be measured without the 
aid of sensitive electrometers, batteries and 
elaborate insulation, which is very difficult to secure 
in apparatus to be mounted on telescopes. 

Messrs. J. W. Ryde and A. C. Bartlett demon- 
strated some peculiar phenomena of the thermionic 
emission from layers of barium deposited on tungsten 
in a valve. A tungsten spiral surrounding a fila- 
ment is coated with the bright barium azide BaN,. 
As the spiral is heated by an independent circuit, 
the azide decomposes without explosion (lead azide 
is a powerful detonator), and the volatilised barium 
metal is deposited on the filament, which is itself 
heated to 1,200 deg. K.; thermionic emission 
then takes place from the barium. With a small 
supply of barium, at low temperatures, the emission 
rises to a maximum of 1 milliampere, and then 
decays; at higher temperatures, the final equilib- 
rium value of the emission is lower, and the peaky 
curve produced suggests that, above the probably 
monatomic layer of barium, a second layer of 
nitrogen settles. 


(To be continued.) 





LABOUR NOTES. 


In the House of Commons on Monday, the Prime 
Minister moved a resolution setting forth a time table 
for the remaining stages of the Trade Disputes and 
Trade Unions Bill, under which 12 more days would 
be allotted to the Committee stage, three days to 
Report, and one day to the third reading. Mr. Clynes 
opposed the motion, and declared that the Labour Party 
would not be a party to it. He then walked out of the 
House followed by the other members of the party, 
who fell in behind him leaving one bench after another 
in regular succession. The Schedule was eventually 
carried by 259 votes to 13. 


The members of the Labour Party were in their 
places on Tuesday when the House again went into 
Committee on the Bill. Clause 1 was again under 
discussion, and from the debate the first section 
emerged in the following form :— 

“It is hereby declared that any strike is illegal if it 

has any object other than or in addition to the further- 
ance of a trade dispute within the trade or industry in 
which the strikers are engaged, and is a strike designed 
or calculated to coerce the Government either directly 
or by inflicting hardship upon the community ; and 
it is further declared that it is illegal to commence or 
continue or to apply any sums in furtherance or support 
of any such illegal strike. 
_ “It is hereby declared that any lock-out is illegal 
if it has any object other than or in addition to the 
furtherance of a trade dispute within the trade or 
industry in which the employers locking-out are engaged 
and is a lock-out designed or calculated to coerce the 
Government either directly or by inflicting hardship 
upon the community ; and it is further declared that 
it is illegal to commence or continue or to apply any 
ea in furtherance or support of any such illegal 
ock-out. 

“For the purposes of the foregoing provisions, a 
trade dispute shall not be deemed to be within a trade 
or industry unless it is a dispute between employers 
and workmen, or between workmen and workmen in 
that trade or industry, which is connected with the 
employment or non-employment or the terms of the 
employment, or with the conditions of labour, of 
Persons in that trade or industry.” 





_ The form in which this clause appears in the Bill 
1S as follows :— 

“(1) It is hereby declared that any strike having 
any object besides the furtherance of a trade dispute 
within the trade or industry in which the strikers are 
engaged is an illegal strike if it is a strike designed or 
calculated to coerce the Government, or to intimidate 
the community or any substantial portion of the 
community, and that it is illegal to commence, or 
continue, or to apply any sums in furtherance or 


“ For the purposes of the foregoing provision a trade 
dispute shall not be deemed to be within a trade or 
industry unless it is a dispute between employers 
and workmen, or between workmen and workmen, in 
that trade or industry, which is connected with the 
employment or non-employment, or the terms of the 
employment, or with the conditions of labour, of 
persons in that trade or industry.” 


On Wednesday the Attorney-General moved an 
amendment to the second Sub-section which carried 
out the undertaking previously given by the Govern- 
ment that the Bill should not apply to a person who 
merely took part in an illegal strike. The penalties 
were limited to any person “ who declares, instigates, 
incites others to take part in, or otherwise acts in 
furtherance of a strike or lock-out.’’ This amendment 
was carried by 301 to 148, and another, which was 
adopted without a division, provided that ‘‘ no person 
shall be deemed to have committed an offence under 
this section or at common law by reason only of his 
having ceased work or refused to continue to work or to 
accept employment.” 


An amendment to clause 8 of which the Government 
gave notice early in the week proposes to define a 
lock-out in the following words :—‘* The expression 
‘lock-out’ means the closing of a place of employment 
or the suspension of work, or the refusal by an employer 
to continue to employ any number of persons employed 
by him in consequence of a dispute, done with a view 
to compelling those persons, or to aid another employer 
in compelling persons employed by him, to accept 
terms or conditions of or affecting employment.” 
These are the words used to define a lock-out in the 
Munitions of War Act, 1915. 


Although benefits cost the Amalgamated Society 
of Woodworkers 115,1891. more in 1926 than in 1925, 
the amount at the credit of the organisation at the end 
of the year was reduced by only 20,0001. 


At a conference in London to-day, representatives 
of the Shipbuilding Employers’ Federation and repre- 
sentatives of the Federation of Engineering and Ship- 
building Trades are discussing the application of the 
men’s organisation for an advance of wages of 10s. per 
week. Addressing the annual conference of the 
Federated Trade Unions at Hull on Wednesday last 
week, Mr. Will Sherwood, the president, said that the 
prospects for the coming vear seemed to indicate that 
the wage improvements held in abeyance would be 
successfully proceeded with. The state of trade within 
the shipbuilding industry had been greatly improved 
by the large number of orders placed and the increased 
amount of tonnage now under construction. Mr. Sher- 
wood also referred to the negotiations with the engi- 
neering employers for an increase and said that, in 
view of the need for industrial peace, it was imperative 
the employers should make such an offer as could at 
least be recommended to the union members. The 
conference on the wages question with the Engineering 
and Allied Employers National Federation took place 
in London yesterday. 


According to a statement issued by the International 
Federation of Trade Unions, the Norwegian Parliament 
has, against the votes of the 23 Labour members, 
passed a provisional bill for compulsory arbitration in 
labour disputes which is to remain in force till August 1, 
1929. A motion of the Left Party, to make compul- 
sory arbitration in labour disputes permanent was 
defeated by 66 votes to 42. Under the new law, all 
current and impending differences will have to be 
submitted to arbitration. Itis assumed that Norwegian 
trade unions will ignore the Arbitration Courts set up. 
In view of the passage of the Bill, the National Associa- 
tion of Employers decided immediately to withdraw 
the lock-out notices which have been in force for 
ten weeks. 

At its conference in Norwich last week, the Post Office 
Controlling Officers’ Association decided by 60 votes 
to 36 to withdraw from affiliation with the Trades Union 
Congress. Mr. Moody (Doncaster), who moved the 
resolution, contended that it was against the best 
interests of the association to continue affiliation with 
a congress which declared war upon the State. Mise 
Chillman (London Central Telegraph Office), seconding, 
said the real difficulty arose from the fact that the 
Trades Union General Council was officially associated 
with the Labour Party. She suggested that to most 
of their members automatic affiliation with either of 
the other two parties would be a far less bitter pill to 
swallow. Their colleagues were anti-Labour so long 
as a considerable section of Labour remained under the 


The Ministry of Labour Gazette states that employ- 
ment during April, although declining at the Easter 
Holidays, showed a renewed improvement by the 
end of the month. The improvement, taking the period 
as a whole, was most marked in shipbuilding where, 
however, employment still remained very bad. There 
was a further seasonal improvement in the building 
and clothing industries, and the numbers unemployed 
also decreased in a marked degree in general engineering 
and in the construction and repair of motor vehicles, 
cycles, &c. On the other hand, there was a decline in 
coal mining, in steel manufacture, and in tinplate 
manufacture. In coal-mining the numbers recorded 
as wholly unemployed showed a further decrease, 
but this was more than counterbalanced by the num- 
bers temporarily stopped from the service of their 
employers. Employment was good in most branches of 
brick, tile and cement manufacture, and in the 
printing, publishing and stationery industries. 





Among the workpeople (numbering approximately 
12,000,000) insured against unemployment under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland, the percentage unemployed (includ- 
ing those temporarily stopped as well as those wholly 
unemployed) in all industries taken together at April 25, 
1927 was 9-4, as compared with 9-9 at March 21, 1927, 
and 9-1 at April 26, 1926. The percentage wholly 
unemployed was 7-9 at March 21 and 7-2 at April 25. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in April resulted in an aggregate reduction of about 
70,000. in the weekly full-time wages of nearly 560,000 
workpeople, and in an increase of about 4,000/. in those 
of nearly 27,000 workpeople. There were reductions 
in the wages of coal miners in Yorkshire, Cumberland, 
Leicestershire, North Staffordshire and the Forest: 
of Dean, the percentage additions to basic rates being 
reduced by amounts varying in the different districts 
from about 3 per cent. to 6% per cent. on the previous 
wages. Other large groups of workpeople whose wages 
were reduced included iron puddlers and iron and steel 
millmen in the Midlands, who sustained a reduction 
equivalent to about 3} per cent. on current rates ; 
hosiery workers in the Midlands, whose bonus was 
reduced from 8d. to 7d. on each shilling ; and textile 
bleachers, dyers, &c., in Yorkshire, Lancashire and 
Scotland, the reduction for whom amounted to over 
4 per cent. on current rates in Yorkshire and to 2s. 6d. 
or 2s. 7d. per week in the case of men, and 1s. 6d. per 
week in the case of women in other districts. Reduc- 
tions also occurred in the wages of ironstone miners 
in Cleveland, men employed on works of civil engineer- 
ing construction, waterworks employees in London and 
various provincial districts, seed crushers and oil 
millers, coal tippers at the principal ports, and whole- 
sale warehouse workers at Manchester. The increase 
affected mainly ironstone miners and_blastfurnace 
workers in Northamptonshire, blastfurnace workers in 
Cleveland and Staffordshire, and building trade opera- 
tives at certain provincial towns in England. 


During the first four months of 1927, the changes 
reported to the Ministry of Labour in the industries for 
which statistics are compiled, have resulted in net 
increases amounting to 33,5001. in the weekly full-time 
wages of 517,000 workpeople and in net reductions 
of 99,8001. in those of 685,000 workpeople. In the 
corresponding period of 1926, there were net increases 
of 11,7001. in the weekly full-time wages of 106,000 
workpeople, and reductions of 33,000/. in those of 
354,000 workpeople. 


The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as beginning 
in April was 16. Jn addition, 20 disputes which began 
before April were stili in progress at the beginning of 
the month. The number of workpeople involved in all 
disputes in April (including workpeople thrown out of 
work at the establishments where the disputes occurred, 
but not themselves parties to the disputes) was about 
10,200; and the aggregate duration of all disputes 
during April was about 79,000 working days. The 
aggregate duration of all disputes in progress in the 
first four months of 1927 was about 520,000 working 
days, and the total number of workpeople involved in 
these disputes was 34,000. The figures for the corres- 
ponding period of 1926, were 1,722,000 days and 87,000 
workpeople respectively. 





The Ministry of Labour states that on May 9, 1927, 
the number of unemployed persons on the register of 
Employment Exchanges in Great Britain was 998,300, 
of whom 797,700 were men, 30,200 boys, 138,400 
women, and 32,000 girls. Of the total number, 688,500 
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and 68,200 normally in casual employment. On May 2, 
1927, the number of unemployed persons was 1,021,728, 
of whom 815,678 were men, 32,962 boys, 139,970 
women, and 33,118 girls; and on May 10, 1926, it 
was 1,575,899, of whom 1,123,656 were men, 49,776 
boys, 344,076 women, and 58,391 girls. The figures for 
May 10, 1926 are affected, it is pointed out, by the 
General Strike, and the dispute in the coal mining 
industry. 


The tenth general conference of the International 
Labour Organisation created by the Treaty of Ver- 
sailles is to be opened at Geneva on Wednesday next. 
The subjects set down for discussion are :—(1) Sickness 
Insurance ; (2) Freedom of Association; (3) Minimum 
wage-fixing machinery in trades in which organisation 
of employers and workers is defective, and where wages 
are exceptionally low, with special reference to the 
home-working trades. The British Government have 
appointed Mr. Humbert Wolfe, principal assistant 
secretary, Ministry of Labour, and Sir Walter S. 
Kinnear, controller of the Insurance Department of the 
Ministry of Health as Government delegates, and in 
agreement with the National Confederation of Em- 
ployers’ Organisations and the General Council of the 
Trades’ Union Congress, have nominated Sir David 
Milne Watson, Governor of the Gas Light and Coke 
Company, and president of the National Confederation 
of Employers’ Organisations, and Mr. E. L. Poulton, 
secretary of the National Union of Boot and Shoe 
Operatives and a member of the General Council of 
the Trades’ Union Congress, as employers’ and work- 
people’s delegates respectively. Each delegate will 
be accompanied by advisers. 





LETTER TO THE EDITOR. 


BOLT-HEAD AND NUT SIZES. 
To tHe Eprror oF ENGINEERING. 

Sir,—Referring to the recent conference which 
was convened for March 30, by the Screw-Threads 
Committee of the British Engineering Standards 
Association, as mentioned in your issue of March 25, 
on page 357, the writer’s practice for the last thirty 
years at least, has been to use, for Whitworth thread 
and fine-thread bolts, bright nuts, one Whitworth 
size smaller across the flats, retaining the depth equal 
to the diameter of the screw, and in some cases, using 
deeper nuts where a mild steel nut is used with a higher 
tensile bolt or screw or piston rod. 

The writer, in all this period, does not know of any 
failure by bursting except one, where one of the 
larger-sized nuts had been made by welding. He also 
adopted the same reduced sizes for bolt heads, and in 
roundhead bolts also. We frequently use a reduced 
neck under the head, recessing the fillet and obtaining 
the full annular bearing area, this permitting a reduction 
in the diameter of the head. 

Also in all bolts of any importance, the section is 
reduced to a diameter slightly below that of the root 
of the thread, and where shock or vibration is en- 
countered, this reduced or ‘ springing” portion is 
made one depth of the thread smaller than the root 
diameter of the thread. 

Doubtless not a few other engineers have made a 
practice of using these smaller nuts, long before the 
practice was adopted by motor manufacturers and 
named ** motor standard.” 

Yours faithfully, 
W. Sisson. 
Elmbridge-road, Gloucester. May 16, 1927. 





Tue INSTITUTION OF CrviL ENGrINEERS.—The Council 
of the Institution of Civil Engineers have made the follow- 
ing awards in respect of papers read and discussed at the 
ordinary meetings during the 1926-27 session :—Telford 
Gold Medals to Messrs. I. J. Jones and T. B. Hunter ; 
a Watt Gold Medal to Mr. G, Curry ; a George Stephenson 
Gold Medal to Mr. A. L. Bell; Telford Premiums to 
Messrs. A. W. Stonebridge, P. R. Roberts, A. C. Anderson 
and G. Ellson; a Manby Premium to Professor 
D. Hay ; and a Trevithick Premium to Mr. P. Davies. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—The secretary of the Association of Supervising 
Electrical Engineers informs us that the W.E. Highfield 
Shield and a prize, value four guineas, has been awarded 
to Mr. G. H. Conway for his paper, ‘‘ Electrically-Heated 
Glasshouses.’’ A second prize, valued at two guineas and 
presented by Messrs. V. G. Middleton and Company, 
Limited, has been awarded to Mr. B. C. Garman for his 
paper, ‘ Notes on Electric Cooking Apparatus”; and a 
third prize, worth one guinea and presented by Messrs. 
Johnson and Phillips, Limited, has been awarded to 
Mr. E. J. Davies for his paper, ‘* Electricity as applied 
to the Asphalt Industry.” The first associate's prize of 
two guineas has been awarded to Mr. T. V. Harding, and 
the second prize of one guinea to Mr. F. Anderson, 
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TEMPLATE FOR LOCATING FounDATION Botts. 

















THE INstrrutTe oF PrRysics.—For the first time in its 
existence, the Institute of Physics, incorporated 1920, 
was able to hold its annual meeting in its own rooms, at 
1 Lowther-gardens, Exhibition-road, South Kensington, 
on May 16. The Royal Commissioners for the Exhibi- 
tion of 185], the owners of the building, made a 
generous offer to the Institute, placing the second floor 
at its disposal, and these rooms are now being furnished, 
In making this announcement, Sir William Bragg, the 
retiring president, regretted that only the Physica] and 
Optical Societies were co-operating with the Institute in 
the new arrangement. the Faraday Society standing out, 
not for long he hoped. The late Professor A. W. Scott, 
of Lampeter, had teft the Institute a legacy of 2501. 
Professor A. O. Rankine, D.Sc., has been appointed 
honorary secretary in succession to the original honorary 
secretary, Professor A. W. Porter, F.R.S., who resigned 
last winter owing to pressure of work, and Mr. Thomas 





Martin, M.Sc., secretary in succession to the late Mr. F, S, 





Fie. 2. Founpation Botts 1n Posirion. 


Spiers. Dr. . V. Drysdale has followed Dr, J. S. Ander- 
son as editor of the Journal of Scientific Instruments. 
published monthly by the Institute in co-operation 
with the National Physical Laboratory ; a much valued 
feature of this journal is the tabular information supplied 
on classes of instruments. The Science Library is granting 
facilities to members of the Institute with respect to the 
lending of books. The Institute has now 450 corporate 
members, atid 99 other members and students, Having 
delivered a scientific address last year, at the end of 
his first term of office, Sir W. Bragg contented himself 
this year with comments on the work of the Institute and 
on the better recognition of the value of physics! science 
for the general welfare. The importance of the Co- 
ordination of scientific research had been emphasised at 
the Colonial conference. Scientific education had not 
been valued forty years ago, but men of science and men 
of industry now understood one another better. Sir Frank 
Dyson, the Astronomer Royal, was elected president. 
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Fia. 4. 


THE MAIN BEARINGS OF SYDNEY 
HARBOUR BRIDGE. 


AN interesting stage in the construction of the great 
bridge across Sydney Harbour was reached on the 
28th ult., when the work of erecting the first of the four 
main bearings, which will transmit the thrust from the 
arch ribs to the masonry piers, was completed. The 
Contract for the construction of the bridge, it will 
be remembered, was awarded, on the recommenda- 
tion of Dr. J. C. C. Bradfield, the chief engineer, to 
Messrs. Dorman, Long and Company, Limited, of 
Middl sbrough, whose joint consulting engineers for 
the ork are Messrs. Sir Douglas Fox and Partners and 
Mr. G. C. Imbault. Some general particulars of the 
ee design will be found in our issue of July 25, 
1924, but we may remind our readers that the bridge 
18 of the arch type, the length of the main span being 
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Four Bask CastINGs IN POSITION. 


1,650 ft. and the available headroom being 170 ft. above 
water level. It provides for a main roadway, 57 ft. in 
width, with two railway lines on each side and two 
footways. In all, over 50,000 tons of steelwork, mainly 
manufactured in Australia, will be required for the 
work. 

The photographs reproduced in Figs. 1 to 4 on this 
and the opposite pages, placed at our disposal by Messrs. 
Dorman, Long and Company, Limited, show various 
stages in the erection of the first main bearing on the 
south eastern skewback at the Dawes Point end of the 
bridge. Fig. 1, which is a reproduction of a photograph 
taken on February 11 last, shows the erection of a 
special steel-framed template used for accurately 
locating the twenty-four 44-in. foundation bolts which 
hold the base castings of the bearing in position. The 
sandbags visible in this illustration, it may be explained, 
are merely employed to protect the surface of the dressed 
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granite masonry, some of which is exposed on the right. 
Fig. 2 shows the state of the work on February 24, 
by which time, it will be seen, the template had been 
completed and the bolts placed in position. The photo- 
graph from which Fig. 3 has been prepared was taken 
about a month later, on March 25, and shows the first 
casting, six of which form the base of the bearing, in 
position. The temporary steelwork stools, used to 
support the weight of the bearing before placing the 
concrete on which it will finally rest, are clearly shown 
in this illustration and are an interesting detail of the 
work. The concrete, the quality of which was the 
subject of exhaustive special experiments by the 
contractors and Dr. Bradfield, is of a mixture 
with an aggregate of granite chippings, giving a 
high crushing strength of the order of 600 tons per 
square foot. It was placed in position and well 
rammed after the bearing had been completely erected. 
Another point of interest in connection with Fig. 3 is 
that of the group of three persons in the foreground of 
the i!lustration, the central figure is Dr. Bradfield, and 
that on the right is Mr. L. Ennis, of Messrs. Dorman, 
Long and Company, Limited. The other progress 
photograph, reproduced in Fig. 4, shows the stage 
reached by March 31, four of the base castings being 
then in position, while the fifth is being 'ifted into 
place. As already mentioned, the first bearing had 
been completely erected by April 28, but no later 
progress photograph is available at the moment. 

The design of the main bearings is well shown by 
the drawings reproduced in Figs. 5, 6 and 7 on page 620. 
All four of them were constructed for Messrs. Dorman 
Long and Company, Limited, by the Darlington Forge, 
Limited, of Darlington, and Fig. 8 shows one of the 
bearings completely erected in the shops of the last- 
mentioned firm. They are notable pieces of engineering 
work, not only from their massive proportions, but also 
for the exceptionally high order of accuracy achieved in 
machining and fitting the parts in order to ensure 
accurate alignment and the uniform distribution of the 
heavy thrust load, which is of the order of 19,200 tons. 
The bearings are built up, as will be explained below, 
of a number of castings and forgings of open-hearth 
acid steel, the total weight of each bearing being about 
300 tons; no single part, however, weighs more than 
32 tons. The first bearing, viz., that of which the erec- 
tion is illustrated in Figs. 1 to 4, was despatched to 
Sydney in June of last year, and the fourth, which we 
have recently had an opportunity of inspecting in the 
course of erection in the shops of the Darlington Forge, 
Limited, is now practically completed, a fact on which 
the firm must be congratulated in view of the industrial 
conditions prevailing for the greater part of last year. 

The base, which is set at an angle of 45 deg. with 
the horizontal, is composed, as already mentioned, 
of six cast-steel girders, each 21 ft. in length by 
4 ft. in width and weighing about 25 tons. Their 
design is well shown in Figs. 5, 6 and 7, and also 
in Fig. 4, and from these it will be seen that each is 
provided with a central diaphragm with transverse 
stiffening webs. Two holes for the 4} in. dia. foundation 
bolts, already referred to, are formed in the ends of 
each girder, as shown in Figs. 6 and 7. The girders are 
connected laterally by 4 in. fitted bolts, recesses and 
corresponding grooves, machined from the solid, being 
formed on adjoining faces, as is most clearly shown on the 
right of Fig. 5. The whole of the load is transmitted 
to the base girders by two heavy forged-steel web 
plates, shaped in the form of a trapezium, measuring 
24 ft. at the base, about 14 ft. at the top, and 9 ft. 6 in. 
between the top and bottom edges. The plates are 
9} in. in thickness and the weight of each is 32 tons. 
Their arrangement is clearly shown in Figs. 5 and 6, 
but it should be pointed out that the lower edges 
which bear on the base girders are slightly chamfered 
to ensure central loading. They are attached to the 
girders by 4 in. fitted bolts, packings 9 in. by 5} in. in 
section and made in 6 ft. lengths with a }-in. taper, being 
inserted between the plates and the girder castings, 
as can be seen in Fig. 6. 

Between the two web plates ten cast-steel diaphragm 
plates are fitted, their form and position being best 
shown in Figs. 5 and 6. These diaphragm plates, 
which have an average weight of about 3 tons each, are 
provided merely as a lateral support for the main 
web plates to which they are attached by 4-in. fitted 








bolts ; no vertical load is transmitted by them as they 
are kept just clear of the base girders and of the saddle, 
as shown in Figs. 5 and 6. This last mentioned illus- 
tration shows the method of fitting the lower saddle, 
in which the main bearing pin rests, on to the upper 
edges of the web plates. The pin itself is of forged steel, 
14} in. in diameter and 13 ft. 8 in. in length, and its 
axis is at a distance of 13 ft. 114 in. from the base. 
The lower saddle, shown in section in Figs. 5 and 6, 
was machined from a solid forging weighing 30 tons, 
and the finished weight of this part is 20 tons. The 
upper saddle, which rests on the pin, is formed with 
four flanges, shown in Fig. 8, for the attachment of the 
steelwork of the arch, although only two flanges are 
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shown in Fig. 5. The finished weight of this part is 22 
tons and it was machined from a forging weighing 40 
tons in the rough. 

One other point which may be mentioned to complete 
our description, is that a conical cap, 3 ft. 6 in. in 
diameter and 5} in. thick, is fitted to each end of the 
pin, as shown in section on the right of Fig. 5. It will 
be seen that the inner f.ce of these washers is formed 
with a central recess, 34 in. deep and 1 ft. 10} in. in 
diameter, and that corresponding projections on the 
ends of the saddles fit into this recess. The arrangement 
thus serves to preyent any end movement and to keep 
the saddles in their correct positions. In conclusion, 
we may mention that the erection of the first bearing 
has been carried out without any untoward incident 
and that the Darlington Forge, Limited, have been 
congratulated by the contractors on the accuracy of 
the workmanship employed in its construction. This 
is particularly satisfactory, in that the bearings are, 
we believe, the largest so far constructed, and their 
accurate manufacture is, of course, of vital importance 
to the successful construction of the bridge. The 


erection of the other bearings and the general progress 
of the work will be watched with the greatest interest 
by engineers throughout the world. 





TRACTOR FOR LAUNCHING LIFE- 
BOATS. 


In the past few years the Royal National Life-boat 
Institution have replaced horses by caterpillar tractors 
at a number of stations for launching life boats from 
flat sandy beaches. The tractors have been found 
unsuitable for launching boats from shingle or very soft 
mud, and to meet the requirements in such cases, the 
Four-Wheel Drive Lorry Company, Limited, Slough, 
have designed a tractor with a Roadless Traction 
creeper track. The first of these tractors was recently 
tested at Slough over rough ground covered with 
shingle, and also over ground of a swampy nature. 
The tractor was drawing a cradle carrying a lifeboat 
weighing about 6} tons, and the tests clearly demon- 
strated that the tractor was capable of easily manceuvring 
the boat into any required position over any sort of 
beach that is likely to be met in service conditions. 
When launching from a beach, the boat is trailed in a 
half circle until it is stern-on to the sea, and the tractor 
is then backed until the cradle is sufficiently submerged 
to launch the boat. On some beaches, this involves 
the tractor actually entering the water, in which event 








the engine may be splashed by the waves. The magneto 
and carburettor are accordingly enclosed in water- 
proof casings. This arrangement was tested during the 
trials by throwing water over the engine. Ps 

The engine, a four-cylinder model, has a bore of 5} 
in., and a stroke of 5} in., and develops 65 b.h.p. at 
1,350 r.p.m. The air supply to the carburettor 1s 
drawn from an opening about 8 ft. above ground level, 
and passes through the magneto casing on its way to 
the carburettor. The engine will operate satisfactorily 
with an inclination not exceeding 30 deg. in any direc- 
tion. The tractor is provided with six forward and 
two reverse speeds, the highest forward speed being 
12 m.p.h., and the lowest 2 m.p.h. A winding drum 
is provided for launching the boat, and for re-mounting 
it on the cradle. The wheelbase of the tractor, 
measured to the centre of the creeper track, is 8 ft. 
9 in., and the distance between the centres of the tractor 
and trailer tracks is 22 ft. 5 in. The tracks on the 
tractor are at 4 ft. 10} in. centres, and are each 16} in. 
wide. The trailer tracks are at 9 ft. 0} in. centres, and 
are each 18 in. wide. When loaded, the weight on the 
turntable connecting the trailer and tractor is 6 cwt- 
and the load on the rear track 6 tons 10 cwt. 
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PROPERTIES OF COKE. 


In the course of two lectures on ‘‘ Some Properties 
of Coke,” recently delivered at the Royal Institution, 
Professor J. W. Cobb stated that coke was formed 
when coal, heated out of contact with air, softened 
and was blown into a porous mass by its own gaseous 
products of decomposition. The mass, of larger 
volume than the coal, solidified at about 500 deg. C., 
and contracted on further heating, when hydrogen 
was evolved. It changed little in density above 
800 deg., when it reached its maximum volume. While 
charcoal retained the original structure of the wood, 
the cellular structure of coke, with its pores mostly 
open, gave no indication of the original structure and 
depended upon the chemical composition and more 
still upon the heat treatment of its coal. Not all coals 
would coke ; a coking coal contained about 5 per cent. of 
hydrocarbons and resins, extractable by solvents ; but 
it was not certain that these were original constituents 
of the coal. In a vertical retort the vapours expelled 
condensed in the upper cooler layers of the coal and 
soaked back into the hotter coal, where they produced 
caking, if undecomposed, and coking if decomposed 
by heat. Preheating of the coal in the presence of 
air to 200 deg. before retorting would prevent the 
sticking of the coal in the retort. The study of the 
influence which the mineral constituents in coal have 
on the properties of coke, recognised by Haber and 
first investigated by R. Lessing in this country, had 
recently been taken up at Leeds by adding to a special 
coal containing 1 per cent. of minerals, 5 per cent. of 
silica, alumina, lime, iron oxide, soda and other com- 
pounds (calculated as oxides) and coking at various 
temperatures. Silica and clay had had no effect. 
Below 500 deg. C., soda and iron oxide in particular, 
diminished the evolution of volatile matter, and the 
cokes obtained were found in tests to be stronger, less 
voluminous and closer grained. But these differences 
vanished when working at higher temperatures, and 
seemed to be wiped out in works practice. Yet their 
study was important for reactivity problems and it 
had been ascertained that the catalytic effects were 
retained when the additions were limited to 1 per cent., 
in place of the impracticable 5 per cent. Sodium 
chloride was less effective than the carbonate probably 
because it volatilised at higher temperatures. 

In the water gas reaction, and in gas-making, steam 
was blown into the hot coke. Doing this in the 
laboratory at Leeds at temperatures between 500 deg. 
and 1,100 deg. C., they found that the reaction could 
be carried to equilibrium conditions, but that in 
actual retort working the gas produced would be far 
too rich in CO, under those conditions, because part 
of the steam escaped without coming into contact 
with the coke. In the presence of the catalysts 
mentioned the ratio of steaming could, however, be 
pushed very high at 1,000 deg. and 800 deg.C. Thus, 
when pure coke decomposed 61 per cent. of steam, and 
gave a water gas containing 9-2 per cent. of CO,, the 
soda coke decomposed 98 per cent. of the steam into a 
gas containing 0-4 per cent. of CO,. As in these 
experiments the mineral had been added to the coal 
before carbonisation, the effect of the addition might 
be chemical, or-due to physical changes in the structure 
of the coke. They therefore impregnated the untreated 
coke with a solution of soda, and dried it ; the same 
enhanced reactivity was observed. 

For the manufacture of producer gas, as well as for 
the blast furnace and the domestic fire, the reduction 
of CO, to CO by contact with the glowing coke was 
the most important reaction. Investigating this 
reaction, Professor Cobb observed with 1 per cent. of 
iron oxide more than half the. catalytic effect of 5 per 
cent.; the reactivity fell off in the course of time, 
however, possibly because iron was reduced. As it 
was difficult with air blowing to maintain definite 
temperatures above the ignition point, they diluted 
the air with nitrogen until the oxygen contents were 
reduced to 3 per cent. and less. At 800 deg. and 
700 deg., the various coals then behaved much the 
same way; but differences became apparent befow 
400 deg., and it was peculiar that the highly reactive 
soda coke then reacted slowly with oxygen, probably 
owing to some gas absorption at the surface. When 
coke was burnt to CO, in an excess of air, heat was 
generated, and the amount of that heat changed little 
with the nature of the coke. But the subsequent 
endothermic reaction between CO, and glowing carbon 
depended upon the reactivity, and the cooling effect 
was the greater the more reactive the coke, so that the 
less reactive coke heated up more quickly when air was 
blown through hot coke. In the gas producer, coal 
was dropped in from the top end, and steam was 
blown in from below in order to gasify the coke, and 
to produce from the CO, first generated the maximum 
of CO at the quickest rate. In the more complicated 
water-gas reaction, the coke was blown with steam until 
the temperature sank and steam escaped undecomposed ; 
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FAILURE OF HELICAL SPRINGS. 
The Failure of Some Steel Wires under Repeated Tor- 
sional Stresses at Various Mean Stresses Determined 

from Experiments on Helical Springs.* 
By Prorsssor F. C. Lea, O.B.E., D.Sc., M.I.Mech.E., 
and F. Heywoop, M.Sc. 
(Concluded from page 564.) 
Compression Springs. 

Batch No. 7.—These springs were made from a 
crucible cast-steel and were hardened and tempered 
after coiling. The Modulus of Rigidity was found to 
be fairly constant for these springs, extreme values 
being 11-00 x 10° lb. per square inch and 11-72 x 106 
lb. per square inch. The mean value was 11-35 x 106 
lb. per square inch. These may be compared with the 
values for batch 3, also made from a high-carbon 
crucible steel. The limit of proportionality must be 
comparatively high, but could not be determined by 
direct compression, as the closing of the end coils 
under high loads had the effect of increasing the 
stiffness and hence of obscuring completely any decrease 
in the slope of the load-strain curve. 

Some of the endurance curves are shown in Fig. 9. 
The curves show that a small decrease in the stress 





Means: tress 17-2 Tons per Sg Inch 


& 
Ss 


R 


8 


Fig.9. ENDURANCE CURVES FOR COMPRESSION SPRINGS. 
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It is worthy of note that spring No. 31 broke in two 
places simultaneously, 3-5 and 9-5 coils from the top. 
Both appeared to be typical fatigue fractures. 

Batch No. 8.—These springs were made from a 1-17 
per cent. carbon steel, and were hardened and tempered 
after coiling. The limit of proportionality is low 
being about 23 tons per square inch, and the fatigue 
range is also low. The endurance curves are shown in 
Fig. 9, while the range of stress is plotted against the 
mean stress in Fig. 11. which figure also embodies the 
results of the tests of other batches. Here S, = 17-8 
— 0-127S,. One specimen, when examined under the 
microscope, revealed the presence of a hair crack ex- 
tending for about 5}, in. from the surface into the 
interior. Such cracks possibly account for the very 
low fatigue range. The Modulus of Rigidity for the 
different springs had values ranging from 10-3 x 10°Ib. 
per square inch to 11-45 x 10° lb. per square inch, a 
variation of about 10 per cent. 

Batch No. 9.—The springs of this batch were made 
from cold-drawn wire of approximately the same 
composition as that of batch 5, and in most respects 
the two batches gave results which were almost 
identical. The limit of proportionality could not be 
determined owing to the closing up of the end coils 
before this point was reached. There was no indica- 
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range in the neighbourhood of the limiting stress is 
attended by a large increase in the number of oscilla- 
tions before fracture. The points are plotted as pre- 
viously described and show in those cases where the 
stress was raised during the test, both the number 
of oscillations completed at any particular stress and 
also the total number of oscillations at that stress and 
at all higher stresses. Thus points 3, 3a, and 3b refer 
to the same spring. Point 3 is clearly below the 
real fatigue range of the spring, and similarly points 
3a and 36 are above it. Point 3a’ is plotted at the 
actual number of repetitions which the specimen with- 
stood at the plotted stress. The raising of the fatigue 
due to gradually increasing the stress is again observ- 
able. In compression springs, the greater principal 
stress is compressive, and acts at the inner extremity 
of a horizontal diameter of a section of the wire. The 
fracture usually extends for some distance along the 
wire on the inside of the spring and turns into a helix 
inclined at about 45 deg. to the axis of the wire on the 
outside. In contrast to the tension springs of batch 3, 
the endurance curves lie between very small limits of 
stress and rather emphasise the reference to faults 
in materials made in connection with batch 3. 
Within the range of stress covered by the tests, a 
linear relation represents very closely the variation of 
limiting range of stress with mean stress. For mean 
stresses between 17 tons per square inch and 43 tons 
per square inch the relation is given very approxi- 
mately by :— 7 





Se = 38-0 — 0-4 Sx. 








* Paper read before the Institution of Mechanical 
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. Manganese 0-32 per cent. 


Mean Diameter of Coils = 1-12 in. 
Diameter of Wire = 0-115 in. 


Carbon 1-17 percent. Manganese 0-33 per cent. 


ils = 1-117 in. 


Diameter of Wire = 0-115 in. 


tion of any departure from the straight line law for 
stresses as high as 50 tons per square inch. All the 
springs failed by cracking along the inside of the coils, 
thereby causing two adjacent coils to close. The safe 
range of shear stress for a given mean stress is slightly 
less than for batch No. 5. Using the previous nota- 
tion, S, = 32-8 — 0-248,, approximately. 

Batch No. 10.—These springs were made from 
chrome-vanadium wire of the same composition as 
batch 6, and the tests give results which agree fairly 
closely with those for the tension springs, yet, though 
the tensile strength of the wire of this batch is about 
2 tons per square inch higher than the corresponding 
value for batch 6, the maximum shear stress as deter- 
mined by static torsion tests is some 8 tons per square 
inch lower than that of the tension springs. The safe 
range of stress is also slightly less than that for the 
tension springs. There is some doubt as to the true 
value of the safe range, inasmuch as certain springs 
broke at considerably lower stresses than the “ safe ” 
range indicated by tests on other springs of this batch. 
These erratic results appear to be due to longitudinal 
cracks in the wire; cracked springs were not tested. 
It is of interest to note than one of the springs showed 
signs of yielding under a static load stress of 25-5 tons 
per squat inch, and two adjacent coils touched when 
the stress was increased to 34-2 tons per square inch. 
The limit of proportionality for this spring must have 
been somewhat lower than for the other spings of the 
batch. The modulus of rigidity for the spring, however, 
was not exceptionally low. 

Batch No. 11.—In order to eliminate some of the 
unknown factors affecting the resistance of springs to 
repeated stresses, it was decided to carry out tests on 
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specially prepared wire. A chrome-vanadium steel was 
chosen and the wire was coiled into springs of 1-7 in. 
mean diameter, having six effective coils. The heating 
of the specimens, whether for hardening or tempering, 
was carried out in suitable salt-baths, and both the 
temperatures and the times of soaking were carefully 
controlled. The Modulus of Rigidity as obtained from 
the springs does not vary greatly, extreme values being 
11-69 lb. x 10° lb. per square inch and 12-37 lb. x 
10° lb. per square inch, a variation of about 6 per cent. 


In order to find what effect the surface might have | 
on the static and fatigue properties, a number of test- 


pieces were prepared from the 8 8.W.G. wire and from 
the }%-in. diameter finish-rolled bar from which 
the wire was drawn. After heat-treatment the surface 
was removed by grinding from those test-pieces which 
had been prepared from the bar. Static tests gave the 
following results :— 
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Fig. 11, CURVES SHOWING THE RELATION BETWEEN THE 
APPROXIMATE SAFE RANGE OF STRESS AND MEAN 52 


STRESS FOR VARIOUS STEELS. 
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The differences injthe values given seem hardly sufficient 
to account for the great discrepancy in the fatigue 
ranges which was found when test-pieces from both 
series were tested in a torsional fatigue machine. The 
machine is so arranged that a node is produced in the 
specimen, and the amplitude of oscillation at the free 
end is very small. The mean stress may be varied by 
means of a spring pulling on an arm connected to the 
free end of the specimen. 

The safe range of shear stress for the heat-treated 
test pieces cut from the hot-rolled bar, for zero mean 
stress, was approximately 57 tons per square inch. 
With a mean stress of 30 tons per square inch, the 
range was found to be 40 rons per square inch. On 
the other hand, the wire samples, from which the 
surface had not been removec, gave a safe range of only 
about 30-5 tons per square inch, with zero mean stress. 
Springs coiled from the wire gave similar results. 
With a mean stress of 19-7 tons per square inch, the 
corresponding range of shear stress was 26 tons per 
square inch. While there is such a considerable 
difference in the fatigue ranges, it should be noted 
that the ratio of the ultimate shear stresses and the 
ratio of the hardness numbers is about 1-1. Thus 
static properties give no indication of relative fatigue 
ranges in these cases. Such results as these indicate 


that the range of repeated shear stress obtained from 
the drawn wire is apparently seriously affected by the 
surface conditions. Whether the surface discontinuities 
arise in the drawing or in the subsequent heat-treat- 
ment is not yet finally settled. There is certainly some 











evidence to show that wire drawn to a high tonnage 
does not necessarily increase the fatigue range. 

A basic steel containing 0-69 per cent. C. and 
0-88 per cent. Mn. which had been drawn to an ultimate 
tensile strength of 92-7 tons per square inch, an 
ultimate shear strength of 71 tons per square inch 
and a hardness number of 380, gave a range of only 
25 tons per square inch with zero mean stress when 
tested in the torsion fatigue machine. 


TESTS. 


Static Tests.—Static tests have been carried out on 
springs from all batches and on wire samples supplied 
with the springs, when available, to determine the tensile 
and torsional strength, the limit of proportionality in 
tension, and the hardness. A special machine has been 
designed by the authors for testing wires in torsion, a 
feature of which is that one headstock rests on a ball- 
| race, giving it a longitudinal degree of freedom; thus 
| tensile stresses are not superimposed during a test 
| (unless specially applied). 
| One or more springs from each batch have been 
| tested for hardness, and in some cases the wire samples 
| were also tested. Hardness numbers were determined 
| for points near the centre of a section of the wire and 
| also as near to the surface as possible. Local hardness 





— | can be obtained with great accuracy by the machine 


| made by Messrs. Vickers to the design of Mr. R. L. 
| Smith. “Only in the case of batches 6 and 10 (chrome- 
vanadium wire) did the hardness at the centre exceed 


| that at the surface, the hardness numbers being 
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438 and 486 at the surface 
and 464 and 525 at the 
centre for batches 6 and 10 
respectively. 

The authors have ex- 
amined the hardness of a 
number of cold-drawn car- 
bon-steel wires, and find 
that the hardness after cold drawing is greater at the 
centre than at the surface, while for the normalised 
(‘‘ patented ’’) rod the reverse is the case ; the difference 
of hardness across the section, however, is not very 
great. In all the other batches the hardness at the 
centre was less than that at the surface, the difference 
being from 0 to 30 deg. of hardness. The highest 
figure obtained was 586, at the surface of a spring 
taken from batch 7, while the lowest was 432 at the 
centre of a spring from batch 2. Variations of hardness 
across the section do not appear to be detrimental to 
a spring, for the springs of batch 7, giving a high 
limiting range of stress in fatigue, were among those 
showing a considerable difference in hardness from the 
surface to the core. 

The Creep of Springs.—When springs operate at 
high stresses, creep, or @ slow change in length under 
load, usually takes place. The amount of such creep 
should be small. 

The permanent set after various numbers of oscilla- 
tions for cold-drawn wire springs and also for springs 
which have been quenched and tempered after coiling 
has been recorded in a number of cases, and the results 
are plotted in Fig. 13. The creep is expressed as the 
stress which would be produced in the spring by an 
alteration in length, equal to the permanent set. This 
avoids considerations of the variable dimensions of the 
springs, but involves the assumption of the Modulus 
of Rigidity remaining constant. Thus, the stress in a 
compression spring, operated by a cam of fixed throw, 
would after any number of oscillations be decreased by 
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the amount shown in the diagram, provided that the 
stresses were the same as those given. The curves are 
very similar in form, The creep is most rapid in the 
early stages, and after being subjected to repeated 
stresses for some time, it increases at a greatly 
diminished rate, or ceases altogether. It is probable. 
however, that there is a sudden increase in the rate of 
creep just prior to fracture, and in one or two cases it 
has been possible to record this. In the case of a tension 
spring of cold-drawn wire (batch 5), the permanent set 
had become nearly constant after 3 million repetitions. 
After 4 millions, however, there was a sudden extension 
of the spring of 0-033 in. The spring ran for another 
10,000 repetitions before failure occurred. A sudden 
change in length also occurred in the case of the com- 
pression springs of batch 9, where there was a sudden 
decrease of length before failure. This change in length 
appears to be due to a definite crack forming in the 
spring, which increases under the further application of 
stress, and finally causes failure. 

The greatest amount of creep was associated with 
those of batch 7. With a maximum stress of 53 tons 
per square inch, the creep was equivalent to a shear 
stress of about 2-8 tons per square inch, after 7 million 
repetitions. As the maximum stress is reduced, the 
permanent set becomes very much less, and with a 
maximum stress of 37 tons per square inch, the stress- 
equivalent of the permanent set was of the order of 
only 0-1 ton per square inch, after 8 million repetitions. 
When the maximum stress was reduced to 33 tons per 
square inch, the creep was scarcely measurable. 

The permanent set for the cold-drawn wire springs of 


Fig. 13. CREEP OF SPRINGS UNDER REPEATED STRESS. 
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batch 5 was much less than for those of batch 7, and 
for a maximum stress of 51 tons per square inch, was 
only about half that associated with the springs of 
batch 7. The permanent set for the springs of batches 
4 and 8 was very small, but the maximum stresses. 
which were possible with these springs were not 
high. 

The magnitude of the permanent set is, among other 
things, a function of the maximum stress, and there is 
some stress below which the permanent set after a large 
number of repetitions of stress is inappreciable. This 
stress for springs of batches 5 and 7 appears to be about 
35 tons per square inch, while for batch 8 it is approxi- 
mately 20 tons per square inch. It would appear that 
the stress below which creep does not take place is 
approximately equal to the limit of proportionality. 

High Temperature Tests.—A number of experiments 
have been carried out with the object of determining 
the variation of the Rigidity Modulus with tempe- 
rature. 

The springs were enclosed in an electrically-heated 
furnace, the temperature being measured by means of @ 
thermo-couple and slide-wire potentiometer. The tip 
of the thermo-couple was placed close to the centre ol 
the spring. A steady temperature having been attained, 
a load-deflection curve was obtained and the time of 
oscillation under two different loads was also recorded. 
In this way, two methods were available for arriving 
at the modulus of rigidity. At ordinary temperatures, 
and generally below about 200 deg. C., the agreement 
between the values as obtained by the two methods is 
fairly good. The oscillation method usually gives 4 
slightly higher value. As the temperature is further 
increased, the value of the modulus as obtained by the 
load-deflection method becomes less and less reliable, 
owing to the fact that creep takes place at comparstively 
low stresses. 

According to the theory formulated by Sutherland. 
the following relation connects the value of the 

















a 


of 
d, 
of 
d. 
ng 
es, 
nt 


er 
he 
le, 
oly 


id, 
he 








MAY 20, 1927.] 


ENGINEERING 





023 











modulus N, at any absolute temperature T, with the 
value Ng at absolute zero. 


N =No— A.T? 


it being assumed that T1=,/ pu is the absolute 


temperature of the melting point. Although there is 
a considerable variation in the effective modulus from 
one spring to another, a relationship of the above type 
fits the results fairly closely for temperatures which 
do not exceed about 300 deg. C. 

Endurance Tests at Elevated Temperatures.—A 
number of tests have also been carried out on springs 
at temperatures of 100 deg. C. and 150 deg. C. with the 
object of discovering whether there was any appre- 
ciable difference between the safe range of stress at 
ordinary and at moderately elevated temperatures. 
With a mean stress of 27 tons per square inch, the safe 
range of stress for the springs of batch 5 is some 2 
tons per square inch lower than at normal tempera- 
tures. Tests at 150 deg. Con springs of batch 6 seem 
to indicate that the safe range at this temperature is 
slightly greater than that at ordinary temperatures. 

Conclusions.—(1) The range of repeated stress for any 
given mean stress is given by an equation of the form 


Sk =~ A—B.S«s 


over a considerable range of mean‘ stress (Fig. 11). 
The constant A is the range of stress at zero mean stress. 
The two straight lines for any material, Fig. 11, intersect 
very approximately at the tensile strength of the 
material. If the range of stress A is obtained at zero 
mean stress, the approximate range for any other 
mean stress can be obtained. Springs can be quite 
safely loaded to maximum stresses which exceed the 
primitive elastic limit, provided that the range of 
stress is below that given by the above formula. The 
constants A and B vary considerably with the different 
steels, but low values of A are in general associated with 
correspondingly low values of B. 

(2) The plottings for all springs quenched and 
tempered show that if the range of stress imposed 
on any spring exceeds the limiting safe range, a com- 
paratively small number of oscillations may cause it 
to break; and conversely, by lowering the range of 
stress by 0-5 ton per square inch, in the neighbourhood 
of the limiting stress, the number of repetitions may 
increase from one to fifty millions, 

(3) Defects of the wire which are not brought to 
light by a tensile test are apparently of very great 
importance and have a considerable effect on the life 
of a spring. 

The control of the manufacture, including the draw- 
ing and heat-treatment, appears to be of greater 
importance than chemical composition. Batches 3 
and 7 (Fig. 11), the analyses of which were almost 
identical, illustrate this point. The grinding of the 
wire preparatory to coiling seems to be desirable, but 
this does not preclude the possibility of cracks forming 
as the result of subsequent heat-treatment. Grinding 
would probably be found to be most beneficial in the 
case of wire which has been drawn to a high tonnage. 

(4) The variation in the effective Modulus of Rigidity 
raises the important question as to how far the differ- 
ences are due to “‘ faults” in the material produced 
by the cold working and heat treatment and how far 
they really represent differences in the fundamental 
property ‘* Modulus of Rigidity.” The experimental 
values indicate wide variations, but it seems probable 
that these are not due to fundamental differences in 
the material but rather to conditions set up by methods 
of manufacture. Generally a batch of springs which 
gives very variable values for the modulus, will also 
give variable results when tested under repeated stress ; 
the springs having the higher values of the modulus 
giving, in general, the higher fatigue range. 

(5) The safe range of repeated stress at temperatures 
ranging from 100 deg. C. to 150 deg. C. does not 
‘ppear to differ materially from the range at normal 
temperatures, 

(6) Creep of springs occurs when the maximum stress 
exceeds the proportional limit, and increases some- 
what rapidly with the maximum stress, Creep ceases 
if the stress does not exceed a certain limit, depending 
on the mean stress, 

i) The analysis of the stresses in helical springs 
pe clearly that the maximum range of shear stress, 
— 's equal to half the difference of the principal 
: — is not very different from the range of shear 
pt te ag on the assumption of flat coils and also 
a the effect of dead load shear. The maximum 
ox, the greater principal stress may exceed that 

he Shear stress by 10 per cent. to 15 per cent. 
Gidiet on. spring will be bent by non-axial loads, 
* oly ich is usually noticeable in springs of small 
: eter. ‘The stresses may be increased appreciably 
Y such bending, 

Bo Sq number of compression springs failed on the 

‘ide of the coils on planes inclined at approximately 





45 deg. to the axis, where the tensile stress has its 
greatest value, the shear stress being a maximum 
on the inside. In a number of cases, the springs 
stopped oscillating before complete fracture occurred, 
and examination of such springs showed a clear frac- 
ture on the outside of the coil. These results support 
the view that failure was due in these cases to the 
tensile rather than to the shear stress, and thus there 
is prima facie evidence that at the outside there was a 
small discontinuity which, like a small hole, caused a 
concentration of tensile stress. In many cases, how- 
ever, the failure appeared to be due to shear stress on 
planes parallel and perpendicular to the axis of the 
wire, 

The work outlined in this paper has been carried out 
for the Engineering Research Board of the Depart- 
ment of Scientific and Industrial Research. 








THE RUPTURING CAPACITY OF AN 
OIL CIRCUIT-BREAKER. 


In a paper which was read on Thursday, April 7, 
before the Institution of Electrical Engineers, Messrs. 
E. B. Wedmore, W. B. Whitney and C. E. R. Bruce 
examined the problem of the number of tests required 
to establish the rating of an oil circuit-breaker. They 
first studied the simplest case of the single-break single- 
phase circuit-breaker, but investigation of the three- 
phase case is in progress ; and sufficient work has been 
done to show its extreme complexity. It is considered, 
however, safe to say that at least the same degree of 
reliability can be obtained on three-phase work from 
two-thirds the number of tests required on single-phase, 
though it would probably be unsafe to take one-third 
the former number as sufficient. 

Checking the rating of an oil circuit-breaker is a 
very complex matter, as a wide range of variation in the 
stress-producing force takes place inside the breaker 
itself, even when the generator excitation, circuit 
power factor and impedance are kept constant. An 
analysis of a large number of repeat tests on a given oil 
circuit-breaker shows that the energy liberated at a 
single break of a single-pole circuit-breaker varies from 
about 1 to 50 kw.-seconds. Hence, a large number of 
repeat tests is required before a rating can be checked 
even to within, say, 50 per cent. of its true value. 

The authors started with the simple case of a short- 
circuit between two poles of a 5,000-kw. three-phase 
generator with a fixed open circuit voltage of 5,500, 
negligible external impedance and a power factor of 
about 0-1. The circuit-breaker had a single break, 
opening at about 100 cm. per sec. with about 10 cm. 
head of oil and a negligible magnetic blow-out. <A 
variable, which is always present when a circuit- 
breaker is on short-circuit, is the change in asym- 
metry of the current transient, depending on the point 
in the open circuit e.m.f. wave, at which the short- 
circuit commences and on the consequent magnitude 
of the direct-current component present. It has been 
found simplest to base the test on the case met with in 
practice, namely, an uncontrolled asymmetry of current 
from a given machine of large capacity at a fixed 
excitation. 

The B.E.S.A. criterion of ability to continue carrying 
the rated current after clearing the maximum rated 
kv.-a. is of no use from the point of view of quantitative 
work. It affords no measure of the condition of the 
auxiliary contacts, nor does it take account of possible 
expulsion of smoke, oil or flame. The authors have, 
therefore, based their conclusions on a study of the 
magnitude of the arc energy liberated between the 
contacts. This may usually be considered as amongst 
the main causes of the destruction of switchgear. This 
arc energy can be definitely measured by means of oscil- 
lograph records of the current through, and the voltage 
across, the arc. About ninety separate results of tests 
conducted under the conditions given above justify 
the selection of 50 kw.-seconds as the upper limit 
of are energy output, but it is found that the chance of 
the occurrence of 30 kw.-seconds is 1 in 14, and that 
the chance of 47 kw.-seconds is about 1 in 1,000. 
Thus, if a circuit-breaker is rated at 10,000 kv.-a. 
and is on a circuit where 10,000 kv.-a. is the maximum 
energy available, about 1,000 tests would have to be 
made before there was reasonable certainty that the 
circuit-breaker had been subjected to within a few 
per cent. of its worst strain and that approximately the 
worst arc energy had occurred. If the circuit-breaker 
withstood the 1,000 tests without exceeding some 
given criterion of distress, then it would be reasonably 
satisfactory to rate it at 10,000 kv.-a. As such a 
series of tests is obviously impossible in practice, the 
question is what approximation to the truth will be 
reached in, say, 5, 10 or 20 tests. This is a problem in 
probability, which in the original paper is considered in 
some detail. 

The investigations indicate that if a single-phase 
single-break circuit-breaker clears, without serious 
distress, a single-phase dead short-circuit on a supply 


capable of giving a maximum of 10,000 kv.-a. twice, 
all that can be assumed is that the circuit-breaker is 
safe for operation on 400 kv.-a. This result is subject 
to the presence of certain test conditions. If the 
circuit-breaker clears five tests at 10,000 kv.-a. it is 
safe for operation on about 1,200 kv.-a., if it clears 
ten tests it is safe for operation on 2,000 kv.-a., and if it 
clears fifty tests it is safe for operation on 5,000 kv.-a. 
These results indicate that there is little hope of being 
able to check the rating of an oil circuit-breaker by the 
methods usually accepted in commercial testing, with- 
out making a prohibitively expensive number of tests. 
Moreover, the necessary number of tests would have to 
be greatly increased, unless the arc energy output 
that will just cause a given criterion of distress, is 
accurately found by some other means. Such means 
must allow of the stress-producing forces being rightly 
controlled and increased little by little in suitably- 
graded steps. The two tests laid down in the B.E.S.A. 
specifications are thus seen to be totally inadequate. 
These results are quite contrary to commonly-accepted 
opinion, and have only been deduced owing to the large 
number of tests available. 

Difficult as it is to check a rating, it is much more 
difficult to determine the rating of a new design of 
breaker. There are at least. two distinct problems 
involved; the problem of what arc energy output 
and rate of output a given breaker will stand between 
its contacts and the problem of determining the kv.-a. 
and other external conditions which, when associated 
with the operation of breaker, will never result in a 
greater energy output’ within the breaker than the 
safe limit thus determined. No satisfactory method 
is at present available for releasing predetermined 
amounts of energy between a circuit-breaker’s contacts, 
so that the limiting stress cannot be rapidly reached by 
a short series of pre-determined steps. Moreover, the 
are energy output of a breaker for fixed conditions of 
external load varies over an enormous range, so that 
it is uncertain whether the worst conditions within a 
breaker have been met, until a very large number of 
repeat tests have been made at the given setting. The 
manufacturer must therefore start by making an in- 
telligent guess at the rating before checking it by the 
process of repeat tests. This is a lengthy and not very 
certain operation. 

In conclusion, the authors remark that the only 
solution of the problem of determining the rating 
appears to be the systematic discovery and study of 
every variable entering into the production of arc 
energy, the discovery of laws governing the magni- 
tude of these variables and their interrelation, and the 
crystallisation of this information in a general formula. 
Such a formula would contain constants, some of which 
undoubtedly would have to be determined by a few tests 
on each new type of breaker at a current in the neigh- 
bourhood of its current rating. Once these tests have 
been carried out, however, it should be possible to 
determine by calculation the limits of variation in 
arc energy that would occur in a given breaker operating 
under given circuit conditions. The British Electrical 
and Allied Industries Research Association has been 
engaged for several years on a careful analysis of 
variables with this end in view, and is now within 
measurable reach of success, so far as the range up to 
20,000 kv.-a. single-phase at 6,000 volts is concerned. 
But in regard to certain causes of variation, research 
at higher ranges may be necessary before the formula 
can be safely applied to such higher ranges. In any 
case a limited number of tests, at about the current and 
voltage ratings of the circuit-breaker, will be essential 
to determine the constants in the formula; and heavy 
current tests at low voltage may be necessary to 
discover the electromagnetic and other stress limits of 
the circuit-breaker. All this will need special testing 
plant of large capacity. 

Finally, it is pointed out that the observations 
regarding the probability of occurrence of high values 
of arc energy after a certain number of operations give 
strong grounds for belief that unexplained failures of 
circuit-breakers may not have been due to over-vol- 
tages or other mysterious causes, but may simply have 
been the result of the circuit-breaker operating at the 
bad end of its energy-distribution curve, the rupturing 
capacity having been over-estimated due to inadequate 
tests. Many false impressions about the rupturing 
capacity of particular circuit-breakers are now current, 
due to the quite inadequate number of tests to which 
they have been subjected and the inadequate records of 
the results obtained. 








TRIAL Trip or THE §.S. “* Kinapoc,”—On Saturday, 
April 30, successful trials were carried out off the Tyne 
of the single-screw steamer Kingdoc, which has been 
built by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, to the order of Messrs. Paterson Steam Ships, 
Limited, Fort William, Ontario, Canada, for service on the 
Canadian lakes, &c. A description of the vessel, written 
on the occasion of her launch, will be found on page 418, 





of our issue of April 8. 
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(8830. A) 
CENTRIFUGAL SPEED-LIMITING 
BRAKE. 


Many cases arise in the application of electric drives 
where it is desirable to be able to limit the speed to 
a predetermined value. A typical example occurs in 
the hoisting motor of an electric crane. In this case 
the motor is very liable to run at an excessive speed 
when lowering a load which is heavy enough to 
overcome the friction of the gearing, and although 
in certain cases the over-running can be prevented 
by electrical methods, the majority of controller 
arrangements in general use do not provide an automatic 
check on the speed. Any mechanical device provided 
for this purpose should be capable of automatically 
limiting the maximum speed to any desired value 
under every condition of load, and irrespective of the 
position of the controller handle. 

These conditions are fulfilled by the centrifugal 
speed-limiting brake recently patented and put on 
the market by Messrs. J. P. Hall and Co., Limited, 
of Blackriding Iron Works, Oldham. We illustrate | 
this brake in Figs. 1 to 3 above, and on page 625. | 
Fig. 4 is a section of a clutch pulley, made by the firm, | 
which operates on the same principle, and in Figs. 5 to 7 
performance curves are shown for both the brake 
and pulley. Dealing with the brake first, the con- 
struction can be readily followed from the sections 
given in Figs. 1 and 2. The brake can either be used 
by itself, or in combination with an electro-magnetic 
brake, and the two views illustrate the latter arrange- 
ment. The combination in position on a 9-h.p. | 
induction motor is shown in Fig. 3. It will be observed, | 
from the sections, that the revolving portion of the | 
brake is carried on a cast-iron boss, keyed to the | 
driving shaft, and consists of four moving weights, | 
each controlled by an adjustable steel spring, and | 
two cast-iron discs, which are driven from the boss | 
by means of parallel keys, but are free to move in a} 
lateral direction. The weights are of a hollow rect- | 
angular section to accommodate the springs, and are | 
mounted on steel stds screwed into the boss. The | 
weights are free to move in a radial direction, and | 
the studs have a squared stem which acts as a| 
guide, and, at the same time, prevents the studs from | 
becoming unscrewed. The outer end of each stud is | 
provided with a nut and washer, by means of which | 
initial compression, of any desired amount, may be | 
put on the springs. Each weight is tapered on two | 
opposite sides at the end remote from the shaft, and | 
corresponding surfaces are provides on the two revolving | 
discs. | 

The non-rotating portion of the brake consists of | 
two cast-iron discs, mounted on two pins clamped | 
into lugs cast on the end plate of the motor, as shown | 
in Fig. 3. The inner disc is free to slide on the pins, | 
and is normally held, against the pressure of four | 
springs, on to the face of the magnetic brake by the | 
action of the latter. The four springs, two of which | 











are visible in Fig. 3, serve to force the inner disc 
away from the motor when the magnetic brake 
operates. The two non-rotating discs are faced on 
the inner sides with some friction material, such as 
Ferodo. Provision can readily be made for reducing 
the distance between the plates should the wear of 
the friction material render this necessary. When 
the speed of the driving shaft increases to such an 
extent that the centrifugal force exerted by the weights 
exceeds the inward pressure of the springs, the weights 
move outwards and engage with the tapered surfaces 
on the revolving discs, and in so doing press the latter 
apart until they come into contact with the friction 
material on the fixed plates. Due to the wedging 
action of the tapered surfaces, the outward centrifugal 
thrust of the weights is converted into a lateral pressure 
of many times the original magnitude, and a very 


| powerful braking effort is smoothly applied so that 


the speed is limited to a pre-determined figure. The 
heat generated by the brake is dissipated by means of 
the fanning action produced by a number of ribs 
cast on the revolving discs. The speed at which the 
brake comes into action depends upon the amount of 
the initial compression of the springs, the speed 
increasing as the spring nuts are screwed down, and 
vice versa. 

- As already mentioned, the motor shown in Fig. 3 
is of the induction type, but it will be evident that the 
brake is equally applicable to direct-current motors. 
It is also made as a separate fitting which can readily 
be fitted to existing cranes without interfering with the 
standard mechansim. If the brake is fitted to an 
ordinary D.C. series-wound motor on a crane, the current 
taken when lowering will only be the small amount 
corresponding to the increased speed of lowering. To 
take an example, if the maximum lowering speed is 
twice the full-load hoisting speed, the current when 
lowering will be about 30 per cent of the full load 
value. A modification can be made to either the direct 
or alternating current brake, by the addition of a hand 
release for varying the braking effect and the speed of 
lowering. This arrangement gives complete control 
of speed with all loads heavy enough to run down due to 
their own weight, and the centrifugal brake auto- 
matically comes into action and takes control] at the 
predetermined speed, and so prevents an excessive 
speed being attained. 

The curves reproduced in Figs. 5 and 6 show the 
relation between horse-power and speed as determined 
by actual tests on two sizes of brake. Fig. 5 relates 
to a 5 b.h.p. hoisting motor on a 5-ton crane. The full 
load speed of the motor is 450 r.p.m. and the mechanical 
efficiency of the gearing may be taken as 68 per cent. 
On this basis the braking torque required when lowering 
full load on the hook works out at 21 Ib. ft., or 36 per 
cent., of the full load torque of the motor. The corres- 
ponding figure on the curve is 3-2 h.p. at 800 r.p.m. 
The maximum speed under these conditions is therefore 
800 r.p.m. or 77 per cent. in excess of the full load 
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hoisting speed. Assuming that the efficiency remains 
constant, then twice full load on the hook would 
correspond to 6-6 b.h.p. and the speed would then’ 
be limited to 825 r.p.m. Thus doubling the load on the 
hook only increases the speed by 3} per cent. Similarly 
three times full load corresponds to 10 b.h.p. on the 
curve, and the speed becomes 835 r.p.m. or an increase 
of 44 per cent. above the full-load lowering speed. These 
large overloads, of course, would not occur in practice, 
but the example shows how rapidly the torque 
increases for relatively small increases in speed, and 
this characteristic ensures that an excessive speed 
cannot be produced by any load. It will be observed 
that the brake commences to come into action at 
640 r.p.m., or 42 per cent. above the full-load hoisting 
speed, but owing to the small increase in power with 
speed at the commencement, the brake engages very 
smoothly. 

The second curve, Fig. 6, is plotted from a test on 
the brake of a 10 brake horse-power motor, having a 
full-load speed of 500 r.p.m. and driving the hoisting 
motion of a 10-ton crane. This brake was set to allow 
of a higher maximum speed. Again taking the 
mechanical efficiency as 68 per cent., the braking torque 
when lowering the full load would be 38 |b.-ft., 
which corresponds to 8-2 h.p. at 1,130 r.p.m. on the 
curve. The maximum speed under these conditions 
is therefore limited to 2} times the full-load hoisting 
speed. If the controller is left on the ‘full on” 
lowering notch, then the torque exerted by the motor 
will be that corresponding to 1,130 r.p.m., or, say, 
12 1b.-ft., and this, added to the torque exerted 
by the load, would be 50 Ib.-ft., represented by 
10-9 h.p. at 1,145 r.p.m. on the curve. It will be 
seen, therefore, that the action of the motor only 
increases the speed by a further 15 r.p.m. If the load 
on the hook was doubled, corresponding to 16-7 h.p. 
on the curve, the speed only increases to 1,160 r.p.m., 
or about 2} per cent. higher than when lowering full 
load. In this instance the brake commences to come 
into action at 970 r.p.m., or 94 per cent. above the 
full-load hoisting speed. ; 

It is obvious that the same principle of construction 
can be applied to the design of clutches and clutch 
pulleys, and the sectional view shown in Fig. 4 repre 
sents a clutch pulley of this type, used in connection 
with squirrel-cage induction motors to allow of the 
motor starting up against light load only. The curve 
shown in Fig. 7 is plotted from a test of a clutch pulley, 
16 in. in diameter by 8 in. face, designed for use with 4 
30 brake horse-power squirrel-cage motor running at 
730 r.p.m. The curve shows the power at which the 
clutch slips at various speeds, and it will be seen that 
no load whatever can be applied until the motor speeds 
up to 420 r.p.m., and that at 640 r.p.m., or 88 per cent. 
of the full-load speed, the maximum power that It bs 
possible for the motor to be called upon to drive is only 
about 10 per cent. of full load. Above 640 age 
however, the power that can be transmitted by the 
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Fig.5. 
5 B.H.P. HOISTING MOTOR OF 5-TON CRANE. 
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Fig. 6. 
10 B.H.P. HOISTING MOTOR OF I0-TON CRANE. 
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clutch increases very rapidly, so that at 670 r.p.m., or 
92 per cent. of the full-load speed, it requires a load of 
50 brake horse-power to make the clutch slip. The speed 
of the motor when developing 50 brake horse-power, or 
66 per cent. overload, would be about 710 r.p.m., and 
the difference between this speed and the slipping 
speed shows that there is still a large margin of power 
even at this overload. 


(9830.C.) 





LARGE Highway BripcE IN THE UNITED STATES. 
—Work was commenced recently on a large concrete 
highway bridge, five miles in length, which is being built 
across Lake Pontchartrain in order to link up New 
Orleans with the Mississippi Gulf coast. The structure 


bs contain two bascule drawbridges, one 150 ft. and the 
re ter 110 ft. in length. The viaduct will be an arched- 
eam concrete structure, 30 ft. wide, between curbs, 


= hav ing 35 ft. spans supported on reinforced concrete 
Pi = rhe roadway, designed for three lines of vehicular 
- \c, will be 15 ft. above mean water level ; there will be 
& handrail along each side of the bridge, but no sidewalk 
or pedestrians, The project is being carried out b 
ag enterprise, at an estimated cost of 1,140,000/., 
S rash anticipated that the structure will be complete 
a Year. Toll rates of approximately 5s. for each 
_ -car and driver, and 6d. for each additional pas- 
‘ger, will be imposed, and it is estimated that 625,000 


ps Boy use the bridge during the first year after the 
1g. 














SOME RECENT SERVICES OF 

METALLURGY TO ENGINEERING.* 

By Professor H. C. H. Carpenter, Ph.D., F.R.S. 

(Concluded from page 556.) 

THE problem of improving the qualities of cast-iron 
consists essentially in preparing a material composed 
mainly of pearlite with deposited graphite.t A cast- 
iron of this kind would certainly be superior in properties 
to any of the ordinary varieties, and it might be 
expected to exhibit mechanical properties approximat- 
ing to those of pearlitic steel, which would be influenced 
only by the graphite. Numerous tests carried out by 
different investigators on castings approximating to 
the above structure bear out this view. It was at 
first not found possible to get the desired structure in 
current practice. Diefenthaler and Sipp were, however, 
able to devise a process to enable this structure to be 
obtained regularly. It was patented in 1916. It has 
been improved npon, and has finally led to very definite 
rules for achieving the desired properties. Tests show 
that this pearlitic cast-iron has a superior strength to 
other kinds of cast-iron. Moreover, it would appear 
that a casting made by this process ought to be free 
from stresses owing to its slower and more uniform 
cooling, whereas the ordinary types of cast-iron show 
considerable cooling strains due to casting. In every 
case where strength and safety are vital factors, 
pearlitic cast-iron may be used with advantage, particu- 
larly on parts of steam and internal-combustion en- 
gines subject to sliding friction. Castings made of it 
require no subsequent heat treatment, and, owing to 
its low silicon content, it has no tendency to creep. 
The evidence indicates that the production of the 
pearlitic graphite structure in cast-iron represents a 
great step forward in the foundry industry. 

Stead and Richardst concluded that if sorbite is 
responsible for the excellent qualities of oil-quenched 
steel and negatively quenched steel wire rods, there 
is no reason why it should not be produced in steel rails, 
tyres, &c., without great expense. With this object 
in view, they experimented on 5-ft. lengths, subjecting 
them to a variety of treatment. Although the results 
of these experiments were decidedly promising, they 
were not able satisfactorily to treat a normal 30-ft. 
length of rail. In all their experiments the distortion 
of the longer lengths was so considerable that their 
process never became a commercial success. The 
practical problem of treating the full lengths satis- 
factorily was solved by Messrs. Sandberg so as to 
produce sorbitic structure. Comparative wear trials 
have been made by several different railways between 
ordinary untreated and sorbitic Sandberg rails with 
most interesting results. A series of trials by the 





* Thirty-third James Forrest Lecture, delivered before 
the Institution of Civil Engineers, on May 3, 1927. 
Abridged. 

Bauer. Stahl und Eisen 43, 1923, pages 553-557, 
+ Journal Iron and Steel Institute, 1903. 
§ See ENGINEERING, 1918, Vol. cvi, page 625. 
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Chesapeake and Ohio Railroad has shown a 150 per 
cent. increased life of sorbitic over untreated upon the 
outer rails of a curve subjected to heavy traffic on 
which the average life of ordinary rails was about 
twenty months. The ordinary rails had given about 
their usual service at the end of this trial, and were 
ready for replacement, but the sorbitic, showing 
comparatively little wear, were estimated to indicate 
a total life of not less than from three and a half to 
four years, as against the twenty-one months’ life of 
the untreated rails. 'The superiority of the treated rails 
was again conspicuously noticeable at the joints. 
These results have been generally confirmed on many 
other railways. 

In the United Kingdom sorbitic rails have been 
placed on trial by various railways, but sufficient time 
has not yet elapsed to obtain much reliable information . 
However, on the Metropolitan District Railway sorbitic 
steel rails have shown a superiority of 80 per cent. to 
90 per cent. over ordinary steel rails as regards loss in 
weight. On very sharp curves it has been found that 
on electric railways rails have to be scrapped owing 
to undulatory wear, not on account of loss in weight. 
For this reason the advantage of 80 per cent. to 
90 per cent. of sorbitic steel over ordinary rails referred 
to was reduced to 40 percent. Upon British tramways, 
owing to their greater resistance to battering and to 
detrusion, sorbitic rails have met with decided approval, 
about 35,000 tons having been supplied to various 
systems. In consequence, several of the largest 
tramway undertakings in the United Kingdom have 
adopted these rails as their standard. Too much 
stress can scarcely be laid upon the value of any suitable 
means of reducing the cost, andin many cases also the 
excessive inconvenience, of relaying the track, and it is 
upon these costs and their reduction that the estimates 
for different classes of material should be based, rather 
than upon the difference in their initial price. 

Aluminium and its light alloys have been the source 
of much public interest in recent years, owing 
largely to their utilisation for domestic purposes, air- 
craft construction and in the automobile industry. The 
art of flying has been built up on the use of aluminium 
alloys and in particular of duralumin. Metallurgically 
it is one of the most interesting of the metals, and so 
much scientific investigation has been devoted to it 
and its alloys that the technique of its manufacture is 
efficient. The aluminium industry of the world has 
grown by leaps and bounds, since the metal became 
relatively cheap commercially ; and this growth appears 
likely to continue, Its applications are destined to 
increase to a large extent, and the only present deter- 
rents to its much greater employment are the question 
of price and the possible exhaustion of the bauxite 
supplies. Its merits and those of its light alloys have 
been forced upon the engineering trades against a not 
inconsiderable opposition, and their actual worth for 
use as engineering materials of construction has been 
proved beyond any doubt. About 50 per cent. of the 
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626 


manufacture of sheets, wire, rods, &c. The remaining 
50 per cent. is principally employed in the manufacture 
of light alloys. 

Tools made of high-speed steel have during the past 
20 years worked a remarkable revolution in the machine 
shop business of the whole world, affording largely 
increased outputs and commensurate lower costs. As 
a consequence they are now being used very generally, 
and in some shops almost exclusively, for machining 
iron and steel, as well as some other metals, by cutting 
operations on machine tools. In the early days, after 
a good deal of experiment, the composition settled | 
down to a basic one of about 14 per cent. of tungsten | 
with 3 per cent to 4 per cent. of chromium. The next 
step was to introduce still greater percentages of 
tungsten and to add vanadium. A class of steel has 
now been on the market for some time containing about | 
18 per cent. tungsten, 4 per cent. chronium, and any- 
thing up to 2 per cent. of vanadium. This class 
appears to have justified itself, as indicated by the | 
wide demand for it. 





The next development came | 
comparatively recently with the addition of cobalt | 
(from 2 per cent. to 6 per cent.). These steels have 
also taken their place and found a market. In 
some steels molybdenum is added as well as the 
four alloy elements. All such steels are made by 
the crucible or electric furnace process, and the 
heat treatment for common use has_ generally 
been simplified to a heating to incipient fusion 
followed by quenching in oil. A second heating is 
given to milling cutters and similar tools, the tem- 
perature imparted to the bath depending upon the 
material to be cut. The quenching temperature is 
usually about 1,260 deg. C. Quenching is done in oil. 

A reliable and inexpensive method of quickly testing 
high-speed steels is much needed. Herbert* and 
Edwardst have used and recommended machines and 
methods, which lessen the time and trouble of testing, 
but no test seems to take the place of trial on actual 
work, It is impossible to foretell from the performance 
of a tool on one class of work under certain conditions 
what its performance will be on another with different 
conditions. Sometimes greater durability is obtained 
by changing, #.e., increasing or lessening, the speed of 
the cut, thus changing the temperature of the tool, 
or a given tool, when used at its best speed, may be 
excellent for cutting a certain material and yet prove 
inferior to another tool for cutting’a different material. 
Rapid tool steel always does its best cutting when hott 

Nickel-chromium steels are perhaps the most impor- 
tant of all the structural alloy steels. Their field of 
usefulness is continually being enlarged by their appli- 
cation to new purposes and also by encroachment on 
the fields of some of the other alloy steels, notably of 
simple nickel steel. They have almost wholly dis- 
placed nickel-vanadium and nickel-chromium-vanadium 
steels, which several years ago were in some consider- 
able demand. They are seldom used in any but a heat- 
treated condition. By suitable treatment pieces 
of small mass can be made to have as high physical 
properties as any steels known, with any elastic limit 
between 18 tons and 110 tons per square inch, accom- 
panied by ductility, that is high as compared with its 
strength, since the ductility naturally lessens as the 
elastic limit increases. They can be made somewhat 
more cheaply than simple nickel steels of the same 
strength and ductility containing a smaller total of the 
alloying elements, and chromium is less costly than 
nickel. The upper limit of nickel in useful chrome- 
nickel steels is about 3-5 per cent., and all useful steels 
of this class are pearlitic. Most of the nickel-chromium 
steel goes into armour-plate, projectiles and automobile 
parts. 

The first comme-cial application of high-frequency 
melting in Europe was made by a British firm for the 
preparation of nickel-iron alloys for submarine cables, 
The research work pursued in order to find a suitable 
alloy was thereby much facilitated, and quickly 
resulted in the perfection of the series of alloys known 
under the name of ‘‘ Mumetal.”” These alloys have 
highly desirable characteristics, and by their use the 
speed of cabling can be increased seven to eightfold. 
A typical mumetal alloy has the following composi- 
tion: Nickel, 74 per cen:.; iron, 20 per cent. ; copper, 
5-3 per cent.; manganese, 0-7 per cent. An alloy 
of this composition has a magnetic permeability of 
7,000. Low hysteresis !oss with a very high per- 
meability at low magnetising forces are the character- 
istics chiefly required in these metals. The composi- 
tion of the mumetal may be varied according to the 
type of cable upon which it is proposed to use it, and the 
annealing may be adjusted to give either (2) maximum 
neutral permeability; (5) maximum permeability at | 

* E. G. Herbert. ‘‘ Testing of Files and Tool Steels.” 


Trans. Manchester Assn. Eng. 1908-1909, p. 302. 
+ EB. T. Edwards. ‘“ Composition of High-Speed Tool 











Steel: Iron Age,” vol. lxxxix. April (1912), p. 957. 
} E. G. Herbert. ‘The Cutting Properties of Tool | 
Steel.” Journal Iron and Steel Institute, 1910. Part I, | 


p. 216. 
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magnetic saturation; or (c) high or low fields for 
magnetic saturation. The range of alloys developed 
for this class of work contain from 75 per cent. to 
about 50 per cent, of nickel, with percentages of iron 
varying from 20 to 25, and certain quantities of copper 
and manganese, but in every case freedom from carbon 
is one of the primary essentials, and for this reason 
the high-frequency furnace has proved the only suit- 
able melting equipment. In certain types of cable 
an increase in the electrical resistance of the alloys is 
desirable, and in this case an extra element, which 
may be tungsten, chromium, silicon, vanadium, 
titanium, molybdenum, or aluminium, may be added 
in small quantities. 

None of the views on corrosion suggested before 
1916 explained why corrosion should proceed more 
quickly at the bottom of a deep pit than elsewhere, 
for such a place is particularly inaccessible to oxygen 
and every other corrosive agent. The feature of the 
newer electro-chemical theory is, that it recognises the 
importance of currents set up by the variation in the 
oxygen concentration at different points in the metal 
and likewise by the variation in the concentration of 
metallic ions.* But variation of oxygen concentra 
tion is not the only way in which corrosion currents 
can be set up. The work of McKay and the recent 
researches of Bengough and May have directed special 
attention to the production of corrosion currents by the 
variation of the metal-ion concentration, a matter 
which is most important in connection with the cor- 
rosion of copper. The inadequacy of the earlier 
theories of corrosion have led to a series of exhaustive 
technical investigations on different parts of the 
subject. These have given results of great practical 
value, but it is doubtful whether events have justified 
the policy of attempting to take a short cut to the 
desired goal by seeking facts without investigating 
causes. It is a recognition of this which has 
led the Department of Scientific and Industrial 
Research to subsidise the purely scientific investiga- 
tion of Dr. Bengough and his colleagues, who are 
trying to find out as much as they can about what 
corrosion really is. Meanwhile much work of a purely 
scientific character has been carried on at the uni- 
versities and similar institutions. That of Evans, 
Desch, White, Friend and Dunn in this country, and 
of Whitman, Russell and Pilling and Bedworth in 
the U.S.A., falls into this class. In particular, the 
work of Pilling and Bedworth on the high temperature 
oxidation of metals deserves special mention because, 
although entirely carried out in the laboratory of an 
American firm, it is essentially a scientific investiga- 
tion and constitutes the first real attempt to place 
this subject on a sound scientific basis. Recent work 
in Japan by Utida and Saito also comes into this 
category. Finally, reference should be made to the 
recent formation in Germany of the Reichsausschuss 
fir Metallschutz, whose journal, Korrosion und 
Metallschutz, constitutes a record of corrosion research 
in all countries, and will prove of inestimable value to 
investigators of every nationality. 

This subject has recently been dealt with in a lecture 
delivered before the Society of Arts by Mr. U. R. 
Evans}, in which he described a series of experiments 
indicating quite clearly that the mechanism of cor- 
rosion of metals such as zinc, cadmium, iron and lead 
by salts like potassium chloride in the presence of 
oxygen is electro-chemical in character. Similar 
results have been obtained with iron and steel immersed 
vertically in sodium chloride solution. This type of 
corrosion not infrequently occurs in practice. 

In this section I have laid principal stress on scientific 
investigations which have for their object the dis- 
covery of what the corrosion of metals really is. I 
have done this because there is no question in my own 
mind that this is the only method, which has any 
chance of leading to complete success in solving the 
practical problems of corrosion in a scientific manner. 
Once the theory of corrosion is satisfactorily estab- 
lished, all practical problems are simply cases of 
application along particular lines. I do not, however, 
wish to give the impression that no success has yet 
been reached in devising methods of preventing or, 
at any rate, minimising corrosion, and I will there- 
fore give two instances of conspicuous success. The 
one is due to the discovery of a non-corrosive alloy 
or series of alloys, the other to the preparation of a 
protective film on a metal and its alloys. 

The first case is that of the so-called ‘stainless 
steel,’’} (which is really “‘ a whole series of steels whose 
mechanical and physical properties vary widely in a 
manner similar to the variations met with in the 
different varieties or tempers of ordinary carbon 
steels) all of which have the distinguishing property 


of great resistance to corrosion conferred upon them 


primarily by the presence of a suitable percentage of 


chromium. As a general rule, the amount of this 
element present varies from 11 to 14 per cent. The 
original discovery was made by Mr. Harry Brearley 
in 1913, and it is worth noting that it was sometiing 
entirely new in the history of chromium steels, although 
they had been known for more than a century, and in 
1821 Berthier published a paper on ‘‘ The Influence of 
Chromium on the Corrodibility of Iron.”* The second 
case is the protection of aluminium and its alloys 
against corrosion by a specially prepared film. The 
practical problem consists in finding a method of 
forming a strong and tightly adherent film of oxide 
or hydroxide. A full description of the process devised 
for the Corrosion Research Committee of the Institute 
of Metals by Dr. Bengough and Mr. J. M. Stewart 
for this purpose is contained in a publication by the 
Department of Scientific and Industrial Research 
published in 1926 entitled ‘“‘The Anodic Oxidation 
of Aluminium and its Alloys as a Protection Against 
Corrosion.”t The laboratory investigations were 
followed by successful experiments on a larger scale 
at the Royal Aircraft Establishment at Farnborough, 
by agreement with the Air Ministry, and the process, 
which is protected by patent, is now being worked 
in this country by several firms on non-exclusive 
licenses from the Department of Scientific and Indus- 
trial Research. 

In the foregoing two instances, chosen more or 
less at random, the protective material in each case 
is the element chromium. In the previous section of 
the lecture dealing with new alloys, two out of the 
three, namely, high-speed cutting tools and nickel- 
chromium steels, also contain chromium. One of the 
most interesting facts which has emerged from this 
survey is the extraordinarily wide applicability of 
chromium as an alloying element in metallurgy. 

The instances of metallurgical progress which I 
have selected indicate a satisfactory advance all 
along the line. The impact of such progress upon the 
arts and sciences is nowhere more direct and important 
than on engineering, and I do not think it too much 
to claim that taken in their entirety the discoveries 
which I have passed in review constitute a notable 
service to the development of science and the practice 
of engineering. 








CATALOGUES. 


Electric Motors.—Messrs. Wagner Electric Supplies, 


| Limited, 66, Victoria-street, London, S.W.1, have sent 


us a copy of their stock list of motors from } to 20 h.p, 
Boiler Gauge.—A circular describing the Noxon reflex 
water gauge for steam boilers is to hand from Messrs. 
ree and Company, 66, Fenchurch-street, London, 

.C.3. 

Air Purifier—A suction fan for circulating air in 
contact with water, and thus purifying it, is shown in a 
catalogue received from Messrs. Princeps and Company, 
68, Attercliffe-road, Sheffield. 

Electric Furnaces.—A pamphlet illustrating electric 
furnaces for hardening tools, razors, springs, gears and 
shafts, is to hand from Automatic and Electric Furnaces. 
Limited, 175, Farringdon-road, London, E.C.1. 

Ball Bearings.—A leaf catalogue with lists of dimen- 
sions and prices of self-aligning double-row ball journal 
bearings, is to hand from Messrs. Ransome and Marles 
Bearing Company, Limited, Newark-on-Trent. 

Steel.—Messrs. Samuel Osborn and Company, Limited, 
Sheffield, have issued a pamphlet giving some interesting 
particulars of the history of the firm and its chief mem- 
bers during its seventy-five years of existence. 

Electrical Machinery.—A new issue of the catalogue of 
electrical machinery made by Messrs. Mawdsleys, 
Limited, Dursley, Glos., contains particulars of motors, 
converters, motor-generator sets, and generators. 

Gear Cutting.—Messrs. Barlow and Chidlaw, Limited, 
Pendleton, Manchester, have issued a reprint of their 
card of gear-tooth measurements, with three tables for 
circular, diametral and millimetre module pitches. 

Telephonee.—An explanation of the advantages of 
their telephone and code-calling system has been issued, 
in the form of a small pamphlet, by the Relay Automatic 
Telephone Company, Limited, Marconi House, Strand 
London, W.C.2. 

Loc s.—Messrs. Beyer, Peacock and Company, 
Limited, Gorton, Manchester, have sent us a copy 0 
the first number of their quarterly journal contaming 
descriptions of their steam-turbine locomotive and of 
the first Garratt locomotive. 

Electric Generators.—A general explanation of the 
application of electric power and the machines suitable for 
different conditions, with records of costs and illustrations 
of many plants made by the firm, has been issued by 
Messrs. Crompton and Company, Limited, Chelmsford. 

Electric Generators.—The Brush Electrical Engineering 
Company, Limited, Loughborough, have — issued — = 
descriptive catalogue of turbo-generators giving detal d 
of the 5,000 kw. size, and including working results an 
illustrations of examples of these machines supplied to 
various municipal authorities. 


my 








* U. R. Evans. ‘ The Corrosionof Metals,’’ 1924. 
t+ See page 362 ante. 
t Monypenny, J. H. G., Stainless Iron and Steel, p. 6. 





* Berthier, Annales de Chimie et de Physique, 1821, 


vol, 17. p. 55. a 2 
+ See ENGINEERING, 1926, vol. cxxii, p. 274. 
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THE GENERATION OF VORTICES IN 
FLUIDS OF SMALL VISCOSITY. 


At a meeting of the Royal Aeronautical Society 
held in the rooms of the Royal Society of Arts, on 
Monday, May 16, the Wilbur Wright Memorial 
lecture was delivered by Professor L. Prandtl, of 
Gottingen. 

In opening his lecture, Professor Prandtl said 
that he did not intend on that occasion to discuss 
his aerofoil theory, because this was now familiar to 
English auditors, a lucid exposition of it having 
been published in ENGINEERING* in 1924, and an 
excellent text book on the subject by Mr. H. 
Glauert in 1926. He proposed, instead, to describe 
the generation of vortices in slightly viscous fluids, 
but he wished, in passing, to correct the impression 
he found prevalent here that his aerofoil theory 
had been founded on the work of Lanchester, who 
had, however, independently and somewhat earlier, 
reached many important results. 

Coming to the main subject of his discourse, the 
lecturer asked how were we to reconcile the fact 
that observation proved that vortices were rapidly 
formed in slightly viscous fluids, with Lagrange’s 
theorem that no element of a perfectly inviscid 
fluid could ever be set in rotation? It seemed 
obvious that if the viscosity of a fluid progressively 
diminished, its state of motion ought to approach 
more and more closely to that of a non-viscous 
fluid, but this deduction was not in accord 
with experience. The viscous forces developed 
when a fluid flowed round any body were often not 
more than 55355 Or even one-millionth of the inertia 
forces in action at the same point, so that the 
theory of the perfect fluid ought, it would seem, 
to hold good, but did not. How was it possible 
to account for the contradiction? If we defined 
a “ fluid line” to be a line which was always com- 
posed of the same particles of the fluid, then Lord 
Kelvin had established the theorem that in a homo- 
geneous, frictionless fluid the circulation along 
every closed fluid line did not vary with the time. 
Now if a fluid were at rest, the circulation along 
every imaginable circuit was necessarily zero. 
Hence from Lord Kelvin’s theorem, it followed that 
if the fluid were subsequently set in motion, the 
circulation should still remain zero. Suppose, 
for example, we imagined the fluid, when at rest, 
to be divided up into a network as indicated in Fig. 
1, in which each mesh formed a small circuit. 
Then since initially there was no ciculation round 
any of these circuits, it would seem from Kelvin’s 
theorem that there should still be none if the 
body inclosed by the net work were set in motion, 
and there should therefore be no rotation any- 
where. Such a conclusion would, however, be 
premature. It was necessary, before making this 
deduction to ascertain whether every particle of 
the fluid set in motion was actually enclosed by the 
lines which in the state of rest, were closed. Suppose 
that the body represented in Fig. 1, were to be moved 
to the left, thus causing the network to be deformed 
as indicated in Fig. 2, in which the lower and upper 
Streams came together at the sharp-edged tail. 
Downstream of the obstacle, the network of closed 
circuits was now divided by a “ surface of confluence,” 
and along this surface Lord Kelvin’s theorem did 
not necessarily hold good. 

The motion of the fluid might, it was true, 
Temain continuous on passing from one side to the 
other of this surface of confluence, but discontinui- 
ties of the velocity might equally well occur, giving 
Nise to a resultant sheet of vorticity. It was this 
process of confluence which, in the case of aerofoils, 
allowed of the generation of the circulation round the 
wing and of the vortices behind it, which were 
hecessary for the production of lift. The streams 
of fluid passing round opposite sides of the obstruc- 
tion had, when they met at the tail, different velo- 
Cities. Consequently, after confluence, a sheet 
of intense vorticity was set up which, as indicated 
in Fig. 3, began immediately to roll up into a spiral. 
The circulation round each circuit enclosing both 
the wing and the surface of discontinuity still 
Temained zero, from which it might be inferred that 
the circulation round the wing was equal and oppo- 





* The Elements of the Lanchester-Prandtl Theory of 


Aeroplane Lift and Drag. Offices of ENGINEERING, price 
<8, 6d, net, 


site to the circulation of the vortex produced by 
the rolling up of the vortex sheet. This was the 
method by which the circulation round the wing was 
generated. The surfaces of discontinuity issuing 
from wings and propellers were familiar to every 
one, and these, for purposes of discussion, were 
usually replaced by the simplified system represented 
in Fig. 4. Thus every confluence at a sharp edge 
could, without contradicting Kelvin’s theorem, give 
rise to a surface distribution of vorticity, or vortex 
sheet. 

It was true that the hydrodynamic equations 
showed that another system of flow, irrotational 
in character, was mathematically possible, but to 
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produce such a system, infinitely great negative 
pressures would be needed at the sharp edge, and the 
fluid would attain there an infinite velocity. This 
was physically impossible. In the case of water, a 
zero pressure led to a liberation of dissolved air 
and to the generation of steam, whilst in the case of 
air there would be a rapid expansion. Both 
processes inhibited the production of high negative 
pressures and prevented back flow round the edge. 
Moreover, as would presently be seen, viscosity, 
however small, had a similar effect, and hence long 
before there was rupture of the fluid or high expan- 
sion, a state of motion was set up in which high 
speeds were avoided. In fact, when a body was 
started into motion through a fluid, at the first 
instant there was momentarily a flow round the 
edge, in accordance with the mathematical theory 
of a perfect fluid, but immediately afterwards a 


by the rolling up of the sheet of vorticity trailing 
from the edge. 

Observation showed, moreover, that sharp edges 
were by no means necessary for the formation of 
vortices, which were also found behind a con- 
tinuously curved body such as a cylinder. Inves- 
tigation showed that, in such cases, there was a 
film of fluid which adhered to the surface, and that, 
proceeding outwards from this, we got successive 
layers of fluid which slid over each other, and 
moved with speeds which increased in proportion 
to their distance from the surface. Even if the 
viscosity of the fluid were very small, we still had 
a film adhering to the surface, but layers some 
distance from the obstacle moved practically as if 
the fluid were inviscid. 

Near the boundary, on the other hand, there was 
a layer which was retarded by friction. The thick- 
ness of this layer was proportional to the square 
root of Reynolds’ number, and the corresponding 
frictional drag on the obstacle was proportional to 
3 power of the speed and to the square root of the 
viscosity, or, more exactly, to Vu bv. It was 
this frictional layer which was responsible for the 
formation of vortices. Kelvin’s theorem, quoted 
above, applied only to flow unaffected by viscous 
forces, and it followed that, in the case of motion 
starting from a state of rest, the circulation remained 
practically at zero value round all circuits of which 
no part passed either originally or during the course 
of the motion, into the boundary layer. In other 
words, slightly viscous fluid elements which had 
nowhere come near the body would behave according 
to the theory of inviscid fluids, and, in particular, 
would move irrotationally, whilst elements which 
had come near the body would generally exhibit 
rotation afterwards. Hence, layers of small but 
finite thickness might play the same part as surfaces 
of confluence, giving rise to layers of vorticity instead 
of surfaces of vorticity. These layers were to a 
high degree unstable and showed a tendency to 
break up into individual vortices. Hence fluid 
elements coming from the boundary layer, and 
consequently rotational, were distributed in some 
strength throughout the wake, making it markedly 
turbulent. 

If a circular cylinder were started in motion 
through a fluid, the flow at the first instant would 
be the potential flow of a perfect fluid. The fluid 
would divide at A (Fig. 5) and reunite again at C, 
its velocity at both these points being zero. At B, 
on the other hand, the velocity would be a maximum. 
Hence the pressure would be a minimum at this 
point and a maximum at AandatC. Each element 
of the fluid flowing from the neighbourhood of 
A to B acquired velocity from the fall of pressure 
between the two points. 

The kinetic energy of a particle at B would, in 
the case of a perfect fluid, be just sufficient to enable 
it to reach C against the adverse pressure head. 
The conditions were, in fact, quite analogous to the 
case of the ball represented in Fig. 6, which, in 
falling from A to B could, in the absence of friction, 
acquire sufficient kinetic energy to enable it to 
rise to C, which was at the same level as A. If, 
however, the ball experienced friction it could not 
attain C, but would be brought to rest at a lower 
point, and would then run back again. Exactly 
the same kind of thing occurred with a viscous 
fluid flowing round a cylinder, and, owing to viscous 
friction, the particles leaving B could not attain the 
dead-water point C. There was thus an accumula- 
tion of retarded flow, which tended to move towards 
the points of minimum pressure pushing away the 
outer current, with the consequent formation of a 
vortex at the surface of confluence of the two flows. 
The result was that the character of the flow was 
completely transformed. The space behind the 
ebstacle became filled with a comparatively slowly- 
moving and irregularly eddying vortical motion, 
whilst at the front of the obstacle the flow left 
the surface somewhat behind the point of minimum 
pressure, the position of which was also altered. The 
whole phenomenon was clearly set forth in Figs. 7 to 
12, Plate XXXIII, which showed the successive 
changes in the character of the flow when a cylinder 
was suddenly set in motion through a fluid. The 
photographs were taken either by suspending in 








vortex was formed which increased continuously 


the water particles of a micaceous iron ore, known 


































in Germany as eisenglimmer, or by Professor 
Ahlborn’s plan of sprinkling small particles of 
lycopodium or aluminium powder on the surface 
of the water. 

The commencement of the motion in which the 
flow was due to a potential was represented in Fig. 7. 
The effect of surface tension was to be seen in the 
accumulation of the aluminium particles at the 
surface of the cylinder, thus giving the bright 
belt shown. As the fluid elements in this region 
were those which, later on, formed the surface of 
confluence, or sheet of vorticity, these portions of the 
photographs were brighter than the rest. The 
accumulation of retarded fluid had begun in Fig. 8, 
as also had the commencement of the back flow, and 
the dead-water point was sensibly behind the surface 
of the cylinder. In Fig. 9, two symmetrical surfaces 
of confluence were shown leaving the cylinder and 
were beginning to roll up into vortices. In Fig. 10, 
this rolling up had been completed and, in fact, had 
exceeded what was necessary to establish equilibrium 
for the back stream, and, hence, secondary vortices, 
rotating in the opposite direction, could be seen 
between the parent vortices and the cylinder wall. 
These had been still further developed in Fig. 11, 
where, also, the main vortices had become sensibly 
asymetrical. The condition finally attained was 
represented in Fig. 12. In this state there was an 
alternating detachment of the main eddies, combined 
with oscillating somewhat turbulent flow in the 
wake. Corresponding photographs representing 
the flow round a wing form were reproduced in 
Figs. 13 to 17. 

In Fig. 13, the flow was potential everywhere 


ERING. 














ENGINE 


slotted wings of Handley Page and Lachmann, 
which had a greater maximum lift than ordinary 
wings. 

There was another phenomenon which had the 
effect of preventing or postponing the separation of 
the flow from the boundary, and which was of great 
technical importance. With high Reynolds’ num- 
bers of, say, 100,000 to 300,000, there was a sudden 
diminution in the resistance coefficients to about 
one-fourth of the values corresponding to lower 
Reynolds’ numbers. Observations showed that, 
in such cases, the point where the current left 





|the boundary was pushed far back, and that 
|the pressure distribution approached that of the 
The explanation 


theoretical frictionless current. 














save at the sharp tail, at which the formation of an 
eddy commenced instantaneously with the com- 
mencement of the motion. It would be seen that | 
the surface of confluence was also beginning to leave | 
the tail. In Fig. 14, the initial vortex had begun to | 
move down stream, the sheet of confluence being | 
drawn out after it. In Fig. 15, the process had | 
developed still further. The photographs from 
which Figs. 13, 14 and 15 were reproduced were 
taken with the camera stationary relatively to the 
wing, whilst in the case of Figs. 16 and 17 the camera 
moved with the stream. The initial state was 
represented in this case by Fig. 16, whilst Fig. 17 
showed the motion after the initial vortex had 
been thrown off and passed some distance down 
stream. 

The distance down stream at which the vortices 
appeared was of the same order of magnitude 
as the radius of curvature at the point of confluence. 
As this was made smaller and smaller we got finally 
to the case of a sharp edge at which the vortex was 
formed instantaneously, as indicated in Figs. 25, 26 
and 27, on this page, where the growth of the vortex 
and its final collapse through instability were clearly 
apparent. In Figs. 22, 23 and 24, Plate XX XIIT, the 
flow through a convergent-divergent channel was 
shown. In Fig. 21, a jet was formed with dead water 
spaces, and turbulence on each side of it. In Fig. 23 
slots had been opened in one wall, through which the 
dead water was drawn off, and we then had no turbu- 
lence on this side of the jet. Finally, by opening 
also the slots in the other wall, we got the condition 
shown in Fig. 24, in which the turbulence had 
entirely disappeared. The same plan could be 
applied to a cylinder, but another method of sup- 
pressing turbulence was also available in this case. 
Thus, if the cylinder were set in rotation, no vortices | 
were formed on the side in which the surface 
moved in the directions of the flow. This condition 
was represented in Figs. 18 to 21, Plate XX XIII, 
of which Fig. 18 showed tie initial state, and Figs. 19, 
20 and 21 the flow with increasing surface speeds. 
In these cases, a heavy pressure was developed on 
the cylinder in a direction at right angles to the 
original direction of the current. This was due to 
the fact that the formation of the vortex led to an 
equal and opposite circulation round the cylinder, 
and it was possible to increase this circulation 
to such an extent that the flow actually enclosed 
the evlinder. 

Another method of rendering the retarded fluid 
of the boundary layer innocuous was to allow 
the more rapidly moving fluid td pass through a 
slot and to push the retarded fluid from the wall. 
An example of this process was furnished by the 
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was that the boundary layer became turbulent. 
Owing to this, there was a rapid intermixture 
of the frictional boundary layer and the outer 
flow, which led to an acceleration of the frictional 
layer, and thus prevented or postponed the separa- 
tion of the flow from the boundary. That this was 
the case the speaker had proved by fixing a wire 
loop on a ball so as to render the boundary layer 
vortical. Small resistance coefficients were thus 
obtained, even with low Reynolds’ numbers. What 
happened was well shown by Figs. 28 and 29, 
above, which were reproduced from photographs of a 
ball exposed to a current of air into which smoke 
was injected in the vortical region. The difference 
in the size of this region, with and without the 
wire loop, was very striking. 

It was the formation of these turbulent boundary 
layers which made it possible for the flow over 
aerofoils, propellers, and airship hulls to follow the 
boundary almost to the trailing ends. Hence, on 
the one hand, we got small drag, and, on the other 
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hand, the ideal flow which was confluent immediately 
behind the body could be used as an approximation 
to the actual flow. Without this turbulence we 
should have higher resistences and smaller lifts. 
Hence, in carrying out experiments it was necessary 
not to go below a critical value of Reynolds’ number 
or all hydrodynamic similarity between a model 
and a larger object would be lost. It was pre- 
cisely these turbulent flows of low resistance 
round bodies which led to the fact that the general 
character of the flow round an obstacle could be 
so closely represented by the theory of a perfect 
liquid. 

Professor Prandtl concluded his lecture with an 
acknowledgement of his indebtedness to Major 
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A. R. Low, not only for the great assistance he had 
received from him in connection with the lecture, 
but also because of the prominent part Major Low 
had previously taken in bringing before and ex- 
plaining to English readers the work of the Géttin- 
gen school. 





THE IRON AND STEEL INSTITUTE. 
(Concluded from page 603.) 


CONCLUDING our report of the annual meeting of 
the Iron and Steel Institute, held on May 5 and 6, 
we have now to deal with the last three contribu- 
tions considered at the final session on Friday 
afternoon. The discussion on the first paper of this 
session was reported on page 603 ante. 


THE GrowtuH oF Cast-[RON. 


The second paper was by Professor Carl Benedicks 
and Mr. H. Léfquist; it was entitled “ Theory 
of the Growth of Cast-Iron Repeatedly Heated, 
and was read in abstract by Professor Benedicks. 
The authors stated that they were of opinion that 
the primary cause of the growth of cast-iron was 
to be found in the fact that, on aceount of internal 
cracking around the graphite lamella as a result 
of the heating of the specimen, the anomalous 
contraction at Ac decreased much more rapidly than 
the anomalous expansion at Ar. Every heating 
cycle would, consequently, give rise to a residual 
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expansion or growth. On account of this internal 
cracking, a specimen when subjected to repeated 
heatings, would be the seat of what might be termed 
“respiration” or “breathing”; the oxidation 
brought about thereby would produce a considerable 
increase in the primary growth of the specimen. 
The volume increase, occasioned by the formation of 
temper carbon, corresponded closely to the calcu- 
lated increase. Hence, no cracking could be assumed 
to take place as the result of the formation of 
temper carbon. The growth of cast-iron might 
be avoided or considerably lessened, in the case of 
white iron, by preventing graphitisation by means 
of additions which stabilised the cementite. Stabi- 
lisation by chromium (say up to from 3 per cent. 
to 4 per cent.) seemed to be practicable in many 
cases. When, however, conditions demanded the 
use of grey iron, an increase of the tensile strength 
of the material, which would reduce cracking, or a 
raising of the transformation point Ac, should be 
aimed at. The first condition might be attained 
by a low percentage of carbon, and by the graphite 
plates being finely divided or even replaced by 
temper carbon; hence, even a small addition of 
titanium might be useful. The second condition 
might be attained by a suitable addition of silicon— 
say from 4 per cent. to 5 per cent., thus raising the 
Ac point to about 900 deg. C. 

The discussion was opened by Professor H. C. H. 
Carpenter, who stated that previous papers on that 
subject contained experimental results ; the present 
contribution attempted to construct a theory on 
the known facts. He would like to point out, 
however, that cast-iron could grow in various ways 
not mentioned in the paper. The authors had 
come to the conclusion that growth was connected, 
in the first place, with the Acl and Arl points ; 
and, secondly, that it occurred as a result of the 
cracking and opening up of the iron, thus rendering 
possible the entry of oxygen, which caused changes 
to take place. Theoretically, he was in sy:inpathy 
with this suggestion. According to this view, the 
early stages of growth were due to physical causes 
and were connected with internal cracking. This 
was possible, but, on the other hand, in all the 
micrographic work carried out by Professor Rugan 
and himself no evidence of this had been found. 
Growth apparently gave rise to a very compact 
material. Professor Benedicks had referred to two 
curves contained ina paper by Professor Rugan and 
himself.* The first of these showed that growth 
was very rapid, the greater part of it taking place 
in the first 10 heats. The other curve showed that 
oxidation took place, to a considerable extent, in 
the early stages of growth. He would like to hear 
the authors’ explanation of these facts in relation to 
their theory. The work of Kikuta had also been 
mentioned, but this worker’s researches did not go 
below 650 deg. C., and a great deal happened below 
that temperature. In the early stages of their 
work, Professor Rugan and he had asked themselves 
whether it was necessary to heat the material 
repeatedly in order to obtain growth, or whether it 
Was possible to obtain the same results by one long 
heating. . 

In 1911, in the course of a discussion on one of his 
(Professor Carpenter's) papers, Dr. Stead had given 
two remarkable instances of the effects of the long 
continued heating of cast iron. The first case 
had reference to a baffle plate from a heating stove. 
This consisted of a grey cast-iron plate placed inside 
the cast-iron door to prevent the latter from being 
burnt away. It had been examined after having 
been heated for 10,000 hours at temperatures 
varying between 800 deg. at one end and 600 deg. 
at the other. At the hotter end, the plate, whick 
had originally been 17 cm. square, had expanded to 
“) cm., and its specific gravity was only 6-14 
‘S compared with 7-09 at the other end. Chemical 
analysis had shown that whereas the oxygen content 
at the cooler end was not more than 0-25 per cent., 
by Weight, it exceeded 12 per cent. at the hotter end. 
This would correspond to a relatively enormous 
a and a still more enormous volume of oxides. 

- Stead’s micrographs had shown admirably the 
oe of structural changes which existed between 
the hot end and the cooler end of the plate. The 
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second case mentioned by Dr. Stead was that of a 
stove pipe which had been heated for six years at 
700 deg. C. The increase in volume had been 
considerable and the oxygen content of the oxidised 
portion exceeded 14 per cent.; that of the non- 
oxidised portion was 0-39 per cent. The structure 
of the stove pipe showed that the whole of the silicon 
‘and nearly all the phosphorus had been oxidised, 
and that the semi-oxidised metal left consisted of 
small masses of metallic iron, in which were embedded 
globules of cementite, no phosphorus eutectic being 
present. The graphite had not been oxidised and 
the metal, when broken, had the appearance of the 
original graphitic cast iron; each plate of graphite 
appeared to be sheathed in oxide. 

These two cases, continued Professor Carpenter, 
showed that a sufficiently long heating above the 
Al point could produce growth, and it was not 
necessary to have repeated heatings. Another 
point of importance was that a great deal of oxida- 
tion had taken place in each of the cases cited and 
he, personally, was convinced, that the force exerted 
as a result of oxidation was very great. On the 
other hand, it was also possible to have growth below 
the Al point ; for instance, it was difficult to prevent 
the growth of cast-iron retorts used for low-tempera- 
ture carbonisation. It was not an easy matter to 
get iron to withstand a temperature of 650 deg. C., 
without growing, and yet this was below the Al 
point. Again, a case of a turbine casing, which had 
grown to the extent of 7 per cent. had come to his 
notice ; in this instance, however, the question of 
pressure came in. At all events substantial growth 
could take place below the Al point, and he had laid 
some stress on this question because the theory of the 
authors depended primarily on expansions and 
contractions which took place at the lower critical 
point. The suggestions put forward by the authors 
for the prevention of growth were well worthy of 
consideration. 

Professor J. H. Andrew stated that Mr. Higgins 
and himself* had found that substantial growth 
took place in cast iron at 600 deg. C., and they 
thought that this was due to the formation of 
Fe,0,. It could not be said, however, that there 
was one explanation for the growth of cast iron; 
there were many agencies at work. The next 
speaker, Mr. J. G. Pearce, stated that the authors 
had drawn attention to the fact that high per- 
centages of aluminium had a stabilising influence 
on cementite and that 12 per cent. of that metal 
could render a pig iron quite white. He would like 
to point out in this connection that a research report, 
by Mr. A. B. Everest, on the influence of aluminium 
on cast iron had been issued in 1925, by the British 
Cast Iron Research Association. Dr. W. Rosenhain, 
who closed the discussion, stated that the authors’ 
theory necessitated, first of all, the fundamental 
assumption that the iron would crack on being 
heated. If this, indeed, took place, there was no 
reason why the cracks should not close up again as 
the iron cooled, unless they had become filled up 
with some material in the meantime. He suggested, 
therefore, that experiments, in which the cast-iron 
samples were heated in vacuo should be tried. The 
question of oxidation would not then arise, and it 
would be interesting to determine whether iron 
heated in such a manner would be subject to 
growth. The President then intimated that Professor 
Benedicks and his co-worker would reply to the 
discussion in writing. 


Tue Acl RANGE IN SPECIAL STEELS. 


The third paper considered was on the subject 
of the Acl range in special steels, by Professor J. H. 
Andrew and Mr. H. A. Dickie. It was presented to 
the meeting by Professor Andrew, who stated that 
the aim of the present investigation was to throw 
some light on the extent of, and the reactions in- 
volved in, the Acl range. The paper contained an 
account of experiments on 3 per cent. nickel, 
and various nickel-chromium steels; the specific 
volumes and Brinell hardness values of the materials 
after subjecting them to various heat treatments, 
had been determined, and this had been followed 
by the plotting of heating and cooling curves. We 
intend to reproduce this contribution to the pro- 
ceedings in a forthcoming issue. The only speaker 





* See ENGINEERING, 1925, vol. cxx, p. 399. 
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in the discussion which followed, was Mr. J. A. 
Jones. The authors had stated, he said, that it 
was an inevitable conclusion, from the experi- 
mental results obtained, that redistribution of the 
special element, which was present in solid solution, 
was the salient cause of the Acl change taking place 
over a range of temperature. He agreed with this 
conclusion but he was not quite certain of the 
manner in which this redistribution took place. 
The authors had also concluded that a variation 
of the carbon content in nickel steels had no effect, 
either on the temperature at which the Acl range 
commenced, or on the apparent extent of that 
range. He quite agreed that the effect of the carbon 
was small, but he was not quite sure that the evidence 
brought forward by the authors was sufficiently 
conclusive, and he would be glad if they could 
conduct a few more experiments in order to render 
the matter more convincing. The President then 
asked Professor Andrew to submit his reply to 
Mr. Jones in writing. 


NiIcKEL-CHROMIUM-MOLYBDENUM STEELS. 


The last contribution taken was by Professor J. H. 
Andrew and Drs. M. 8. Fisher and J. M. Robertson ; 
it was read in abstract by the latter. The paper 
dealt with the properties of two series of nickel- 
chromium-molybdenum steels. In both series the 
percentages of chromium (approximately 1-6) 
and of molybdenum (0-85) were constant, and the 
nickel increased from 2 to 5 per cent. In the first 
series, the carbon content was constant at approxi- 
mately 0-4 per cent.; in the second series, the 
carbon content was approximately 0-8 per cent. 
The paper was divided into two main sections, the 
first dealing with thermal data, and the second with 
mechanical properties. The authors stated that 
the heating curve of each steel showed one dis- 
continuity, the maximum being at about 750 deg. C. 
No definite point above Ac] was observed. It was 
evident that the transformation, on heating, was 
spread over a wide range of temperature ; this was 
clearly shown by curves taken at a slow rate of 
heating. By reducing the rate of heating the maxi- 
mum was lowered by 18 deg. C. Cooling curves 
had also been taken from temperatures within the 
critical range, as well as from temperatures above it. 
It was found that the normal, or highest Ar change 
was obtained by cooling from a temperature close 
to the Ac] max., but that the change on cooling 
was depressed, not only by raising, but also by 
lowering the initial temperature. 

Brinell hardness, tensile, and Izod tests of the 
two series of nickel-chromium-molybdenum steels 
had also been made. From the results of the 
Brinell tests, it might be deduced that the best 
method of softening these steels, for machining, 
would be to heat to 700 deg. or 725 deg. C., for an 
hour, and then cool very slowly. From the results of 
the tensile and Izod tests, it appeared that, in steels 
containing the given percentages of chromium and 
molybdenum, very little was to be gained by in- 
creasing the nickel above 2-0 per cent., or the 
carbon above 0-4 per cent. An increase in the 
percentage of nickel in the low-carbon steels 
improved slightly the tensile strength and the 
elongation, but reduced the Izod value. An 
increase in the percentage of carbon raised the 
tensile strength, but greatly reduced the elongation 
and the resistance to shock. Generally speaking, 
the mechanical properties were not appreciably 
affected by varying the rate of cooling from the 
tempering temperature. Temper-brittleness was 
absent. The best combination of mechanical 
properties in the present series of nickel-chromium- 
molybdenum steels was obtained from material 
containing 0-4 per cent. of carbon tempered for 
3 hours at 625 deg. C. The combination of tensile 
strength, 67 tons per sq.in., elongation, on 2in., 21 
per cent., and Izod value, 39 ft.lb., compared favour- 
ably with that obtainable from any other type of 


alloy steel. 


The only speaker who took part in the subsequent 
discussion was Mr. J. A. Jones, who stated that a 
Research Department Report (No. 67) which dealt 
with this same subject had just been published. 
It was entitled “‘ The Influence of Molybdenum on 
Medium-Carbon Steels containing Nickel and 
Chromium.” The results set forth in this report 
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were very similar to those obtained by the authors, 
and it was interesting and profitable to compare 


the lower drum being by worm gearing. The 
alumina solution enters a graduated glass recept- 
them. acle, placed in a lead tray and fitted with a stop- 

The other papers on the agenda were taken as | cock, so that the actual rate of discharge from the 
read, and the President thanked all the authors for | tapered valve can be definitely measured and checked 
their contributions. The usual votes of thanks to the | by the quantity contained in the measuring vessel 
Institution of Civil Engineers for the accommodation | over a unit interval of time. Should the nature or 
which they had kindly afforded for the meeting, and | degree of impurity of the raw water change, neces- 


to the President, terminated the proceedings. |sitating an alteration in the rate of dosage, an 
| adjustment is made by hand regulation of the head 


|over the taper valve outlet without altering the 


SANDFIELDS PUMPING STATION AND | *trength of the alumina solution. 
FILTRATION PLANT ; SOUTH STAF- | This adjustment is effected by altering the height 


| of the overflow outlet in the constant-head chamber. 


‘ FORDSHIRE WATERWORES. - - |For this purpose the outlet pipe is made telescopic, 


(Concluded from page 545.) | and the upper sliding portion is raised or lowered by 
|a rack and pinion, a scale being provided to show 











In the previous article we gave a general descrip- | 
tion of the filtration plant, and we now propose to | 
deal with some of the more important units in| 
It was stated earlier that the raw | 
water, after delivery into a well at the filter-house | 


greater detail. 


end of the precipitation tanks, rises and flows 
over a measuring weir. The weir plate is rectangular, 


the exact setting, as shown on the right in Fig. 50. 
The discharge from the taper valve is conducted 
through acid-resisting piping into the 24-in. raw 
water-inlet main beside the administration building, 
as already mentioned. 

A feature calling for particular mention is the 








and has a width of 3 ft. An extension of the weir) Manner in which the reagent-supply gear has been 


tank protrudes into the filter house, and is covered | arranged to ensure convenience of supervision and 
the regulating gear being immediately 


by the end of the main operating platform in the | control, r b ; 
latter. On this platform there is a concrete pedestal, | under the eye of the chemist in his laboratory, 
covered with glazed tiles, and on this are mounted | although the float-controlled mechanism and main 
a fluxograph and rheostat, as shown in Fig. 59,| measuring weir are placed at the far end of the 
page 642. The fluxograph gives an indication of | filter-house. It will be noted that manual labour 
the quantity of water flowing over the weir at|is reduced to a minimum by the preparation of 
any instant, a continuous record of variations in| the solution in the dissolving tanks, the constant 
the rate of flow on a daily chart, and a record of circulation through the regulating chamber, and 

















the total flow during any given period. The 
rheostat, which is connected to a float, controls 
the operation of the alumina dosing mechanism 
in the administration building. As shown on the 
plan, Fig. 12, page 542 ante, this building is 
approximately 100 ft. away. The rheostat also 
actuates an indicating dial in the engine-house, 
so that the engine-room staff have always before 
them an indication of the quantity of water being 
pumped to the filtration plant. 

Turning now to the application of the reagent, the 
store for the alumino-ferric slabs is shown in the base- 
ment in the section through the administration build- 
ings, Fig. 45, page 631. There is accommodation 
for a stock of about 10 tons of the reagent, and the 
required quantity is weighed and run directly into 
an electric lift, which raises it to the dissolving 
room on the first floor. Here the alumina is placed in 


one or other of the two dissolving tanks shown in the | 
These tanks, of which a view | metal openings on their underside, and are connected 


centre of the figure. 
is given in Fig. 56, on page 642, are constructed of 
reinforced concrete, and are provided with wooden 


trays and hand-operated stirring gear, the latter being | fixed with gunmetal studs. 


actuated occasionally to ensure a uniform strength of 
solution. These tanks are provided with emptying 





the automatic proportioning of the reagent to 
the raw water. The same considerations, in con- 
junction with the means for increasing or diminishing 
the rate of dosage to suit variations in the nature 
of the raw water, result in marked ease of operation 
and control. 

In referring to the filters, we mentioned that they 
were of the rapid-gravity type. The efficiency of 
this type of filter is largely dependent on the means 
provided for ensuring the uniform draw-off of the 
filtrate from all parts of the bed. This is effected 
by an under-drain system having many interesting 
features, and constituting the latest development of 
the Paterson system. The arrangement comprises 
a main cast-iron header having a flat upper surface, 
flush with the concrete filter floor, and provided with 
uniformly spaced openings throughout its length. 
Iron pipes, shown in section along the bottom of 
the bed in Fig. 46, page 631, are fitted with gun- 


to tee pieces which project into the header. These 
tee-pieces are secured in pairs by cast-iron clamps 
When the air is applied 
to the main header it depresses the water therein, 


allowing it to escape through the extended tee- 


and sludging valves, and each is a complete unit! pieces, thus giving a clear air passage throughout 
in itself, the arrangement being that whilst the | the upper section of the header, the ends of the 


contents of one tank are being used for the treat- 
ment of the incoming water, the solution is being 
prepared and dissolved in the other tank ready for 
use in due course. The solution from the particular 





| tees being simultaneously unsealed throughout the 


whole length. This action is anticipated by the 
escape of air through a small orifice at a higher 


| elevation, permitting a small quantity of air to pass 


dissolving tank in use at any time is lifted by |into the horizontal underdrains, where it in turn 
one or other of duplicate electrically-driven pumps | expels the water from these downward through the 


shown in the room to the left of the tanks in Fig. 45, | gunmetal outlet orifices. 


Thus these horizontal 


and in the foreground in Fig. 57, page 642, to the | underdrains are clear of water by the time the main 


regulating chamber of the alumina dosing apparatus 
on the second floor. 

This apparatus, which regulates the alumina 
addition to the raw water, is situated in one of 
the laboratories, and is electrically controlled from 
the transmitting instrument at the inlet well referred 
to above. The apparatus, which can be seen in the 
room above the tanks in Fig. 45, and is shown 
separately in Figs. 50 and 51, page 632, consists 
essentially of a constant-head chamber which is 
kept full by the alumina solution pumps, the 
surplus overflowing to the dissolving tank on the 
floor below. In this constant-head chamber is a 
tapered valve, shown on the left in Fig. 50, which 
is raised and lowered electrically to correspond 
with the movements of the float at the main 
measuring weir, so that the discharge from the 
tapered valve is directly proportional to the volume 
of raw water passing to the plant. The mechanism 
for altering the height of the valve will be clear 
from Figs. 50 and 51, the drive from the motor to 








volume of air arrives on the unsealing of the tee- 
pieces. The gunmetal orifices are all at the same 
level, and as they are of restricted area, they ensure 
that the air is distributed uniformly at the same 


jinstant throughout the whole area of the bed. 
| After agitating the filter bed for two or three 


minutes with air, the wash water is turned on, 
expelling the air before it, so that the bed is in 


continuous agitation with air until the moment’ 
when the wash-water arrives to flush the loosened | 


impurities into the waste-collecting channels, and 
thence to the drain. The wash water, when applied, 
is discharged by over a thousand gunmetal orifices 
on to the floor of the filter, thus causing a uniform 
distribution of the water and obviating disturbance 


of the bed by the jet action inseparable from the high | 


velocity necessary to ensure uniform distribution. 
The air used for cleaning the filters is compressed 
by two electrically driven air compressors, each of 
12-5 brake horse-power at 420 r.p.m. and having an 
output of 65 cub. ft. per minute. The air is filtered 
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in its passage into an air receiver, where it is stored 
at a pressure of 75 lb. per square inch. The com. 
pressors are automatically controlled by the receiver 
pressure, and are arranged so that they come into 
operation when the pressure of the stored air falls 
to 68 lb. per square inch, and are cut out when the 
maximum pressure of 75 lb. per square inch is 
attained. For convenience of control, the com- 
pressors are situated in an annex to the engine- 
house, in the main pumping station. A 4-in, 
high-pressure air main is carried from the air receiver 
to the filter-house, in which are situated the pressure 
gauges and reducing valve for lowering the pressure 
to 5 lb. per square inch, as required for filter- 
agitation purposes. The gauges and reducing valve 
are visible in Fig. 46. 

The filtered water used for washing the filters 
can be obtained by three different methods, 
Normally it is pumped from the pure water tank 
by an electrically-driven 6-in. centrifugal pump 
of 600 gallons per minute capacity. This pump 
absorbs 12 brake horse-power when running at 
1,350 r.p.m., and lifts the filtered water to the 
wash-water storage tank at the top of the adminis. 
tration building. From this tank the water gravi- 
tates to the filter units at the requisite volume 
and head required for washing. The action of the 
pump is automatically controlled by the level of 
water in the storage tank, thus the latter is always 
kept full. The second method of supply, to provide 
against the possibility of the 6-in. pump being 
out of service, is to fill the overhead tank by means 
of a connection with the high-pressure pumping 
main through a control valve, this valve again 
ensuring that the storage tank is kept full of filtered 
water. If for any reason it should become necessary 
to put the overhead wash-water storage tank out 
of service, provision has been made, by a connection 
from the high-pressure pumping main, for the 
filters to be washed directly from this main, a 
reducing valve being installed to reduce the pressure 
to that suitable for washing the filters. 

The reinforced concrete wash-water storage tank 
is of 12,650 gallons capacity, and is provided with 
an overflow which returns any excess water to the 
pilot well, in addition, there is an alternative 
drain connection. The depth of water in this 
tank is pneumatically registered by a large dial 
indicator in the filter house, so that the attendant 
can at all times satisfy himself as to the quantity 
of water available for filter-washing purposes. 

As the degree of purification obtained depends 
to a considerable extent upon the satisfactory 
operation of the automatic outlet controllers, some 
details of their construction may be of interest. 

The outlet controller, shown in Fig. 46 and 
in greater detail in Figs. 47 to 49, consists essen- 
tially of a double-beat valve controlled by two floats, 
one on the surface of the water in the filter tank and 
the other in the outlet control chamber. The 
float in the filter closes the outlet when the level of 
water descends to about 18 in. above the filtering 
surface, so preventing the possibility of the latter 
being drained dry. A further advantage of this 
control is that it ensures the filter coming gradually 
into action on restarting, preventing a sudden rush 
of water, and thus preserving the film intact. When 
the level of water above the filter bed is normal, 
the float in the outlet chamber automatically takes 
control. The function of this float is to maintain 
a predetermined maximum rate of discharge, 
regardless of the condition of the filter bed or the 
head of water above it. This predetermined maxi 
mum rate of discharge is ensured by maintaining 
a constant flow of the effluent over a gauging well. 
The control of the rate of discharge is effected by 
adjusting an overflow pipe at such a level that, 
with a pre-determined rate of flow from the filter, 
there is a very slight spill-over through the pie 
pipe, shown in Figs. 47 and 48, into the contro 
float chamber. The latter is provided with a small 
outlet orifice balancing the slight inflow at the criti- 
cal level. Should the outflow be the smallest 
fraction below the critical level, the overflow to the 
float tank is cut off and the float falls, opening the 
outlet valve the imperceptible amount necessary 
to re-establish the critical level of water over the 
gauging weir. This, for example, happens — 
the filter tends to become choked with accumulat 
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impurities. The loss of head is then increased, and 
there is a tendency for the output to be slightly 
reduced. Should there be a large increase in the 
supply of raw water to the filter, the reverse action 
takes place, and the slight increase in level above 
the weir gives an overflow into the float chamber 
in excess of the small drain-orifice discharge. The 
float then rises and throttles the outlet. The 
principal advantages of this controller are its 
simplicity and the balanced minor flow. The latter 
permits the use of a large float having a great 
| range of movement, rendering it responsive to the 
| minutest variations in the rate of discharge. The 
| overflow trumpet pipe can be adjusted to give any 
| required rate of discharge, and this rate is indicated 
on a graduated scale placed on the front of the 
filter. 

On the occasion of the visit of our representative, 





ithe sensitivity of the controls was demonstrated 


at various rates of discharge, and it was noticeable 
that the actual discharge, as registered on an inde- 
pendent rate of flow meter, agreed precisely with the 


| setting of the outflow regulator, and remained con- 


stant until an alteration was made in the setting of 
the controller. In the course of a few minutes 
the flow, as indicated by the rate of flow meter, 
again agreed precisely with the setting of the auto- 
matic controller. 

On the filter fronts are also fitted loss of head 





indicators with a moveable scale, by means of which 
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a direct reading of the head loss through the filter | 
is obtained at all times, and rate of flow indicators | 
showing the actual output at any one moment | 
from each individual filter unit. The waste | 
discharge pipe from each filter unit is fitted | 
with a sight glass, visible in Fig. 43, page 550 | 
ante, so that the nature of the wash effluent | 
coming away from each filter during the washing 
process is constantly visible to the attendant. | 
Clarity indicators for the raw water and filtered 
water are placed in the central gangway. These 
consist of two large clear-glass vessels fed from the | 
raw and filtered water pumping mains respectively. | 
These stand side by side in a white porcelain sink | 
backed by a white vitrolite slab, and enable an | 
immediate and definite comparison of the physical 
appearance of the unfiltered and filtered waters 
to be made. 

As already explained, the eftluent from the filters | 
is conveyed by a pure-water channel to the end of | 
the filter house, where chlorine is added by means of | 
a Paterson Chloronome. This apparatus was | 
fully described on page 142 of vol. exvii of | 
ENGINEERING, and it is unnecessary to repeat the | 
description here. The Chloronome installed at | 
Sandfieids is capable of adding up to one pound of 
chlorine per hour. The chlorine gas is derived | 
from steel cylinders each containing 70-lb. nett 
weight of chlorine, stored in the basement of the 
administration building. These cylinders, which 
can be seen at the bottom right-hand corner in 
Fig. 45, with the Chloronome on the floor above, 
are placed on weighing machines so that the weight 
of reagent passed to the plant may be checked over 
definite periods. Prcvision is made for the accom- 
modation of two batches, each of six cylinders of 
chlorine, and an electric heater is so arranged as to 
supply local heat to cylinders nearing exhaustion. 
A ventilation shaft is fitted to this chamber, with 
an electrically-operated extractor fan, for the 
purpose of removing any trace of gas which may 
result during the operatiqn of cylinder changing. 
Each battery of cylinders feeds through connector 
tubes into a header pipe communicating with the 
chlorine gas main, which is led to the control 
instrument upstairs. 

An apparatus similar in all respects to that just 
described is installed for the addition, if required, 
of sulphur di-oxide to the water prior to pumping 
into supply. 





































































































































































































































































-—------ 4 


= < iid 
1% Outlet Feed to Pumping Main (Rubber) 
%@ Inlew Pipe From Grenlating Pump (Lead 
34 Overflow w Storage Tanks(Lead) 














“ENGINEERING 


It has already been remarked that the exigencies | clean water standard. A very interesting and 
of the site necessitate the discharge of any waste | efficient installation, illustrated in Figs. 52 to 59, 
water from the filtration plant into the Wyrley and | page 663, has been laid down to secure this result. 
Essington Canal, and it was necessary, in accordance | The sludge channels, on either side of the pipe 
with the requirements of the Birmingham Canal | trench at the centre of the filter house, connect to @ 
Navigations, to make adequate provision for | 16-in. cast-iron main built into the lower part of 
clarifying the wash water, so that the effluent | the division wall between the precipitation tanks ; 
discharged to the canal should approximate to a!and the scour pipes, removing the precipitated 
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SECTION B.B. 


Fig.52. SECTION A.A. 


SECTION C.C. 
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| sedimentation tanks, each measuring 60 ft. by 20 ft., 








— |and having sloping floors ending in deep hopper 





1 ] isumps. The washings are admitted to these tanks 
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| in turn, and the sludge settles out, so that after a 
| period of standing, the clear supernatant watcr is 
| pumped back by a 3-in. centrifugal pump, joining 
|the raw water where it enters the coagulation and 
| precipitation tanks. The deposited sludge is 























washed down into the hopper sumps by the next 
—= | washings admitted to the settling tanks, and is 














| there picked up by reciprocating pumps. The 
jarrangement described has proved exceptionally 
| efficient, as it has never been found necessary to 
| squegee the sludge from the floor of the sedimenta- 
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impurities from these tanks, branch into the same 
main. At the end of the precipitation tanks, and 
external to them, this main discharges into a dis- 


| tion tanks. 
| The reciprocating pumps, which can be seen in 
| Figs. 52 and 53, force the sludge into two 70-leaf 
| filter presses until a pressure of 100 lb. per square 
‘inch is attained. This is sufficient to expel the 
| remaining water, and form the sludge into cakes of 
|solid consistency. On the ground floor are the 
|reciprocating sludge pumps in duplicate, and the 
| clear-water centrifugal pump of 250 gallons per 
"ENGINEERING" | minute capacity—these pumps being belt driven 
from shafting, operated by electric motors in 
tributing chamber provided with penstocks, so | duplicate, and provided with clutch pulleys. This 
that the washings from the filters and precipitation | floor is shown in Fig. 58, on page 642. The two 
tanks can be directed into either or both of the two! filter presses, into which the sludge is pumped, are 
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situated on the first floor, and when these are 
opened, the sludge cake drops through chutes into 
skips mounted on bogies running on rails on the 
floor below. The cake is at present removed to tip. 
The liquor discharged from the filter presses is 
piped to the canal, means being provided, through 
a waste-water recorder, for accurate measurement 
of the amount of the discharge. This disposal 
plant has practically eliminated the waste of water 
in the operation of scouring the precipitation tanks 
and washing the filters. Normally, the amount of 
water discharged to waste in connection with a 
rapid filtration system is in the neighbourhood of 
1 to 2 per cent. of the total quantity filtered, 
whereas, in the case of the Sandfields plant now | 
being described, only the liquor from the sludge- | 
pressing process is discharged to waste, and the | 
quantity of this is negligible, amounting to less | 





Laboratory for absolute measurements. In the 
new, simpler instrument for the Ordnance Survey, 
a current of about 0-1 ampere is passed through 
the coils, 40 cm. in diameter, mounted 20 cm. 
apart and connected in series, and the angle 
through which the magnet system is deflected is 
measured on the azimuth circle; the current is 
then reversed for a new reading. The two cobalt 
steel magnets, 1-5 mm. sq., and 10 mm. long, are 
mounted horizontally, side by side, on the 
underside of an annular float A, Fig. 1, floating 
in petrol in a gunmetal chamber, which is provided 





than a thirtieth of 1 per cent. of the total volume | 


of water passed through the filtration plant. It is 
interesting to note that the makers of the plant 
guaranteed that the quantity of waste water resulting 
from the washing of the filters should not exceed 
1 per cent. of the total quantity filtered, a penalty 
of 2501. being imposed for every fourth part of 
1 per cent. in excess of the guaranteed amount, 


with a corresponding premium for similar reduc- | 


tions. Actual observations over a period of one 
month showed the percentage of wash water 
actually wasted to be 0-0304. 

We may conclude our description of the plant by 
a short summary of the bacterial reduction effected, 
as shown by the following table :— 

Raw Water :— Colonies per c.c. 
Bacteria on Gelatine in 2 days = --. 620 
Bacteria on Gelatine in 4 days sae ... 780 
B. Coli Communis 25 


Filtered Water before Chlorination :— 
Bacteria on gelatine in 3 days = ws GSS 


Bacteria on Agar in 1 day ... ans or 5 
Bacteria on Bile Agarin 1 day ... ae 0 

B. Coli (Presumptive)... ; Absent in 100 c.cs. 
B. Coli (Typical) : Absent in 100 c.cs, 


Chlorinated Filtrate :— 
Bacteria on Gelatine in 3 days oes 
Bacteria on Agarin Il day ... one See 0 
Bacteria on Bile Agarin lday _... ike 0 
B, Coli (Presumptive)... Swe Absent in 100 c.es, 
B. Coli (Typical) Absent in 100 c.cs. 

During the period of the tests, the dose of alumino- 
ferric was 0-8 grains per gallon, and the dose of 
chlorine one part in five million. No dechlorinating 
agent was added. 

As in the case of the engine house, the whole of 
the filtration plant was designed to comply with 
the specification of the company’s engineer-in-chief, 
Mr. Fred J. Dixon, M.Inst.C.E., M.I.Mech.E., who 
informs us that since the plant was started up over 
eight months ago, it has functioned entirely satisfac- 
torily, and complied with all the detailed guarantee 
requirements of the specification. Mr. H. C. 
Ritchie, M.Inst.C.E., was responsible for the 
design of the reinforcement ; the Paterson Engineer- 
ing Company, Limited, of London, supplied the 
whole of the chemical-treatment, filtration, and 
sludge-disposal plant; and Messrs. Gray’s Ferro- 
Concrete Company, of Glasgow, were the con- 
tractors for the buildings and tanks. 
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THE ROYAL SOCIETY 
CONVERSAZIONE. 
(Concluded from page 617.) 

Tue: first of three exhibits of the Cambridge 
Instrument Company, Limited, was a portable 
magnetometer of the null type, designed by Dr. 
F. E. Smith for the accurate comparison of the 
horizontal component of the earth’s magnetic 
field at the base station (Greenwich), at which 
the value is known in absolute units, and at the 
subsidiary station, at which corrections for magnetic 
disturbances can be made by means of recording 
magnetographs. Electrically the instrument may 
be described as a sine galvanometer. The magnet 
system is free to move about a vertical axis 
between two coils of large diameter which are 
turned on their base into such a position that the 
magnet comes to rest with its axis parallel to 
the plane of the coils. The first magnetometer 
of Dr. Smith was constructed on the suggestion 
of Sir Arthur Schuster at the National Physical 
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two groups of five cobalt-steel magnets mounted 
as shown in Fig. 3 on a glass stem, 0-05 mm. in 
thickness and 21 mm. long, which is cemented to 
the quartz suspension fibre, 0°05 mm. in diameter 
and 20 cm. long; the stem bears a small mirror, 
2:5 mm. sq. and 0:1 mm. thick. These parts are 
suspended in a glass tube which is readily replace- 
able, as also are the coils, without readjustment 
of the instrument. The mirror oscillates in the 
central horizontal plane between the two coils with 
elliptical cores which can be connected in parallel, 
series-parallel or series giving resistances of 0-75, 3 or 
12 ohms. The body of the instrument is machined 
from a single casting on which the coils and the 
suspension tube are rigidly mounted ; the base is 
relatively large to allow of accurate levelling. Dis- 
turbances of the instrument by external fields are 
prevented by three cylindrical shields, one of 
which is made of » metal (permalloy), a nickel- 
steel of extraordinarily high magnetic permeability. 
This alloy was first used as the material for a 
magnetic shield by Professor A. V. Hill for his 
sensitive galvanometer (Journal of Scientific In- 
struments, July, 1926). The Cambridge Company 
builds the cylinder up of a copper cylinder and 
several concentric cylinders of » metal, each con- 
sisting of ring strips piled upon one another. Top 
and bottom plates close the cylinder system and 
fix it to the body in such a way that no stress is 
transmitted. The top plates are held loosely in 
the outer case and rest on the cylinder when it is 
in position. This combination constitutes the inner 
shield of comparatively light weight. Outside is 
the second shield, a steel tube, which keeps out 
strong magnetic fields, and finally the gunmetal 
case on which the control magnets are mounted ; 





these enable the period to be varied between 0-5 
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with a glass window. The float rides on the 
spindle D, and is centralised by means of a jewel C 
carried by D, and a sapphire pivot B supported 
by a stirrup from the float. This stirrup further 
carries, in the plane parallel to the axis of the 
magnets, an optically-plane quartz mirror, 10 mm. 
in diameter and platinised on both sides, which 
is viewed through the window by a horizontal 
telescope. Readings within 1 y (ly = 0-00001 
c.g.s. unit) can be taken in 10 minutes, whilst 
the Gauss instruments formerly in use required 
one hour. <A current of 0-1 ampere through the 
| field coils corresponds to a field intensity of 0-18. 
If a cadmium normal cell of 1-0183 volt is balanced 
across 10 ohms in the potentiometer shunt circuit 
(which has a concentric cable), the current will 
be 0-1018 and the field at the centre 0-183. The 
potentiometer is so designed that field intensities 
ranging from 0-16 to 0-19 may be measured to 
1 part in 20,000. The field outfit comprises a 
6-volt battery for the field coils and a tripod. 

The second instrument shown was a Paschen 
galvanometer, Figs. 2 and 3,which is simpler and 
smaller than the type previously made by the 
Cambridge Company and embodies a new method 
of shielding. The moving system consists of 
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second and 6 seconds. The screwed plunger for 
damping the moving system is at the back of the 
instrument and is not shown in Fig. 2. 

The third instrument, an apparatus for recording 
radiation from the sky, is a combination of a 
photo-electric cell, of which the frequency of dis- 
charge depends upon the intensity of the incident 
radiation, with a standard thread recorder of the 
Cambridge Instrument Company. 
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Elementary Treatise on Statically Indeterminate Stresses. 
By Professor JoHN Ira PaRcet and Professor GEORGE 
ALFRED Maney. New York: John Wiley and Sons, 
Inc., London: Chapman and Hall, Limited. [Price 
25s. net.] 

A BOOK on the subject of statically indeterminate 

stresses inevitably brings to mind the old con- 

troversy about the value of elaborate calculation 

of stress ; and as the practical usefulness of such a 

book must depend on the extent to which the type 

of calculation described therein will be used, it 
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will not be amiss briefly to state the case for these 
methods. 

The key to the divergence of opinion seems to be 
the comprehensiveness of the factor of safety; if 
it is intended to cover ignorance as well as accident, 
then the roughest stress calculation will suffice, 
but it is logical to assume that if there were an 
adequate theory of the strength of structures, 
factors of safety might be reduced. Some com- 
putors maintain that the safety of any structure, 
no matter how highly indeterminate it may be, is 
measured by the magnitude of the stresses as calcu- 
lated by the mathematical theory of elasticity. 
They claim to be “scientific ” in ignoring the facts 
of experiment and of observation which indicate 
that in many cases structures subject to high local 
stresses as computed, prove remarkably satisfactory 
in service. To be “ mathematical,” in fact, is not 
the same thing as to be “ scientific.’”” The mathe- 
matical treatment of physical phenomena invari- 
ably involves the ignoring of certain data of experi- 
ence, which are assumed to be of secondary import- 
ance. When this condition is not satisfied, mathe- 
matical deductions may be seriously inerror. Apart 
from these considerations, any addition to our know- 
ledge either of the behaviour of materials or of 
the effect of loads often justifies a greater detail of 
calculation, and every bridge designer should, 
when the necessity arrives, be able to compute the 
stresses in a statically indeterminate structure. In 
actual bridge practice every structure is really 
statically indeterminate, but in the vast majority 
of cases, this consideration can be safely ignored 
without increase of danger or increase of cost. 
When, however, it is desirable to indulge in the 
more elaborate systems of stress analysis, the value 
of such a volume as that under review ceases to be 
limited to a use only as a mental exercise for 
students. It then appeals to a large number of 
practising engineers. 

A treatise devoted wholly to one subject might 
be thought too specialised for general use, but, in 
fact, when such a work is properly utilised it has 
at least two great advantages ; one in a logical and 
thorough treatment of the subject, and the other 
the greater amount of available space for full 
development of alternative methods. This volume 
takes advantage of these opportunities ; it begins 
by giving the various methods available for calcu- 
lating deflections and then applies these to the 
theorems which lead to general methods of solution ; 
the remainder of the book, more than half, is devoted 
to applications of the theory to continuous girders, 
rigid frames, arches, and secondary stresses. To each 
of these a chapter is given with a comprehensive 
discussion showing various methods of attack and 
which of them is likely to be the most profitable. 
An interesting final chapter is devoted to a general 
survey of the use of indeterminate structures, a 
praiseworthy attempt being made to set out the 
relative merits of these compared with the nearest 
equivalent “simple ” structures ; this chapter also 
contains an historical summary and a bibliography, 

The theory and the various methods of applica- 
tion are evolved by a strictly mathematical method ; 
though it may appear somewhat alarming to any- 
one not over strong in the subject, this is probably 
the best in the end, especially as all the mathematics 
are given in detail and should not cause any trouble. 
In this connection we are not too certain that the 
use of determinants is as well known as it deserves ; 
a lack of knowledge on this point may cause some 
slight difficulty to the reader, and the introduction 
of them into the work was not essential. 

The greatest obstacles to an extension of the 
employment of this type of stress calculation have 
always been the somewhat heavy computation that 
is involved, often including the solution of a large 
set of simultaneous equations, and the feeling 
of uncertainty attached to the results. This 
Volume goes far towards surmounting the first of 
these obstacles, as in all cases a point is made of 
showing which is the shortest method, what solu- 
tions by approximation are available, together with 
hotes on the range of accuracy to be expected and, 
above all, the examples are worked out on a sound 
tabular system that in itself is worthy of close atten- 
tion. The uncertainty about the aceuracy of the 
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it is in reality due to an uncertainty in the physical 
conditions—as an illustration, the distribution 
and amount of dead load stress in a continuous 
girder are always more or less indeterminate in the 
physical sense. In the few cases in which no 
physical uncertainties exists, the accuracy of stress 
calculation is high, but how far the stresses thus 
computed measure the real factor of safety is, of 
course, a point on which there is a conflict of 
opinion. Structures in which the mathematical 
theory indicates no excessive stress are probably 
safe, but the converse proposition, that structures 
are unsafe in which the theory indicates high 
stresses, is certainly not universally true. 

The worked examples are of a severely practical 
nature and are good illustrations of the methods, 
but the arrangement of these is not particularly 
fortunate, the calculations are shown immediately 
under the diagrams and interposed in the main text, 
while some additional notes and explanations occur 
in the text itself ; thus there is an unnecessary loss of 
continuity, a small point perhaps, but one that will 
cause the reader some slight annoyance. 

This book may be recommended to anyone who 
wishes to study this subject ; it should give him a 
thorough grasp of the principles and of the methods 
of their application. At the same time the book 
has been so arranged that reference to it is easily 
made for the solution of specific problems. 
Altogether, it is a thorough and workmanlike pro- 
duction typical of American text books at their 
best. 





Industrial Combination in England, By Patrick Firz- 
GERALD, B. Com. London: Sir Isaac Pitman and 
Sons, Limited. [Price 10s. 6d. net.] 

Tue need for a scientific work on Industrial Com- 

bination in England is undoubted, and Mr. Fitz- 

Gerald is to be congratulated on his attempt to 

supply this deficiency. He sets out to show “ how 

far competition has been suppressed, to examine the 
structure, achievements, and price policy of the 
various groups, and finally to consider tentatively 
the advisability of imposing some form of Govern- 
ment supervision.”” His method is to examine in 
each group the progress of combination, the degree 
of monopoly enjoyed and the profits earned as 
measured by “net earnings as a percentage of 
resources employed.” With these rather slender 
resources of fact it would be easy to reach widely 
erroneous conclusions, were they not supported 
by extensive knowledge and sound judgment. 

As it is, the orderly treatment of the subject and 

temperate but stimulating conclusions will commend 

the book to those concerned with industrial adminis- 
tration. 

Throughout the book a distinction is kept before 
the reader between simple amalgamations and 
those in which there is a degree of monopoly. It 
is clearly shown that while there has been a con- 
siderable increase in combinations for price regula. 
tion in this country during the last twenty years, 
there are scarcely any instances of abuse of monopoly 
in raising prices unduly to the consumer. This is 
largely attributable to the difficulty of making such 
combinations sufficiently complete within the home 
industry to be effective and partly to the influence 
of foreign competition in a country with no tariff 
barrier. In short the danger of the “ vampire of 
monopoly” is one which at present need not be 
taken very seriously in these islands. 

Among the various industries examined, 

engineering, having regard to its size and variety 

of branches, affords a singular dearth of monopo- 
listic combinations. The especially individualistic 
character of this industry arises partly no doubt 
from its close relation to the sciences. But in any 
case the power of an engineering combine to fix 
prices in this country would always be limited by 
the competition of American and German rivals. 
Not the least interesting features of the book, 
however, are the conclusions with regard to the 
efficiency of trusts, in which the economies of large- 
scale production are discussed apart from the element 
of monopoly. The most striking point which 
emerges from this analysis is that while the trust 
form of organisation possesses advantages in theory, 
these do not always materialise in practice. The 





results must in many problems be unavoidable, as 


economies of large-scale operation, whether in the 


sphere of production, buying, or selling, depend 
mainly on the presence of adequate administrative 
ability. The difficulties of carrying out these 
‘duties efficiently increases more than in ratio to 
the scale of the operations. Amalgamation, in 
fact, is no automatic remedy for industrial ills, 
it is not necessarily a remedy at all, the determining 
factor is still the human factor. These conclusions 
may, no doubt, have been suspected before. Here 
‘sO many illustrations are given of their truth that 
the further one is prompted: Are British industrial 
organisations particularly lacking in the requisite 
human elements for “ big business ” ? Among these, 
examples from his own industry are not wanting 
to interest the engineering reader. 





Die Staumauern, Theorie und wirtschaftlichste Bemessung. 
By Dr. Ing. N. Keren. Berlin: Julius Springer. 
[Price 39 marks. ] 

Dr. KExEN limits himself in his volume on Stau- 

mauern, as the title indicates, to structural dams 

proper, built up of masonry and concrete. The old- 
established earth and rock-filled dams have a rich 
literature of their own, and he merely mentions them 
in his introduction. The most modern type of 
masonry dam, the multiple-arch form, has mainly 
been developed within the last few decades, but 
its prototype, the Meer Alum dam, near Hyderabad, 
goes back to 1800. The many noteworthy dams of 
this type, since constructed, especially in America, 
have been fully described ; there are, however, very 

‘few comprehensive books on the subject. The 

catastrophe which destroyed the Gleno dam in 

Lombardy, and five hundred lives, on December 1, 

1923, seemed to throw doubt on the safety of these 

structures. Most experts will, however, probably 

agree with the opinion expressed last year by Mr. 

Luigi Luiggi, speaking at the American Society of 

Civil Engineers :—“ design, fairly good; material, 

bad ; supervision, worse.” 

Dr. Kelen considers that all types of structural 
dam actually in use can be equally safe, provided 
they be properly designed and carefully built. Their 
theory isincomplete as regards static calculations and 
dimensions, and his book is intended to help to fill 
up the gaps, while considering economic conditions. 
Starting from a somewhat novel exposition of the 
theory of elasticity in its relation to strains in 
cylindrical arches of circular section, he arrives at 
new simplified formule and tables. In order to 
facilitate the application of the formule he uses, for 
example, the symbol » for designating the thickness 
of an arch, and the Greek letter » for designating 
the corresponding thickness of an arch of half the 
span; o; indicates temperature stress, and o’; the 
stress per deg. C. The simplest type of dam, the 
massive gravity dam, does not claim much con- 
sideration. Dr. Kelen notices two of its recent modi- 
fications intended to save material: the Figari 
dam at Porretta in the Apennines, a right-angled 
triangle in section, with triangular hollows ; and the 
Gutzwiler design, not yet adopted, a triangle built 
with vertical tubular hollows in beehive fashion ; 
these hollows would serve as natural drains. He 
devotes his chief attention, however, to hollow ferro- 
concrete dams of the type known in America as the 
flat-deck or Ambursen dam, which are built by the 
Ambursen Hydraulic Company, and the Gewolberei- 
hendamm or multiple-arch dam. 

The latter is generally considered to require 
less steel for reinforcement, but more form work 
than the flat-top dam, and Dr. Kelen regards it, 
on the whole, as the most economical type, though 
not always to be recommended. Careful geological 
studies are essential, and he suggests that the 
neglect of these and the erection of the central 
buttresses immediately on the concrete foundation, 
without any attempt to key them into the foundation, 
was the cause of the Gleno disaster. 

His theoretical considerations are given under the 
headings : the plain wall dam, the arch, the buttress, 
and economical buttress distances. They are 
followed by a chapter on constructional details 
which contains many useful hints. The second half 
of the book gives critical descriptions of dams actu- 
ally constructed, and is very well illustrated. Most 
of the examples are naturally taken from America, 
although several Italian dams are dealt with. The 
one German structure described is the Véhrenbach 
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dam in Baden, the only multiple-arch dam in that 
country ; none has been builtin England. Very in- 
structive is the chapter on accidents and failures, 
which is again excellently illustrated; water per- 
colation and frost are responsible for many of these. 
Temperature and deflection measurements in dams 
are discussed in the last chapter. Only the 
programme of the extensive system of measure- 
ments, which have been conducted since 1924 
by the Engineering Foundation Committee of 
San Francisco, could be mentioned, but Dr. 
Kelen has certainly not neglected to study the 
foreign literature on his subject. Irrigation and 
water-power dams are pre-eminent modern engi- 
neering problems, and Dr. Kelen’s contribution to 
their study, though mainly intended for the 
designer, will be appreciated by all engineers. 





Shirley Institute Memoirs, Vol. V, 1926. Didsbury, 

Manchester: The Shirley Institute. 

OF the various industrial research associations 
founded within the last decade, the British Cotton 
Industry Research Association, which has its home 
in the Shirley Institute at Didsbury, is recognised 
to be one of the most active and successful. By the 
premature death of Dr. Crossley, the Institute lost, 
in March, its director of research. The selection of 
his successor, Dr. R. H. Pickard, F.R.S., who was 
appointed in April, seems to have been most 
fortunate, as he is well known, both as an investi- 
gator and as an expert textile technologist. The 
new volume of the memoirs now before us, well 
illustrates the manifold character of the work done 
in the Shirley Institute, and the practical manner in 
which the problems are attacked. The arrange- 
ment of the table of contents is in itself note- 
worthy. We are not merely given the titles of the 
25 papers printed and the names of their authors, 
but we find good abstracts of their contents. General 
titles, such as light reflection from textiles, the time 
factor in hair testing, effect of humidity on cotton 
yarn, the steeping process, and chemical analysis of 
cotton are too indefinite, even if qualified, as in the 
last case, by the additions of hydrocellulose and 
scouring losses. From the paper on thermal 
properties of cotton fabrics, we see that, to maintain 
the body at normal temperature in the tropics, a 
fabric should have high reflecting and emissive 
powers, low transmitting power, low radiant energy, 
and high permeability to moisture, and that a 
certain cheap cotton shirting, heavily filled (with 
chalk, clay and starch) and much used by coolies in 
India, seemed the best in this respect, because it 
was rarely washed; yet even after prolonged 
washing, the heavy fabric would better protect him 
against chill. But we are not told, of course, what 
style of material we might actually order, and the 
general hygienic advantages of cotton or wool wear 
are not discussed in this volume. 








CHINESE EasTERN Rattway.—According to figures 
contained in a recent issue of the Chinese Economic Bulle- 
tin, the traffic returns of the Chinese Eastern Railway 
show that 3,250,000 passengers and 256 million poods 
(4,101,600 tons) of goods were carried during the year 
1926. Correspondin, totals for the previous year were, 
respectively, 2,454,000 passengers, and 207 million poods 
(3,332,700 tons). 

LAUNCH OF THE HorpPreR STEAMER “ G.’’—Messrs. 
Henry Robb, Limited, shipbuilders, Leith, successfully 
launched from their Victoria Shipyard, on Tuesday, 
May 3, the steel screw hopper steamer ‘‘ G,’* which is one 
of two similar vessels the company is building to the 
order of the L.M. and 8. Railway Company, ,and is intended 
for service at Garston Harbour. The vessel’s main 
dimensions are: length, 170 ft.; breadth, 36 ft.; and 
depth, 12 ft. 6 in, Messrs. William Beardmore and 
Company, Limited, are suoplying the propelling machi- 
nery, which consists of triple-expansion engines with 
one large marine boiler. 

LAUNCH OF THE 8.8. “ TELDE.’’—A successful launch 
took place on Thursday, May 12, at the Linthouse Yard 
of Messrs. Alexander Stephen and Sons, Limited, of the 


steel screw steamer Telde, which is being built for Messrs. 
Elders and Fyffes, Limited, London, for their fruit- 
carrying service between Garston, Liverpool, and the 


Canary Islands. The main dimensions of the vessel, on 
which accommodation is to be provided for a limited 
number of passengers, are: length, 300 ft.; breadth, 
44 ft.; and depth, 25 ft., with a gross tonnage of 2,400 
tons. Triple-expansion surface-condensing engines are 


to be fitted, taking steani from three boilers, all supplied 





ENGINEERING. 


THE CENTRAL SCOTLAND 
ELECTRICITY SCHEME. 


In a leading article last week we referred to the 
scheme for Central Scotland, which the Central 
Electricity Board had received from the Electricity 
Commissioners. This scheme was published on May 11, 
in accordance with Section 4 of the Electricity (Supply) 
Act, 1926. It was accompanied by a _ pamphlet 
entitled “Supplementary Particulars,” which gave, 
in considerable detail, the technical and financial 
data on which the scheme was based. In this article we 
propose to consider these “‘ Supplementary Particulars” 
further, as, properly analysed, they give a clear idea of 
the lines along which the Commissioners have been 
working. 

As shown on the map on page 637, the scheme 
covers an area about 4,980 square miles in extent, the 
population of which, at the last census, was 3,761,200. 
It comprises the whole of the Scottish industrial, 
shipbuilding and coal districts, and extends from 
Montrose and Brechin in the county of Forfar to the 
southern boundary of the county of Ayr. It embraces 
the areas of the principal municipal electrical under- 
takings, with the exception of Aberdeen, and of the 
operating power and distribution companies, including 
the Ayrshire Electricity Board. 

The stations in the area, which have been “‘ selected ” 
under the scheme are the Clydes Mill and Yoker 
stations of the Clyde Valley Power Company, the two 
hydro-electric stations of the Lanarkshire Hydro- 
Electric Power Company and the Portobello and 
Dalmarnock stations of the Edinburgh and Glasgow 
Corporations, respectively. In addition, it is proposed 
that the following stations shall be operated on account 
of the Central Board for a limited number of years 
after the completion of the works specified in the 
scheme: The Bonnybridge station of the Scottish 
Central Electric Power Company, the Carolina Port 
station of the Dundee Corporation, the Dunfermline 
station of the Fife Electric Power Company, and the 
Kilmarnock station of the Ayrshire Electricity Board. 
The erection of two entirely new generating stations, 
one on the Clyde and one probably on the Forth, is fore- 
shadowed, though the place of the latter might be 
taken by a water-power station, forming part of the 
Grampians electricity scheme, which, as the map shows, 
is not far outside the northern boundary of the area. 
Incidentally, the possibilities of the latter development 
have probably been the cause of relegating the Carolina 
Port station, which is excellently situated on the Tay, 
to the ‘‘semi-selected ’’ list. There are at present 36 
public generating stations in the area. 

The data given in the Supplementary Particulars 
shows that the cost of generation in the area will be 
approximately 90 per cent. of the total cost of the 
electricity delivered by the Central Board to the 
distribution authorities. The remaining 10 per cent. 
represents the expenses incurred by the Central Board, 
including the capital and other charges upon the 
transmission system. It does not include the charges 
incurred in standardising the frequency. These, in 
accordance with the 1926 Act, will be met by the 
undertakers of the country as a whole. 

In determining what stations should be selected, the 
Commissioners took into account the cost of coal 
delivered, the water facilities, the technical charac- 
teristics of the plant installed, the proximity to the 
load and the possibilities of extension. An analysis 
was then made of the engineering and financial data, 
in order to determine which stations could deliver the 
cheapest energy and which were generally the most 
efficient. 

The stations having been selected, the next step was 
to arrange for main transmission lines, both to enable 
the generating plant to be operated to the best advan- 
tage and to provide supplies to authorised undertakers. 
A voltage of 132,000 volts has been adopted as the 
primary transmission pressure for these lines. 
Ring mains are regarded as essential, and the 
capacity of each line will not be less than 50,000 kw. 
In determining the size of the conductors, such factors 
as the amount of power to be interchanged, the capacity 
of the stand-by plant and the necessity for running the 
most economical stations at as high a load as possible 
were taken into account. The routes for the primary 
transmission lines have been surveyed and the primary 
transforming stations have, wherever possible, been 
made annexes to the selected stations. The cost 
of the primary transmission system and transforming 
stations, allowing for the capitalisation of interest 
during the first five years, is 2,204,0341. Secondary 
transmission lines, which will be necessary for supply- 
ing undertakers who cannot be supplied through the 
networks of existing power companies, will be operated 
at 33,000 volts. 

An essential feature of the scheme is the standardisa- 
tion of the frequency in the area at 50 cycles. This 
work will obviously have to be spread over several 





by the builders, 





years and will necessitate use being made of two of 
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the less economical stations, the Port Dundas station 
of the Glasgow Corporation and the Motherwell station 
of the Clyde Valley Electrical Power Company, during 
the transition period. A detailed investigation of the 
method of effecting this standardisation was made by 
Messrs. Merz and McLellan in 1924, and an extract 
from their report is given in the Supplementary 
Particulars. Though the programme suggested therein 
may require modification, it nevertheless constitutes a 
guide to the nature of the problem that will have to be 
solved. 

Messrs. Merz and McLellan pointed out that the 
proposed change-over would necessitate an acceleration 
of the normal programme, because surplus plant would 
have to be available, so that the existing plant could 
be put out of commission for the purpose of the change- 
over. Additional spare plant would also be required 
to enable two systems to be operated simultaneously 
at different frequencies. It would be of no imme- 
diate assistance to order new 50-cycle plant, as about 
two years would have to be allowed for its completion. 
It was, therefore, necessary to consider means whereby 
50-cycle plant could be provided before the new plant 
was ready. The principal method suggested was the pro- 
vision of new rotors and the re-winding of the stators of 
the existing generators. Since much of this work could 
be done prior to the machine being taken out of commis- 
sion, the plant could be changed over during the light- 
load period between April and August. It would also 
facilitate matters to connect the Glasgow Corporation’s 
and the Clyde Valley Power Company’s systems, and to 
employ the frequency-changing plant which will be 
necessary to maintain the tramway supply as part of 
the scheme. It should be noted that, since the 
date of this report (1924), 10,000-kw. of 50-cycle 
plant have been installed at the Corporation’s dust- 
destructor plant at Govan, and this should also tend 
to facilitate matters. It was estimated that the com- 
plete change-over would take three years. Accelera- 
tion would only be possible by an unbalanced pro- 
gramme, in which existing sets were changed over 
more rapidly in the latter stages and the conversion of 
the distribution system and consumers’ plant speeded 
up to correspond. This would be inefficient for three 
reasons: It would mean that new generating plant 
would have to be provided earlier than would other- 
wise be necessary, it would prevent the regular change- 
over of the consumers’ plant, the rate of which is 
largely settled by the amount of 50-cycle plant avail- 
able, and, considering the country as a whole, it might 
strain the capacity of the manufacturers’ works. 

The controlling feature of the distribution pro- 
gramme would be the even change-over of the 
alternating-current motor load throughout the period. 
This would not be so essential in the case of the 
Corporation’s large direct-current sub-stations, a state 
of things which would assist in adjusting the distribu- 
tion programme to suit the generating programme. 
The majority of this plant could also be changed 
over during the summer. It is suggested that, for 
this purpose, the Corporation’s system should be divided 
into eleven sections, and a detailed scheme, showing 
how the change-over could be effected on this basis, 
is given in the report. A similar sub-division is sug- 
gested for the Clyde Valley Electrical Power Company’s 
system. It is pointed out that the first requirement to 
be borne in mind is the avoidance of any risk of inter- 
ruption of the supply from the main sub-stations. 
It is, therefore, assumed that the change-over of only 
one sub-station on a ring main is proceeded with at 
a time, and that a duplicate high-pressure supply 
must be continuously available at each public supply 
sub-station. The second requirement would 
met by two separate supplies from the 25-cycle and 
50-cycle systems, respectively. More latitude would 
be allowable in the case of consumers’ sub-stations, 
as a non-duplicate supply would be permissible for two 
or three months. This would allow the several sub- 
stations on a ring main to be changed over consecutively 
by gradually working round it. Two supplies, one at 25 
and one at 50 cycles, would thus be available. When 
the number of sub-stations on a ring main 1s very 
large, it might be necessary to divide it, in which case 
an additional feeder would be required. Where con- 
sumers are supplied from a single feeder, it would be 
necessary either to shut down a certain amount of 
plant or to provide a duplicate supply. 

New plant would be necessary in the direct-current 
substations, as the existing rotary converters could 
not be altered, and new static transformers have 
also been allowed for, owing to the specially high 
reactance necessary. Where possible, fewer and larger 
sets are also allowed for, so as to obtain the advantage 
of the lower price per kilowatt. There would be 
little possibility of disposing of the displaced plant. 
The change-over would make no appreciable difference 
to the operating costs or efficiency. Apart from the 
plant for converting to direct current, practically no 
cost would be involved in changing over these sub- 
stations. All static transformers, other than those 
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used with rotary converters, could be employed on 
50'cycles. 

To obtain the information required for determining 
the procedure of effecting the change-over on the 
consumer’s premises, questionnaire forms were sent 
out and a complete register of all the consumer’s plant 
concerned was compiled therefrom. After examina- 
tion of the problem, the opinion was formed that the 
change-over could be effected with very little interrup- 
tion to the business of any of the consumers. The 
disturbance would be more pronounced on the Clyde 
Valley Company’s system, where there is no direct- 
current distribution. There are a few cases where 
consumers have 25-cycle stand-by generating plant. 
This would have to be changed, and the cost, less the 
value of the plant replaced, charged to the change- 
over. The opinion is expressed that consumers might, 
however, agree to dispense with this plant altogether, 
if offered suitable compensation. A good deal of 


1921-22 to 1924-25 represent recorded results. The 
extended portions were obtained from a consideration 
of the corresponding curves of growth for the United 
Kingdom as a whole. These were based on the same 
four past years, the curve obtained being projected to 
give a uniform curve of growth up to 1933-34, after 
which an accelerated rate was adopted. It was assumed 
that the present proportion between the amount of elec- 
tricity sold in the Central Scotland area and in the 
United Kingdom as a whole, namely, 10-8 per cent., 
would obtain until 1933-34. This means an increase in 
electricity sold from 581 to 1,117 million kw.-hours. 
By 1940-41, this figure would have risen to 1,934 million 
kw.-hours. Compared with some estimates that have 
been made for this area, these figures are on the con- 
servative side. 

As pointed out in our leading article, the plant 
at present installed, or sanctioned, in the selected 
and semi-selected stations in the area amounts to 
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switch and control gear would require no permanent 
alteration, but instruments and meters would have 
to be re-adjusted. 

The total gross cost of the change-over in 1924 
was estimated by Messrs. Merz and McLellan to be 
2,950,300/., and the net cost 1,984,300/. The difference 
between the gross and net cost is attributable to certain 
ante-dated capital expenditure, i.e., for providing plant 
in advance of normal requirements. Such expenditure 
would be repayable by the undertakers, and the 
charges on it would only appear as part of the cost of 
standardisation up to the period at which the capital 
would have been expended in the normal course of 
events. The estimated gross cost of standardisation, 
based upon the position in January, 1927, is 3,410,000/., 
and the net cost 2,921,250/. The capital charges on 
this sum would increase from 13,980/. in 1927-28 to 
03,3791. in 1932-33, then fall to 180,6111. in 1937-38, 
after which date payments of a like amount would 
follow for 29 years, while lesser amounts would be 
paid in the five concluding years. 

_ Returning once more to the scheme proper, the 
Supplementary Particulars contain curves and a table 
showing the estimated growth of demand in the 
area up to 1940-41. The points on the curves from 
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510,500 kw. It is proposed to extend these stations by 
an aggregate amount of 281,250 kw., beginning with 
6,250 kw. at Bonnybridge in 1928-29. Arrangements 
are also made to put 148,100 kw. of the existing plant 
out of action. Of that amount, 68,910 kw. will be 
withdrawn by 1932-33, the year in which the first 
important extensions will take place. By 1937-38, 
which is the year when the new stations mentioned 
above will first begin operation, there will be a net 
increase of generating plant in the area from 510,500 kw. 
to 643,650 kw., and by 1940-41, when the new stations 
will be working at their full capacity, this will have 
risen to 843,650 kw. ; 

The interconnection programme provides for the 
erection, between 1928-29 and 1932-33, of 256 circuit 
miles of 132,000-volt transmission line, and 14 trans- 
forming stations at a total cost, including secondary 
works, of 1,900,000/. The largest transforming station 
(150,000 kv.-a.) will be at Dalmarnock, and the two 
smallest (20,000 kv.-a.) at Kirkcaldy and Saltcoats. 
A table is given showing the normal and emergency 
maximum loads on the stations in 1933 and 1935, 
respectively, and the direction of the flow of power. 

A scheme such as this must be ultimately judged 


attaches to the figures for the estimated expenditure 
and revenue, which are set out in the Supplementary 
Particulars. The cost of producing the electricity 
required has been estimated upon the basis laid 
down in the second schedule to the 1926 Act. This 
provides that the price paid by the Board is to cover 
the running costs, (including rents, rates, taxes and 
insurance) a proper proportion of the management 
and general establishment charges, any other revenue 
expenses and the determined interest, all less an 
allowance for depreciation. The total costs of 
generation, which are given in a series of tables 
covering the period 1929-30 to 1933-34, include the 
costs of the electricity lost in transmission, while 
0-04d. per kilowatt-hour is allowed for the other 
expenses of the Board. These figures take into 
account the fact that owners of selected stations may 
obtain a supply from the Board at the cost of pro- 
duction, adjusted to load factor and power factor, 
plus a proportion of the Board’s expenses. They also 
include a credit item, during the years from 1929-30 
to 1932-33, which represents the extra costs of 
generation, due to the retention of the Port Dundas 
and Motherwell stations in commission for a longer 
period than would otherwise have been necessary 
to facilitate frequency standardisation. This item 
will be met from the Frequency Change account. 
A further table shows the estimated gross savings 
to authorised undertakers under the scheme between 
1930-31 and 1933-34, which may be called the 
transition period. These figures exhibit some curious 
fluctuations in individual years, for which no definite 
explanation is given. It is probably, however, due in 
part to the capital expenditure, which some under- 
takings will have to incur in certain years and 
partly to the closing down of stations before the debt 
on them has been fully liquidated. On the whole, 
there is an aggregate estimated saving of 893,769I. 
during the five-year period, though in this amount 
the sums that will be payable for frequency stand- 
ardisation (in common with the other undertakers of 
the country), and for compensation for loss of employ- 
ment, are not included. 

A favourite argument of the opponents of the 
1926 Act was that any savings obtained by concen- 
trating the generating plant would be more than 
balanced by the extra cost of transmission. Great 
interest, therefore, attaches to the table which gives 
the estimated annual expenses of the Central Board 
other than those incurred for the generation of 
electricity. These are too detailed to be reproduced 
here, but attention may be called to some salient 
points. Provision has been made for the capitalisation 
of interest during the first five years, and for the 
temporary advances made to be repaid with interest 
in two instalments of 60,0001. and 140,687/. in 1929-30 
and 1930-31, respectively. A sum of 14,000/. for 
preliminary expenses, with interest, which was incurred 
by the Minister of Transport, will also be repaid in 
the former year. As a result of averaging the Board’s 
expenses over a period of years, a sum of 0-0475d. per 
kilowatt-hour sold has been estimated as sufficient to 
cover the outgoings. This sum will bring in 84,7091. 
in 1929-30, an amount which will gradually increase 
to 431,4591. in 1940-41. Owing to the capitalisation 
of interest during the first five years, a surplus of 
129,933/. will have been accumulated by the end of 
1932-33. In the following year the first interest pay- 
ment will become due, causing a deficit of 56,688). 
which will gradually fall to 15,2401. in 1936-37. Sub- 
sequently, surpluses will be forthcoming, increas- 
ing from 4,460/. in 1937-38 to 88,633/. in 1940-41. 
These results, of course, assume that the Board’s charge 
will remain at 0-0475d. per kilowatt-hour, but it may 
be pointed out that the allowable margin of receipts 
over expenditure is a matter for determination from 
time to time under Section 11 of the 1926 Act. Ina 
series of final tables, the figures for the purchase and 
sale of electricity are set out. It is mentioned that 
throughout these tables the Commissioners have esti- 
mated the growth of demand and the cost of production 
on a conservative basis. If the growth of output proves 
to be more rapid, the financial position will be improved. 
The Commissioners have therefore provided a wealth 
of food for discussion, and their conclusions, both in 
their application to Scotland and to the country as a 
whole, will doubtless be subjected to critical analysis. 





Launcu oF THE §.S. “British Inpustry.’’—A suc- 
cessful launch took place on Tuesday, May 3, at the 
Hebburn Shipyard of Messrs. Palmers’ Shipbuilding and 
Iron Company, Limited, of the oil-tank steamer British 
Industry, which is the twelfth vessel of her type that 
the company has built for the British Tanker Company, 
Limited. She has been designed to carry about 6,100 
tons deadweight on a moderate draught, and is to be 
fitted with triple-expansion engines. During the last 
few days, the arrangements have been concluded with 
the British Tanker Company, Limited, for the construc- 
tion of two further 10,000-ton tankers during the years 





by its financial success. Great importance, therefore, 


1928 and 1929. 
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INTERNAL-COMBUSTION ENGINE 
WITH VARIABLE COMPRESSION. 


Amongst the many valuable contributions to a more 
complete knowledge of the internal-combustion engine 
made by Mr. H. R. Ricardo, few can be of greater 
importance than those relating to the influence of the 
compression ratio upon the power output and efficiency 
of an engine with various blends of fuel. It will be 
recalled that at the Cardiff meeting of the British 
Association, held in 1920, Mr. Ricardo read a paper on 
the results of some of his tests, in which he described 
the engine employed. This engine, apart from the fact 
that it had means for varying the compression, was so 
designed that its thermal efficiency was, for any 


given compression ratio, in excess of that of any engine 
existing at the time; in other words, the design was | 


based on the application of every known expedient to 
obtain the highest possible thermal, volumetric and 
mechanical efficiencies. 


ber 30, 1920, and a glance at these will be sufficient to 
show that it was of necessity very costly to construct. 


The engine was built, at the expense of the Asiatic | 
Petroleum Company, with the primary object of | 
facilitating fuel research, but the special construction | 
to which we have referred rendered it particularly | 


suitable for investigating many other problems. On 


this account, is was desirable that the special facilities 


which it afforded should be placed in the hands of 


research workers generally, but unfortunately there | 


are few institutions in a position to install a duplicate 
of the engine. To meet this difficulty, Messrs. Ricardo 
and Company (Engineers), Limited, Bridge Works, 
Old Shoreham, Sussex, have designed the simpler and 


cheaper variable-compression engine which we illustrate | 
Those | 
who have had experience of testing ordinary commercial | 
engines are only too familiar with the fact that it is | 


in Figs. 1 to 5, on this and the opposite pages. 


very difficult to obtain exact results owing to variations 


in the behaviour of the engine in successive tests under | 


apparently identical conditions. It has been estab- 
lished definitely that these variations decrease as the 
efticiency of the engine increases, and in the engine 
illustrated, a very high efficiency has been achieved, 
while keeping the first cost within reasonable limits, 
rendering it particularly suitable for research work. 
A point of lesser, but of quite appreciable, importance 
in research work, is that the engine runs particularly 
quietly. 

It will be seen from the illustrations that the set is 
made up as a complete unit with an electric-cradle 
dynamometer, and all the necessary ancillary plant, 
such as jacket-water measuring apparatus, air-heating 
device for the carburettor, and so on. The engine, of 
which sections are given in Figs. 4 and 5, has a cylinder 
bore of 2{ in., and a stroke of 3} in. The valve 
gear is of the Burt and McCollum single-sleeve type. 
The variation in the volume of the combustion 
chamber is obtained by raising or lowering the 
cylinder crown, in contradistinction to the practice 
of moving the whole cylinder adopted for the larger 
engine. The employment of Burt sleeve-valve gear 
enables a cone-shaped combustion space, with a 
central plug, to be utilised. This type of chamber 
is entirely free from pockets, and is almost ideal 
on thermodynamic grounds, as turbulence is well 
maintained and detonation reduced to a minimum. 
It will be seen from Figs. 4 and 5 that the cylinder is 
fitted with a detachable head, the seal being effected 
by rings bearing on the inside of the sleeve valve. 
This head is made up of an inner and outer casting, 
the space between them forming the water jacket for 
the head. The inner casting extends well above the 
cylinder, and is threaded on the outside. The corre- 
sponding nut is in the form of a handwheel, to which is 
secured a central sleeve. The cone is formed in the 
lower end of this sleeve, and a second inner set of rings 
forms a seal between the sleeve and the surrounding 
inner-head casting. It will be evident that, by turning 
the hand wheel, the cone will be raised or lowered, 
and the alteration in the volume of the combustion 
space so obtained enables the compression ratio to be 
varied between 5 and 10} to 1. The neck of the 
handwheel is surrounded by a fixed collar, and the top 
of this collar, registering with a micrometer scale on the 
neck, gives an accurate reading of the compression ratio 
for any particular position of the cone. 

If it is desired to draw up a balance sheet for an 
engine under test, it is necessary to determine either 
the heat rejected to the exhaust, or that carried away 
by the cooling water. The measurement of the heat 
carried away by the exhaust gases involves a large 
and costly calorimeter, and has never found much 
favour in testing high-speed engines. The alternative 


method, that of measuring the heat rejected to the 
jacket water, is also difficult if the usual test equipment 
is employed. This generally takes the form of a 
tank, having a volume many times that of the jacket, 
to which the latter is connected to form a closed circuit. 


Illustrations of this engine | 
were given on pages 326 to 329 in our issue for Septem- | 
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The volume of water in the circuit is so large that 
temperature variations take place very slowly, and, in 
addition, there is a very appreciable radiation loss 
from the tank which can only be estimated by estab- 
lishing cooling curves for varying laboratory conditions. 
In the case of the Ricardo engine, as shown in Fig. 3, 
an injector is employed to circulate the water in the 
cylinder and head jackets. The inlet and outlet water 
ports are connected by a short external pipe, which is 
fitted with a branch both top and bottom. The 
injector is mounted opposite to the inlet port in the 
base of the cylinder jacket. The lower branch pipe is 
fitted with a cock, and when this is closed the small 
high-pressure jet of water through the injector causes 
a rapid circulation of the water in the circuit formed 
by the jacket spaces and the external connecting pipe. 
The upper branch pipe is connected at the highest 
point of the system, and serves to carry off the small 
surplus of water introduced by the injector. It is 
connected to an outlet over a measuring vessel, as 
shown in Figs. 1 and 2. Additional cold water can 
be supplied as required by opening the cock on the 
lower branch pipe, which is connected to a reserve 
tank. The arrangement described ensures a_ brisk 
circulation of the water, resulting in a fairly uniform 
temperature, which can be controlled by the addition 
of cold water as required. Moreover, the total quan- 
tity of water in the system is only that required to 
fill the jackets and a little additional piping, hence 
its heat capacity is very small, and any desired tempera- 
ture can be obtained within a few minutes of starting 
up. As a final point, the temperature can be varied 
rapidly and with great precision. 

The measurement of the fuel supplied to the car- 


burettor does not offer so much difficulty, but the | 
actual volume used per minute is so small that the | 


measuring apparatus must be carefully designed. The 
apparatus developed by Mr. Ricardo, and employed on 
this engine, takes the form of a vessel consisting of two 
conical chambers, one above the other. Each chamber 
is provided with a gauge glass, and its capacity is 
exactly } pint. A narrow neck is provided above 
and below each chamber, so that the fall of fuel 
in the gauge glass at the commencement and com- 
pletion of flow of the measured quantity is relatively 
rapid, while the instant that the miniscus passes the 


mark can be observed with considerable accuracy. | 


Working with this apparatus, the accuracy of obser- 
vation is within the limits plus or minus 0-4 per cent. 
An illustration of a similar apparatus was given in Mr. 
Ricardo’s lecture before the British Association, and 








is reproduced on page 229 of our issue for September 3, 
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Fig. 1. 


| 1920. The fuel-measuring apparatus is mounted on 
the top of the pedestal carrying the spring balance 
for the dynamometer, as shown in Fig. 1. 

It will be noticed from Fig. 1 that the air supply 
|to the carburettor is drawn through the base plate 
of the set, the connecting pipe being fitted with an 
electric air-heating device. In connection with this 
apparatus, a quotation may'be given from a paper 
read by Mr. Ricardo before the Loughborough 
Graduates’ Section of the Institution of Automobile 
Engineers, and incorporated in Part II of Volume XVII, 
of the Proceedings of the Institution. In this paper, 
| Mr. Ricardo states that many of the earlier investiga- 
tions conducted in his laboratory proved hopelessly 
inconsistent, because precautions were not taken to 
record the amount of heat put into the carburettor 
or induction system. The amount of pre-heating has 
a very powerful influence on the volumetric efficiency, 
and, to a lesser extent, upon the temperature of the 
cycle. It was found to be essential to determine 
absolutely the extent of any pre-heating, and on the 
engine which we illustrate this can readily be done by 
measuring the energy supplied to the air heater. The 
latter consists of a coil of resistance wire wound over a 
tube of insulating material, the air passing over both the 
| inside and outside of the tube. 
Turning now to the construction of the engine, it 
| will be noticed from Fig. 4 that a built-up crankshaft 
|is employed, carried on ball bearings, two of which 
| are as close as possible to the webs. The connecting 
| rod is of Duralumin, and the piston of aluminium alloy. 
| The flywheel is a steel disc, and the whole of the engine 
parts have been designed for a speed of 4,000 r.p.m. 
The method of driving the sleeve valve will be clear 
from the figures, but a point which is not brought out 
by the latter is that there are two inlet and two exhaust 
ports in the cylinder. Only one port of each type 
is normally in use at the same time, the alternative 
ports being plugged. The object of providing dual 
ports is to enable experiments to be carried out with 
increased port areas, or with the ports in alternative 
positions. Coil ignition is fitted, the coils being in 
duplicate to enable dual-plug experiments to be carried 
out. Such work, however, involves the use of a special 
head, which is also necessary if it is desired to fit 
an indicator, either of the Farnborough or optical 
types. The use of coil ignition enables an advance range 
of over 50 deg- to be obtained. There is an oil pump, 
| driven from the valve shaft, supplying oil through 
| one end of the crankshaft, and through one web to 
|the big-end bearing. The remaining bearings are 
lubricated by splash. The carburettor is of the 
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oat horizontal type, and is fitted with a variable 
jet. 

The dynamometer hardly calls for particular com- 
ment, as it follows the usual practice. The voltage is 220, 
and the motor is made by Messrs. Laurence Scott and 
Co., Ltd., Norwich. It is mounted on ball bearings, 
and is fitted with a dash pot. The revolution counter 
18 positively driven by chain. The set is supplied 
complete with switchboard and grid resistance. It 
may be mentioned, in conclusion, that part of the work 
of the Fuel Research Board has been carried out on 
one of these sets. 








ng MEBICAN ConcRETE InsTITUTE.—The secretary of 

Boule merican Concrete Institute, 2970, West Grand 

the a Detroit, Michigan, U.S.A., informs us that 
h Me ourth annual convention of the Institute will 

heat F m Philadelphia, at the Benjamin Franklin Hotel, 

time. the puty 28 to March 1, 1928. At the present 
€, the Institute has a membership of 2,400. 





ROYAL METEOROLOGICAL SOCIETY. 


At the usual monthly meeting of this Society, held 
on Wednesday, April 20, in the Society’s House, 
49, Cromwell-road, South Kensington, Sir Gilbert 
Walker, C.S.I., F.R.S., president, being in the chair, 
a report of the Committee on Atmospherics and 
Weather, entitled ‘“‘ The Range of Atmospherics,” was 
read and discussed. The report dealt with the distances 
over which an atmospheric may produce disturbance 
of broadcast reception. The committee organised 
experiments in which observers in the British Isles, 
Norway, Germany, France, Spain, Morocco, and 
Madeira recorded disturbance of broadcast talks, while 
the sources of the atmospherics were identified by 
wireless position-finding by the organisation set up 
by the Department of Scientific and Industrial Research 
on the advice of its Radio Research Board. 

Many of the sources were found to lie in regions of 
meteorological disturbance, and a subsequent report 
on these meteorological relations was promised, Mean- 
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while, examples were cited of cases in which atmos- 
pherics from beyond the Azores disturbed the reception 
of Daventry’s signals in Paris and of London’s signals 
in Aberdeen ; the disturbance of reception in Spain, 
France, Madeira, the British Isles, and Norway by 
atmospherics from a thunderstorm at Rome was also 
noted. The committee concluded that very many 
atmospherics were heard at distances exceeding 
1,800 miles from their sources, and that the distances 
might reach at least 4,500 miles. They found no 
evidence of the existence of many atmospherics having 
a short range of disturbing effect. 





ConTRACTS.—Messrs. McKie and Baxter, Limited, 
Copland Works, Govan, have received an order from the 
Portuguese Government for three high-powered, sea- 
going salvage tugs. Guarantees of power up to 1,500 
indicated horse-power with a speed of 13} knots are 
required in the contract. The hulls will be built by 
Messrs. Harland and Wolff, Limited, Govan. 
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THE LATE MR. E. SAMUELSON. 

WE regret to note the sudden death, on May 13 last, | 
at his home, Bodicote Grange, Banbury, of Mr. Ernest | 
Samuelson, for many years chairman and managing | 
director of Messrs. Samuelson and Company, Limited, | 
Banbury. Born on August 28, 1856, he received his | 
early education at Kensington Grammar School and | 
at King’s College School, London, and during the | 
years from 1873 to 1875 he was a student in the Applied | 
Sciences Department of the !atter institution. He 
then entered, at the age of 19, the drawing office of | 
Messrs. Earle’s Shipbuilding and Engineering Company, | 
of Hull, and remained with this firm for two years. | 
Subsequently, he spent some time in the shops of | 
Messrs. Greenwood and Batley, Limited, of Leeds, 
and afterwards visited some of the principal engineering 
works in the United Kingdom. His long connection 
with Messrs. Samuelson and Company began in 1878, 
when he was appointed under manager. Two years 
later he became manager and, in this capacity, was 
engaged chiefly in the design and manufacture of 
agricultural machinery. In 1887, when the firm was 
converted into a private limited company, he was 
appointed managing director of the concern, a position 
he continued to hold until his death. Mr. Samuelson 
became an associate member of the Institution of Civil 
Engineers on December 5, 1882, and was elected to 
full membership on March 14, 1893. He was also a 
member of the Institution of Mechanical Engineers, 
having been elected in that capacity in 188]. He was 
a Justice of the Peace, and had held the office of High 
Sheriff of the County of Oxfordshire. 





THE LATE MR. A. S. WIMBLE. 


Tne death of Mr. Arthur Skelton Wimble, which 
occurred on May 18 last, at his home at Whitley Bay, 
Northumberland, removes a prominent figure from 
Tyneside engineering and shipbuilding circles. Mr. 
Wimble, who was 62 years of age, was the general 
manager of the North Eastern Marine Engineering 
Company, Limited, Wallsend-on-Tyne. The son of the 
late Mr. J. N. Wimble, of St. Heliers, Jersey, he com- 
menced his engineering career at Southampton in 
1882, in which year he entered the works of Messrs. 
Day, Summers and Company, Limited, as an apprentice. 
He remained with this firm for four and a half years, 
and, during this time, he attended evening lectures at 
the Hartly Institute, Southampton. Upon completing 
his apprenticeship at Southampton, he entered the 
works of Messrs. Wigham Richardson and Company, 
Limited, now Messrs. Swan, Hunter and Wigham 


Richardson, Limited, as a draughtsman and remained |" 


in that position until 1897. He also continued his 
technical education by taking evening lectures at 
Armstrong College, Newcastle-on-Tyne. In 1898 he 
went to China as chief draughtsman in the works at 
Shanghai, of Messrs. Boyd and Company, subsequently 
Messrs. Farnham, Boyd and Company. Returning to 
this country in 1904, Mr. Wimble took up the post of 
draughtsman at the North Eastern Marine Engineering 
Company. Limited, and twelve months later he was 
appointed chief draughtsman, a position he continued 
to hold for some years. He afterwards became works 
manager and subsequently general manager at Wallsend. 
Mr. Wimble was elected a member of the Institution 
of Naval Architects in 1910. He became an associate 
member of the North East Coast Institution of Engi- 
neers and Shipbuilders in December, 1893, and a full 
member of that body in July, 1913. 








THE LATE MR. A. STEWART. 


Mr. ALEXANDER STEWART, who, we regret to have to 
record, died at his home at Southwold, Kenley, Surrey, 
on May 15 last, was a civil and mining engineer who had 
gained a wide experience in mining and ore-reduction 
operations, and in the erection of mining, ore-treatment 
and metal-refining plants. He was born on June 6, 
1856, and served a pupilage of five years with Messrs. 
Simpson and Wilson, civil engineers, of Glasgow. He 
was afterwards, for some years, under the late Mr. John 
Moffat, of Ardrossan, during which time he was engaged 
on the construction of railways, roads, sewerage, and 
harbour works. In 1881, he went to Spain for the 
purpose of carrying out the preliminary surveying opera- 
tions and preparing plans and estimates for a railway 











[MAY 27, 1927. 








of the Broken Hill Proprietary Company, Limited, 
New South Wales, Australia. A few months later, he 
was appointed acting general manager of the Company, 
and in July, 1895, he became general manager of the 
undertaking, a position which he held for several years. 
He returned to England some 22 years ago, and sub- 
sequently became a director of several mining companies, 
among which were the Bechuanaland Exploration 
Company, Limited, the Rhodesia Broken Hill Develop- 
ment Company, Limited, and the Shan States Silver- 
Lead Corporation, Limited. Mr. Stewart became an 


| associate member of the Institution of Civil Engineers 


on May 20, 1890, and was elected to full membership 
on April 26, 1898. He was also, for many years, a 
member of the Institution of Mining Engineers, and 
became a member of the American Institute of Mining 
and Metallurgical Engineers in 1896. 
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to the Calahas Mines of the Tharsis Sulphur and | 
Copper Company. A year later he was appointed | 
manager of the Calanas mines, and became actively | 
engaged in the construction of all the works required | 
for the development and exploitation of the mines, | 
upon which 3,000 men were employed. In addition | 
to this, he supervised the erection of the accommoda- | 
tion necessary for some 5,000 persons. In 1891, he | 
was appointed technical manager of the whole of the | 
mines and works of the Tharsis Company in Spain. | 
Mr. Stewart held this post until May, 1894, when he 
accepted the appointment of assistant general manager 





Mortar or Concrete.) [Price 5 cents.] Washington : 
Government Printing Office. 

Department of Scientific and Industrial Research. Co- 
Operative Research. An Account of the Work cf Research 
Associations under the Government Scheme. London : 
His Majesty’s Stationery Office. [Price 9d. net.] 

United States Bureau of Labour Statistics. Bulletin No. 421. 
Wages and Hours of Labour in the Slaughtering and Meat 
Packing Industry, 1925. [Price 25 cents.] No. 432. 
Proceedings of the Thirteenth Annual Meeting of the 
International Association of Industrial Accident Boards 
and Commissions, Hartford, Conn. September, 14 to 17, 

1926. [Price 35 cents.) Washington: Government 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.-Iron and steel users of all classes 
are taking a keen interest in the developments relating 
to coke and pig iron production—mainly the former. 
Good progress is being made with schemes in and around 
Sheffield for improving coke-oven capacity by intro- 
ducing ovens of the latest design, thus aiming at both 
cheaper and more abundant supplies. All the contracts 
placed by the firms in this neighbourhood are for plant 
of British design and execution. In this way it is hoped 
not only to repair the damage done during the Coal 
Stoppage, but also to influence market prices for industrial 
coke, which at the moment are considered unduly high. 
Official statistics relating to steel output for last month 
show that furnaces have been working at not much 
below full capacity. In the Sheffield area the gross 
output totalled 135,000 tons of steel ingots. Half of 
this was of the basic variety, 58,000 tons acid stecl, 
and 11,000 tons steel of other descriptions, and castings. 
Compared with March, 1926, the total represents an 
increase of 30,000 tons. In the heavy engineering 
branches conditions are irregular. Rolling mills are 
not working more than half-time, though the heavy 
foundries and forges report a somewhat bright outlook. 
Electrical engineers are orderirig freely from Sheffield 
makers of steel products, and a good business is also 
being done with tne chemical and automobile engineering 
trades. Makers of fine tool steels are meeting with 
increased competition on export account from Continental 
competitors, who have developed the use of the electric- 
furnace process. Good business is being done in farm 
tools, spades, and engineers’ small tools. 


South Yorkshire Coal Trade.—No further reduction is 
reported in official quotations relating to any class of 
fuel, though the weak tendency reported last week 
in several sections continues to be an outstanding 
characteristic. Despite short-time working at the 
house-coal pits, supplies are more than ample to meet 
requirements, and competition for new business is pro- 
nounced. Surpluses from other districts are being 
offered at low rates in the South Yorkshire area. Indus- 
trial fuel is somewhat more active on inland account, 
though export business is subject to keen prices. Furnace 
and gas coke are in more moderate request on home 
account, with the result that certain qualities of slack 
are in slower demand. Quotations :—Best branch 
handpicked, 30s. to 3ls.; best house coal, 25s. to 
27s. 6d; screened house coal, 22s. to 24s.; screened 
house nuts, 18s. 6d. to 20s. 6d.; Yorkshire hards, 18s. 
to 20s.; Derbyshire hards, 18s. to 20s; rough slacks, 
10s. 6d. to lls. 6d.; nutty slacks, 8s. to 9s.; smalls, 
3s. to 5s. 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MipptessrouGH, Wednesday. 


The Cleveland Iron Trade.—The drastic action of iron- 
masters in making another 5s. cut in Cleveland pig-iron 
prices has failed to attract the attention of buyers to any- 
thing like the extent hoped for. Home sales have shown 
some little improvement, the transactions being chiefly for 
local use, but they include one or two parcels for Scotland, 
notwithstanding that f.o.r. Grangemouth Cleveland pig 
is still about 7s. 6d. above Continental iron. Export 
business remains at a standstill, prices of Cleveland pig 
being much too high to compete successfully in foreign 
markets, with makers abroad. No. 1 Cleveland pig is 
72s, 6d.; No. 3 g.m.b., 708. ; No. 4 foundry, 69s. ; and 
No. 4 forge, 68s. 


Hematite—Demand for East Coast hematite iron 
continues on a very unsatisfactory scale, and stocks are 
steadily increasing. The fact that three furnaces are 
being damped down this week will considerably curtail 
output, and should strengthen the hands of sellers to some 
extent. Makers, however, in their anxiety to dispose of 
their stocks are keen sellers and have lowered the quota- 
tion for mixed Nos. to 79s. 


Foreign Ore.—Consumers of foreign ore are off the 
market, and consequently quotations are nominal. 
Stocks are heavy, and large quantities are due for 
delivery against contracts. Merchants being well sold 
keep market rates on the basis of best rubio at 22s. c.i.f. 
Tees. 


Blastfurnace Coke.—Durham blastfurnace coke 1s 
weak, and local users are disinclined to negotiate for 
supplies in view of their confident belief of being able to 
make better terms than are at present obtainable. 
Makers declare that current rates involve loss, ant 
threaten to put ovens out of operation. Good average 
qualities are down to 22s. delivered here. 


Manufactured Iron and Steel.—-Output of manufactured 
iron and steel remains heavy, but sales fall considerably 
short of what could be desired, and anxiety as to the 
future is unabated. Consumers of semi-finished steel 
are understood to have large quantities of Continental 
materiel bought, and are not disposed to commit —- 
selves further at present. Local products are ofiere 
very freely. Sales of finished steel are reported on 4 
rather better scale, and hope is entertained that ae 
which are being held back will shortly be released. 


Common iron bars are 111, 15s. ;_ best bars, 12/. 5s. ; re 
best bars, 12/. 15s.; iron rivets, 121. 5s. ; steel rivets, exe 


packing (parallel), 8/.; packing (tapered), 11/.;_ stee! 
billets (soft), 72. 12s. 6d. ; steel billets (medium), SI. bap F 
steel billets (hard), 8/. 12s. 6d. ; steel ship plates, 8/. 2s. 4 
steel angles, 7/. 12s. 6d.; steel joists, 7/ 12s. 6d.: an 


heavy sections of steel rails, 8/. 1Us. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steet Trade.—The state of affairs at the 
Scottish steel works has varied little over the week. 
Old contracts continue to be the main source of activity 
and a very good output is general, but the future is 
rather uncertain because of the holding back policy 
of buyers. The latter may now be induced to enter 
the market to a limited extent, since the associated 
makers agreed last week, at a meeting held in London, 
to make no change, in the meantime, in the current 
minimum prices for home consumption and to advance 
the export prices for ship plates, sections, and joists 
by 2s. 6d. per ton. This move may lead to an improve- 
ment in booking, and some report rather a better inquiry 
this week. The demand for sections from shipbuilders 
is of a pressing nature to enable them to complete their 
programmes. The black sheet trade is not quite so busy 
on home business, but is doing well on export account. 
For galvanized sheets for the overseas markets quite 
a number of good lines were lately picked up and, during 
the next month or two, the works should be actively 
employed. ‘The following are the current market 
quotations :—Boiler plates, 11/. per ton; ship plates, 
8. 2s. 6d. per ton; sections, 7], 12s. 6d. per ton; and 
sheets, under # in. to } in., 10J. to 12/. per ton, delivered 
Glasgow stations. Galvanised corrugated sheets, 24 b.g., 
are quoted at 15/. to 161. per ton, f.o.b. Glasgow. 

Malleable-Iron Trade.—No improvement of any kind 
has taken place in the malleable-iron trade of the West 
of Scotland since last report. Bar iron is in poor demand 
and so also is re-rolled steel. The works are only just 
being kept moving with difficulty and the outlook is 
somewhat obscure. The price of “Crown” bars is 
unchanged at 111, 5s. per ton delivered Glasgow stations, 

Scottish Pig-Iron Trade.—A dull tone is general in the 
Scottish pig-iron trade and buying is limited. Deliveries 
of hematite iron are quite good for the home market, 
but new business is rather slow. Foundry grades are 
not very active at all, either for home consumption or 
for export, and prices have all an easier tendency. The 
current prices may be taken as under :—Hematite, 84s. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 87s. 6d. per ton, and No. 3, 82s. 6d. per ton, both 
on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, May 21, amounted to 774 tons. Of the 
total, 735 tons went overseas and 39 tons coastwise. 
For the corresponding week of last year, when the coal 
strike was on, the shipments only amounted to 132 tons. 





QuARRY MANAGERS’ CONFERENCE AND EXHIBITION.— 
We understand that the Quarry Managers’ Conference 
and Exhibition has been fixed to take place at Harrogate 
from June 28 to July 1 next. 


AMERICAN RESEARCH FELLOWSHIPS IN MINING AND 
METALLURGY.—The Carnegie Institute of Technology, 
Pittsburgh, Pa., U.S.A., is offering eight fellowships in 
mining and metallurgical research, for work in co-opera- 
tion with the Pittsburgh experiment station of the Bureau 
of Mines. The fellowships, each of which has an annual 
value of 750 dols. are open to university and college 
graduates. a 

THE INstITUTION OF STRUCTURAL ENGINEERS.—Under 
the chairmanship of the president, Mr. H. J. Deane, 
M.Inst.C.E., the Institution of Structural Engineers 
held its annual dinner on the 16th inst. at the Piccadilly 
Hotel ; somewhat over four hundred members and guests 
attending what proved to be a very successful function. 
The toast of “‘ Our Country and Empire,” proposed by 
Major A. H. S. Waters, V.C., M.Inst.C.E., was responded 
to in an amusing speech by Lord Carson, who said that 
he had started life as an engineer. ‘‘ The Guests ” were 
proposed by Sir Ernest Moir, Bart., M.Inst.C.E., and 
responded for by Mr. Frederick Palmer, C.I.E., President 
of the Institution of Civil Engineers. In his speech 
Mr. Palmer dealt to some extent with the proposed 
charter of the Institution of Structural Engineers. The 
final toast, “The Institution of Structural Engineers 
and its President,’? was proposed by Sir Henry Fowler. 
In replying, Mr. Deane stated that the membership of 
the Institution had increased by 1,000 last year. 





Texprrs.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W 1], 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, the 
reference number given below being quoted in each case : 
The Municipal Council of Sydney is calling for tenders, 
to be presented by July 18, for instrument equipment for 
the boiler house and turbine rooin at the Bunnerong 
power station. (Ref. No. BX 3531).—The Deputy 
Director of Posts and Telegraphs, Melbourne, is calling for 
a to be presented by June 7, for switchboard cable. 
Schedule C. 208. (Ref. No. BX 3532).—The Queensland 
7overnment Harbours and Rivers Department is inviting 
tenders for the supply and erection of one ten-ton travel- 
ngsteam gantry. ‘Tenders to reach Brisbane by August 

- (Ref. No, AX 4724),—The New Zealand Government 
b ailways invite tenders, to be received .at Wellington 
pi a 25, for the supply and erection of a water tower in 
fat or Teinforced concrete. (Ref. No. AX 4717).- —The 
Posi Electricity Commission of Victoria is inviting 

ders, to reach Melbourne by August 15, for the 


I far * a ° 
hanufacture, supply and delivery, and putting into 
at Richmond Power Station, Victoria, of one 


cmap electrically -operated overhead travelling crane. 
le 


Service 


Specification No. 27/48. 





NOTES FROM THE SOUTH-WEST. 


. Carpirr, Wednesday. 

The Coal Trade.—Exceedingly quiet conditions have 
developed in the Welsh coal trade. Demand for large 
coal has been considerably reduced of late, and temporary 
stoppages at the pits, because of the lack of orders, are 
increasing. Even so, salesmen find it impossible to 
dispose of outputs, and prices are a matter of individual 
bargaining, discounts being governed by the size and 
suitability of the order. Nominally, best Admiralty 
large coal rules from 22s. to 22s. 6d. and is relatively 
steady, a fair quantity still remaining to be shipped on 
old orders, but all other descriptions of large are in 
plentiful supply and irregular in price. Second Admir- 
alties rule from 21s. to 22s., with ordinaries round 20s, 
Monmouthshires from 18s. to 21s. and drys from 
19s. to 21s. Smalls are scarce, and steady outputs have 
been curtailed on account of the lessened production of 
large, while free supplies too are also limited by the fact 
that, with pit stoppages growing more frequent, owing to 
lack of trade, collieries have to reserve more small for 
their own use than is customary. By themselves, prices 
rule from 14s. 6d. to 15s. for best bunker smalls, with 
other grades from 12s. 6d. up, but, if taken in conjunction 
with large, they can be secured at discounts of 6d. to 9d. 
The French Marine has placed an order for 20,000 tons 
of Welsh large, 20,000 tons of French coal, and 50,000 tons 
of French fuel, while the Central Argentine Railways are 
in the market for 100,000 tons of Welsh large. Shipments 
of coal from South Wales in the past week amounted to 
only 468,170 tons, compared with 560,120 tons in the 
preceding six days, exports being diminished at each of 
the ports. At Cardiff shipments fell from 333,420 tons 
to 282,900 tons, at Newport from 97,390 tons to 80,350 
tons, at Swansea from 71,090 tons to 67,080 tons, at 
Port Talbot from 51,550 tons to 31,310 tons, and at 
Llanelly from 6,670 tons to 6,530 tons. The break with 
Russia is not likely to have any effect so far as the Welsh 
coal trade is concerned, as little, if any, coal is sent to 
that country from the district. 


Iron and Steel.—Shipments of iron and steel goods from 
South Wales were substantially increased in the past 
week, when 36,690 tons were despatched, compared with 
11,427 tons in the previous week. Exports of tinplates 
and terne-plates were increased from 3,221 tons to 
12,503 tons, black plates and sheets from 851 tons to 
5,313 tons, galvanised sheets from 3,874 tons to 5,597 tons, 
and other iron and steel goods from 3,481 tons to 13,284 
tons. 





Rattway ENGINEERING WorRkKS IN MANCHURIA.— 
With a view to securing contracts for railway con- 
struction works in Kirin province, Manchuria, the Kirin 
Hing Yeh Railway Engineering Works has been organised 
in Kirin, the provincial capital, by Chinese and Japanese 
interests. 


THE County or LONDON EtEctTric Suppty COMPANY. 
—We have been informed that Mr. William J. H. Wood, 








te with all accessories. 
(Ref. No. AX 4797), 


M.I.Mech.E., M.I.E.E.. of Bolton, has been appointed 
Engineer-in-Chief of the County of London Electric 
Supply Company, Limited, in succession to Mr. Archibald 
Page, who, as announced in our issue of April 1 last, on 
page 398, has been appointed Chief Engineer and 
Manager of the Central Electricity Board. 


MukpEN-HaitunG Rattway, MAancuuriA.—The con- 
struction of the Mukden-Hailung Railway is progressing 
steadily. This line runs in a north-easterly direction from 
Mukden, through Fushun, Tsingyuan, Shanchengtze, to 
Hailung, which terminus is about 90 miles south-west of 
Kirin. The railway, which was opened as far as Fushun 
some time ago, has now been extended to Tsingyuan. 
The whole line is over 170 miles in length; it traverses 
mountainous regions and involves the construction of 
two tunnels, 142 bridges and upwards of 130 culverts. 
Much of this work has now been completed and, accord- 
ing to the Chinese Economic Bulletin, it is anticipated that 
the entire railway will be in operation in the course of a 
few months. 





Launc# oF THE §.8. ‘“‘ Arcuat.”—The single-screw 
cargo and passenger steamer Argual was successfully 
launched on Wednesday, May 4, from the Birkenhead 
yard of Messrs. Cammell Laird and Company, Limited. 
She is being constructed to the order of Messrs. Elders 
and Fyffes, Limited, to trade between Europe and the 
Canary Isles. The new vessel, which has been built with 
an elliptical stern, straight stem, one funnel, two pole 
masts, a full bridge amidships and a forecastle, has the 
following main dimensions: length, 300 ft.; breadth, 
44 ft.; and depth, 25 ft.; and she is designed for a 
full-load capacity of about 130,000 cub. ft. A cellular 
double bottom, subdivided for the carriage of water 
ballast, feed water and fresh water, runs fore and aft; 
and three steel decks, giving holds and ’tween decks, 
which are fitted for the carriage of fruit, extend forward 
and aft of the machinery space. In addition to the 
natural ventilation of the holds, four powerful centri- 
fugal-type exhaust fans are fitted ; and, for the purposes 
of cargo handling, eight steel derricks and eight steam 
winches are provided ; two large hatchways give access 
to each hold. Accommodation for the officers, engineers, 
and a limited number of passengers is provided for in the 
bridge space, while the firemen and seamen are berthed 
in a deck-house aft. The propelling machinery, which 
is situated amidships, with large wing and cross-bunkers, 
is of the triple-expansion type with cylinders 20} in., 
35 in., and 59 in. in diameter and a stroke of 42 in., 
steam being supplied at 205-lb. pressure by three single- 
ended boilers working under Howden’s system of forced 
draught. 


NOTICES OF MEETINGS. 


THE INSTITUTION OF PRODUCTION ENGINEERS.— 
To-night, at 7.30 p.m., at the Society of Motor Manufac- 
turers and Traders, Limited, 83, Pall Mall, S.W.1. 
“ Rate-fixing,’’ by Mr. J. Ronald. 


Tue INsTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: SovutTHERN District.—Saturday, May 28, at 
12 noon, at the Guildhall, Gloucester. ‘‘ Municipal 
Activities, 1926-27,’’ by Mr. A. Morgan. 


THE NortH or ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS: ASSOCIATES’ AND STUDENTS’ 
SEcTIon.—Saturday, May 28, at 3 p.m., at the Mining 
Institute, Neville Hall, Newcastle-upon-Tyne. ‘‘ Variable- 
Speed Gears and their Application for Colliery Purposes,” 
by Mr. W. S. Armstrong. 


THE Royat Society or Arts.—Tuesday, May 31, 
at 4.30 p.m., at John-street, Adelphi, W.C.2.. Dominion 
and Colonial Meeting. ‘‘ Spanish Morocco,” by Sefior 
don Tomas Baldasano. 


THE INstTITUTION OF MuNIcIPAL AND County ENGI- 
NEERS: ScorrisH District.—Thursday, June 2, to 
Saturday, June 4, at the City Chambers, Dunfermline. 
Thursday, June 2, at 7.30 p.m. Business Meeting. 
Friday, June 3, at 10.30 am. ‘“‘A Few Notes about 
Dunfermline,”” by Mr. R. Muir Morton. ‘‘ Dunfermline 
District Water Works—Reservoirs and Distribution,” 
by Mr. J. D. Cape. ‘‘ Roads: Some General Observa- 
tions on Maintenance and Improvements,” by Mr. M. B. 


McBeth. Saturday, June 4, at 10.15 a.m. Various 
Visits. 
THe Instirution or MuvNIcIPAL AND CouUNTY 


ENGINEERS: SoutH Eastern Dzistrict.—Saturday, 
June 4, at ll a.m., at the Town Hall, Maidstone. ‘‘ Notes 
on (1) ‘ Housing in Borough of Maidstone,’ (2) ‘ Widening 
of Maidstone Bridge,’ (3) ‘New Elementary School,’ ” 
by Mr. T. F. Bunting. 





British INpusTRIES Farr, 1928.—We are informed 
that the British Industries Fair for 1928 is to be held 
at Castle Bromwich, Birmingham, from February 20 
to March 2. 


Pratinum METALS IN THE UniTep Stares.—Refined 
platinum metals recovered during 1926 in the United 
States from crude platinum, from ore and concentrates, 
and from gold and silver refining, amounted to 84,981 
troy ounces. During the same year, some 171,600 troy 
ounces of platinum metals were consumed in that 
country. More than half this total, namely, 57 per cent., 
was utilised in the manufacture of jewellery, and only 
6 per cent., and 13 per cent., respectively, in the chemical 
and electrical industries. 


Tue ReEtp ComBINED GAS PRODUCER AND LIME KILN. 
-—This apparatus, which was described and illustrated in 
ENGINEERING, October 8, 1926, page 447, was the 
subject of a demonstration on Friday, May 20, at Heath- 
field, Sussex. The inventor, Dr. T. A. Reid, died in 
November, 1926, and nothing further was done for some 
time. ‘The patents have now been purchased by Messrs. 
Electric Bulk, Limited, Mansion House Chambers, 11, 
Victoria-street, E.C.4, and the apparatus is being 
developed under the technical guidance of Professor A. M. 
Low, Chiswick, who conducted the demonstration above 
referred to. It is proposed to erect a larger kiln for 
further work. 


THE INsTITUTION oF ELEcTRICAL ENGINEERS.—The 
Council of the Institution of Electrical Engineers have 
awarded the following premiums for papers read or 
accepted for publication during the session 1926-27. 
The Institution Premium to Messrs. J. R. Beard and 
T. G. N. Haldane; the Ayrton Premium to Lieut.-Col. 
K. Edgcumbe and Mr. F. E. J. Ockenden; the Fahie 
Premium to Mr. G. F. O’dell; the John Hopkinson 
Premium to Mr. P. Dunsheath ; the Kelvin Premium to 
Mr. J. W. T. Walsh; the Paris Premium to Mr. A. R. 
Cooper; the Webber Premium to Mr. W. McClelland ; 
extra premiums to Drs. A. H. M. Arnold, F. W. Carter 
and A. Rosen, and wireless premiums to Mr. T. L. 
Eckersley, and Dr. R. V. Hansford and Mr. H. Faulkner. 


PERSONAL.—-Messrs. Browett, Lindley and Company, 
Limited, Sandon Works, Patricroft, Manchester, have 
appointed Messrs. Green and Jackson, 12, Cherry-street, 
Birmingham, to be their representatives in the midlands. 
—Sir W. H. Peat, K.B.E., has been appointed receiver 
and manager of Messrs. Ransome Machinery Company 
(1920), Limited, Windsor House, 42-50, Victoria-street, 
London, S8.W.1. Business hitherto carried on by the 
company will be continued pending the preparation of a 
reconstruction scheme.—Messrs. Merz and McLellan 
announce the introduction of members of their engineer- 
ing staff into partnership as follows: Mr. H. H. Baker 
with Mr. C. H. Merz and Mr. W. McLellan in the firm of 
Messrs. Merz and McLellan ; Mr. F. Lydall with Mr. C. H. 
Merz in the firm of Messrs. Merz and Partners: and 
Mr. R. Nelson and Mr. A. H. Human with Mr. W. 
McLellan in the firm of Messrs. McLellan and Partners. 
The address will continue to be, 32, Victoria-street, 
Westminster, London, S.W.1.—-Messrs. T. C. Howden 
and Company, who are agents in this country for the 
*“ Amsler’’. line of testing machines and other Swiss 
machinery, have moved into larger premises at 5 and 7, 





Fleet-street, Birmingham. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 


the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 





Journal and any other publications bearing 
somewhat similar titles. 
TELEGRAPHIO ) “‘ ENGINEERING,” WESTRAND, 


ADDRESS LONDON. 
TELEPHONE NumBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


‘““ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 





For the United Kingdom _.................... £3 5 0 
For Canada— 
Thin paper copies ...............0000000 £2 18 6 
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TRANSPORT AND INDUSTRY. 


TuatT transportation is civilisation is a statement, 
the many implications of which have so often formed 
the stuff of which presidential addresses and after- 
dinner speeches on appropriate occasions are made, 
that at the present time its triteness tends to 
obscure its essential truth. It tends also to obscure 
the even more important fact that, though the 
progress of civilisation may well depend on the 
ease with which the most distant parts of the globe 
can be kept in communication with each other, and 
the facility with which raw materials and finished 
goods may be interchanged between them, much 
remains to be done before the machinery, using 
the term in a convenient general sense, can be said 
to be operating at its maximum efficiency. To take 
only one example of what we mean: In a leading 
article, which appeared in ENGINEERING, of March 11 
last, we drew attention to the relative costs and time 
of handling goods at British and foreign ports and 
ascribed this difference, not mainly to lack of 
ingenuity in organisation or reluctance to use 
mechanical appliances for all they were worth, but 
to the cost of labour. It is true that one of the best 
ways of tackling this vital problem is by a turning 
movement—the employment of more machinery— 
and engineers may congratulate themselves on having 
made available all the plant that is necessary for 
this purpose. 

We feel it necessary to emphasise this point, 
because in the paper, which he read at the 
annual congress of the Institute of Transport last 
week, Mr. C. Grant Robertson, principal of Birming- 
ham University, advanced the opinion, perhaps 
not altogether disingenuously, that in dealing 
with traffic problems history had shown that the 
administrator was of more importance than the 
scientist or engineer; and that unless we could 





develop a new administrative science and also pro- 





vide social and political conditions of ordered 
security, all the work of the first class of modern 
innovators would be in vain. While, therefore, the 
scientist and the engineer must avoid false com- 
placency when they regard what they have done (for 
further and even greater efforts will be demanded 
from them), they may be forgiven for calling attention 
to the fact that the administrator still neglects to 
gather much of the harvest which they have sown. 
The further employment of the modern engineering 
equipment, which is now available, would, in fact, 
help to solve many of the problems, which in one 
form or another are raised at the meetings of the 
body, to which we have just called attention. 

The problem stated in the broadest sense may be 
said to be the conveyance of raw material to the 
factory, and of the finished product from the factory 
to the consumer in the cheapest and speediest 
possible way. It includes, of course, the methods 
by which the material is dealt with in the factory 
itself, no less than in the warehouse, the mine and 
the shop. Its scope is of the widest and, difficult as 
its solution appears when it is examined broadly, 
its difficulties increase rather than diminish when 
it comes to be analysed in details. The truth of this 
statement is evident from a perusal of our account 
of Mr. J. H. Follows’ paper on “ Traffic Control ” 
and the discussion thereon, which appears on another 
page of this issue. Along with Sir George Paget, 
Mr. Follows was responsible for the inauguration of 
a system on the Midland Railway, whereby all 
departures in the running of trains from the pre- 
arranged schedule are reported to a district control 
office, which in its turn, reports matters with which 
it cannot itself deal to a central organisation. The 
object of the system, as Mr. Follows himself said, is 
to permit information to be collected quickly enough 
for orders to be given at the right moment, and not 
only the data given in the paper, but many of the 
remarks made in the discussion bear witness to the 
increased efficiency in working, which is obtainable 
in this way. This being accepted, the cynical trader, 
who, after all, is the person most concerned, may well 
ask why the results obtained from this organisation 
do not more nearly approach the ideal, which he 
rightly regards as not being unattainable, and, why 
with all this considered organisation, there are still 
irritating delays, which mean a loss to him both in 
time and money. There is certainly no one answer 
to this question, unless it be that the transport 
problem cannot be solved by any single agency, 
and that the true solution, as Mr. George Cadbury 
pointed out, lies in co-operation between all traders 
and all carriers, “‘ wasteful competition being ex- 
pensive to all.” Traffic control has undoubtedly 
been an assistance to railways, for it has enabled 
them to handle goods more efficiently and more 
expeditiously. It is hardly too much to say that 
the same principle applied to road and canal traffic, 
not to speak of the traffic within the factories them- 
selves, would lead to equally satisfactory results. 

The path to the attainment of an improved 
position is, however, beset with obstacles of a magni- 
tude which might well cause the heart of Mr. Grant 
Robertson’s super-administrator to quail. Take 
for example the coal traffic, to a consideration of 
which Mr. Follows devoted a considerable portion 
of his paper. Good staff work between London and 
the coalfields enables the requirements of the 
traders at the former place to be met satisfactorily, 
by ensuring an even flow of the commodity without 
causing congestion, either on the system itself, or 
on the sidings. Nevertheless, the scheme does not 
entirely overcome the difficulties attendant upon 
the fluctuating nature of the coal trade. The 
demand for household coal in the winter, and the 
quiet period in the summer, each present their 
respective problem. It was suggested in the course 
of the discussion, both that the consignee should 
be the person to give the order for the movement 
of coal to take place, and that rebates might 
encourage these movements to be made at times 
of light load, thus relieving the periods of conges- 
tion to some extent. These are proposals, which 
are worthy of closer examination. But they 
predicate the existence of greater storage accommo- 
dation at one end or the other, an economic problem 
in itself, not without its difficulties. It seems, 
therefore, that it will be necessary to go deeper 
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and, to quote Mr. Follows again, to make some 
arrangement whereby the production of coal will 
bear some relation to the rate of its consumption. 
It is not easy to see how this can be done. It is 
certain that it cannot be done without the co- 
operation of all concerned, and without a deter- 
mination on the part of the co-operators to find a 
solution. 

Coal, however, is but one of the many commo- 
dities with which our transport agencies are called 
upon to deal. The demand for some of these is 
regular, and the quantities involved are fairly large. 
Fish and milk trains already have their daily time- 
tables, and Messrs. Cadbury Brothers were able to 
show those who attended the Institute of Trans- 
port Congress that even chocolate and cocoa can 
be dispatched with a regularity which is a first step 
towards economy, and which is, therefore, of 
importance to all those concerned in this matter. 
One of the complaints of our railway companies 
is, however, that they are called upon to deal with 
very small quantities of goods—fractions of truck 
loads and even small parcels—while traders, in 
their turn, complain that such goods suffer inordinate 
delays in transit. A packet of garden plants 
recently formed the text of a discourse on this 
matter. It is difficult to see how placing the 
responsibility of dispatching such goods on the 
consignee would help matters, and the solution 
would appear to lie in the examination and removal 
of all the potential causes of delay. One link in 
the chain—the running of the trains—has been 
much strengthened by the adoption of traffic 
control. It is not inconceivable that the applica- 
tion of similar arrangements at the loading and 
unloading ends would help to remove the other 
obstacles which now exist to speedy transport 
from door to door. 

Perhaps the most important point then, which 
arose from the discussions in Birmingham last 
week, is the growing realisation that transporta- 
tion must be considered as a whole, and that 
the various methods available must be regarded 
as complementary, and not as antagonistic, if 
the highest efficiency is to be obtained. We have 
already quoted Mr. George Cadbury on the subject ; 
but the problem is one which not only requires 
statement, but careful examination. It will be 
admitted that road transport is best for certain 
classes of goods, while, at the other end of the scale, 
water carriage over our canal system has advantages 
in some cases. Between them, under conditions 
which can be defined, rail haulage is pre-eminent. 
The claims of the air service, even. for internal 
traffic, must also not be overlooked. This being 
so, it would be against the public interest, and 
thus short-sighted for those concerned for any one 
form of transport, to enter into cut-throat competi- 
tion, or even to demand legislation, with a view to 
excluding the others. The railways’ attitude 
towards the canals was in the past an example of 
unregulated competition. The solution, and the 
chance for the greatest development on ordered 
lines, lies in the discovery of the way in which each 
form of transport, can perform the highest service. 
There will remain plenty of border-line cases to 
provide that competition, the stimulation of which 
is a necessary factor in industry. The super- 
administrator, it is therefore obvious, has a super- 
task to perform. That there is no reason why he 
should not be able to solve it, may be ascribed in no 
little degree to the work of the engineer. 


THE DUST OF AGES. 


Tue fate of most objects that have ceased to 
serve their purpose is to be turned to some other 
account, to be stored, or destroved. Storing may 
be deliberate or accidental, and in the latter case if 
the objects are of suitable material and are placed 
in appropriate circumstances, they may lose their 
identity by the mere secular movement of time 
during a period which continues when those who 
have stored them, and countless generations after 
them, have disappeared. The dust of ages may 





settle on the stores and resolve them into their 
ultimate forms and materials by imperceptible 
gradations, slow but inexorable as the creep of 
glaciers. 


How long each stage of decay may persist 
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ir an object that has been thus abandoned, and how 
lo + must elapse before all its identity has been lost, 
are widely variable ; but sometimes the object may 
be discovered at an intermediate stage, revealing 
more or less of the form it had before it began to 
disappear, and to the instructed mind suggesting 


'some of the influences under which its transforma- 


tion has been proceeding. 

Discoveries of this sort are primarily the material 
of the antiquary and the archeologist, but they are 
by no means without interest to the engineer and 
the chemist. Many engineering materials are ex- 
posed in everyday use to much the same processes 
as these trouvailles have undergone. The methods 
by which these processes may be arrested or even 
taken a stage or more backwards offer wide oppor- 
tunities of research to the chemist, and may raise 
problems that resemble some that are found in 
actual engineering practice. Until recent years, 
indeed, the art of tending specimens so recovered 
was more or less empirical, and led to no great 
insight into the processes that have been at work. 
About seven years ago, however, Dr. Alexander 
Scott, F.R.S., by the request of the Department of 
Scientific and Industrial Research began at the 
British Museum a study of the cleaning, restoration, 
and preservation of museum exhibits according to 
processes already in use and also according to others 
that he devised to meet special needs. The results 
of thus applying scientific methods to intricate 
problems that previously had seldom or never been 
so attacked were conspicuously successful. The work 
was extended from time to time so as to include 
problems raised by other collections as well as those 
of the British Museum, both in this country and 
abroad, and interim reports, published in 1921 and 
1923, circulated the knowledge within an ever- 
widening area. Evidence of the value of Dr. Scott’s 
methods has accumulated steadily, and a third 
report has now been published which deals compre- 
hensively with the whole of the processes examined 
or evolved from the outset of the work.* 

Work of this class has of course the peculiarity 
that its problems, though falling into closely similar 
groups, are seldom twice alike. An essential and 
interesting part of the present publication consists 
therefore of a lavish series of illustrations in a collo- 
type process, which allows questionable appearances 
to be examined under a lens. These hundred and 
odd views of objects before and after treatment 
give an unusually vivid and detailed representa- 
tion of their individual features, which should be 
valuable in suggesting how the methods may be 
applied in slightly different circumstances. Apart, 
however, from the precise results obtained on the 
specimens that are reproduced, the methods have 
often a more general interest. They extend, of 
course, Over a wide range of materials. Prints and 
pictures, stone and earthenware, silver, iron, lead, 
copper and bronze, wood, glass and textiles have 
each their separate~ chapters, with another dealing 
with collections of special materials, and a final 
sad account of “fakes” that were unusually success- 
ful until they had the misfortune to meet Dr. Scott. 
The descriptions areof the more practical use because 
they include circumstantial details of the precautions 
with which the methods should be applied, supple- 
mented by a general collection of notes on the choice 
of materials to be used in them. They amount, 
in fact, to a code of directions by which the know- 
ledge and experience gained to date in the British 
Museum Laboratory can be employed elsewhere with 
safety to the objects treated, if used with ordinary 
care and discretion. 

To readers without special interest in museum 
specimens, the report as a whole is attractive as an 
example of strictly scientific opportunism in unusual 
variety. In the treatment of prints and pictures, 
for example, much ingenuity has been devoted to 
removing apparently permanent stains without 
introducing other blemishes. Where, for instance, 
the presence of water would have caused a print and 
its mount to wrinkle and become distorted, so that 
cleaning by means of bleaching powder and dilute 
hydrochloric acid was inapplicable, and even hydro- 


* Department of Scientific and Industrial Research. 
The Cleaning and Restoration of Museum Exhibits: Thirc 
Report upon Investigations conducted at the British 


gen peroxide evaporated from a dried stucco plate 
would have carried too much moisture with it. 
perfect results were obtained by using a solution 
of hydrogen peroxide in ether or alcohol. Old and 
coloured oil and varnish and paint were removed, 
as a rule completely, by pyridine and occasionally 
other solvents. The presence of moulds is often an 
insidious cause of coloured spots, developing at 
intervals more or less extended after the work has 
been done, as indeed is now being found in pictures 
made on wartime canvas; and a complete cure, 
amounting apparently to rigid sterilisation both of 
the mould and its spores, appears to have been 
obtained in a few hours from hot thymol vapour, 
a chemically inert substance with no high reputation 
for disinfectant activity. A beetle which drills holes 
in drawing paper is destroyed by carbon bisulphide, 
and the inflammability of the liquid is avoided 
without appreciable loss of insecticide power by 
mixing it with four parts of carbon tetrachloride, 
a mixture that can also be used with furniture and 
probably, it may be presumed, with timber in 
general. A portrait of Oliver Cromwell suffered 
at once from moulds, discoloured white lead, oily 
putty, and warping of the frame, but by one or 
another means a complete and apparently a per- 
manent cure has been effected. 

The experience obtained with stone objects is 
even more directly instructive. The prime cause 
of decay in stone is the crystallisation of salts within 
it, or immediately on or beneath its surface. Ina 
museum, indeed, it does not suffer as it does out- 
doors from atmospheric pollution, which, in a town 
burning raw coal, subjects it to substances such as 
sulphuric acid, and causes changes such as from 
carbonate of lime to gypsum, whereby disintegrating 
crystals are ultimately formed. Museum specimens, 
on the other hand, have usually been excavated from 
a soil that has already filled their pores with salts. 
As these stones dry off, either in the soil or later in 
the museum atmosphere, the residual solution in the 
pores becomes more concentrated, thus increasing 
the surface tension and capillary attraction, and 
drawing more salt solution to the evaporating sur- 
face. This crystallises out by degrees, and any 
hygroscopic crystals take up moisture on damp days 
and soak into the body of the stones, to crystallise 
out again when the atmosphere becomes dryer. 
The recognition of the precise mechanism by which 
stone thus gets charged with salt has led to a simple 
and effective means of removing them. Wet 
blotting paper is spread over the surface, and its 
moisture dissolves the salts. When the stone so 
covered is left to dry, the evaporating surface is 
no longer the stone but the blotting paper, on which 
therefore salts crystallise, and can be removed 
without interfering with the structure of the stone. 
By repeating the alternations of damping and drying 
often enough the salts can be reduced to any desired 
degree ; two or three alternations are enough to 
remove fear of further crystallisation within the 
usual limits of moisture and temperature to be 
found in a museum atmosphere. Under some cir- 
cumstances this method is inapplicable, as, for 
instance, when the surface is too tender to bear 
touching, or the salts have been deposited below an 
impermeable glaze. Ina drug pot of Lambeth ware, 
for example, the salts were soaked out in successive 
lots of distilled water, yielding ultimately over an 
ounce of saline matter. A tablet with cuneiform 
inscriptions, so impregnated with salts that the 
surface had lost practically all mechanical resistance, 
was given three coats of celluloid varnish, which 
formed a strengthening envelope, through which also 
the salts could escape by diffusion. 

These are merely examples of methods that have 
been elaborated for treating prints and stone, and 
others in similar variety are given for the other 
materials, having in common little or nothing but the 
fact that all are based on known scientific reactions 
or processes. Roman silver jewellery, for instance, 
was reduced from the state of silver chloride to its 
former condition of metal; the decay of the Black 
Prince’s helmet has been to all appearances perma- 
nently arrested ; the artifice of an Egyptian smith 
over 2,000 years ago has been disclosed, showing how 
he tried to close a piece of spongy bronze by ham- 
mering; the standard pint measure _of Queen 
Elizabeth and a 4-lb. weight of Edward IV are shown 
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to have been dipped in molten lead in order to fill 
up the pores, and the excess lead scraped off so as 
presumably to restore the original colour. The 
slender thread of knowledge that connects the 
present with the remote past is being strengthened 
and extended, and the physical memorials of that 
past are being secured against further depravation. 
English science is to be congratulated on having 
undertaken these modest labours in the interest of 
all countries, and on the success that is attending 
them. 








THE INSTITUTE OF TRANSPORT. 


Tue sixth Congress of the Institute of Transport 
was held in Birmingham from Thursday, May 19, 
to Saturday, May 21, under the presidency of 
Mr. R. H. Selbie, general manager of the Metro- 
politan Railway Company. About 200 members 
and guests participated. On the first day, the 
proceedings opened with a civic welcome in the 
Council Chamber by the Lord Mayor (Alderman 
A. H. James), who recalled that it had been 
intended to hold the Congress at Birmingham last 
year. He remarked that he was glad that the 
circumstances which had prevented this being 
done had now largely disappeared. Those circum- 
stances had, however, revealed the potentialities 
of the transport organisations in this country, 
while the transport industry had contributed in 
no small degree to the removal of the discomforts 
which the travelling public had experienced. 


TRAFFIC CONTROL. 


After the President had expressed the thanks 
of the Institute, two meetings were held, one in the 
Council Chamber and the other at Queens College. 
At the former, a paper on “ Traffic Control” was 
read by Mr. J. H. Follows, a vice-president of the 
London, Midland and Scottish Railway, the President 
being in the chair. Railways, the author con- 
tended, must continue to be relied upon as the main 
source of the country’s transportation. It was 
therefore necessary, if trade was to be assisted, 
that they should be worked economically and 
with sufficient elasticity to meet all requirements. 
Traffic control provided the best means of attaining 
this result, but, to be successful, it must embrace 
complete supervision of the movement of all kinds 
of traffic. 

An essential of good traffic control was an 
extensive telephone system, which would allow 
communication to be established between all 
points concerned in the actual working of the traffic 
via divisional and district control offices. The 
stafis at these places had freedom of action, so 
long as they were working to schedule, but they 
were expected to confer with the control offices 
when exceptions had to be made. This centralisa- 
tion of principles and localisation of details was 
a reply to a criticism that grouping had made 
the railways too unwieldy to manage. In addition 
to scheduling the running times of trains, one of 
the many essentials of traffic control was that the 
whole of the work of all engines should be checked, 
the character of the work they should perform being 
pre-determined. 

An important factor ina traffic-control system was 
the running-shed organisation. On the L.M. and S. 
Railwa y, the engines were maintained in good condi- 
tion by a regularised scheme of examination and 
repairs, and the fuel and oil were carefully selected 
So that the drivers were assisted in every possible 
way to maintain their schedule working. Operation 
was also regularised as far as possible, while another 
important question was the standardisation of 
power units. The selection of the correct class of 
engine for working a particular train was a duty 
which must be carried out after a careful considera- 
tion of all the factors involved. There was a good 
deal to be said for the moderately-sized train, and, 
4S regards speed, there was a much greater chance of 
fiving satisfaction to the public by providing a 
comfortable journey with punctual arrival than by 
curtailing the time occupied by five or ten minutes. 

The provision of mechanical appliances in the 
*ngine sheds and the exercise of ingenuity in the 
“rangement of freight services to and from roadside 
stations, as well as the proper layout of marshalling 
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conditions, trains must be kept moving, and this 
could only be done when adequate facilities were 
provided. 

A special feature introduced by the Midland 
Railway, and still in operation, was the regulation 
of the coal traffic to London. A daily return was sent 
to the headquarters office every day. This enabled 
the exact quantity of coal for each London merchant 
in the respective areas to be determined. The 
London district control office kept in close touch 
with the unloading depots, so that the requirements 
of the merchants could be ascertained and the 
necessary forwarding orders given. By this means 
the requirements of the traders were met satis- 
factorily, and the occupation of sidings en route 
was not only reduced to a minimum, but arranged 
in a most suitable manner, having regard to the 
general working of the line. This coal-regulation 
scheme did not entirely overcome the difficulties 
attendant on seasonal fluctuations of demand, and it 
was necessary to keep a steady stream of coal 
flowing in proportion to the requirements of the 
individual consignees and the capacities of the 
terminal depots. In fact, both in winter and 
summer, the railway had to adjust itself to the 
fluctuations of a business over which it had no con- 
trol, and sooner or later some arrangement would 
have to be made whereby the production of coal 
would bear some relation to the rate of consumption. 

It was important that passenger as well as goods 
traffic should be controlled, for in this way assisted 
mileage and marshalling could be reduced, the 
number of vehicles adjusted to the traffic require- 
ments, and the wasteful system of standing pilots 
abolished. A proper system of traffic control should 
reduce correspondence to a minimum, and thus 
remove what was a great source of waste on British 
railways. If the schedules were so arranged that a 
maximum amount of work had to be performed in 
a minimum time, the actual performance was under 
scrutiny day by day, and the circumstances which 
had prevented ideal performance examined, the 
resulting figures would provide an accurate reflec- 
tion of the position. 

Mr. H. A. Watson, who opened the discussion on 
this paper, said that he was glad that Mr. Follows 
had given a good deal of thought to traffic control 
in general. Railways were not the only systems 
that required control, and he was encouraged to 
emphasise this point of view by the Lord Mayor’s 
speech, where the word “control”? had been used 
in the sense of police control. As traffic developed, 
it was possible that the systems of control which 
had been perfected on railways would be extended 
to roads. Otherwise, it was difficult to see how the 
traffic could be handled as its volume increased. 
Even on roads there were already many systems of 
control, e.g., police and A.A. scouts, but their 
operations required co-ordination. When the pro- 
posal to employ traffic control on the North Eastern 
Railway had first been mooted, it was obvious that 
it must be financially justifiable. The real weaknesses 
in railway operation were failure to carry out any 
instructions that might exist, say, in the form of 
time tables, to the letter, and the difficulty of dis- 
covering as quickly as possible the cause of any 
trouble that occurred, so that it should not be re- 
peated. In a particular instance he had trouble with 
the constant late running of an important express 
train, but when hour-by-hour its running was com- 
pared with the time-table, the reason was quickly 
discovered. This determined the company to take 
up traffic control, which rendered it certain that 
instructions were observed or, if not, the reasons 
for non-compliance could be discovered. 


Turning to certain statements in the paper, 
Mr. Watson said that he did not altogether see eye 
to eye with Mr. Follows on the thorny question of 
the precise relationship of the locomotive and opera- 
ting departments, but he was glad to learn that 
it was considered to be the duty of the latter to 
settle the locomotive power to be used. It should 
be noted, however, that loads were limited more by 
absence of braking than of hauling power. This 
would continue to be the case, as on British railways 
the employment of power brakes would not be 
economical. The cost of their maintenance especially, 
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in speed, if indeed that were not illusory. He 
agreed that a reduction in the cost of marshalling 
was most important. There was no way of getting 
a quicker return on expenditure. Much could also 
be done by the judicious provision of running loops. 
Finally, he thought that the consignee, and not the 
consignor, should give orders for transport. This 
would overcome many of the existing difficulties. 

Mr. J. F. Bradford emphasised the need for a 
complete telephone system, quite separate from the 
ordinary administrative lines. He thought the use 
of a “geographical” control board absolutely 
essential, except perhaps on straight lines, though 
an ideal arrangement might be a combination of 
the time and geographical systems. Our main 
lines were generally capable of carrying the traffic. 
The difficulties arose at out-of-date marshalling 
yards and traffic sidings, and especially at tunnels. 
As regards the reduction of correspondence, constant 
revision was necessary to see what could be 
eliminated. 

Mr. C. E. R. Sherrington was glad that Mr. 
Follows used the term traffic control and not 
train control. The latter, thanks to the inspecting 
officers, was coming to have a special connotation. 
No mention had been made of the method of 
selecting the staff for control offices. The men 
chosen should have had outside, as well as inside, 
experience. He did not altogether agree with 
Mr. Follows about the large locomotive. There 
might be waste from under-loading in one direction 
on a round trip. On the other hand, the small 
locomotive might lead to waste from double heading. 
The solution of the whole transportation problem, in 
fact, was to use a judicious mixture of capital and 
labour. At present there was a tendency to favour 
low powers, which was entirely the wrong policy. 
The private ownership of wagons was soon likely 
to prove a serious matter, not only for the railway 
companies, but also for the traders. No other 
country with which we were in competition tolerated 
that system. 

Mr. Ashton Davies said that traffic control gave 
an extended vision over the whole system, which 
enabled a fault to be located and remedied. It 
had come into use at the right time, and many of 
the difficulties consequent upon grouping had been 
overcome by its use. It might in time be extended 
to all forms of traffic. 

Mr. W. L. Lowe Brown said that in the American 
train-dispatching system the orders were given to 
the train crew, the station staff not being respon- 
sible for movement. In South America, therefore, 
he had adopted the Midland system with satis- 
factory results. Large locomotives were useless 
unless adequate siding accommodation was available 
all along the route. 

Mr. S. J. A. Brett took the view that any railway 
organisation, however good, could be upset by the 
traders of the country. They must be forced to 
stop using railway property for storage and to 
reduce the time taken in clearing the trucks by 
increasing the demurrage charges. Rebates might 
be given for prompt clearance to the coal traders 
during the summer. 

Mr. E. A. Kirby said that the consignee was often 
in the position of having more coal on hand than 
he required. Arrangements could surely be made 
whereby only the necessary quantity was brought 
forward. This would help to solve the wagon 
problem. Privately-owned wagons could not be 
eliminated ; the railway companies had not the 
wagons to replace them. 

In the course of a brief reply, Mr. Follows said 
that the traffic-control system was the only method 
whereby information could be collected quickly 
enough for orders to be given at the right moment. 
A time board was necessary, for time was what was 
paid for. It might, however, be combined with a 
geographical board. He agreed with Mr. Sherring- 
ton that a blending of staff was desirable. They had 
adopted the plan of selecting the best youths from 
those employed in the signalling-boxes. He did not 
think his remarks on the large locomotive had been 
entirely understood. 


INDUSTRY AND TRANSPORT. 
At the Queen’s College meeting on the same 
morning, the chair was taken by Mr. O. Cecil Power, 
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Cadbury, junior, managing director of Messrs. Cad- 
bury Brothers, Limited, presented a paper entitled 
“Industry and Transport.” After a historical 
survey of the growth of industry in Birmingham, 
he said that efficient transport was peculiarly 
necessary in the Midlands for three reasons: 
The need for obtaining cheap raw materials, the 
possibility of being able to distribute goods to 
the coast cheaply, and the fact that workers must 
not be unduly handicapped by the additional 
price of the necessities of life caused by expensive 
carriage. These three items had a cumulative 
effect, and the goods manufactured had to bear 
the cost of them all. In considering the rates of 
carriage, it must not be overlooked, however, that 
a low rate by itself was not enough. The speed 
of delivery, facilities for loading and unloading, 
and other factors, must also be considered. Whether 
a shipload was handled by rail or water was often 
determined by such considerations as these, and 
not only by the cost of freight. To handle raw 
materials cheaply they must be received in bulk 
and handled direct into store. Traders must, 
therefore, arrange to take goods in truck or boat- 
loads, and to provide facilities for quick handling. 
Many factors other than the actual cost of con- 
veyance often also induced the manufacturer to 
use the road in preference to the rail. Road 
delivery was an ideal form of transport in many 
ways, principally because of the direct contact 
between manufacturer and consumer. The nearer 
rail and canal carriage came to this ideal the 
better service they would perform. Road transport 
had undoubtedly kept railway rates from rising. 
On the other hand, the tendency would be for 
taxation to increase the road charges, and the 
time would come when the rates would approximate 
more nearly to actual costs. 

The canals had been a greater factor than was 
generally realised in acting as a check on high 
railway rates, and tie interest in their maintenance 
was growing, both in the Midlands and in the 
United States. Our water-transport system should 
be able to perform a useful function in future, 
without any grandiose scheme of widening. Costs 
could be cut down by organising the traffic as on 
the railways, by substituting the Diesel engine 
for the horse, and by bringing the wharves and 
warehouses up to date. The chief handicap in 
the Midlands was that the narrow boats could not 
navigate the estuaries and so get alongside the 
steamers at the ports. To overcome this the 
ports should either be made at points which 
narrow boats could reach, or containers should be 
provided in which the boats themselves could be 
conveyed to the ports. 

The only hope of the railway companies holding 
their own, particularly in the lower classes of 
traffic, was for them to offer better service than 
their competitors, especially by reducing delays, 
a matter where close co-operation would undoubtedly 
help the situation materially. In the train ferry, 
for instance, the railway companies had a service 
which was not possessed by either road or canal. 
It was, therefore, worth fostering. 

The closer co-operation between the railway 
companies and traders, which was now becoming 
usual, had enabled the author’s firm to improve 
its transport arrangements and reduce its transport 
costs. This had been accompanied by a more 
remunerative traffic to the railways. By a close 
study of the firm’s problems from both sides, 
many wasteful methods had been eliminated, and 
quicker and more satisfactory delivery given to 
the consumer. Not only was co-operation between 
traders and carrying companies essential, but also 
between the carrying companies themselves, for 
wasteful competition was expensive to all and 
benefited no one. 

In the course of the discussion on this paper, 
Mr. D. Ross-Johnson said that it would be an 
economy for the railway companies to forsake 
some of the short-distance traffic and to come to 
an arrangement with road-transport concerns 
respecting long-distance carriage. Exception was 
also taken by more than one speaker to Mr. Cad- 
bury’s suggestion with regard to the future of 
motor transport in this country. 

In the afternoon, visits were paid to the works 
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of Messrs. Cadbury Brothers, Limited, at Bourn- 
ville, and of Messrs. Guy Motors, Limited, at 
Wolverhampton, as well as to the Curzon-street 
Goods Station of the London, Midland and Scot- 
tish Railway. At the first of these factories, con- 
siderable use is made of labour-saving machinery 
and what may be called mass-production methods, 
especially in dealing with cocoa and the cheaper 
grades of chocolate. The more expensive grades 
of chocolate are made and packed by hand, but 
even so, care is taken to provide an even and 
ordered flow of material from one process to the 
next. The tins and boxes required are manufac- 
tured on the premises and there is very complete 
organisation for the dispatch of goods, both by 
road and by rail. The machinery is all electrically 
driven, most of the current for this purpose being 
obtained from the works power station. At present, 
the firm employ about 11,000 persons at Bournville 
and, as is well known, they have displayed con- 
siderable generosity and foresight in the provision 
of mess-rooms, playing fields and other amenities 
for their workpeople. In addition, a large propor- 
tion of the latter are housed in the adjoining model 
village, and great care is taken to see that the younger 
members, both male and female, continue their 
education as long as possible. That these benefits 
are appreciated is evidenced by the bearing of those 
for whose advantage they have been provided, 

In the evening, those attending the Congress were 
invited to a reception by the Lord Mayor and Lady 
Mayoress of Birmingham at the Council House. 
This was largely attended and much enjoyed. 


HigHway Costs. 


On Friday morning, meetings were again held, 
both in the Council Chamber and at Queens College. 
At the former, a paper on “ Highway Costs per 
Ton-Mile of Traffic” was read by Messrs. E. S. 
Shrapnell-Smith and W. P. Robinson. In this 
communication it was pointed out that it was 
unfair to regard all increases in highway costs as 
due to motor traffic. It was natural that the total 
highways costs for the country should grow, since 
the price of labour and material had risen by 100 
per cent. since 1913, and both housing and industrial 
conditions had led to a greater use of the roads. 

Owing to the fact that practically all highways 
varied in width throughout portions of their length, 
a price per mile for maintenance was misleading 
and costs should be ascertained per square yard, 
the minimum and maximum widths being recorded. 
Assuming accurate information on these points, 
the cost per ton of traffic could be ascertained by 
one of two methods. The number and estimated 
weight of vehicles passing one or more points could 
be taken to apply to a given length of highway, 
the cost of which, per square yard, was ascertained 
as an average over the section. The ratio between 
weight and cost thus obtained, might then be 
comparable with- a similarly ascertained ratio for 
any other section. On knowing the length of the 
section and arriving at the cost per mile per annum, 
a ratio between the cost per mile for maintenance 
and the ton-mileage could be obtained. The cost 
should be confined to the expenditure incurred in 
maintaining the carriageway only, though in prac- 
tice this gave rise to difficulties. The items included 
in the costs, used for the purpose of comparing 
cost with weight, should, as far as practicable, be 
confined to expenditure consequent upon the use 
of vehicular traffic. For purposes of comparison, 
these costs should be adjusted so as only to include 
a low annual figure in respect of widenings and 
other permanent improvements. Apart from 
whether the ascertained cost of maintaining carriage- 
ways per ton of traffic had any bearing on the 
economics of the highway problem, it was desirable 
that highways authorities should be in a position 
to ascertain and record the costs per square yard 
in relation to the weight of traffic on some uniform 
basis, as this would enable the best material to be 
used for surfacing to be determined. If the ascer- 
tained costs per ton of traffic showed divergency 
under similar conditions, careful examination of 
the reasons might lead to useful conclusions. 

The effect upon the annual costs of the capital 
expenditure incurred for widening and other improve- 
ments was much less than a cursory examination 





suggested, being of the order of 5 per cent. per 
annum, or 0-033d. per gross ton-mile, in a typical 
case. The 1926 average of 0-12d. per gross ton- 
mile for the maintenance costs of the four class I 
roads, given in the Road Fund report for 1922-23, 
could not be brought higher than 0-16d. per ton- 
mile, which compared with an all-in average tax 
yield of 0-18d. per gross ton-mile for both goods 
and public-service vehicles. 

The figures quoted indicated that as the weight 
of traffic increased, the ratio between cost and weight 
decreased, but, owing to the large number of varying 
factors, no definite connecting scale could be 
inferred. The inclusive highways costs per ton 
mile were steadily diminishing, and the indications 
were that it was well worth while to improve the 
highways at considerable initial cost, and thereby 
to ensure more than compensating economies in 
respect of subsequent maintenance. The principal 
causes of the additional total highways costs during 
the past eight years had been war time neglect, 
increased ratios of cost for labour and materials, 
and the taking over of new highways by local autho- 
rities. The advent of increased traffic had brought 
about the adoption of new methods of construction 
and repair, which in turn had kept down the costs 
to figures which were almost proportional to the 
increased costs of labour and materials. There 
seemed no reason why the present scale of direct 
taxation should not cover the related cost of the 
motor traffic using any improved highway, provided 
that the distribution of grants from the Road Fund 
was brought more closely into line with the require- 
ments disclosed by the traffic censuses. 

In opening the discussion, Colonel E. S. Sinnott 
congratulated the authors on putting before the 
Congress a method whereby the cost of road main- 
tenance of, and the revenue derived from, different 
classes of traffic could be compared. There might, 
however, be a danger in carrying this comparison 
too far. He did not agree that some of the items 
in the expenditure on roads could be excluded, 
as all expenditure to-day was due to mechanical 
transport, which formed 95 per cent. of the road 
traffic. The authors had placed the proportion of 
the maintenance charges born by the motor tran- 
sport taxation at 37 per cent. The actual propor- 
tion obtained in Gloucestershire during the past 
four years was 34 per cent., and the rates had to 
bear the remainder. Once the roads had been brought 
to a high state of perfection, however, it might 
be assumed that the taxation accruing from the 
vehicles using those roads would go a long way 
to meet the costs. The authors’ figure of a yield 
basis of 0-18d. per ton-mile compared very closely 
with the 0-2d. he had obtained. He thought, 
however, that the authors had put the capital cost 
of reconstruction too low, and their suggestion that 
the loan period should be 55 years would not 
commend itself to all county authorities. Work 
on the portion of the London-Fishguard road 
within Gloucestershire had cost 100,000/., of which 
25 per cent. had to be borne by the county. This 
amount had been raised on a five years’ loan. 
Long-dated loans were unwise and _ expensive 
during a period of change. It was important to 
note that a good deal of surfacing work was un- 
economical, unless the haunches were first streng- 
thened. He thought that attempts should be 
made to discover the material best suited for 
different classes of traffic by testing to destruction 
the various alternatives. He believed that the 
Ministry had something of this kind in mind. 
It was necessary to use foresight in road construction, 
so that traffic developments could be adequately 
dealt with. 

Mr. W. V. Wood objected that it was illogical, 
as the authors had done, to include in one figure 
of cost some items which were capital and some 
which were not. None of the figures given applied 
to new arterial roads, and even in the case of those 
that were included the items were not complete. 
He objected to the calculations of interest on 4 
55 years’ loan basis. These contained an arith- 
metical fallacy, as it was impossible to add two 
positive quantities and get a result less than either. 
Once a road was re-constructed the maintenance 
costs on it would fall very markedly. ; 

Mr. Alfred Dryland thought the figures given were 
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useful as showing present tendencies. It was usual 
to include in maintenance charges a great deal of 
what was really capital expenditure, which could 
be met from a short-period loan. It was an 
economy to bring a road up to a state when it could 
meet future traffic requirements. The tables given 
were interesting, as showing that the expenditure 
per unit of traffic had not increased much, having 
regard to the altered value of money, and especially 
taking into account the great increase in the 
heavier classes of traffic. The wear of the road 
did not altogether depend on the amount of traffic. 
In ten years, a well-constructed road would de- 
teriorate if there were no traffic on it at all. Light 
motor traffic, indeed, improved a road. Cost data 
was important, but it was dangerous to put it 
into unskilled hands. The cost per ton-mile would 
decrease as roads were improved. 
Mr. H. A. Watson thought that the proper thing 
to set against cost was not ton-mileage, but axle- 
weight. The best tax would be one which depended 
jointly on petrol consumption and axle weight. 
Mr. H. A. Bennett said that the lower cost of 
maintenance was due to the improved construction 
of the vehicle, including better springing and the 
more widespread use of pneumatic tyres. 
Mr. J. C. Haller pointed out that the figures given 
in the paper included not only maintenance, but 
remaking. Half the present cost was due to recon- 
struction charges, and the cost in future was likely 
to fall, owing to reduction in the cost of labour and 
the greater use of pneumatic tyres. The ratepayer 
ought to bless the mechanical vehicle as it had 
relieved him of much of the maintenance charges, 
and, by opening up the country, had increased the 
value of his property. 
In the course of his reply, Mr. W. P. Robinson 
expressed a doubt whether the strengthening of 
haunches was suitable work to be met out of capital. 
He agreed that it would be a good thing to test a 
section to destruction. This should preferably be 
done by a central body, so as to prevent duplication. 
Mr. E. S. Shrapnell-Smith, who also replied, said 
that they had had no intention of presenting a 
cut-and-dried scheme, but only to make a contri- 
bution to a problem which must be solved some 
day. A 55 year loan had only been suggested for 
permanent works. Strengthening should be paid 
for over a shorter period. He disagreed with Mr. 
Wood over his calculations and represented his 
case in detail. Mr. Wood, however, did not 
accept his contentions. London, Mr. Shrapnell- 
Smith continued, was an outstanding proof that 
a strong highway cost less than a weak one. A 
road like Oxford-street earned 7,000]. per mile 
from motor *bus traffic, and cost 3,000/. per mile per 
annum to maintain, 


TRANSPORT HisToRY. 
_ At the Queens College meeting on Friday morn- 
ing, @ paper entitled ‘‘ Transport in England—A 
Brief Historical Survey,” was read by Mr. C. Grant 
Robertson, Principal of Birmingham University, 
who said that an adequate history of transport in 
England from Celtic and Roman times would be a 
fundamental contribution to the history of social, 
economic and administrative evolution in Great 
Britain. It would also be a fundamental contribution 
to our cultured development, both as individuals 
and as an organic society, as well as a contri- 
bution to the history of science. Engineers would 
learn as much from it ‘as laymen. A static and 
self-sustaining society had little or no need of trans- 
port, but a dynamic society, producing more than 
it could consume and driven by a dynamic mind, 
which conceived that by exchange of goods it could 
alter and heighten the efficiency of life, had a 
need of transport in proportion precisely to the 
strength of the dynamic forces operating on the 
‘community. The difference between a static and 
dynamic society was the difference between a 
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the great Civil War, ceased as a whole to be a 
self-sufficing country. The 
demanded new and better roads, the existence of 
which in turn stimulated the economic activity. 
In making new routes and improving old ones, the 
basis of a new science of road-making and bridge- 
building was laid. But improvement was limited 
by factors that determined the rate of speed and the 
comparative rate of cost, and it became clear that 
something new—a new source of power, in fact— 
was required. The steam engine and the railway 
came into being and were the pioneers of a social 
and economic revolution. All developments of 
transport created crucial problems of public 
administration, and history, since 1660, was filled 
with experiments to secure adequate maintenance 
of the roads and to distribute the costs, the conse- 
quence of all of which was the slow emergence of 
new principles of finance and taxation. 
When, in fact, engineers and scientists had done 
their work there always remained administrative 
problems, the solution of which demanded as much 
brains and originality as the technical questions. 
In a word, a nation that could not re-cast its admini- 
strative principles and machinery when its modes of 
transport were being revolutionised would cease to be 
dynamic, even if its science were progressive. Unless, 
concurrently, we developed a new administrative 
science and provided the social and political con- 
ditions of an ordered security, the scientist and 
engineer would work in vain. Of all the hard 
tasks in a world of conflict good government was 
the hardest, and really good administrators were 
even rarer than great discoverers. A genius working 
in a laboratory could create a revolution in science, 
but this was easy compared with the re-making of 
the ideas and habits of forty millions of self- 
governing men and women. 
At the close of the meetings on Friday morning 
votes of thanks to the municipal authorities, the 
local committee, the authors of the papers, the 
transport organisations, and the directors of the 
various works visited, were carried with great 
enthusiasm. 
Subsequently, the main party paid a visit to the 
Carriage and Wagon Works of the London, Midland 
and Scottish Railway Company at Derby, being 
entertained to luncheon en route by the railway 
company. Great interest was displayed in the 
methods adopted for the organised assembly of the 
carriages. A. special feature of the system is that 
each man is engaged on a particular part of the work 
and each operation is carried out at a fixed point, 
often by teams. There are fixed working positions, 
the work being moved forward to them in accord- 
ance with a time-table. A similar procedure is 
followed in the case of wagons. 
During the afternoon, visits were also paid to the 
factory of the Austin Motor Company, Limited, at 
Longbridge, and the works of the Dunlop Rubber 
Company, Limited, at Fort Dunlop. 
In the evening, the dinner of the Midland Section 
of the Institute was held at the Queen’s Hotel. 
On Saturday, a visit was paid to the establish- 
ment of the Sentinel Wagon Works, Limited, at 
Shrewsbury, and to other places of interest in the 
neighbourhood of Birmingham. 





Miptanp Buttpinc TRADES ExXuHIBITION. — The 
Council of the Birmingham Chamber of Commerce 
informs us that, owing to the success of the Midland 
Building Trades Exhibition of 1925, it has been decided 
to hold another exhibition this year which will be held at 
Bingley Hall, Birmingham, from September 5 to 17. 
Among several other new features there will be an im- 
portant public works and road-making section, in which 
the experience and technical knowledge regarding road 
construction throughout the country will be concentrated. 


Tue Institute or Metats.—The annual autumn 


The proceedings 





transport. 





affected the needs and mechanism of September 9. 
Victoria-street, London, 8.W.1. 


Economic history showed that England, after 


economic activity 








STANDARDISATION IN ILLUMINATION. 


Tart considerable progress is being made in 
the useful and necessary work of standardising the 
terms, testing apparatus and equipment used in 
artificial and natural illumination is clear from the 
Annual Report of the National Illumination Com- 
mittee for Great Britain for 1926. This report, 
which has just been published, was presented at a 
meeting held on February 1, 1927. Attention is 
called to the fact that the Sectional Committee on 
Illumination of the British Engineering Standards 
Association, the formation of which was largely 
due to the representations of the National Illumina- 
tion Committee, has already been responsible for 
the preparation of five specifications, and in a more 
detailed report by Mr. P. Good, which is appended, 
the work that has been done during the past year 
on illumination glass ware, industrial reflector 
fittings and street lighting is summarised. In 
connection with the first of these subjects a panei 
has been considering the question of the neck dimen- 
sions of glassware and galleries, in conjunction 
with five or six of the leading glass makers, and as 
the gas interests are also assisting, it is hoped that 
the specification when completed, will be suitable 
for adoption by both the gas and electrical industries. 
Both this committee and the committee on indus- 
tri 1 reflector fittings has experienced difficulties, 
owing to the wide tolerances allowed on the light- 
centre length of electric lamps. As a result of 
consultations it is hoped that, even if a common 
standard cannot be set up for all lengths of lamp, 
it will be possible to establish light-centre lengths 
within narrow limits for pear-shaped and spherical 
bulbs respectively. The reflector fitting could then 
be marked to indicate the type of lamp that should 
be used with it. This matter is one of such great 
importance that we hope some agreement upon it 
may shortly be reached. We are glad to learn 
moreover that it is hoped to include a reference to 
glare in the draft specification on street lighting, 
which is now being considered by the Institutions 
of Electrical and Gas Engineers and the Illuminating 
Engineering Society. All this work is of course of 
an international character, as we are reminded by 
the notification that the International Commission. 
on Illumination will hold a short session at Bellagio 
from August 31 to September 3, in place of the 
plenary session which should have taken place at 
New York, but which has had to be postponed until 
1928. This meeting will be presided over by 
Dr. E. P. Hyde and among the subjects which will 
be considered are factory and school lighting, auto- 
mobile headlights, heterochromatic photometry, 
definitions and nomenclature and _ colorimetry 
The arrangements are in the hands of the Italian 
National Committee. 


Lone Distance FLicHts. 


The last few weeks have shown stirring and 
interesting results in long-distance flights. Un- 
happily one of these, the flight undertaken by 
Captain Nungesser and Captain Coli from Paris 
to New York, has failed, and up to now has left no 
trace of the aviators or their machine. The voyage 
of the Marchese di Pinedo in his flight round the 
Atlantic has likewise come to a premature end, 
though the flyer himself is reported to be safe. 
The attempt of Lieutenants Carr and Gillman to 
fly to Karachi has likewise failed, though only after 
they had covered about four-fifths of the distance, 
and by considerable good fortune the officers were 
saved. Of the two flights that have been con- 
spicuously successful that of Captain Lindbergh 
has naturally attracted the most attention. It was 
indeed a remarkable example of physical and nervous 
endurance, combined, according to the reports 
from the spot, with exceptional skill, and inspired 
by admirable determination and bravery. The most 
instructive of the recent long-distance flights seems, 
however, to be that of Commodore Samson’s squad- 
ron of four machines, which travelled from Cairo 
to the Cape and back, apparently without a hitch, 
and is said to have obtained very valuable informa- 


An all-day excursion | tion with regard to the equipment and care of 


the machines. It is to be hoped that the universal 
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has been received will not lead to a general under- 
estimate either of the risks involved in such a voyage 
or of the precautions that are proper to be taken. 
(Captain Lindbergh has himself described his enter- 
prise as a “‘ stunt,” and has expressed the opinion that 
for regular service such a journey could be done only 
by a plane equipped with more than one motor. 
Neither as an industry nor as a sport are the interests 
of aviation served by neglecting any proper 
precaution. Both by precept and example the 
most experienced and _ enterprising mountain 
climbers have discouraged as unsportsmanlike any 
ascent in which the risk of failure is taken through 
disregard of weather or other conditions, and the 
precedent should be remembered by those who 
undertake the no less important enterprise of flying. 
An interesting feature of Captain Lindbergh’s 
journey is that of the 4,750 Ibs. which his 220 h.p. 
Wright monoplane weighed when fully loaded no 
less than 3,136 lbs. consisted of petrol, and although 
he appears to have kept close to his course all the 
way, he landed with a reserve of petrol of only 
about 10 per cent. of the total quantity carried. 
Messrs. Carr and Gillman carried for their 650-700 h.p. 
Rolls-Royce engine some 7,700 lbs. of petrol, and 
according to some accounts had run out of it when 
they came down. Captain Lindbergh was very 
parsimonious in his load of physiological fuel, 
which would have left him exposed to starvation 
had he become stranded by accident for any long 
time. There is a magnificent flippancy in the dis- 
regard of precautions, but it is not in this way that 
the forces of nature should be directed to the use 
and convenience of man. If flying has a future, 
as no one now can question, it is not as a ‘*‘ stunt,” 
but as a means of obtaining an increased control 
over time and space. Any risk may be worth 
taking, provided it is the least by which the desired 
purpose can be attained. To neglect precautions 
which increase that risk is neither sound practice nor 
good sportsmanship, It may be a splendid gesture, 
as Captain Lindbergh’s flight has been, but in the 
long run it may do harm rather than good to the 
progress of aviation. 





LETTERS TO THE EDITOR. 


THE PATH OF PROGRESS. 
To THE Epiror oF ENGINEERING. 


Sir,—I regret to find that in the leading article of 
your issue of May 20, certain remarks of mine, when 
seconding a vote of thanks to Professor Prandtl, have 
been entirely misrepresented. You have used words 
I did not use, and imported a meaning into my remarks 
which goes far beyond anything intended. What I did 
say was by way of counterblast, almost in a humorous 
vein, to a view expressed by General Brancker who 
was the proposer. I have not seen Professor Ward’s 
“Realm of Ends” to which you refer, nor heard of the 
work in question. 

Yours faithfully, 
F,. W. LANCHESTER. 
Dyott End, Oxford-road, Moseley, Birmingham, 
May 24, 1927. 

[We greatly regret that we unintentionally misin- 

terpreted Dr. Lanchester’s remarks.—Eb. E.] 


AMERICAN NAVAL POLICY. 


To THE Eprror oF ENGINEERING. 


Sir,—When the 69th Congress of the United States 
authorised a moderate replacement programme for 
the navy by a small appropriation to save three 
authorised cruisers, the European and Japanese press 
raised a cry—‘ Another Naval Armament Race.” 

The U.S. Naval Institute Proceedings of March, 
1927, reprints from ENGINEERING, London, January 14, 
1927, the unofficial British point of view, in part, as 
follows :— 

“The Origins of the Cruiser Bill . . . . During 
the first months of 1924, the American fleet carried 
out manceuvres in the Panama Canal zone and, 
whilst the manceuvres were in progress, the Press 
started a sudden violent campaign upon the 
subject of American naval weakness: a Mr. 
Shearer led the agitation. While this agitation was 
in full blast, the official umpire to the manceuvres 
issued a report, which so substantiated the clamour 
previously raised by Mr. Shearer that no impartial 
onlooker could possibly doubt that the naval 
service was deeply interested in the press cam- 
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As I am the culprit named as leader of the agitation, 
I am also the most able to state the reason. 

In 1922, the United States voluntarily surrendered 
the supremacy of the seas—our price for naval dis- 
armament and peace. As our tons and guns were 
sunk or destroyed, I recognised the essentials of foreign 
naval strategy were to scrap what America had, and 
forge ahead with the types of ships they possessed in 
great numbers—those types which meant naval supre- 
macy and were not included in the Treaty. 

I realised our capital ship strength was handicapped 
by lack of fleet speed, gun elevation, deck and torpedo 
protection; that our destroyer strength would pass 
with age; that our naval bases, Guam and the 
Philippines, had passed, though foreign naval bases 
remained on our coast; that we had conceded more 
than was expected or safe, and against the expert advice 
of our naval officials at the Washington Conference. 

Since the signing of the Washington Arms Treaty, 
close to 400 ships of war, or about 1,000,000 tons, have 
been built, laid down or appropriated for. Of this 
number, the Congress of the U.S. has appropriated for 
and authorised the completion of 2 aircraft carriers, 
8 light cruisers, 3 submarines, and 6 gunboats, these 
latter to be built in and for river use in China. Surely 
that is not effective naval pressure on Congress or 
«another naval armament race.”’ 

The United States signed a treaty known as the 
Limitation of Arms Treaty. At no time have we made 
an attempt to live up to the building ratio of 5-5-3, 
as interpreted and understood by the American people. 
You will recall that the defensive principles supposed 
to govern the determination of the 5-5-3 ratio at the 
Washington Conference were arrived at under the 
assumption that each nation would have sufficient 
naval force for defensive purposes and that corre- 
spondingly, it would be difficult for any nation to be 
aggressive against another signatory power. 

Observe Great Britain’s light cruiser strength and the 
system of naval bases in the Western Atlantic. The 
United States has no corresponding system of bases 
in the Eastern Atlantic. National defence is one of 
comparison, with or without the Treaty ratio of 5-5-3, 
and on such comparison J led the agitation, as you 
state. 

Realising I must be prepared to support this position, 
I give the true reasons of my action and endeavours, 
past and present: First, I am a nationalist ; second, 
the United States Navy is proven to be under the 
Treaty ratio as understood and pledged. The patriotic 
organisations and societies of the United States which 
have encouraged and endorsed my stand are many. My 
actions are not governed or controlled by any body, 
least of all the U.S. Navy. The Congressional records 
will show my efforts or action were often opposed 
by the Navy Department. Nor is the movement 
political, as the Senate vote on cruisers will show, i.e., 
Republicans for, 24; Democrats for, 25. 

My justifiable stand as a nationalist is better under- 
stood by the four signatory powers than in the United 
States. Having lived in England, Japan, France and 
Italy, I was confronted at all times with the great 
patriotic and nationalistic spirit of their people. It 
has been clearly demonstrated and proven at Geneva, 
during the sessions I have attended of the Disarmament 
Conference, that nationalism and national ambitions 
predominate and overweigh every move for disarma- 
ment. > 
When President Coolidge, at New York, April 26, 
1927, made an appeal for more genuine Americanism, 
upheld the Monroe Doctrine, and announced a foreign 
policy to protect the lives and prosperity of our 
Nationals abroad, the European press and their 
sympathisers in America raised the cry of Imperialism. 
We, of America, asked for a foreign policy. In fact, 
the American Press only a few months ago demanded 
one, criticising the Department of State as being 
spineless. But the pro-foreign press resent an American 
policy as laid down by the President of the United 
States. 

Out of the Great War came great hatred; all the 
old rivalry, intrigue, and aggression for the supremacy 
of nations and nationals have been revived. Masked 
motives are uncovered, new suspicions are born, and 
the world stands divided. 

Self-preservation, the first law of nature, has become 
the United States’ policy. Communistic Russia was 
born of intolerance and oppression. The example of 
her extreme radicalism forced ultra-conservatism in 
America. To challenge the abuse of wealth or power 
gives aid and comfort to Bolshevism. Communistic 
intolerance has added to the world’s unrest, spreading 
a doctrine of destruction over the earth. Russia raises 
the cry against Imperialistic aggression of the strong 
and offers mob rule, mass and class hatred, the worst 
form of intolerance and destruction of state. 

Wealth and pacifistic idealism are not combative forces 
or substitutes for security, patriotism or national honour. 
Pacifists preaching without a solution are often the 
victims of a stronger and more dangerous psychology. 





Internationalists of American citizenship, and many of 
Oriental blood, compromise for race, religion or greed. 
They would destroy the national institutions and organ- 
isations that give them protection. Out of the war 
came America’s recognised greatness. With that 
greatness came a new era in our political national and 
international life. Great and grave responsibilities 
were inherited through our position and leadership. 
With our wealth and trade also came hatred and com- 
mercial intrigue. Every medium of education and 
publicity is used to drag into the open debt cancellation, 
foreign entanglements, disarmament, immigration and 
tariff. The pulpit becomes a rostrum, with colleges and 
political institutions. Groups fight for creed and race 
recognition or favour. The Declaration of Independ- 
ence, the Constitution of the United States, is forgotten 
or challenged ; the Bible and our history become the 
objects of attack. The attempt to change our National 
anthem reflects the daring of the Internationalist. 

From October, 1914, the weight of Internationalism 
and Communism was developed, the members of which, 
pacifists, defeatists, radicals of many hues, and foreign 
agents, Communists, I.W.W. and Socialists included 
in the merger, and a dozen or more organisations with 
impressive names, designed to fool patriotic Americans 
and lend aid to the enemy. Associated with these 
agents and organisations of the anti-American bodies 
were statesmen, senators, bankers, lawyers, actors, 
directors, and writers, men and women of American 
birth who were used to fight the existing Government 
of the United States. There are known to be at least 
227 radical publications printed in foreign languages and 
73 in English issued in the United States, 269 papers 
printed abroad and imported into the United States, 
42 papers published in seven countries of the American 
Continent which are brought in to aid in the drive of 
radical propaganda, 611 periodicals circulated among 
the people of the United States, directly or indirectly, 
aimed at the overthrow of the Government. 

Secretary of War, John W. Weeks, in 1922, said, 
‘““The War Department has been aware that the 
Communist programme has stressed the breeding of 
disloyalty among the Army and Navy personnel, as 
well as among citizens at large. Undoubtedly, many 
loyal Americans have lent their support to movements 
inspired by radical organisers.” 

Secretary of the Navy, Denby, in 1922, issued the 
following order to the entire service: “* My attention 
has been called to the fact that there is a sinister 
propaganda by societies having their origin in foreign 
countries to undermine the morale of the Navy and to 
insinuate into its personnel elements of disloyalty and 
disorder; <. « = 

The envoys of many nations and doctrines are in 
our midst, many sympathetic souls respond to their 
will, never recognising the seditious and masked intent 
to combat unity of thought. The power of group 
organistion is slowly supplanting our central Govern- 
ment and sapping the independence of our leaders. 

If America is to maintain its greatness, we must 
throw off foreign and un-American influences and defeat 
cowardly and compromising policies that fortify and 
encourage our enemies. If materialism and_ self 
predominate, then America becomes stagnant while the 
rest of the world remains armed. Our wealth becomes 
the magnet of envy under the human banner of greed. 

On April 20, 1927, Col. Hanford MacNider, Assistant 
Secretary of War, stated, “ We are overrun with organi- 
sations of native internationalists who scorn everything 
American and wail because we do not cure the financial 
il! of the rest of the world. These agitators fill the 
platforms of our schools and clubs and denounce 
American policies. We are harangued by societies who 
urge us to risk our claim on our coveted possessions of 
peace and freedom by throwing our defences into the 
sea.” , 

On ‘ Americanism,” ‘Theodore Roosevelt said : 
“There can be no divided allegiance here. Any man 
who says he is an American, but something else also, 
isn’t an American at all. We have room for but one 
flag, the American flag, and this excludes the red flag. . - 

** We have room for but one language here and that is 
the English language, for we intend to see that the 
crucible turns our people out as Americans, of Americen 
nationality, and not as dwellers in a polyglot boarding- 
house ; and we have room for - one soul 
a loyalty to the American people.” 

The United States was tive first great Power to declare 
that a citizen could give up his allegiance to the ee 
of his birth for the country of his adoption. _ 
Republic has given protection and equal ee 
to more adopted citizens than any other country in sa 
world. Through the veins of American statesmen runs 


, and that 1s 


the blood of many nations; the spirit of nationalism 
does not destroy their vision and justice. a 
1e 


through this representative body, can give t 
iseguttial cal on great events. Our wealth a 
power is the recognised weight of our voice in Pa 
councils of the world. Nations of one blood are . “4 
blinded by nationalism, tradition and religion, wile 
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defeats impartiality in council or rule. The United 
States of America, a democracy built of many bloods 
and religions, is more justly qualified to look further, 
analyse more thoroughly and impartially, and give 
justice to all. 

If understanding and peace comes, it must be impartial 
peace by impartial Government. The United States 
owes it to herself and to the world to remain a free, 
impartial power to execute its obligations and guard 
its sovereignty. America prepared, means a dominant 
voice in the councils of the world and eliminates the 
dangers of war. As long as the American people with 
undivided allegiance rule, the United States is free 
from foreign psychology, pacifism, internationalism and 
communism. 

To weaken and disarm the United States under false 
and seditious banners is a victory greater than by wart. 
It leaves the nation without a spirit to defend. Facing 
us is a world of envy and hatred and confusion. The 
old world born and bred in war has not shown the 
road to disarmament or peace ; their main contribution 
has been to weaken America. Under the influences of 
impractical idealism, crime, decadency and hypocrisy 
show a margin of gain. 

The time has arrived for the re-reading of the Consti- 
tution of the United States to the disciples of Inter- 
nationalism and drugged mentalities, and to the rest of 
the world, point the finger of wisdom to the Declaration 
of Independence. The United States must guard 
against losing its national and international equilibrium. 
American citizens who support nationalism in foreign 
countries and preach internationalism for the United 
States, are not consistent with the fundamentals of the 
Constitution, and would barter away the power and 
greatness of the United States. International under- 


standing is welcome and necessary, but foreign influence 


by any power, creed or religion is dangerous to America 
nd the peace of the world. 
George Washington warned his country against 
the wiles of foreign influences, which seek to array 
the United States in favour of one country against 
another. They concede to all nations the right to 
maintain their own defences according to their own 
judgment, and they will assert the same right on 
behalf of America. The honour, integrity, and justice 
of the Congress of the United States is safe as long as it 
guards its portals against un-Americanism. If the 
spirit of America fails, the United States would 
fall, and with it the world would revert to blood 
fighting blood, creed fighting creed, and religion fighting 
religion. 
The United States was created for a purpose. Carved 
out of a wilderness by the sword, every inch fought for 
by our forefathers who established and gave to the 
world the greatest liberty known to man, it is inherited 
by and entrusted to us to defend. We are safe only so 
long as we who have inherited are faithful to that in- 
heritance and prepared to defend it. In June, 1927, 
the three great naval powers, Great Britain, Japan 
and the United States, meet for the limitation of naval 
armaments. Every nation looks for a sane solution, 
though America made her contribution in 1922 at 
Washington. The policy, as stated by President 
Coolidge, April 26, is clear: to guard and protect our 
citizens at home and abroad and to uphold the Monroe 
Doctrine. W. B. SHEARER. 
1, Chemin de Miremont, Geneva, Switzerland, 
May 4, 1927. 


[We greatly appreciate Mr. Shearer’s letter, and 
hasten to assure him that we never, at any time, 
imagined that his actions. had been inspired by any 
other motive than sincere and disinterested love of his 
country. We must add, however, that his communi- 
cation does not appear to traverse in any way the 
arguments advanced in the article which appeared in 
our issue of January 14.—Ep. E.] 








Triats or THE S.S. ‘‘ TeLa.”—The second of three 
passenger and fruit-carrying steamers, which Messrs. 
Workman, Clark and Co., Limited, are building for 
the United Fruit Company of Boston, U.S.A., underwent 
Successful trials at sea, on Wednesday, May 4 last. 
his vessel, the Tela, has an overall length of 355 ft., 
a breadth of 48 ft., a depth of 31 ft. 6 in., and a gross 
tonnage of 4,200. She is provided with a bridge 
erection and large deckhouses amidships for the accom- 
modation of first-class passengers. Large cold-storage 
chambers with refrigerating plant are provided for 
Provisions and special cargo. There are three ‘tween 
— forward and aft, also hold spaces specially arranged 
‘or the carriage of fruit. Ventilation of the fruit spaces 
ls obtained by means of large cowl ventilators, special 
mechanical exhaust arrangements being fitted to each 
space. In addition, provision is made for heating the 
sirsupply in cold weather. The propelling machinery, 


to built by Messrs. Workman, Clark and Company, 

imited, consists of one set of four-cylinder triple- 
®xpansion engines, taking steam from four large cylind- 
neal multitubular boilers working under forced-draught, 
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not warrant any addition to labour costs. 


of 2s. 6d. per week on the existing War Bonus of 10s., 


overtime worked on dayshifts. The position and 


added, in July, 1928. 





proposals—which they said they regarded as similar in 
respect of essentials to those submitted for the con- 
sideration of the unions in April, 1926. They offered, 
however, to recommend their members to accept 5s. per 


concession. 


plain time workers as from August 1 on the under- 
standing that wages generally would remain undis- 
turbed for twelve months. On the ground that it 
differentiated undesirably between pieceworkers and 
time workers, the men’s representatives rejected that 
proposal, but before the proceedings came to an end 
Mr. Brownlie intimated that they were prepared to 
recommend for acceptance an advance of 2s. 6d. per 
week to all workers, without conditions, the matter 
again to come up in six months. The employers 
adhered to their earlier offers and the conference ended 
as has been stated, in “‘ failure to agree.” 





On Friday last week, representatives of the Federation 
of Engineering and Shipbuilding Trades met represen- 
tatives of the Shipbuilding Employers’ Federation in 
London, for the purpose of considering an application 
made on behalf of shipyard workers for a wages advance 
of 10s. per week. The case for the unions was sub- 
mitted by Mr. W. Sherwood, who argued that such an 
improvement had taken place in the state of the ship- 
building and ship-repairing industries as warranted 
the wages advance which was claimed. Mr. John Barr, 
the president of the employers’ federation, said that 
the arguments submitted would be carefully con- 
sidered, and a further conference to deal with the matter 
be held at an early date. In the interval, it was added 
conferences would take place with the other shipyard 
unions, which were not affiliated with the Federated 
Trades, but had nevertheless sent in applications for 
similar advances. 





The Monthly Report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders, states that at 
the end of April, 14,984 members were “ signing the 
books,”’ as compared with 17,446 at the end of March. 
The number of members in receipt of superannuation 
benefit declined from 4,221 to 4,192, and the number in 
receipt of sick benefit from 2,864 to 2,596. In March 
the expenses amounted to 13,6691. 0s. 5d.; in April, 
although five weeks’ outlays were included, the total 
was only 12,6131. 18s. 2d. 


One of a number of interesting resolutions set down 
for discussion at the meetings of the Amalgamated 
Engineering Union’s National Committee, which 
began on Tuesday at Blackpool, suggests that a change 
on the subject of piecework is working in the minds of 
the rank and file. It comes from East Lancashire, and 
is in the following terms :—‘‘ That the National Com- 
mittee be requested to set up new terms of reference 
for national application on the following basis :— 
Piecework : (1) Recognising that we have 75 per cent. 
of our membership working some system, we, as a 
union, should recognise same and negotiate for a 
national agreement of control; (2) that we should 
apply for a consolidation of bonus and basis rate to be 
the rate on which to fix piece times or prices. (3) That 
a substantial increase in wages, not less than 33 per 
cent. on the consolidated rate, be asked on behalf of 





and burni i : ip- 
ment b vag: be ng oon which the latest type of equip 


system of payment by results, with a view to bringing 


those men who, by nature of their work, are not on any 


Last week’s conference in London on the wages 
question, which has for so long a time exercised a 
os influence on the engineering industry, ended 
in failure to agree. Speaking for the Engineering and a ee Nati ittee 
filed Goats National Foleration, Sin Allan Sn ith, which includes Belfast, asks the National Committee 
in effect, contended that the state of the industry did 
But in 
response to the sentimental side of Mr. Brownlie’s 
appeal, the employers offered, in order to obtain the 
co-operation of the unions in an effort to put the 
industry economically on its feet, to grant an increase 


to take effect on July 1, 1927, provided that the 
unions agreed, where the Overtime and Nightshift | the number of unemployed persons on the registers of 
Agreement applied, to take (a) time and a quarter for | Employment Exchanges in Great Britain was 1,007,000, 
hours worked on nightshifts ; (b) time and a half for | of whom 809,500 were men, 29,900 boys, 137,000 women. 
overtime worked on nightshifts ; (c) time and a quarter | and 30,600 girls. Of the total number, 677,200 were 
for the first two hours and time and half thereafter | wholly unemployed, 261,400 temporarily stopped and 
until the commencement of the following dayshift for | 68,400 normally in casual employment. 


The representatives of the unions rejected these 
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their wages to compare with the earnings of the piece- 
worker.” 





Two divisions, both of them Irish, have sent in 
resolutions dealing with the machine question. One, 


to consider the question of the rating and manning of 
machines ‘‘ with a view to a National Agreement 
establishing uniform rates and apprenticeship.” The 
other resolution merely invites the Committee to 
consider the question of a “national agreement on 
machinemen’s rates.” 


The Ministry of Labour states that on May 16, 1927, 


On May 9, 
1927, the number of unemployed persons was 998,291, 


prospects of the industry would be reviewed, it was | of whom 797,697 were men, 30,233 boys, 138,406 women, 


and 31,955 girls ; and on May 17, 1926, it was 1,612,744, 
of whom 1,178,406 were men, 48,991 boys, 331,507 
women, and 53,840 girls. The figures for May 17, 
1926, were affected by the dispute in the coal-mining in- 
dustry. 





On Friday last week, the French Chamber ratified 


week in two equal instalments—one on July 1 and the| the Washington Eight Hours’ Day Convention with 
other on September 1—provided no conditions, such | the reservation that the instrument was not to have 
as the employers had proposed, were attached to the legal effect until the Convention was also ratified by 
The employers’ representatives declined | Germany and Great Britain. 
to agree to a settlement on these lines, and, after again | Was moved to leave out the reservation so far as it 
deliberating in private, they offered 2s. per week to affected Great Britain, but on a vote it was defeated 


A Socialist amendment 


by 405 to 150. 





In the House of Lords last week, Lord Arnold raised 
the question of the Government’s obligation to ratify 
international labour conventions. It was indefensible, 
he said, for this or any other country, actually to 
propose the terms of an agreement which became a 
convention, and then for the country which had taken 
the initiative to refuse itself to ratify it. There was 
a moral obligation on Parliament to honour the votes of 
its delegates. Viscount Cecil, in the course of a reply, 
said that Lord Arnold took too gloomy a view of the 
position. There was a general obligation to support 
our representatives, but there could be no treaty 
obligation to ratify a convention voted for by our 
representatives. He agreed that there was a moral obli- 
gation; but the Government could not be absolutely 
bound to ratify proposals assented to by its represen- 
tatives if, after full consideration, it came to the 
conclusion that the results would be deleterious to the 
interests of the country. Great Britain’s record in this 
respect was not, Viscount Cecil added, one. of which 
we needed to be ashamed. Germany had voted for 12 
conventions which it had not ratified, France for 12, and 
Italy for nine. The comparable figure for Great 
Britain was four. 





Sections (2) and (3) of Clause 1 of the Trade Disputes 
and Trade Unions Bill, as amended in committee of 
the House of Commons, read as follows :— 

“* (2) If any person declares, instigates, incites others 
to take part in, or otherwise acts in furtherance of a 
strike or lock-out declared by this Act to be illegal, 
he shall be liable, on summary conviction, to a fine 
not exceeding 10/. or to imprisonment for a term not 
exceeding three months, or on conviction on indictment 
to imprisonment for a term not exceeding two years. 
‘* Provided that no person shall be deemed to have 
committed an offence under this section or at common 
law by reason only of his having ceased work or refused 
to continue to work or to accept employment. 

“ Without prejudice to the generality of the expres- 
sion ‘ trade or industry’ workmen shall be deemed to 
be within the same trade or industry if their wages or 
conditions of employment are determined in accordance 
with the conclusions of the same joint industrial 
council, conciliation board, or other similar body, or 
in accordance with agreements made with the same 
employer or group of employers. 

** (3) The provisions of the Trade Disputes Act, 1906, 

shall not, nor shall the second proviso to subsection (1) 

of section two of the Emergency Powers Act, 1920, 

apply to any act done in contemplation or furtherance 

of a strike or lock-out which is by this Act declared to be 

illegal, and any such act shall not be deemed for the 

purposes of any enactment to be done in contemplation 

or furtherance of a trade dispute.” 





Clause 2 of the Bill, as amended, is in the following 
terms : 

“*2.—(1) No person refusing to take part or to con- 
tinue to take part in any strike or lock-out which is by 








this Act declared to be illegal, shall be, by reason of 
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such refusal or by reason of any action taken by him 
under this section, subject to expulsion from any trade 
union or society, or to any fine or penalty, or to depriva- 
tion of any right or benefit to which he or his legal 
personal representatives would otherwise be entitled, 
or liable to be placed in any respect either directly or 
indirectly under any disability or at any disadvantage 
as compared with other members of the union or society, 
anything to the contrary in the rules of a trade union 
or society notwithstanding. 

**(2) No provisions of the Trade Union Acts, 1871 
to 1917, limiting the proceedings which may be enter- 
tained by any court, and nothing in the rules of a trade 
union or society requiring the settlement of disputes 
in any manner shall apply to any proceeding for enforc- 
ing any right or exemption secured by this section, 
and in any such proceeding the court may, in lieu of 
ordering a person who has been expelled from member- 
ship of a trade union or society to be restored to 
membership, order that he be paid out of the funds 
of the trade union or society such sum by way of com- 
pensation or damages as the court thinks just. 

**(3) As respects any strike or lock-out before the 
passing of this Act but since the first day of May, 
nineteen hundred and twenty-six, which, according to 
the law as declared by this Act, was illegal, this section 
shall have effect as if it had been in operation when the 
strike or lock-out took place.” 


On Clause 3 coming up for consideration on Monday, 
Sir H. Slessor moved to leave out the first, second and 
third sections, but after discussion the amendment was 
defeated by 284 votes to 125. The sections approved 
are as follows :— 

“* 3.—(1) It is hereby declared that it is unlawful for 
one or more persons (whether acting on their own behalf 
or on behalf of a trade union or of an individual 
employer or firm, and notwithstanding that they may 
be acting in contemplation or furtherance of a trade 
dispute) to attend at or near a house or place where a 
person resides or works or happens to be, for the 
purpose of obtaining or communicating information or 
of persuading or inducing any person to work or to 
abstain from working, if they so attend in such numbers 
or otherwise in such manner as to be calculated to 
intimidate any person in that house or place, or to 
obstruct the approach thereto or egress therefrom, or to 
lead to a breach of the peace; and attending at or 
near any house or place in such numbers or in such 
manner as is by this subsection declared to be unlawful 
shall be deemed to be a watching or besetting of that 
house or place within the meaning of section seven of 
the Conspiracy and Protection of Property Act, 1875. 

‘“*(2) In this section the expression ‘ to intimidate’ 
means to cause in the mind of a person a reasonable 
apprehension of injury to him or to any member of his 
family or of violence or damage to any person or 
property, and the expression ‘injury’ includes injury 
other than physical or material injury, and accordingly 
the expression ‘apprehension of injury’ includes an 
apprehension of boycott, or loss of any kind, or of 
exposure to hatred, ridicule, or contempt. 

** (3) In section seven of the Conspiracy and Protec- 
tion of Property Act, 1875, the expression ‘ intimidate’ 
shall be construed as having the same meaning as in 
this section.” 











A Government amendment was agreed to, without 
a division, to leave out in Clause 3, section (2) the 
words: ‘‘and accordingly the expression of ‘appre- 
hension of injury’ includes the apprehension of boy- 
cott, or loss of any kind, or of exposure to hatred, 
ridicule or contempt.’ Section (4) of Clause 3 is in 
the following terms :-—‘ (4) Notwithstanding anything 
in any Act it shall not be lawful for one or more 
persons, for the purpose of inducing any person to 
work or to abstain from working, to watch or beset 
a house or place where a person resides or the 
approach to such a house or place, and any person 
who acts in contravention of this subsection shall 
be liable on summary conviction to a fine not 
exceeding £20 or to imprisonment for a term not 
exceeding three months.’’ The clause, as amended, 
was added to the Bill by 278 votes to 134. 





TRIAL TRIP OF THE S.S. “ SwrrTwaTER.’’—On Tuesday, 
May 17, successful sea trials were carried out of the 
single-screw steamer Swiftwater, during which a mean 
speed of 8} knots was attained. ‘The vessel, the main 
dimensions of which are length 258 ft., breadth 42 ft. 6 in. 
and depth 20 ft. 6 in., has been built by Messrs. The 
Cowpen Dry Docks and Shipbuilding Company, Limited, 
Blyth, to the order of Messrs. Water Transports, Limited, 
Montreal, Canada, for service on the Great Lakes and 
Gulf of St. Lawrence, in the wood-pulp trade, and is 
designed to carry a deadweight of 2,300 tons. The 
propelling machinery, which has been installed by 
Messrs. Blair and Company (1926), Limited, Stockton- 
on-Tees, consists of triple-expansion engines having 
cylinders 16 in., 27 in. and 44 in. in diameter, with a 
piston stroke of 33 in. 
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EFFICIENCY CHART FOR THE RANKINE CYCLE. 


WITH DRY SATURATED STEAM 


CYCLE EFFICIENCY. % 


TEMPERATURE CORRECTION. 


° 
(9988) INITIAL PRESSURE. LB. PER SQ. INCH ABSOLUTE. 


CHART FOR ESTIMATING THE 
EFFICIENCY OF THE RANKINE 


CYCLE. 

WE reproduce above a diagram prepared by Mr. J. P. 
Chittenden, of the English Electric Company, Rugby, 
for making rapid estimates of the efficiency attainable 
on the Rankine cycle with various conditions of steam 
supply, and with different vacua. The main curves 
give the theoretical thermal efficiency using saturated 
steam at the pressures stated, and expanding it down 
to any vacuum between 27 in. and 29-1 in. When the 
steam is superheated, the correction necessary is 
determined from the lower curves which cover total 
temperatures ranging from 400 deg. F. to 800 deg. F. 

Thus, to determine the thermal efficiency of the 
Rankine cycle with steam supplied at an absolute 
pressure of 600 lb. per square inch and at a total 
temperature of 700 deg. F., the vacuum being 29 in., 
the upper curve shows that with saturated steam at 
this pressure the theoretical thermal efficiency would 
be 37-12 per cent. Since, however, the steam is 
superheated, we obtain the necessary correction by 
noting where the 600 Ib. pressure line crosses the curve 
marked 700 deg. Reading the corresponding ordinate 
on the special scale, we get the figure 1-15 per cent., 
and adding this to the 37-12 per cent. found for 
saturated steam, we get 38-27 per cent. as the thermal 
efficiency corresponding to the actual conditions of 
supply. This adjustment for initial temperatures is 
based on correction curves, and thus whilst sufficiently 
exact for practical ends, is subject to a minute theo- 
retical error. 

Exact methods of determining efficiency ratios involve 
a certain amount of arithmetical work, with a consequent 
risk of numerical errors. Hence, even when precision is 
required, Mr. Chittenden’s chart will serve as a very use- 
ful check, whilst amply accurate of itself in other cases. 








Evecrricitry Surpty Data.—The Electrician Tables 
of Electricity Undertakings, the fortieth edition of 
which has just been published by Messrs. Ernest Benn, 
Limited, at 2 price of 10s. net, have had a not uninteresting 
history. They were first issued in sheet form, but the 
growth of electricity supply soon rendered the production 
unsuitable for an office table. They next appeared as & 
pamphlet, one line, reaching across an opening, being, 
as before, devoted to each undertaking. This, in turn, 
proved inconvenient, principally because the larger 
undertakings required more space for their entry than 
could be provided in this way. Some years ago, there- 
fore, a paragraph form was adopted, a feature of which 
was the printing of the more important information 
in heavy type. This arrangement is still followed in 
the present edition. The information relating to the 
British undertakings is singularly complete, a fact 
upon which both the publishers who compile the 
information and the engineers who supply it are equally 
to be congratulated. It is set out on familiar lines, 
but it will be interesting to see for how long it will be 
possible to continue this policy when the Central 
Electricity Board is in full swing. The usefulness 
of this part of the publication is much enhanced by 
an index, which is a new feature. The table on p. 119 
requires checking. The completeness of the British 
section is set in greater contrast by the almost pathetic 
incompleteness of the information relating to colonial 
and foreign stations. We realise that the difficulties 
and expense of compiling a list from which no under- 
taking is omitted are probably insuperable. The best 
alternative is, therefore, to give quite concisely the data 
which the inquirer in this country is most likely to 
require about as many undertakings as possible. These 
data include the name and address of the chief official, 
and the system and voltage of supply to the consumers 
premises ; incidentally, they would be easier to obtain 
than fuller information, In saying this we do not 
wish to detract from the value of the publication 4s it 
stands, or to minimise the large amount of work which 
has been expended in its preparation. But to the user 
the omission of information that he wants is not balanced 
by the inclusion of data that he does not require. 
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THE CERAMIC SOCIETY’S MEETING 
AT PRAGUE. 

Art the joint meeting of the Ceramic Society and the 
Czechoslovak Ceramic Society, held at Prague, on 
May 6, five papers were communicated. These we sum- 
marise below. 

REFRACTORIES UNDER Stress aT HiGH TEMPERATURES. 


In the first paper, Mr. A. J. Dale, surveyed the work 
done hitherto in connection’ with the testing and 
behaviour of refractory material under stress at high 
temperatures, including references to results obtained 
by him during the past three years in the course of 
investigations which are still proceeding. It was pointed 
out that the ordinary refractory test is a definite heat 
treatment, in which the time factor is important as 
well as the temperature, the effect being interpreted 
by reference to a special pyrometric scale based on the 
squatting of standard cone mixtures. With the rapid 
rate of heating now adopted—50 deg. C. per five 
minutes—the test seems to measure very roughly the 
temperature which brings about a common, but un- 
known, viscosity of the amorphous glassy constituents 
of the refractory. 

The Mellor and Moore high-temperature load test 
was next discussed, as well as results obtained by 
means of it. Bradshaw and Emery determined the 
ordinary refractoriness and the refractoriness under- 
load (of 35 lb. per square inch), of finely-powdered 
mixtures of silica brick and firebrick ; minimum refrac- 
toriness was found in mixtures of about 40 per cent. 
fireclay and 60 per cent. silica. They also confirmed 
Mellor and Moore’s original statement that the higher 
the silica content the less the effect of load on the 
squatting temperature expressed in cones. Yet in this 
and other work, there were indications that squatting 
under load at high temperature was not the effect of a 
single property. In highly-grogged products (silica or 
fireclay) failure in the test is due less to viscous squatting 
than to reduction in mechanical strength and failure by 
shear in definite directions. Moreover, the temperature 
of complete collapse under load was in many cases a 
very indefinite and arbitrary point, the effect being 
spread over a wide range of temperature. Hence, 
further work was considered necessary before rigid 
standardisation of the load test and the framing of 
specifications based on results. Mr. Dale is still engaged 
on this work, and in the paper gave a detailed account of 
the method of testing recommended as a result of the 
data obtained during three years. 

In the modified Mellor and Moore load test, the 
furnace used is essentially that used by Mellor and 
Moore, with a heating zone of maximum intensity con- 
fined to the vicinity of the test-piece. The test-piece rests 
on a column of specially-made carborundum blocks, and 
pressure is applied by means of a thrust rod consisting 
of similar carborundum blocks and cylinders. By 
means of special arrangements, vertical movement of 
the test-piece, thrust rod and supports, heated under 
any desired load, can be followed with a magnification of 
10 to 40, according to the adjustment of the fulcrum and 
the recorder arms. In this way, a load test result can 
be presented as a continuous curve, showing the pro- 
gress of the subsidence and other characteristics of the 
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of the tested material. The expansion readings include 
both test-piece and carborundum expansions, but, as 
determinations on the thermal movements of car- 
borundum material has produced only smooth and ap- 
proximately linear expansion curves, any marked 
deviation from a smooth course in the modified Mellor 
and Moore load test result on a refractory product 
is characteristic of the test-piece and not of the thrust 
rod or support material. 

Behaviour of Silica Materials Under Load at High 
Temperatures.—Silica products (having more than 
92 per cent. silica) may contain a silicate glass, quartz, 
cristobalite, and tridymite, in various proportions 
Silica brick containing unconverted quartz, and having 
true specific gravity 2-356, when heated under a load 
of 75 lb. per square inch, began to fail at about 1,500 
deg. C., and collapsed at 1,570 deg. C., owing to 
mechanical fracture, whereas under a load of 4 lb. per 
square inch, the material stood up until squatting 
took place owing to softening of the matrix. When 
a specially elastic matrix is present, the mechanical 
failure under high load at temperatures above 1,250 deg. 
—1,300 deg. C., may not take place. Thus a silica brick 
containing a larger proportion of unconverted quartz, 
(having true specific gravity, 2-46), heated under 
a load of 50 lb. per square inch, showed no subsidence 
until 1,670 deg. C., and complete collapse only at 
1,710 deg. to 1,730 deg. C. 

A silica brick consisting largely of cristobalite (having 
true specific gravity 2-336), heated under a load of 
4 lb. per square inch, stood up to the highest tempera- 
ture of the furnace used, without showing any abnormal 
expansion at high temperatures. Under a load of 
50 lb. per square inch, there was no appreciable deforma- 
tion below 1,700 deg. C., and failure took place at 
1,700 deg. to 1,730 deg. C., not much below the melting 
point of cristobalite. 

Commercial silica bricks containing high proportions 
of tridymite, with some cristobalite, 10 per cent. or 
more of a silicate glass, little or no quartz, and with 
more than the normal 2 per cent. of lime, when heated 
under a load of 4 lb. per square inch, showed a subsi- 
dence range cf 150 deg. to 180 deg., with gradually 
accelerating subsidence, failure being due to a viscous 
flow of the matrix. The temperature of ultimate 
collapse is extremely high, exceeding 1,675 deg. C. even 
under 75 lb. per square inch, and there is no rapid 
expansion at high temperatures. Another tridymite 
brick failed at about 100 deg. C. lower, mainly through 
mechanical shear, and presumably as the result of con- 
version into cristobalite. It is suggested that the 
proper application of this test will enable a scientific 
choice to be made, of silica bricks for any specific 
type of industrial service. 

Fireclay Products under Load at High Temperatures.— 
From a consideration of the chemical compositions, 
results of heating under load tests (50 lb. per square 
inch), porosities, and ordinary refractoriness in cones 
of a number of different firebricks, some interesting 
facts stand out; (1) A brick with high ferric oxide 
content is not certain to be of inferior refractoriness 
at moderate temperatures, the distribution of the iron 
(whether homogeneous or heterogeneous) being very 
important. A brick with 3-71 per cent. ferric oxide 





test-piece over a wide temperature range. It can be 
made autographic if desired. 

The furnace is run off A.C. supply, direct-current | 
being found unsuitable. A special transformer is re- | 
quired to control the rate of heating. With the addi- 
tion of a variable external resistance (of the carbon | 
biscuit or wire-wound type) and an ammeter, fine | 
adjustment and control of the rate of heating is pos- | 
sible. A maximum throughput of electrical energy | 
of from 10 to 12 kw.-hours is sufficient to produce | 
a temperature of 1,700 deg. C. (or higher) at the face | 
of the test-piece. | 

The test-piece adopted is 2 in. sq. by 3 in. long, with 
ends ground smooth, and parallel, as first proposed by | 
Mellor and Emery. The rate of rise of temperature is | 
50 deg. ©. per five minutes throughout. The time | 
factor is thus eliminated, and the test result can be | 
recorded in actual temperatures. A subsidence tempera- 
_ curve can also be formulated, showing the progress 
of subsidence under load from the temperature at | 
which it commences until extremely rapid collapse 


sets in. Other  test-piece peculiarities are often 
rk The development of the test depended on | 
2 a very of suitable material for the thrust-rod and 
17 support (free from subsidence under load up to 
“rsa !. C. or higher). Cone measurements could not | 
aaak upon because their behaviour during testing 
ye by be followed accurately, but for comparative 
ll leck purposes, they are set around the test- | 

| 
F For temperature readings a thermo-couple and an | 
Piical pyrometer are used. For scale readings a | 
mMagnificatic | 
Suitable. 


2 minutes, 
tures, and + 





|stood up to 1,400 deg. C. before rapid subsidence 


set in. 

(2) A brick of low refractoriness, cone 17, containing 
5-13 per cent. ferric oxide, may prove efficient below 
1,250 deg. C., but would have a very small margin of 
safety at 1,250 deg. C. 

(3) High alumina content and moderate porosity 
favours refractoriness at temperatures up to and about 
1,400 deg. C. 

(4) The temperature of complete squatting of a brick 
under load is not a safe guide as to behaviour of the 
material at lower temperatures, for one brick sub- 
sided over a temperature range of 150 deg. to 200 deg. C. 

Grog amount, nature, and grading can, according to 
the special circumstances, either augment or detract 
from the quality of a brick under load at different 
temperatures. Grog amount can vary considerably, 
without seriously prejudicing workability of the raw 
refractory mixture, but it would seem that “ increasing 
the quantity of fireclay grog in admixture with a 
fireclay increases the porosity of the fired product 
and introduces a tendency to premature rapid sub- 
sidence under load at high temperatures.’ This does 
not mean that the highly grogged refractory is to be 
avoided, for the prime consideration may be spalling 
tendency, or slag penetration, &c., rather than refrac- 
toriness under Joad. 

Grog nature has a decided effect on the properties 
of a firebrick product, particularly its mechanical 
strength, at different temperatures. With non-porous 
or excessively vitrified grog, failure is mostly by 


rupture. As to grog grading, with 40 per cent. or more 
‘on of 16 has been found most generally | of a vitrified grog, large particle size tends to premature 
These readings, taken at intervals of 2} or | failure by rupture under load at high temperatures. 
are plotted against corresponding tempera- Hence, in the absence of special reasons to the contrary, 
he resulting graph represents the behaviour | such vitrified grogs should be used in smaller sizes | 
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and larger amounts, particularly in refractories for 
use in high temperature arch construction, muffle 
furnace work, and saggar mixtures where considerable 
mechanical and/or thermal stresses may be encountered. 


Tue Use or InpIAN SILLIMANITE. 


Mr. W. J. Rees, presented the second paper on the 
use of the natural sillimanite found in India. The author 
and others have pointed out its value as a refractory 
for use in glass-melting pots and tank furnaces. Mr. 
Rees subjected to drastic treatment bricks made from 
sillimanite with 10 per cent. ball clay as bond. Bricks 
were put in a pot of molten lime-soda glass after a 
slight preliminary heating on the sill of the pot, and 
they did not crack or spall. Bricks were used to keep 
the pot-ring in position, the founding temperature of 
the glass being 1,350 deg. to 1,400 deg. C. After six 
weeks use in the pot, ‘the bricks were only slightly 
corroded. 

The minimum burning temperature for sillimanite 
products intended for contact with molten glass should 
be 1,300 deg. C. A pot was made from a mixture of 
75 parts of sillimanite and 25 parts of clay, the wet 
mixture being left for four weeks to mature before 
being used. Much better “bond” is obtained by 
maturing for 8 to 12 weeks. The pot dried much more 
quickly than an ordinary clay pot, and the total 
contraction from wet to dry was about 1 in 100. The 
cost of the pot was about three times the cost of the 
usual clay pot, but the higher first cost was much more 
than counterbalanced by the increased life of the pot 
and the better quality of the glass. Sillimanite mixed 
with 25 per cent. of plastic fireclay has been used 
successfully in the sieges of pot furnaces. 

A sillimanite roof of an electric furnace used for 
melting steel lasted 132 heats, and the volume change 
of the bricks during use was negligible. The normal 
life of a silica brick roof on the same furnace is 60 heats. 
Sillimanite bricks are giving very promising results in 
the arches and walls of high pressure boiler furnaces 
with normal coal-firing and also with oil and pulverised 
coal firing. The mechanical strength at high tempera- 
tures of well-burned sillimanite bricks with 15 per cent. 
to 20 per cent. of fireclay bond is much superior to 
that of fireclay bricks. 

Tabulated results were given of tests on a set of 
briquettes made of sillimanite with various bonding 
materials. With the smaller proportions of clay-bond 
it was found that a much more thorough spreading of 
the clay over the sillimanite grains was obtained by 
adding the clay as a deflocculated slip. It is possible 
to cast with a deflocculated slip containing up to 
90 per cent. of sillimanite. 


Tue Firing PROPERTIES OF REFRACTORY FIRECLAY 
Propucts. 


Mr. A. T. Green contributed a paper under the above 
title. It was a comprehensive survey of the funda- 
mental firing characteristics of fireclays in relation to 
the industrial operation. It seems probable that most 
fireclays are composed of an alumino-silicate mineral 
or minerals, which break down constitutionally at 
about 500 deg. C. The formula Al,0,2Si0,2H,0 is 
generally accepted as best representing the composition 
of the essential portion of clay, agreeing closely as it 
does with the analyses of the purer china clays and of 
crystalline kaolinite. The physical nature of the clay 
substance varies considerably. Most fireclays have a 
basis of “‘ clay substance,” which may be either crystal- 
line kaolinite, amorphous “ clayite,’’ colloidal sub- 
stances resembling halloysite, or mixtures of these. 
Common accessory substances include quartz, micas, 
hydromicas, felspars, ferruginous minerals (magnetite, 
hematite, limonite, siderite, pyrite, &c.), alkaline- 
earth minerals (caleite, dolomite, gypsum, barytes, 
&c.), and carbonaceous substances. 

Three definite periods of importance in the firing 
operation are the water-smoking period (normally up 
to about 250 deg. C.), the oxidising period (ranging 
from 500 deg. to about 850 deg. C.), and the vitrification 
range (from 800 deg. C. to the finishing temperature). 
In the water-smoking period, mechanical and hygro- 
scopic water are expelled, along with colloidal water 
at temperatures somewhat above 100 deg. C. In the 
oxidation period, carbonaceous matter is burned off, 
iron compounds are oxidised, and carbonates, sulphides, 
&c., are decomposed. During the vitrification range, 
the texture of the product is changed and its strength 
greatly increased by the fluxing action of the felspathic, 
micaceous, ferruginous, calcareous, and other consti- 
tuents of the clay. The time-factors needed to 
complete these processes depend on the nature of the 
clay and on the design and manipulation of the kiln. 
The expulsion of water during the first period must 
be regulated in order to avoid strains in the material. 
Absence of exact knowledge concerning these strains 
necessitates reliance on experience for preventing their 
occurrence. The uneven distribution of temperature 
in these early stages is a difficulty not easily overcome. 





Results obtained by Theobald and Green suggest that 
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the time required for satisfactory water-smoking is In order to bring about further purification of the 
nearly proportional to the water content of the dried | silicon, in case silicates were also present, it was thought 
goods, so that the water content apparently outweighs | advisable to treat the material with a mixture of 
all other factors together. This water content should | sulphuric and hydrofluoric acids. When this was done 
be as low as is attainable economically, whilst the rate | in a wide platinum dish, the manner in which the silicon 
of removal of water vapour in the kiln should be as/ rose and floated made it evident that a considerable 
rapid as practicable. The rate of rise of tempera ture— | further action was occurring. Ultimately the mixture 
which depends on temperature diffusivity—should not | was evaporated until it began to fume, and the whole 
permit any appreciable temperature gradients to be | was washed out into a beaker and digested with water 
formed in the product. | for some hours. The remaining sulphate solution was 
Proceeding to consider the vitrification range, | then filtered. On testing the filtrate, further quan- 
vitrification is defined as “the progressive partial | tities of iron and aluminium were found to have been 
fusion of the various mineral constituents of the clay | extracted from the silicon. The washed silicon was 
material, which is governed, amongst other factors, by | further treated with strong hydrochloric acid in order 
the general composition of the body as a whole, the | to dissolve any sulphates which might have remained 
size of the grain, and the structure of the ware for which |in it. It was then filtered, washed free from acid, and 
the clay is desired.” The heat-work during this period | dried in the steam oven. 
is intended to produce vitrified or glassy material to} Table I gives the analysis of a sample of a commercial 
surround the remaining particles and fill the interstices | silicon before and after treatment. 
to such an extent as to give the finished product the | 
desired properties. The finer the grain, the greater the 
degree of vitrification, which depends also on the nature | 
and amount of the fluxing materials present in the clay. —_— 
Fireclays begin to vitrify at about 800 deg. C., and | 
with rise of temperature the melted material begins to 
dissolve other constituents. With most. fireclays, 


vitrification proceeds slowly up to about 1,200 deg. C., eras residue 





TABLE I.—A nalysis of Commercial Silicon. 





After 


Treatment. 


| Before | 
| Treatment. | 
| 





Per cent. Per cent. 
0-22 0-13 


and with very good fireclays may go on from 850 deg. | Aluminium iid me x 1:38 0-07 
to 1,450 deg. C., with marked effects between 1,250 C. | Calcium se iy Ss ae 0-10 0-015 


| 
| 
“18 | 0-04 
| 
and the upper limit. With calcareous and very mica- | Magnesium | 
ceous clays, the vitrification range may be only about | ———-_- 
50 deg. C. After the maturing temperature is reached, | Repetition of the purification treatment resulted in 
it is often advantageous to maintain it (or ** soak ’’) for | Very little improvement in the figures for the impurities 
some hours in order to rectify irregularities which may | reported in the table, and it was concluded that a 
have arisen. Crushing strength, apparent porosity, | silicon of higher purity could only be obtained by 
and sealed pore value data, when taken together, give | one of two methods: (a) by finer grinding of the 
valuable indications of the vitrification of a fireclay | silicon particles; (b) by melting the purified silicon, 
product. Another criterion of vitrification is the|in the hope that some of the remaining impurities 
volume, change—or, better, the rate of change of | might slag off. The latter method was tried in an 
volume—due to the contraction of the clay mass as | electric resistance furnace of the carbon-ring type, 
a whole, which accompanies loss of porosity. | crucibles of magnesia and alumina being first used. 
A fired clay product may contain a matrix, mullite|These proved unsatisfactory, but successful results 
(a crystalline substance of composition represented by | were obtained with a crucible consisting of silica. 
3A1,0,2Si0,, and resembling sillimanite in properties), | The analysis of the product was not promising, as the 
quartz, and cristobalite, with possibly some corundum | figures were much the same as had been obtained 
| before melting. 
| Aqua regia was next tried in place of hydrochloric 








as well. 





CERAMIC INDUSTRY IN CZECHOSLOVAKIA. | 

A report was presented by Dr. R. Barta, General | 
Secretary of the Czechoslovak Ceramic Society, bearing | 
the above title. The main sub-headings include raw | 
materials, burnt clay ware, hydraulic binding materials, 
glass, and schools and organisation. Of the raw 
materials, the most valuable is kaolin, in the production 
of which Czechoslovakia ranks second only to England 
in Europe. Good clays of various types are also | 
abundant, as well as felspar, quartz, and shales. As 
burnt clay ware, are classed bricks, refractory products, | 
pottery, stoneware, wall and stove tiles, and porcelain. | 
In another paper, by Dr. O. Kallauner, are reported | 
the results of work carried out in the Silicate Research | 
Department of the State Institute of Technology, Brno, | 
during 1926. These results are embodied in four 
reports which make up the paper, two of the reports | 
relating to special analytical methods, one to lead | 
glycerine cements,.and the fourth dealing with the | 
injurious etfect of nodules in bricks. | 





PREPARATION OF HIGH PURITY 
SILICON.* 


By N. P. Tucker. 

Since the direct production of high purity silicon by | 
some form of reduction process is necessarily a difficult 
and expensive operation, an attempt has been made to 
purify commercial silicon. This material contains from | 
93 to 98 per cent. of silicon; the remainder consists 
of the silicides of other metals, among which calcium 
and magnesium are important. As a preliminary | 
step, it was found that under the action of strong | 
hydrochloric acid lumps of impure silicon crumbled | 
to pieces, probably because the impurities attacked | 
by the acid lay in distinct strata and around the crystal 
boundaries of the silicon itself. The action of hydro- 
chloric acid on samples of impure silicon gives rise to 
the evolution of hydrides of silicon, derived from the de- | 
composition of calcium and magnesium silicides. These | 
gases ignite spontaneously. A sample of the silicon was | 
digested with the acid on a steam bath for several | 
days, which caused it to crumble down to quite small 
pieces from 1 mm. to 2 mm, in size. When this was 
filtered off the colour of the liquid showed that much 
iron had been dissolved. On testing the solution the 
presence of a considerable amount of aluminium was | 
indicated, while the chlorides of calcium and mag- | 
nesium were also found to be present. 





*Communication from the National Physical Labo- | 
ratory, Teddington, being “‘ Part VII of Alloys of Iron | 
Research,” read before the Iron and Steel Institute, 
London, on May 5, 1927. Abridged. 


| cent. 


acid in the purification treatment, in order to ascertain 
whether some of the impurities could in this way be 
still further reduced. A particularly bad sample was 
tried, but repeated treatment of the above-described 
method produced no further effect. After repeated 
treatment with hydrochloric acid, &c., the weight of 
Fe,O3, Al,Og on a 10-grm. sample was 0-0492 grm. ; 
after treatment with aqua regia, &c., the weight of 
Fe,03, Al,Og on 10 grm. was 0-0254 grm. Another 
sample after treatment with hydrochloric acid, &c., 


| contained iron 1-03 per cent. and aluminium 0-15 per 


On treatment with aqua regia this was reduced 
to 0-18 per cent. of iron and 0-02 per cent. of aluminium. 
The best sample of silicon produced by the present 
method contained total impurities amounting to only 
0-055 per cent., reckoned as aluminium and iron, so 
that a reasonable degree of purity had been secured. 
Microscopic examination of the product obtained by 
remelting this purified silicon in the manner described 
above, i.e., in a silica crucible in an electric furnace, 
confirmed the high purity indicated by chemical 
analysis. ~ 

In conclusion, the method recommended for the 
purification of silicon on the basis of the above experi- 
ments may be summarised as follows :— 

The best obtainable sample of commercial silicon is 


| broken up as small as possible in a steel mortar and 
placed in a wide beaker so as to expose as much surface 


as possible to the acid. The material is then just 


|covered with water, and hydrochloric acid added in 


small amounts at a time. If much calcium and 
magnesium are present in the sample, the decomposition 
of the silicide may become dangerous if the acid is 
added too rapidly. As a safeguard it is best to warm 
the sample first, and to add the hydrochloric acid 
gradually and stir thoroughly. When the action has 
quietened down a considerable amount of hydrochloric 
acid is added, and later some nitric acid. The whole 
is then digested on the corner of a hot plate for 24 hours, 
diluted, and filtered by means of a suction pump. The 
residual silicon is then washed free from acid and put 
into a wide platinum dish. As a considerable amount 
of silica has to be removed, it may. probably be worth 
while to use a copper beaker at this stage, but this 
cannot be used with strong sulphuric acid for the final 
fuming. Water is added to the silicon in the platinum 
basin, and a considerable excess of strong sulphuric acid 
and small amounts of hydrofluoric acid at a time are 
added and well stirred. A considerable amount of 
acid must be added in order to secure the removal 
of the silica which has previously formed from the 
decomposition of iron silicide and the silicates of iron 
and aluminium, When all the apparent action has 





ceased, the mixture is heated, and evaporated until it 
fumes ; it is then cooled and washed back again into 
the beaker and digested with water for some hours, 
It is then filtered by means of a suction pump, washed 
two or three times, and again treated with a further 
quantity of strong hydrochloric acid for some hours, 
The mixture is finally diluted and filtered, and the 
pure silicon is washed free of acid and dried in the 
steam oven. 








HIGH-SPEED SYPHON RECORDER 
FOR WIRELESS TELEGRAPHY. 


On page 354 of our issue of March 25 last, we gave 
a brief account of the wireless-beam stations at Grimsby 
and Skegness, constructed for the British Post Office 
by Messrs. Marconi’s Wireless Telegraph Company, 
Limited, Marconi House, Strand, London, W.C.2, and 
mentioned that these stations would be used for main- 
taining telegraphic services with Australia and India; 
the Australian service, we may now add, is in full 
operation. Referring to the Skegness receiving 
station, we stated that the received signals could be 
checked for formation by means of Marconi U.G. 2- 
type high-speed automatic syphon recorders, and, 
as the design of this instrument includes some interest- 
ing features, we now propose to describe it, which we 
are able to do by the courtesy of the Marconi Company. 

Fig. 1 shows one of the recorders in use at the 
Skegness station, together with an electrically-driven 
tape puller, on the left, used for drawing the paper 
strip through the recorder at the required speed, which 
can be adjusted at will from about 20 in. to 350 in. 
per minute; the tape puller, however, calls for no 
particular comment. Figs. 2 and 3 are, respectively, 
an elevation and a plan of the recorder, which, it will 
be seen, is mounted on the same base as the paper 
carrier. The latter is merely a horizontal drum 
mounted on a pedestal, the reel of paper strip being 
placed in the drum and drawn from it through the re- 
corder by the tape puller above referred to. The 
recording mechanism is of the moving-coil type, the 
coil, 1, Fig. 3, having two separate windings and being 
suspended in a strong magnetic field produced by a 
separately-excited solenoid. The coil is carried by 
four wires 2, extending radially from the axis of the 
solenoid, and passing round fixed pins 3 to the tension 
screws 4. By adjusting the screws, the moving coil 
can be located centrally in the air gap of the solenoid, 
and the wires also serve for conveying the current to 
and from the two windings on the coil. Attached to 
the latter is a light arm 5, pivoted at 6, and along this 
arm is led the syphon tube. One end of the syphon 
tube rests on the platen 7, over which the paper strip 
passes, and the other end of the tube is connected by 
rubber tubing, shown in Fig. 1, but omitted in Figs. 2 
and 3, to a small cock on the ink reservoir. The latter 
is mounted on a vertical support, and its height can 
be adjusted by means of a set-screw to regulate the 
flow of ink. A small trough is provided just below 
the platen to collect any surplus ink that may drip 
from the marking end of the syphon tube while adjust- 
ments are being made, and deliver it clear of the 
apparatus. The platen itself is hinged at 8, and is 
pulled back by a spring 9 into contact with a stop 
screw 10. By means of the latter, the platen can be 
moved up to the marking end of the syphon tube and 
adjusted to give the requisite pressure between the 
tube and the tape. Two stop screws carried by a 
bracket 11, most clearly shown in Fig. 2, are provided 
to limit the upward and downward movement of the 
arm carrying the syphon tube. 

The moving coil, as already mentioned, has two 
windings, one of which is known as the spacing winding 
and the other as the marking winding. When the 
apparatus is in use and no signals are being received, 
a current of about 25 milliamperes flows in the spacing 
winding, which pulls the syphon-tube arm down on 
to the lower stop. When, however, a dot or dash of 
the Morse code is received, the cirrent in the spacing 
winding is reduced to zero and a current of 25 milli- 
amperes then flows in the marking winding, but in the 
opposite direction to that previously flowing in the 
spacing winding, pulling the arm up on to the upper 
stop, and holding it there for the duration of the dot 
or dash. The paper strip is, of course, travelling over 
the platen at a suitable speed, and, as the arm moves 
up and down, a complete message is recorded in the 
form of a wavey line, the flattened crests and hollows 
of which are connected by short lines more 0! less sin 
right angles to the length of the paper. Figs. + to = 
reproduced from a series of three tapes taken at speeds 
of 250, 300 and 325 words per minute, respectively, 
with the recorder described above. Of these, the first 
was received at the Bridgwater station from Canada, 


i Skegness m 
and the other two were received at Skegn ‘fro 
a maximum 


Australia. The recorder was designed for wr 

speed of 300 words per minute, but it will be seen & - 

even at the higher speed, which would involve a _— 
( ymp e 


ment of the arm at the rate of about 80 
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strokes per second, the characters are clearly formed so 
that they can easily be read by anyone familiar with 
the Morse code. It should be mentioned, in conclusion, 
that the recorder is connected directly to the firm’s 


standard receiving apparatus, and requires no inter- 
mediate relay, 








Peg BeLayan Rattways.—The Brussels journal, 
+ficho de la Bourse, gives two instances of waste 
eve ° ° ° 

Prevention on the Belgian railways since they have 
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been transferred from State ownership to private 
concerns. Under State ownership the consumption 
of lubricating oil worked out at 102 grammes per engine- 
kilometre (5:7 oz. per engine-mile); at the present 
time the figure is 27 grammes (1-5 oz. per engine-mile). 
There were formerly in use in the railway service 24,000 
tarpaulins, of which 250 were lost every six months ; 
there are now in service 12,500 tarpaulins, and in the 
last six months only one of these was lost. The saving 
is claimed to be due entirely to improvement in the 
working of the railway systems since they ceased to be 
State owned. 





| London, on May 6, 1927. 




















Fig.4. 
a a ae 
(16a) 250 Words Per Min. "ENGINEERING" 

Fig.5. 
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| HEAT-RESISTING STEELS.* 
By Dr. W. H. Hatrievp. 
DurIN@ recent years the interest in heat-resisting 
| steels has grown rapidly, and several notable advances 
| in this particular field have been accomplished. How- 
ever, as Monypenny has recently stated, little has 
been published with regard to some of the complex 
steels now being used, which would enable one to 
compare them with the simpler steels, and thus to 
judge the intrinsic effect of the extra alloying elements. 
A review of the work to date would indicate that much 
fundamental knowledge remains to be determined, 
and the author trusts that this account of investiga- 
tions carried out in the Brown-Firth Research Labora- 
tories may be considered a useful contribution to the 
subject. The researches to be described had a double 
object. In the first place, they were naturally designed 
with a view to assisting in the production of better 
| heat-resisting steels; but, in the second place, it was 
hoped that fundamental data, useful in elucidating the 
nature of the attack from which steels suffer when 
exposed to the atmosphere and industrial gases at 
| high temperatures, would be obtained. The achieve- 
|ment of improvement in the characteristics of the 
steels might, perhaps, be considered a comparatively 
simple matter of standardising the approved gaseous 
influences under standard and controlled conditions of 
heating, and then submitting, to such conditions, 
suitably prepared samples of steels of various composi- 
tions and in various conditions. Such, indeed, was 
the line of attack. 
| As regards the problem of throwing light upon the 
| nature of the attack at high temperatures, it must at 
| once be conceded that this is extremely difficult. It 
can be approached from the standpoint of corrosion at 
| ordinary temperatures ; and, indeed, in the literature 
| of the subject, it is common to find the rustless and 
| heat-resisting steels dealt with together. The explana- 
| tion of the phenomenon of resistance, or, to be more 
| accurate, relative resistance at high temperatures, 
;may be similar to that of the phenomenon of rust 
| resistance, the resistance being determined by the 
| formation, or otherwise, and the characteristics of a 
| protective film of a composition determined, in the 
| first place, by the analysis of the steel, and, in the 
| second place, by the composition of the gaseous media. 
| Experimentally, the subject is difficult, if only on one 
| account : great care may be taken in purifying the 
| gases used to produce the atmosphere required, but it 
should always be remembered that all the steels 
contain carbon, sulphur, and hydrogen in varying, 
though in the latter cases small, percentages, and at 
|the high temperatures considered, these elements 
| react with the gaseous medium. Thus small quantities 
| of the products which such elements may form will be 
| present, and will require to be considered in any 
theoretical handling of the results. The importance 
|of such percentages of substances, other than those 
| directly under study, has been well emphasised in the 
| investigations of corrosion at ordinary temperatures by 
| Friend, Evans, and others; it was established by 
| Ariéns Kappers in 1872 that sodium and potassium 
did not oxidise in dried oxygen, by Cooper in 1882 
that chlorine was without action on several metals in 
the absence of water; whilst Baker in 1883 established 
the astonishing fact that purified charcoal could be 
heated to redness in dried oxygen without burning. 
Materials Tested.—In Table I will be found a complete 
list of the analyses of the metals, steels, irons, and 








* Paper read before the Iron and Steel Institute, 
Abridged. 
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alloys which formed the subject of experiment, and for | task, and it was, therefore, decided simply to experi- 
convenience the symbol given for each material is | ment, at this stage, with the ordinary atmosphere, but 
used throughout the paper. In all cases, unless} using three steels—i.e., a mild carbon steel, a 14 per 
otherwise stated, the samples were approximately 1 cm. | cent. chromium steel, and the one used in the previous 
in diameter, and weighed about 20 grm.; the index | experiment, containing 18 per cent. of chromium and 
figure given in the various tables of results is the|8 per cent. of nickel. The results will be found in 
increase in weight in milligrammes per square centi- | Table IV. 
metre of surface. A standard finish, viz., 00 emery,| It is clear from these figures that the chromium 
was given to all the cylinders. Thus the data obtained | steel (K) is markedly superior to the mild steel (G) 
are all strictly comparable. The duration of the! but that whilst both steels are unaffected at 100 deg. C. 
exposure was 24 hours. they are both attacked at 200 deg. C., though in 
Atmospheric Tests.—It was thought advisable, in the | different degrees. There is a great acceleration in the 
first place, to test out, at a standard temperature of | attack on mild steel on approaching 600 deg. C., but 
900 deg. C., the influence of the atmosphere, pure, | the similar acceleration in the case of the chromium 
and also modified by the presence of sulphur dioxide, | steel is postponed until 900 deg. C. A comparison 
carbon dioxide, and steam, upon ordinary mild carbon of the results obtained with the nickel-chromium 
steel (G). This was done, with the extremely interesting | steel (N) indicates clearly the increased resistance 
results shown in Table II. It is clearly evident, from | obtained by the further modification in composition. 
this set of experiments, how profoundly the attack | The outstanding feature of these experiments, to the 
upon a typical mild carbon steel is increased by the} author’s mind, is the definite attack obtained at 
presence of SO,, CO,, and H,O. It was decided next | such low temperatures in the case of all three steels. 
to determine the behaviour, under the same conditions | According to common conceptions, the zone of tem- 


TABLE I.—ANALYSES OF MATERIALS. 





of experiments the temperature selected was 900 deg. C. 
and the period of exposure twenty-four hours, thus 
making the data comparable with the previous results. 
In Table VI. will be found the figures obtained. On 
considering the influence of these industrial gases on 
the various samples, it will be seen that, although only 
one temperature, 900 deg. C., is being considered, there 
are interesting facts to be discerned. Pure iron (A), 
as would be expected, is very badly attacked, chro- 
mium (B) is very resistant, whilst compared with iron, 
nickel (C) gives a good account of itself. Mild carbon 
steel (G) is more resistant than the pure iron (A), pos- 
sibly on account of the protection afforded by its 
carbon content. The influence of nickel is well illus- 
trated by the steels containing 3-0 and 36 per cent. 
respectively (H and I), and it will be seen that the 
effect is undoubtedly to produce increased resistance. 
The silicon-chromium steel (J) is, curiously, much more 
resistant even than chromium. In the two chromium 
steels (K and L), 13 per cent. of chromium undoubtedly 
had a profound influence upon the behaviour of the 
alloy, but by increasing the percentage to 18-0 a 











































































































ai fiat a Cc Mn Si Ss Cr vi a Cu Fe Co 
Symbol, Material. Condition. Per cent.|Per cent.|Per cent.) Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
A Pure iron Normalised 950 deg. C. r ; 0-04 0-01 0-01 Nil Nil —_ 0-02 — — 99-92 — 
B Chromium As cast a is | 0-16 | 0-02 | 0-40 — — 98-10 -- a — 1-30 — 
Cc Nickel As cast --| 0-04 -- — _ —_ _ 99-58 — _ 0-38 _- 
D Cobalt As cast --| O-54 0-02 0-14 0-66 _ _ 2-83 _ _ 0-49 95-66 
LP) Copper Annealed — -- oa -- — — _ _ 99-95 0-05 -- 
F Tungsten - Hard drawn si ; ‘| — Nil — —_— os _- oa 99-99 — — —_ 
G Mild carbon steel .. Normalised 900 deg. C. .. --| 0-17 0-67 0-18 0-012 0-018 —_ 0-25 — _ 98-7 — 
H 3 per cent. nickel steel . | Oil-hardened 850 deg. C., tem- | 
pered 630 deg. C... ‘s --| 0-34 0-60 0-29 0-021 0-012 _ 25 _ _ 95-49 —- 
1 36 per cent. nickel steel .. | Air-cooled 950 deg. C. sie oo} "2 0-40 0-16 0-020 0-015 0-09 36-90 —- 62°17 —_ 
J Silicon-chromium steel Air-cooled 1050 deg. C., tempered ice . - " 
| 850 deg. C. AS kis 7 5 0-37 3-04 0-01 0-01 8-2 +16 -—- _ 87-63 _ 
K Chromium steel | Oil-hardened 1000 deg. C., tem- 3 
pered 800 deg. C. a0 --| 0-32 0-25 1°32 0-009 0-016 13°12 0-29 _ _ 85-67 - 
L Chromium steel si Air-cooled 900 deg. C. 0-09 0:39 0-37 0-011 0-015 18-53 0-26 —_ -_ 80-334 _ 
M Chromium-nickel steel | Air-cooled 1150 deg. C. 0-11 0°34 0-21 0-011 0-013 14-84 10-16 — _— 74-316 — 
N Chromium-nickel steel : Air-cooled 1150 deg. C. 0-12 0-28 0-31 0-008 0-014 17-74 8-06 — —_ 73°47 — 
oO Nickel-chromium steel és ‘ | As rolled a ae es 0-35 1-36 0-21 0-021 0-013 10-90 35°15 _ _ 52-00 — 
eS Chromium-nickel-silicon steel .. Water-quenched 1000 deg. C. 0-58 0-36 4-00 0-020 0-017 | 15-54 8-14 — — 71°43 _ 
Q Chromium-nickel-tungsten steel .. As rolled = oa ‘a 0-30 0-52 1-46 0-02 0-017 17-7 7:0 4-23 = 68-713 _ 
RK Nichrome a 7 . | Air-cooled 950 deg. C. 0-06 0-89 0-71 _ — 11-69 60-40 — — 26-24 _— 
jeer Gr.C.| 2-52 ee . ee ; je 
ae eer | Asemt Py 0.68} 0-72 | 1-18 | 0-125] 0-58 _ 94-24 one 
Ae Gr.C. | 0-761 ; : yor ee ee ma = 
T 15 per cent. silicon iron aes is “ C.C.) 0-03 f ee 7 eer —_ | ie sec ~ 
J Monel metal ee Hot-relled aS --| 0-14 | 1-00 0-03 — _ | _ 69-98 — 27°17 1-67 _ 
| 
TABLE II.—Jnfluence of the Atmosphere, Pure and with | TABLE LV.—Atmospheric Tests on Three Steels. | Taste VI.—The Influence of Industrial Gases. 
Various Additions, on a Mild Carbon Steel (G). | — 
a or is > atat Gloelale ae P R . Nickel- | | Complex 
—— — , Weight ee a Fc Mild Steel CBteel (I) pw | | E> onan 
Sondition o mosphere. | of Sample. | of Weight. | ndex “aaa Baal, . ete ‘ye ad Steel ). | eg. P 
ca. an. Figure. | deg. C. | Index Figure. | Index Figure. | Index Figure. Symbol. | Material. ‘ C. x 2 
ee ae | Lae Mee Peek | sivas Figure. 
Ta ~ | Figure. 
Pure air ‘. .-| 21-7344 0-5800 | 55-238 100 Nil | Nil | Nil j : 
Atmosphere . . a ..| 21-0978 O-6117 | 57-7166 | 200 | 0-033 | 0-013 | Nil | ? 
Pure alr + 9 per cent. S02 | 20-8553 0-6843 | 65-173 300 | 0-127 0-04 | 0-020 ‘ — a oy be oe 114-018 05-34 
mosphere + 2 per cent. | | | | *454 0-081 | 0-040 romium oe oe 2- ‘ 
pie. a  aeet| SON | Coes | 65-762 500 0-622 | 0-093 | 0-040 | : a a I nae 2 de 
mosphere +- 5 per cent. | | | 600 | 4-636 0-200 0-133 fi ee Mud-carbon stee +s a i : 
SO2 + 5 per cent. HoO 20-4646 1-5242 | 152-420 700 | 11-917 | 0-399 0-223 | H 3 per cent. nickel steel ..| 72-893 43-30 
Atmosphere + 5 per cent. | | | 800 | 44-914 | 0-767 | 0-395 ) a 36 per cent. nickel steel ..| 80-058 27-70 
CO2 + 5 percent. H20 | 22-4074 1-1048 | 100-436 900 | 57-166 | 1-073 | 0-461 ; vw Silicon-chromium steel ++] 0-84 0-506 
Pure air + 5 per cent. CO2| 22-1328 | 0-9303 | 76-884 1000 | 135-777 | 66-671 21-820 | xK Chromium steel . --| 18°319 | 20-50 
Pure air + 5 percent. H20| 20-3436 0-8089 | 74-211 | 1100 |} 208-000 | 165-270 | 72-301 L Chromium steel oe 1-252 1-38 
1200 | 399-877 | 261-000 | 177-66 | 4 ae ar steel 6-000 2. 
eee eer | | ‘hromium-nickel steel P 2 699 0-32 
eae 1 C 
' . 0 Nickel-chromium steel ai 2-534 1-01 
TaBLeE IIT.—Jnfluence of the Atmosphere, Pure and with - | p i 
pe i. J . ’ waa ‘ a) KO) ‘ ro - - . | 061 
Various Additions, on a Chromium-Nickel Rustless | Pé rature from 200 deg. C. to 500 deg. C. would hardly | 3 Geenaracsmeme” — — 
Steel (N). be associated with the heat-resisting problem under steel .. e es ..| 0-43 0-175 
Se HH | consideration, yet clearly the attack appears to be of | ® peg eng a ed oa 
— | Weight Tnnreesd | the same nature as that which takes place at the; rae cane. tiie dinon’ on 13-734 
Condition of Atmosphere. of Sample. | of Weight. Jaies higher temperatures, but simply of a different order.| U Monel metal ee 68 -676 1°55 
Grm. | | Grm. PeNce Influence of Industrial Gases.—It is somewhat diffi- | —__— 
sain De ee Bo ar etigg sanersonyr werk bee =——. resistance of the same order as that of chromium (B) 
e ik oi --| 34-7058 | -0062 0-408 - ‘ y e2 8. “1s . . 
Atmosphere. . a 1] 34-5083 0-0071 | 0-461 pose in view in the next set of experiments was to test, | - obtained. On studying the steels (M), (N), and (0), 
ua tin~ecie pleated | ileal in an empirical manner, the response of a b ¢ | comsniaeng both nickel and chromium, a high bu 
Atasoaphere +2 per cent.| | niin ‘sabbielais- tn pees : ; ss ot woah | variable resistance due to the variable proportions of 
Atmosphere’ + 5 per cent. wap en — 2 atmospheres ; With that object aa paltiines | the elements is found ; (HM) gives the most again ye 
eahereeme tan | 2-758 | 0-049 | 2-573 | Ceperiment. selected. were =— es Sere See ree ae 
CO2 + 5 percent. H20 ..| 31-5332 | 0-0678 4-582 (i) The atmosphere of an unenclosed gas muffle. wiitah theme te ti paerryertine gt Pet ag 10 é r cent. 
Pure air + 5 percent. CO. | 31-3954 | 0-0176 1:°175 A sample taken during the experiments analysed as|_. . ng . = The 
Pure air + 5 percent. HO} 31 1554 | 0-0516 | 3-240 Plnees 3 - | nickel in (M), and a greatly improved resistance. : 
ae em ; |optimum results obtained from (N) are seen to be 
a ee eee See ae ae ee Serr Per cent = ; A . 

. vi a | still further improved in the cases of either (P) or (Q) 
ee E . ae eae Nitrogen Sam axe ne sas, ESS aos ene ively 
pein seen - e — nickel rustless steel (N), Oxygen ... i is a Stee by the addition of silicon and tungsten respectively. 
ieee “ey hi geen oe and 8 per cent. | Carbon dioxide ... ss wee 4°75 Nichrome, as would be expected, gives very good 
of nickel, which ehaved excellently as regards resis- | Steam... me awe bs «cs “23-30 results, but it is not equal to either (J), (P), or (Q), 
tance to corrosion at ordinary temperatures. The Sulphur dioxide sis f. «0003 i i t of the 

an igkiad aR : : : hag . which are charged with a far smaller amoun 
results obtained under conditions identical with those | Carbon monoxide wee - 5°10 added metals. The cast iron (S), the 15 per cent. 


(ii) A ‘‘ complex ”’ gas of the following composition : 
Per cent. 


employed in testing the mild steel are shown in Table ITI. | 
It will be seen that a steel resistant at ordinary. | 


elidnwewtumerkomaaea:| a 72-95 
t " greater Oxygen vee 5-0 
than in the case of mild steel. Again the influence of Carbon dioxide ... 12-0 
SO,, CO,, and H,0 is to be noted. Steam . “ 10-0 
It was realised that it was desirable to endeavour | Sulphur dioxide.. 0-05 


to couple up the response at ordinary temperatures! This composition of the ‘‘ complex” gas was arbi- 
with that at 900 deg. C.; but to do this satisfactorily | trarily arrived at by considering the products of com- 


with the whole of the gaseous media was a very big | bustion from various fuels and sources. In both sets | 





silicon iron (T), and the Monel metal results are of 
interest by way of comparison with the general series. 

It is to be deduced from these figures that the resist- 
ance of iron is greatly increased by the addition oO: 
either chromium, or nickel, or both; the addition 0 
silicon or tungsten still further increases the resistance 
of such alloys. A comparison of these results would 
indicate quite clearly that the ‘‘ complex” gas, a8 & 
general representative of products of combustion, 1S 
much more active in attacking the samples than the 


Se ee ee ae 








FP oN Po 





‘Compare the two gaseous atmospheres. 


A 


MAy 
muffle atmosphere; the latter series of tests was 
introduced to enable a comparison with the other 
more “experimental” tests to be made in an 
empirical practical manner. There are, it should be 
noted, two exceptions, in which the attack was greater 
in the muffle atmosphere, namely, metallic nickel (C) 
and the chromium steels (K) and (L). Broadly 
speaking, the greater activity of the ‘‘complex”’ gas 
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could be studied. 
Fundamental Experiments. 





properties of the resultant alloy. 





TABLE XI.—TueE Errect oF OXYGEN ON STEELS AND OTHER ALLOYS AT VARIOUS HIGH TEMPERATURES. 


reactions between the metals, and subsequently between 
the steels, irons and alloys, and the individual gases 


The production of better 
heat-resisting steels, as has been shown, is dependent 
upon the influence of the added elements upon the |formity with the results of Sir Robert A. Hadfield’s 
It is, therefore, of | experiments,* published some years ago, and its 
interest to study the response of pure iron, and of the} behaviour in this respect is particularly interesting 





Index Figure. 














| 
Symbol. Material. anaek ] 

| 700deg.C. | s800deg.C. | 900 deg. C. | 1.000 deg. C. 

| | | 
G Mild carbon steel .. a | 10-422 | 29-7 | 83-411 | 170-860 
H 3 per cent. nickel steel al 40-032 | 51°2 67-025 | 230-286 
I 36 per cent. nickel steel 4-122 9°73 | 14-039 } 25°548 
J | Silicon-chromium steel 0-260 | 1-6 | 207 | 2-94 
K Chromium steel 0-223 | 1- 2-789 | 91-30 
L Chromium steel ie 0-600 | 0-7: 1-895 2-886 
M Chromium-nickel steel % aa 0-64 1- 4-080 | 43°577 
N Chromium-nickel steel oF “a 1-079 | 1: 2+707 | 5-659 
oO Nickel-chromium steel ae ; 1°736 7: 11-667 | 19-305 
P Chromium-nickel-silicon steel 0-168 0- 1-262 1-806 
Q Chromium-nickel-tungsten steel 0-033 | 0-0: 0-202 3-489 
R_ | Nichrome i 6 0-243 | 0- 0-764 1-778 
s | Castiron -. 2. 11:773 | 56. 129-113 | 427-546 
T 15 per cent. silicon iron 1-447 | 3°98 | 4-354 | 78-651 
U Monel metal pe 1-728 | “os | 108-602 | —_— 





TABLE XII.—Tue Errect or STEAM ON STEELS A 


ND OTHER ALLOYS at VARIOUS H1GH TEMPERATURES. 








| 


Index Figure. 








Symbol. Material. l 
700 deg. C | 800 deg. C. | 900 deg. C. | 1,000 deg. C. 
| 

G | Mild carbon steel at 3657 21-970 | 74-932 231-051 
H 3 per cent. nickel steel | 8-693 35 +862 46-113 91-914 
I 36 per cent. nickel steel “| 3-159 13-381 36-202 54-541 
J Silicon-chromium steel | 0-344 0-535 0-946 1°355 
K Chromium steel as 0-520 0-573 14-913 39-841 
L Chromium steel Pe ee | 0-235 0-583 2-031 3-260 
M Chromium-nickel steel wel 0-465 1-876 19-944 43-439 
N Chromium-nickel steel a | 0 24 0-50 6-14 17-456 
i) Nickel-chromium steel is re wal 1-305 2-044 6-153 16-027 
P | Chromium-nickel-silicon steel... =a 0-100 0-266 0-926 1-496 
Q Chromium-nickel-tungsten steel 3 0-098 0-305 0-370 2-765 
R Nichrome .. a ae eal 0-227 0-303 1-410 1-434 
8s Cast iron ica in. axel 22-615 46-493 94-093 238-353 
tT 15 per cent. silicon iron «al 2-20 92-976 210-487 418-304 
U Monel metal aa Se | 0-636 _— 18-927 — 














TABLE XIII.—Tue Errect or CARBON D10xIDE ON S 


TEELS AND OTHER ALLOYS AT VARIOUS TEMPERATURES, 





Symbol. 


Index Figure. 

















Material. 

700 deg. C. | 800 deg. C. | 900 deg. C. | 1,000 deg. C. 

| | 
+ Mild carbon steel .. a 10-025 36-738 74-916 93 -460 
H 8 per cent. nickel steel és 9-845 29-155 50-818 151-339 
I 36 per cent. nickel steel 2-783 9-995 25-395 30-734 
J Silicon-chromium steel 0-245 0-213 | 0-426 0-841 
K Chromium steel ‘ 0-810 0-870 16-045 62-283 
L Chromium steel a as oa x os a 0-235 0-757 2-889 2-948 
M Chromium-nickel steel aye ee ab ea eal 1-427 2-094 12-408 37-008 
N Chromium-nickel steel da ve ve ee _ 0-391 1-080 3+254 5°85 
O Nickel-chromium steel ea 1-054 2-205 7-328 11-654 
P Chromium-nickel-silicon steel , 0-122 0-224 0-550 0-584 
Q Chromium-nickel-tungsten steel .. 0-148 0-148 0-317 0-922 
R Nichrome .. ee ‘ aa 0-411 0-438 0-548 1-134 
8 Cast iron a oe 13-953 18 +547 21-133 40 -568* 
T 15 per cent. silicon iron 173-941t 1-523 5-814 29-473 
U Monel metal sha 2-60 _ | 21-203 — 

| | 














* Thin film, dark grey, adherent. . 
+ Abnormal local expansion resulting from “ growth. 


TABLE XIV.—Tue Errect or SuLPHUR D1oxIDE ON STEELS AND OTHER ALLOys AT VARIOUS HicH TEMPERATURES, 








Symbol.| Material. | 


Index Figure. 











j | 700 deg. C. 800 deg. C. 900 deg. C. 1,000 deg. C. 
| 
G | Mild carbon steel .. ne $s ae r ue 9-857 | 41-641 177-007 Converted 
H | 8 percent. nickel steel ee ae vel 30-192 | 450-675 700-13 Converted 
| 36 per cent. nickel steel war 20-120 } 141 “B15 199-112 256-4: 7 
J silicon-chromium steel mel 0-52 1-275 4 "550 .3°235 
| Sennen eee | cass 0.545 0-823 1-433 
4 ‘hromium stee ae wat +455 . +825 : 
M_ | Chromium-nickel steel | 1.055 1-16 1-720 3-748 
N Chromium-nickel steel vel 1-432 1-648 1-833 2-633 
O | Nickel-chromium steel... eal 0-293 0-414 0-417 7-939 
P Chromium-nickel-silicon steel 7 0-380 0-600 1-149 2 412 
2 onal cates steel .. oa pie Bi a rr 
t Nichrome .. «s ee oe ° ‘ 55-62 : 
8 Cast iron aa $e 6-757 33-973 85-360 Converted 
iy 15 per cent. silicon iron 1-402 1-920 __ £:867 160 +396 
( Monel metal y 43-904 _ Converted — 




















must be accepted, and it is, therefore, of interest to 
The “‘ com- 
plex” gas contains more carbon dioxide, oxygen, and 
sulphur dioxide, and very much less steam. The 
author is of the opinion that the increased attack is 
due to the increased percentages of CO, and SO,, 
particularly of the latter. The anomalous behaviour 
of the nickel and of the chromium steels is difficult to 
explain, and it was considered desirable to conduct a 
systematic investigation in which the fundamental 





other elements normally employed, to simple gaseous 
influences at increasingly high temperatures. The 
experimental pieces of pure iron (A), chromium (B), 
nickel (C), cobalt (D), copper (E), and tungsten (F) 
were exposed for twenty-four hourse to oxygen, steam 
CO, and SO, at 700 deg., 800 deg., 900 deg., and 
1,000 deg. C. The measure of the attack (index 


figure) was the increase in weight in milligrammes of 
the specimen per square centimetre of surface. 
A consideration of the results obtained leads to the 
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_— comments :—(1) The order of the resistance 
to attack, if broadly surveyed, is much the same 
| whether the medium is oxygen, H,O, or CO,—e.g., 
chromium, nickel, cobalt, copper, iron, tungsten. 
The low resistance of tungsten to these gases is in con- 








|in view of the value of tungsten in heat-resisting 
| steels as generally known, and as shown in Tables XI 
lto XIV. There were notable exceptions in the order 
| of resistance, as in the case of SO,, in which it was 
| found that cobalt was badly attacked at all tempera- 
tures, the attack increasing progressively with rising 
temperatures, whilst in the case of nickel the attack was 
| very heavy at 800 deg. C. (index figure 366-73), but 
| decreased with higher temperatures (at 900 deg. C., 
| index figure was 83-729), so much so that at 1,000 deg. 
|C. the attack was almost negligible (index figure 
| 2-595). In the case of nickel this curious effect is 
| @ppurently due to the nature of the scale formed ; 
| that formed at 1,000 deg. C. is very firmly adherent. 
| (2) The extent of the attack varies at different tem- 
| peratures for the different metals, so that the order of 
resistance of the different metals to gaseous media is 
[not necessarily the same at all temperatures. This 
| was well illustrated by cobalt and copper in steam, 
oxygen, and CO, ; whilst the attack increased with 
temperature, it was seen that raising the temperature 
from 800 deg. C. to 900 deg. C. caused such an abnormal 
acceleration in the attack on the cobalt as to reverse 
the order of resistance. Cobalt in CO, gave an index 
figure of 5-385 at 800 deg. C., and 44-326 at 900 deg. C. ; 
| in steam the figures were, respectively, 0-824 and 
| 25-896; and in oxygen 4-387 and 93-132. (3) Increase 
in the attack, as the temperature is raised, is general 
but not without exception, as was seen in the case of 
nickel in SO,. The experiments occasionally showed 
that the character of the scale had much influence. 
The increase in attack does not always show a reason- 
ably proportional relationship to the increase in tem- 
perature, the attack in several cases becoming abnor- 
mally accelerated with increasing temperature, 

Having determined the response of the individual 
metals to these gases at high temperatures, it is of 
great interest to study the behaviour of steels of 
various compositions, produced by alloying them in 
different proportions. 

The Response of the Steels, Irons, and Alloys under 
the same Conditions.—It will be seen from Tables XI to 
XIV that the very interesting set of commercial steels, 
irons, and alloys have been studied under like experi- 
mental conditions; in each case the exposure to the 
gaseous atmosphere lasted twenty-four hours at the 
temperature selected, as in the previous experiments. 
Commencing with ordinary mild steel (G) for com- 
parative purposes, the influence of the addition of 
nickel can be judged from samples (H) and (I), which 
contain 3-0 and 36 per cent. respectively of that 
element. The next steel is the well-known valve steel, 
containing 8 per cent. to 9 per cent. of chromium, 
with 3 per cent. of silicon (J). Steels (K) and (L) 
contain 13-0 per cent. and 18-0 per cent. of chromium 
respectively, and therefore enable judgment to be 
passed upon the influence of the latter element. The 
next steels in the series, (M), (N), and (O), contain 
both nickel and chromium, but with those elements 
in different proportions. Steels (P) and (Q) are of 
particular interest, as showing how tungsten and 
silicon respectively modify the response of the chromium 
nickel compositions similar to that found in steel (N). 
Nichrome is added owing to its well-deserved reputation 
for high-temperature work. Cast iron is included for 
comparison with mild steel, whilst the 15 per cent. 
silicon iron is included owing to its acid-resting proper- 
ties at ordinary temperatures. Monel metal containing 
as it does, a similar nickel content to nichrome is 
added for that reason. 

The attack on the mild carbon steel (G) is heavy in 
all the four gaseous media. The addition of nickel 
produces anomalous results. It will be remembered 
that in the complex industrial gas, and in the muffle 
atmosphere, the 3 per cent. and 36 per cent. nickel 
steels (H) and (I) gave materially improved results, 








whereas, when the individual gases are considered, the 
3 per cent. nickel steel (H) gives a worse response in 
the lower range of temperature than mild steel in 
oxygen and steam, and much worse in SO,. The 
36 per cent. nickel steel (I) gives a superior result in 
oxygen, steam, and CO,, but in. SO, the attack is 
again extremely heavy. The silicon-chromium steel (J) 
is comparatively very resistant in all four gases at all 
the temperatures dealt with. Turning to the chromium 
steels (K) and (L), it will be seen that in each medium 
a substantial increase in resistance is obtained, and that 
this resistance is greater with the higher percentage of 
chromium. The three steels containing chromium and 
nickel in different proportions (M), (N), and (OQ) are 





* See ENGINEERING, 1903, vol. Ixavi, page 330. 
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MOTOR-DRIVEN TYRE-INFLATING PUMP. 


CONSTRUCTED BY MESSRS. 

















Fig. 1. 


again of particular interest, and the results definitely | 
indicate that there is an optimum balance of these | 
elements for maximum resistance to the gases in con- | 
formity with the results given in Table VI. The steels | 
(QO) and (P), to which silicon and tungsten respectively | 
have been added, have an enhanced resistance, taking | 
the results all round. The nichrome, while behaving | 
well in oxygen, steam, and CQ,, fails badly in SO, at | 
the higher temperatures, As regards the other 
examples, perhaps the only point that need be noted is | 
the substantial resistance of the 15 per cent. silicon | 
iron in SO, up to 900 deg. C. 

A General Consideration of the Results.—In generally 
surveying the data contained in the present paper, 
it is desirable to go back to a consideration of the figures | 
givenin Table VI. Therein will be found a quantitative | 
indication of the degree of resistance of iron, chromium, 
and nickel in the first place, and then of the various 
types of industrial materials, to the ‘‘ complex”? | 
gas and the muffle atmosphere at 900 deg. C. In the 
course of the experiments, it became clear that different 
gaseous media produced different results, but in the | 
two gases dealt with in Table VI the corroding medium | 
is reasonably representative of those influences, for | 
resisting which better compositions of steel are being 
sought. It is clear that the complex gas, representing 
as it does the industrial products of combustion, is 
more active in attacking the materials than the muffle | 
atmosphere, which, as will be seen, not only consists of 
some unburnt combustibles, but also contains a 
definitely less proportion of sulphur dioxide. As a 
result of this research, the author holds the view that 
steam and SO, in the gases materially increase the | 
difticulties of withstanding their action. Indeed, 
Kayser has shown that in the case of nichrome and 
similar alloys, the resistance is very materially lowered | 
by the presence of SO, ; whilst Ulick Evans emphasises | 
the serious effects due to the SO, produced even in the | 
combustion of coal-gas. It will be clear, therefore, | 
that SO, resulting from the fuels used is one of the} 
essential influences which the metallurgist is called 
upon to combat. 

A survey of the data presented results in the detection | 
of several anomalies of such consequence that it is | 
evident that one cannot deduce, from the behaviour of | 
the constituent metals and elements, what the response 
of the alloy produced will be under a given set of 
experimental or service conditions. As a result of 
an interesting research in this field, it was stated, 
for instance, by Utida and Saté that the attack on the 
alloy was greater as the iron content was increased. 
The author’s data certainly demonstrates that such is 
not the case; it is shown that some alloys rich in iron 
have very much greater resistance than others con- 
taining less of that element. 

The protective action of chromium is generally 
confirmed, The alloying of chromium with iron in the 
production of rustless and heat-resisting steels has 
been well dealt with in technical literature. The 
patent history of this and other countries also yields | 
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much information. The work of Brearley, Haynes, 
Pasel, Becket, the author, and others laid a sound 
foundation to the knowledge of that particular field. 
An interesting paper by McQuigg discusses the influence 
of chromium in increasing the heat resistance of steels, 
whilst the American Society for Testing Materials 
Symposium of 1924 did much to focus attention on the 
subject, notable papers being given by Johnson and 
Christiansen, Hunter and Jones, and Fahrenwald. 

The American Symposium, to which reference 
has just been made, has also done much to extend 
the use of alloys containing nickel in addition to chro- 
mium, thus encouraging the utilisation of the additive | 
advantage of that element. The apparently anomalous | 
effect of nickel in assisting in the protection of the | 
steel of which it is a constituent may probably be | 
explained by the influence of that element in causing | 
the formation of a particular kind of protective layer ; 
it is certainly an outstanding fact that, with pure nickel | 
in SO,, there was a heavy attack at 800 deg. C., but | 
that the attack diminished materially at 900 deg. C., | 
and became practically negligible at 1,000 deg. C. | 
That nickel is a valuable element in these heat-resisting | 
steels has also been established by other investigators. | 
Sir Robert Hadfield,* while giving no details of the} 
precise analysis of the steels which he discussed, went | 
so far as to suggest that the inclusion of nickel was | 
responsible for a great step forward. Monypenny7 | 
described the increased resistance due to the addition of | 
this element ; and the same deduction is also to be made | 
from the paper by Elliott and Willey.+ | 

The influence of silicon and tungsten in further | 











| increasing the resistance would appear to be fully estab- 


lished. In the case of tungsten this effect is certainly | 
anomalous, since, as previously mentioned, the experi- | 
ments disclose an abnormal attack in oxygen, a heavy 

attack in steam, but a materially diminished attack in | 
CO, and SO,. It might, of course, be deduced that | 
the additive protection accorded by the metal is in| 
line with its behaviour towards the anhydrous acids | 
CO, and SO,, particularly the latter. The main} 
feature of this paper is the attempt to establish quan- | 
titatively the fact that these added elements do indeed | 
produce steels which satisfactorily resist attack at high | 
temperatures, and amongst such can safely be cited | 
certain compositions in the chromium, the silicon- 
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of these materials by dealing with the mechanical 
characteristics. That aspect of the matter is being 
dealt with separately, but it may be sufficient to state 
that a similar quantitative increase in strength at 
high temperatures is being obtained, in certain cases, 
as a result of similar modifications in composition. In 
a consideration of this work it should be borne in 
mind that, apart from the simple metals, the materials 
selected for the research are representative of actual 
steels which have seen service conditions. By restric- 
ting the paper to these steels, the subject has been 
brought within its present compass. It will be realised 
that with so many elements to work upon the combi- 
nations are almost without limit, and it is the author’s 
opinion that a proper appreciation of the possibilities of 
this field will enable the engineering world to develop 
successfully the various projects so dependent upon 
the satisfactory resistance of steel at high temperatures. 
Some of the steels dealt with in the paper are already 
complex in composition and constitution, but experi- 
ment may finally establish that the addition of cobalt, 
molybdenum, aluminium, and other elements may 
result in further advantages as regards the desirable 
characteristics. 





A MOTOR-DRIVEN TYRE-INFLATING 
PUMP. 


THE pressure on the resources of the modern garage 
due to the increasing popularity of motoring is, as in 


| other industries, causing the supersession of hand 


labour by that of the machine. Among the latest 
additions to garage labour-saving devices is a pump, 
driven by an electric motor, for inflating tyres. This is 
illustrated in Figs. 1 te 3 and is made by Messrs. Reavell 
and Company, Limited, of Ipswich. It will inflate a 
completely flat motor-car tyre of the average type to a 
pressure of 80 lb. per square inch in 1} minutes. The 
maximum working pressure is 150 lb. per square inch, 
and the motor can be wound for direct current of 
100 volts to 500 volts, or for practically any standard 
alternating current. Weighing altogether about 200 lb., 


| the base of the set is fitted with rubber-tyred wheels, 


one of which is arranged to swivel, while a handle for 
moving it is attached. ; ; 
The electric motor itself is easily distinguished in 


chromium, chromium-nickel, chromium-nickel-silicon, | Fig. 1, and bolted to one end of it is the pump, which 
and chromium-nickel-tungsten series. Some of these | has a closed crank-case and gilled cylinder. On the 
steels have extremely satisfactory characteristics as| top of the motor is a circular water tank containing @ 
regards resistance to corroding media under the condi-| coiled pipe through which the compressed air 18 


‘tions studied, and are fitted for much wider service | delivered. This makes certain that the air is cold 


than that in which they are at present employed. | when introduced into the tyre, and to ensure clean- 
In preparing this paper the author has studiously | liness also, it is passed through an oil separator attached 
kept to the problem of corrosion-resistance at high|to the lower part of the cooler. The suction inlet, 


temperatures, and has not complicated the consideration | 





* Paper read before the Institute of Marine Engineers, 
See ENGINEERING, page 42, ante. 
+ J. H. G. Monypenny, “ Stainless Iron and Steel.” 


| London, 1926. Messrs. Chapman Hall, Limited. 


¢ T. G. Elliott and G. B. Willy.—Paper read before | 
the Congress of Chemists, London, July 20, 1926. See | 
ENGINEERING, 1926, vol. cxxii, page 112. 


moreover, is provided with a filter. Connection 1s 
made with the tyre valve by a rubber tube, which, 
when not in use, is wound round the cooler. About 
30 ft. of supply cable with a wall plug is coiled on two 
horns on the handle. 

Details of construction of the motor and pump are 
given in Figs. 2 and 3. The motor needs no comment 
beyond stating that it is of § hp. and runs at 1,000 r.p.m. 
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The cylinder and crank-case claim more attention. 
They are cast in one piece of close-grained cast-iron. 
The crankshaft is of forged steel and runs in a main 
bearing bush of phosphor-bronze. The usual centri- 
fugal device for preventing the oil passing into the 
motor is fitted, together with a packed gland. Splash 
lubrication is adopted, and a dipper rod for measuring 
the oil level suppiied. The connecting rod is of gun- 
metal, with gudgeon-pin and bush of case-hardened 
steel. The cylinder is 13 in. bore by 1}-in. stroke, 
with a piston packed with cast-iron rings. The cover 
contains the suction and discharge valves, which are 
of the reed type and readily accessible. The delivery 
passage communicates directly with the cooling coil. 
A relief valve is fitted on the oil separator, from the 
side of which the rubber hose is taken. 








NOTES ON NEW BOOKS. 

Ir is probable, owing to the advent of the new Elec- 
tricity Bill, that the distribution of electric power by 
overhead lines in this country will extend considerably 
during the next few years, and the construction of 
such lines is therefore likely to become a matter of 
increasing importance. In the past, engineers respon- 
sible for this class of work have found Wade’s Tables, 
giving the strength of wooden poles, &c., of great 
practical value, but owing to the fact that the 
rules governing overhead-construction work have been 
re-drafted by the Electricity Commissioners, the 
original tables, issued in 1906, have been rendered 
obsolete. These tables were compiled by Mr. Richard 
Wade, A.M.I.E.E., of Messrs. R. Wade, Sons and Com- 
pany, Limited, now incorporated with Messrs. Gabriel, 
Wade and English, Limited, and were based on tests 
made on poles, the lower ends of which were rigidly 
held; a description of these tests was given in our 
issue of August 17, 1906. To comply with the latest 
regulations, a new edition of the tables has recently 
been issued, and although still based mainly on the 
original tests, the results of several other tests on 
models and full-size poles planted in the ground under 
normal working conditions have been used in the work 
of revision. The tables give the tension and sag of the 
wire at various temperatures, with and without wind 
and ice, for spans ranging from 100 ft. to 300 ft. for 
low-tension lines, and from 100 ft. to 450 ft. for high- 
tension lines, data for single and stranded wires being 
given in all cases ; wind pressures, breaking loads and 
safe loads for all the usual types of poles are also tabu- 
lated. Inthe introduction, the derivation of the tables 
is explained and their use is illustrated by examples, so 
that the user is provided with all the data and infor- 
mation necessary for the design of a line to meet the 
requirements of the Electricity Commissioners. The 
tables, which are printed in large clear type and bound 
in limp-cloth covers, are published by Messrs. Wade, 
Sons and Company, Limited, Garrison-side, Hull, who 
make a charge of 15s. per copy for them. 





With the second part of volume V of the ‘“ Tables 
Annuelles de Constantes et Données Numériques de 
Chimie, de Physique et de Technologie” [Paris: 
Gauthier-Villars et Cie; Cambridge: the University 
Press; price 31.] the publication of documents dating 
from the period 1917 to 1922 has reached its comple- 
tion, Volume VI, dealing with the two years 1923-24, 
will, it is hoped, soon follow. The new volume runs 
into more than 1,100 pages, and is more bulky than 
its predecessors. It abstracts the work on atoms 
and electrons, X-rays, radioactivity, cosmical physics, 
atomic and molecular weights, transformation points, 
diffusion and osmotic effects, solubility, thermo- 
chemistry and so on, down to metallurgy and mechani- 
cal constants, in the order stated, which does not appear 
to be based upon any principle. There is a new section 
on photo-chemistry; photography has received more 
attention than before and the classification of alloys 
im metallurgy has been changed. The small number 
of references in the errata columns for the Volumes I 
to V testifies to the great care bestowed upon this 
work. The contemplated publication of a general 
index to the volumes so far published has not yet been 
Tealised ; it would greatly add to the utility of the 
tables, but it would naturally involve a great deal of 
— Most of the contributions come from France, but 
— t. 0. Griffith and W. J. Shutt have dealt with 
€micat equilibria, and Mr. L. J. Spencer with crystal- 
ography and mineralogy. : 





— 1922, the publications of the Meteorological 
ommittce of the Air Ministry have consisted of four 
the Weekly Weather Report (I), the Monthly 
(I er Report (II), the Observatories’ Year-Book, 
3 Ja (IV), and the Réseau Mondial, (V); the corre- 
Ponding parts of the previous publications are indi- 


cated by the Roman numbers I to V. None of these 
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for, after all, most people have only a momentary 
interest in the weather. ‘“‘ The Observatories’ Year- 
Book, 1923” [H.M. Stationery Office ; price 31. 3s.] is 
too expensive and too tabular a volume to attract 
many readers, but it contains, none the less, matter of 
the greatest value. The volume comprises, tabulates and 
discusses the results obtained from autographic records 
and visual observations at Lerwick, Aberdeen, Eskdale- 
muir, Cahirciveen, Kew and Benson. At Aberdeen, 
the observations were limited to what is generally 
understood by meteorological data, i.e., air pressure, 
| temperature, humidity, rainfall, sunshine, wind speed 
‘and direction, ground temperature, and cloudiness. 
| The observations at Lerwick, in the Shetlands, have 
| been carried on since 1921 in the Admiralty wireless 
station which is mainly intended for magnetic obser- 
vations; the constant look-out kept for aurore 
during the winter months is, unfortunately, fre- 
quently interfered with by rain and clouds. The 
three buildings and the huts of the Eskdale- 
muir Observatory, in Dumfries, stand on peaty and 
boggy soil; the site, nine miles from any town or 
railway, was selected in 1909 to avoid magnetic 
disturbance. The meteorological observations include 
determinations of the potential gradient of atmospheric 
electricity (daily at 3, 9, 15, and 21 hours) and of the 
magneticelements; there are also three Gallitzin seismo- 
graphs with galvanometric registration, the records 
of which are, unfortunately, disturbed by the persistent 
strong winds sweeping the open country. The Cahir- 
civeen Observatory is better known under the old name, 
Valencia Observatory. It was originally established on 
Valencia Island, off the Kerry coast of Ireland, in 1867, 
but was transferred in 1892 to Cahirciveen, on the 
mainland, situated about two miles from Valencia in 
hilly country; the range of work is about the same 
as at Aberdeen, but magnetic observations are also 
taken. This applies also to Kew, where solar radiation, 
ionisation and earth-air currents, potential gradients, 
and atmospheric pollution are further determined. 
The observatory at Kew (or Richmond) was originally 
built as a private observatory for King George III; 
since 1842 it has been devoted to physics and meteoro- 
logy, and complete meteorological records have been 
kept since 1854. The physical work was later trans- 
ferred to the National Physical Laboatory. Dr. C. 
Chree, for many years Chief of the Kew Observatory, 
has given valuable aid in preparing this volume, 
especially with regard to the magnetic work. The 
Benson Observatory, in Oxfordshire, restricts itself 
to examination of the upper-air records obtained 
from soundings with registering balloons at Benson, 
Richmond, and Liverpool. The partly-inflated rubber 
balloons, carrying Dines meteorographs, burst and 
fall when the air into which they have risen becomes 
too rarefied; out of 46 instruments sent up in 1923 
only 25 were recovered. 





In our issue for January 25, 1924, we gave a brief 
review of the first volume, second edition, of the 
“* Lehrbuch der Hisenhiittenkunde,” by Professor Bern- 
hard Osann. The second volume, dealing with iron 
and steel manufacture, is now available. Like the 
first, this second volume is destined to serve as a 
text-book for students and others in the iron and steel 
trades. The names of metallurgists and scientists 
foreign to Germany are cited occasionally, but the 
references, practically without exception, are to German 
publications. We do not propose to analyse the book 
at any length, and shall only refer here to a few points 
taken at'random. The author states that ‘‘ attempts 
for desulphurising in the mixer were made by Saniter 
who used CaO and CaCl, . . .,” and he mentions 
the failure in this respect experienced in German 
works. Saniter never attempted to remove sulphur 
in the mixer, as a perusal of his patents will show. 
The patents covered the use of calcium chloride and 
fluor spar, together with lime to form a very basic 
liquid slag. The author admits the success which 
attended the use of fluor spar ; calcium chloride was 
equally successful. The process to-day is followed 
extensively, and to excellent purpose, as an addition 
to the basic open-hearth, both in this country and in 
the United States. The author lays stress, and very 
rightly so, upon the correct designing of the gear 
operating the tilting of the converter, and says that 
‘* failure under this head was responsible for an accident 
which happened many years ago at an English works 
during a visit of the Iron and Steel Institute Pee 
He no doubt refers to the accident which occurred 
at the time of the autumn meeting of the Institute 
held in Middlesbrough, over forty-three years ago. 
We gave a few days later in our issue for September 28, 
1883, an account of the accident, illustrated by a 
diagram. No converter was involved. A carriage 
supporting a ladle which contained ten tons of molten 
iron was jerked by the locomotive that was hauling 
it and this caused the two parts of the clutch between 


thus leaving the ladle free to tip over. The name 
of Dr. Stead cannot, with justice, be separated from 
the “‘ afterblow.”’ In his presidential address to the Iron 
and Steel Institute, Dr. Stead made the following state- 
ment:—‘‘ ... That the inventors (Thomas and 
Gilchrist) did not, at first, recognise the necessity of the 
afterblow is apparent, because it was not till success 
followed afterblowing at Middlesbrough that in April, 
1879, letters patent for the afterblow were obtained 
by Messrs. Thomas and Gilchrist.” Dr. Stead’s 
suggestion of the afterblow and his explanation of its 
chemical effects at tests carried out in the late ‘seventies 
of iast century, at Messrs. Boleckow, Vaughan’s Eston 
Works, Middlesbrough, marked the turning point in 
the basic Bessemer process. In this respect, at least, 
his name should be quoted before any other. The 
German text-book is published at the price of 32 marks, 
by the Verlag von Wilhelm Engelmann, Leipzig. 





Many beginners are tempted to take up the study 
of heat engines without adequate preparation in the 
underlying scientific principles, and the plan adopted 
by Mr. F. G. R. Wilkins in ** Elementary Heat and Heat 
Engines,’’ of explaining in a simple manner, at the begin- 
ning of the course of study, the connection between 
theory and practice has much to recommend it. In this 
work, which is published by the Oxford University 
Press at 7s. 6d. net, the first five chapters are devoted 
to heat, expansion, units of heat, mechanical equivalent, 
calorimetry, &c., and are accompanied by a large 
number of exercises, many of which are fully worked 
out, a feature which cannot fail to be most beneficial. 
It is to be regretted, however, that the author has 
adopted, almost throughout the book, the centigrade 
heat unit, which nobody uses in practice. The British 
Thermal Unit (B.Th.U.) is, of course, standard in this 
country, and is always employed by engineers. There 
may be good reasons for adopting the gramme-calorie 
of the metric system, but there is surely no need to 
complicate matters in the beginner’s mind by intro- 
ducing a third unit, half English and half metric. 
The particular form of coal calorimeter described at 
page 100 has long been known to be quite useless. It 
would have been much better to include some reference 
to the bomb calorimeter, which is now in general use. 
The chapters relating to boilers and boiler fittings and 
to the reciprocating steam engine are well written 
but some of the sketches, such as that of the water 
gauge at page 137, and the catalogue illustrations of the * 
steam gauge are not very good, and better and more 
modern examples of engine details might perhaps have 
been chosen. The chapter on the efficiency of the steam 
engine is excellent, and the author has been well 
advised to include some reference to the steam turbine, 
which in most elementary books is very lightly passed 
over. The book is produced at a very moderate price, 
and is a distinct acquisition for the purpose for which 
it is intended. 





Fifty years and less ago, Miiller-Pouillet’s text book 
of physics was as popular on the Continent as Ganot- 
Atkinson’s similar book was in this country, and par- 
ticularly in America. Claude 8. M. Pouillet, of Paris, 
wrote his Hléments de Physique in 1827, and the text- 
book of physics and meteorology, which J. H. J. Miller 
of Freiburg based upon that book in 1842, formed one 
volume. Since then physics and its text-books have 
grown amazingly. The volume on Thermodynamik of 
Miiller-Pouillet’s Lehrbuch der Physik, 11th edition, 
[Braunschweig : Friedr. Vieweg & Sohn, A.-G., price 
63 marks], constitutes only the first half of the third 
volume of this publication, and yet it runs into 1185 
pages. The book well maintains its reputation. The 
editor, Professor Arnold Eucken, of Breslau, has had 
the assistance of several collaborators, whose names 
appear at the heads of the different sections. But Pro- 
fessor Eucken has himself contributed the main sections, 
and a uniform character has been preserved in the 
treatment, though in the discussion of the physical, 
chemical and technical problems, it has not always 
been possible to adhere rigorously to the same symbols. 
Some concession to traditional practice had to be made. 
The division on heat engines, comprising steam engines, 
turbines and internal, combustion engines, has been 
written by Dr. Zerkowitz. As regards single crystals, 
reference is only made to Czochralski’s experiments and 
papers ; the subject is new, very much in the crystal- 
lisation stage itself, but other workers should have 
been mentioned. On the whole, however, the book is 
quite up to date and is well written. 





Tria Trier or tHe §.S. “ British Cotony.”— 
Successful sea trials have recently been carried out, off 
the Tyne, of the oil-tank steamer British Colony, a speed 
of over 11 knots having been attained. A description 
of the vessel, which has been built by Messrs. Swan, 
Hunter and Wigham Richardson, Limited, at their 
Neptune Shipyard, Newcastle-on-Tyne, to the order of the 
British Tanker Company, Limited, London, will be found 








ions finds the popular support it deserves ; 


the ladle and the tipping gear to become disengaged, 


on page 512 ante, written on the occasion of her launch. 








[May 27, 1927. 
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‘“* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 

SELECTED ABSTRACIS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

2 a ; where none is mentioned the Specification is not 
Where Sapeativins are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 
Copi i § Specifications may be obtained at the Patent Office, Sales 
Bra R $5. Southampton Buildings, Chancery-lane, W.C.2, at 


lof, 





the uniform ? sige of 1s. 

The date of advertisement of the pt of a Comp 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed”’ is appended. 

~~ may, at any time within two months from the date of 
the advertisement of the pt of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 





ELECTRICAL APPARATUS. 


263,615. Switchgear and Cowans, Limited, Old 
Trafford, Manchester, G. H. Neep, Old Trafford, 
Manchester, and D. Firth, Old Trafford, Man- 
chester. Single-Phase Induction Regulators. (2 
Figs.) December 16, 1925.—The invention has reference 
to alternating-current, single-phase, variable-ratio trans- 
formers, of the kind comprising a stator provided on its 
inner periphery with diametrically opposite sets of spaced 
slots in which the secondary winding is housed and a 
shuttle-shaped rotor carrying the primary winding, 
shunted across the supply, and adjustable to vary the 
position of the rotor winding relatively to the stator 
winding. 3 is the stator, having around the whole of 


et 
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(263,6/5) 
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its inner periphery uniformly spaced slots, in diametric- 
ally opposite sets, in which slots the secondary or series 
winding 5 is housed, and 6 is the shuttle-shaped rotor 
carrying the primary or shunt winding 7 and _ the 
compensating or shading winding 8, which is housed in 
slots 11. The angles x subtended by the wound stator 
slots may conveniently vary between about 100 deg. 
and about 160 deg., and the angles y subtended by the 
polar ares or faces 9 of the rotor 6 may be equal to the 
angles subtended by the sets of unwound stator slots 10. 
Preferably, the angles x will be about 120 deg. and the 
angles y will be about 60 deg. (Accepted, January 12, 
1927.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


263,277. Morris Engines (Coventry), Limited, 
F. G. Woollard, Coventry, and A. G. Pendrell, 
Coventry. Internal-combustion Engines. (3 Figs.) 
November 23, 1925.—The inventiort provides improved 
means for transmitting motion from the crankshaft 
of an internal-combustion engine to the shafts of the 
valve-operating mechanism, magneto, pump, dynamo 
and other like parts. A crank or eccentric @ is arranged 





at one end of the engine shaft 6. This engages a couplin 

member which comprises a system of rigidly connecte 

arms. To transmit motion to three shafts h, the coupling 
member consists of a main portion c with a pair of 
transverse arms d extending from its opposite sides 
at right angles. At the outer end of each arm, provision 
is made to accommodate the inner and outer rings of 








a ball bearing and the inner ring is adapted to receive 


a crankpin g secured to the corresponding shaft h to 
be driven. One of the shafts Ah (e.g., the upper one) 
is connected through reduction gearing i to the valve 
shaft 7; another of the shafts h is connected directly 
to the magneto and the third to a dynamo. The 
circular motion imparted to the coupling member by 
the crankshaft b is transmitted by the coupling member c 
and its arms d to the other cranks and shafts. (Sealed.) 


263,449. Norton Motors Limited, Birmingham, 
and W. W. Moore, Birmingham. Pistons. (4 Figs.) 
September 8, 1926.—The invention relates to improved 
means for locating a gudgeon pin in a piston. The 
invention consists in locating a gudgeon pin within 
the bore in a piston by means of a divided annular 
washer and a spring retaining ring, the washer and 
ring being received in an annular internal groove near 
the end of the bore in the piston. The gudgeon pin 
a is @ push-in fit in a transverse bore in the piston 0. 
An internal groove c is machined in the bore near 
each end, of sufficient width to receive the washer and 
ring, and the shoulder forming the outer end of each 
groove is slightly tapered or inclined, as shown in 








F (263499) 


Fig. 4. The washer, as shown in Fig. 3, consists of a 
flat annular washer divided diametrically into halves 
d, d', and each half has opposed flats e to permit it 
to be inserted into the groove c. The retaining ring { 
consists of a ring of spring wire with the ends inturne 
as shown at g, so that they can be gripped by a tool 
for the removal of the ring. In assembling the parts, 
the gudgeon pin is pushed into place, the halves of the 
washer are inserted into the groove, and the retaining 
ring is sprung into the groove outside the washer. The 
retaining ring bears against the inclined outer face of 
the groove so that it tends to be wedged against the 
washer and cannot be displaced by an axial movement 
of the gudgeon pin. (Accepted, December 31, 1926.) 


LIFTING AND HAULING APPLIANCES. 


262,655. ‘Thomas Smith and Sons (Rodley), 
Limited, Rodley, near Leeds, and C. Walls, Rodley, 
near Leeds. Luffing Jib Cranes. (1 Fig.) May 29, 1926 
—tThe invention relates to luffing jib cranes. According 
to the invention, the crane is provided with compensating 
mechanism comprising two radial arms 1, each carrying a 
multiple pulley 5, around which the lifting rope 6 passes 
prior to being passed around the jib-head pulley 9, one of 
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the radial arm members being associated with the foot 
of the jib and piveted about the luffing axis, and the 
other radial arm member being pivotally mounted at, 
or towards, the rear of the superstructure 4. The lower 
extremities of the two radial arm members 1 are con- 
nected, by tie members 10, to intermeshing toothed seg- 
ments 11, whereby the resultant forces may be com- 
pletely balanced. (Sealed.) 


263,273. W. E. MacKenzie, Stroud Green. 
Transporters. (15 Figs.) November 16, 1925.—The 
invention has reference to transporters of the kind 
in which carriers are mounted on an overhead runway 
on which they always move in the same direction, 
the carriers being loaded at one point and discharged 
at another point from which they return to the loading 
point along a return path. A transporter, in accord- 
ance with the invention, comprises a runway 14, 
a plurality of carriers mounted thereon, means for 
driving the carriers along the runway so that they are 








maintained in continuous movement and are caused 
to travel faster between the points at which they are 
loaded and unloaded, and hoisting gear carried by 
each carrier and adapted to be actuated by the preceding 
or following carrier or by the preceding and following 
carriers. Worms or screws 17 are each mounted within, 
and extend along the full length of the runway 14, 
The worms 17 are driven by an electric motor 18. The 


Fig.t 14 
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pitch of the worms 17 is not uniform throughout the 
whole of their lengths, but is varied at one or more 
places. The worms 17 drive the carriers, and the 
arrangement is such that when the carriers are in 
engagement with parts of the thread that are of varying 
pitch they are propelled at an increasing or decreasing 
rate compared with that at which they are driven 
when in engagement with parts of the thread of uniform 
pitch. (Sealed.) 


262,856. H. Singleton, Huddersfield. Handling 
and Discharging Coke. (3 Figs.) September 16, 1925.— 
The invention relates to apparatus for handling and 
discharging coke by means of a skip controlled from a 
telpher cab. According to the invention, the telpher 
cab B! is mounted upon the end of the telpher frame B 
that is farthest from the discharge outlet D of the retort 




















stead i \ / 
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or coke oven, the telpher frame being mounted on over- 
head rails and provided with a carriage adapted to be 
mechanically traversed transversely across the telpher 
frame B, and carrying winding gear C, from which is 
suspended an automatically-discharging skip A, the 
movements of the telpher frame carriage and skip being 
controlled from the telpher cab B1. (Sealed.) 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 

264,590. William Hall and Company, Limited. 
Studley, and G. B. King, Edgbaston, Birmingham. 
Wire-Pointing Machines. (2 Figs.) October 21, 1925.— 
The invention relates to driving gear for wire-pointing 
machines. According to the invention, driving gear 
for wire-pointing machines includes an abrasive wheel 

















mounted within bearings which can be raised and loweeed 
vertically, comprising a belt 5 arranged i 


vertically and acted upon by a jockey pulley 6 in aily 
manner as to permit of the raising and lowering \ — a 
of the abrasive wheel shaft 1 and its bearings witho 
interfering with the drive. (Sealed.) 
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KING GEORGE’S DOCK, CALCUTTA. 
(Concluded from page 571.) 


Havine described in our last article the box- 
shaped caissons used as sliding caissons, in the 
case of the two for the entrance lock, and as a float- 
ing caisson, as regards the one for the central position 
in the dry dock, we now propose to deal with the 
two ship-shape caissons to be used at the end posi- 
tions of the dry dock (see Figs. 9 and 10, page 568, 
ante). These are known as Caissons Nos. 3 and 5, the 
former being for use normally at the wet dock end 
of the dry dock and the latter at the river end. 
The conditions of the two will naturally differ. 
The inner one will under usual circumstances have 
to hold up the water of the wet dock to a level 
about 37 ft. 6 in. above the keel, while in the case 
of the other the water level will vary between about 
25 ft. and 45 ft. from bottom of keel. These cais- 
sons have been built by Messrs. Head, Wrightson 
and Company, Limited, Thornaby-on-Tees, under 
a patent in the name of Sir T. G. Wrightson, 
Bart., and Mr. J. M. Ringquist, both of that firm. 
They are interchangeable, and are further re- 
versible, though differing in one detail as will be 
mentioned later. They are illustrated in Figs. 31 
to 36, Plate XXXIV, Figs. 31 to 33 giving the 
general arrangement, while Fig. 36 shows a cross 
section at a main frame. Inset in the latter figure 
are two details relating to the scuttle tanks referred 
to below. 

The main dimensions of the caissons are as follows : 
Length of bottom over keel timbers, 81 ft. 9 in. ; 
moulded breadth, 29 ft. 6 in. ; height from bottom 
of keel to top of deck, 46 ft. 6 in. The breadth 
of the timbers at the keel and stems is 2 ft. 11 in., 
the width of the grooves into which they fit being 
3 ft. 3 in., and the width of the lock at sill level being 
80 ft. The flotation level of the caissons is 22 ft. 
6 in. above the bottom of the keel. They are of 
very simple form, employing no curved plates in 
forming the main skin. Owing to the shape of the 
cross section, the lower parts are guarded against 
damage to a greater extent than is common with 
other types. From our illustrations, and particu- 
larly the sections, Figs. 32 and 36, it will be noticed 
that the form taken consists of a large air chamber 
29 ft. 6 in. wide and 15 ft. high, attached to a central 
vertical frame, extending from the top deck to the 
keel for the full length of the caisson. The frame is 
composed of eight vertical members spaced 10 ft. 
apart. They are about 3 ft. 6 in. wide, and 
above and below the air chamber are plated on both 
sides to form a hollow structure. The main frames 
of the air chamber, shown in detail in Fig. 36, are 
attached to the verticals just mentioned, and water- 
tight plating is carried aJl round these and across 
the top, joining up with the vertical sheathing 
on the central frame above and below the air 
chamber. The upper part of the central frame is 
finished with short cantilever beams 3 ft. deep, 
plated over on the sides and underneath, forming 
an horizontal box girder 16 ft. wide. Bracing is 
carried from the inner and outer corners underneath 
this, to corresponding points on the top of the air 
chamber, in two systems of cross-bracing, the outer 
intermediate point serving to give support to angles 
to which fenders of 9 in. by 4 in. teak are attached. 
Below the air chamber, gussets, stiffened with angles, 
extend from the outer edge dowr to the keel. The 
upper and outer members of the air chamber 
framing are composed of web plates 2 ft. 3 in. wide 
with angles at both edges. Between each pair of 
main frames there are five equally spaced inter- 
mediate frames to support the plating between the 
decks and stringers. The air chamber inter- 
age framing is shown to the right hand of 

ig. 32. 

There are four decks, as shown in the figures. 
The A and B decks, as stated, are 3 ft. apart. The 
C deck forms the top of the air chamber, and the 
Ddeck the bottom. Decks B, C and D are plated 
throughout. The air chamber extends from end to 
end of the caisson. The central frame between 
decks B and C is divided by two vertical watertight 
bulkheads into three parts, of which the central 
one is equal in volume to the two end compartments 
together. Flood openings are cut through the 


compartment and on the other for the end compart- 
ments. On the inner side of these bulkheads are 
vertical access trunks leading to the air chamber 
from the A deck. 

The permanent ballast consists of cast-iron shaped 
blocks of a convenient size for handling, fitted 
compactly into the ballast chamber, which ex- 
tends between the keel and the bottom of the air 
chamber. This compartment is 3 ft. 6 in. wide by 
6 ft. 1} in. deep. The keel proper extends below 
the bottom of this chamber, and is a box girder 
1 ft. 10} in. deep and 2 ft. 7 in. over flanges or 19 in. 
over web plating. The greenheart for the meeting 
faces is fixed to the keel and stems in such a way that 
it is not necessary for bolts to pass through the 
skin plating of the caisson. This will be clear on 
reference to Figs. 34 and 35. Reinforcing bulk- 
heads, breast hooks and diaphragms are provided to 
ensure that the keel and stems are firmly connected 
with the main structure of the caisson. 

The air chamber contains two scuttle tanks 
8 ft. 4 in. in diameter and 52 ft. in length. These 
are set in saddles, as shown in Fig. 36, and are 
held down by overhead channel section beams, 
and prevented from moving longitudinally by stops 
shown in the small details attached to this figure. 
These tanks are used for working the caissons. 
Each is divided into two compartments by a water- 
tight diaphragm. An inlet valve is fitted to the 
bottom of each compartment. These are connected 
with openings in the outside skin, and are used for 
filling the tanks. For emptying the tanks two 
electrically-driven cent.ifugal pumps are provided, 
with suitable valves and connections to the different 
compartments. The valves are so arranged that 
water may be discharged from any of the four 
compartments of the scuttle tanks by either pump, 
so that the caisson can always be raised on an even 
keel, even if one pump should be out of order. The 
valve stems are carried up to the A deck level, and 
can be worked from the 6-ft. gangway arranged 
across the top from stem to stem. The current for 
the pump-motors is taken to the caisson by flexible 
cable from the dock side, the arrangement being 
similar to that already described in connection with 
the sliding caissons (page 571 ante). 

As already stated the A deck carries a gangway 
6 ft. wide. This is intended for foot and light trolley 
traffic, but, as explained above, the A and B decks 
are 16 ft. wide, and are designed to carry a 15-ft. 
roadway should developments at the dock make this 
desirable. This is shown dotted in in Fig. 32. 

To operate the caisson, after floating into position 
the inlet valves are opened and the scuttle tanks 
filled under control. Whensunk, the inlet valves are 
closed. Under this condition the caisson has a 
preponderance of weight over maximum buoyancy of 
about 5 tons ; in addition, the friction at the meeting 
faces would have to be overcome before the caisson 
could lift. To raise the caisson, after the flooding 
of the dock, the scuttle tanks are pumped out, the 
water in the upper structure between decks B and 
C flowing out through the flood openings previously 
referred to. 

In conclusion, it may be mentioned that, in 
order to minimise the risk of accumulation of silt 
in the scuttle tanks, no water is taken into the 
caisson from below a level 7 ft. above the sill. 
Further, as in the sliding caissons, a slight difference 
has been made between the one intended normally 
for the outer position, and that meant for the inner. 
In both the lock and dock the outer caisson is 
provided with flushing valves to clear away any 
silt which may accumulate on the sill. The ship- 
shape caisson No. 5 is furnished with seven 9-in. 
valves for this purpose. 

At the present stage we may suitably describe 
the culvert sluice equipment for the entrance lock 
and dry dock. For this the Port Commissioner’s 
engineers decided on the wet-shaft type of sluice, 
in which the top of the sluice frame is left open 
and water from the up-stream side enters the 
shaft and submerges the sluice. In this type the 
top of the sluice frame is open in contrast with 
the dry-shaft type, in which the sluice frame is 
closed at the top and the lifting rod passes out 
through a stuffing box in the cover. The latter 
type is consequently rather the more expensive 


We illustrate the sluices in the drawings, 
Figs. 37 to 47, Plate XX XIV, while the illustrations 
given in Figs. 48 and 49, page 660, show respectively 
some of the sluices and frames erected at the 
works of the makers, Messrs. Glenfield and Kennedy, 
Limited, Kilmarnock, and one of the culverts 
and sluice frames being set in the masonry of 
the lock entrance wall. This contract covered 
22 sluices for installation at various points, 
together with 16 emergency frames. These were 
identical so far as the frames and paddles were 
concerned, differences being confined to the depth 
of the shafts to be served. Figs. 37 and 38 illustrate 
the arrangement of the sluices for the lowest 
culverts. These, with flood level at + 24, and 
the dock coping level at + 26, have an invert level 
of — 32, i.e., the shafts, to invert level, are 58 ft. 
deep. There are four of these deep shafts. In 
the case of eight others the depth to invert level 
is 48 ft., while eight others have a depth of 47 ft. 
The remaining three have a depth of 32 ft. only. 
For the greater part of the depth the shafts are 
rectangular, of 8 ft. by 3 ft. 6 in. section. For 
the lower part in which the sluices are housed, 
the shaft is enlarged to 10 ft. 6 in. by 4 ft. The 
sluices give a clear opening of 6 ft. by 9 ft., the 
top and bottom of the frames being slightly curved 
to conform with the shaft of the culvert. Fig. 49 
gives an excellent idea of the bell-mouth castings 
fitted, the sluice frame castings being visible in 
the background. In certain cases, as in that 
illustrated in Fig. 49, two frames are provided, 
the outer being for emergency purposes and not 
normally containing a paddle. 

The frames are of cast iron, and are split on the 

vertical centre line across the culvert, and bolted 
together by central flanges as will be clear from 
Figs. 41, 44, 45 and 46. It may be perhaps noted 
that Fig. 39 illustrates an elevation of one half, 
facing the central flange, with the paddle in 
position in the frame. Fig. 40 gives a section 
at right angles to the last figure, while Fig. 42 
shows the frame, on the left in outside elevation, 
and on the right in inside elevation; the latter 
indicates the facing strips. The complete frames 
taper, as shown in Figs. 37 and 40, at the rate of 
4 in. to the foot, over a height of 10 ft. 3% in., 
the culvert liner castings being similarly tapered. 
The frames are fixed to the liner castings by bolts 
and set screws, the latter being run into taper 
screwed bronze bushings to avoid corrosion. 
The paddles are of cast iron, being reinforced by 
ribs and flanges as shown in Figs. 39 and 44. 
The thickness across the flanges is 8 in. Gunmetal 
facing strips 1} in. by ¥% in. are fitted to both 
the frames and paddles on both sides, since the 
sluices are required to hold up a head of water 
on either side, according to the conditions in the 
docks. This requirement necessitated great care 
being taken in the machining processes, and the 
subsequent finishing by hand scraping. In addition, 
the frames were made accurately to gauge, so 
that the paddles are interchangeable. The frames 
and paddles were tested at the maker’s works 
before shipment, under a head of 70} ft., under 
which condition they were found to be quite 
watertight. For this test a special cover shown 
in place in Figs. 42 and 47 was made and bolted 
temporarily to the top of the frame. Apart from 
this test, this cover is not required for the sluices 
which, as explained already, are normally open 
on the top. The section, Fig. 46, is taken across 
the bottom of the frame, while that shown in 
Fig. 45 is at the side. It will be seen from the 
latter that the paddle is furnished with rubbing 
strips, which can also be discerned in Figs. 39 
and 44. These serve to guide the paddle in its 
upward movement. Further, extension guides 
3 ft. 74 in. long are bolted to the top of the frame, 
as shown in Figs. 37 to 40, and project upwards 
far enough to reach up to the centre line of the 
paddle when in the raised position. .Fig. 43 gives 
a plan of one of these guides. To guide the lifting 
rods accurately, brackets are fixed to the shaft 
side. For the deep shafts there are two such 
brackets, but for the others, only one. The lifting 
rods are in sections coupled by muff couplings 
and cotters. 








skin plating of this part, on one side in the central 


of the two. 





The hydraulic cylinders are 13} in. in diameter 
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CULVERT SLUICES FOR KING GEORGES DOCK, CALCUTTA. 
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and have a stroke of 9 ft. 2 in. Their weight and | 
total load to be dealt with is taken by box section 
girders embedded in the masonry of the shaft side. 
The cylinders are fitted internally with gunmetal 
liners y in. thick, gunmetal housings also being 
provided in the gland and packing box. The piston 
is of cast iron. It is fitted with two cup leathers 
separated by a gunmetal ring. 

The hydraulic pressure, as in the caisson operating 
equipment, is 800 lb. per square inch; but the 
cylinders will operate the sluices with a pressure as 
low as 650 lb. They were subjected to tests under 
2,000 lb. pressure before shipment. All joints are 
of gutta-percha cord laid in recesses. | 

The control equipment is housed at the top of the | 
shaft under the cover plating and comprises in | 
each case a gunmetal single-ported balanced hy- 
draulic slide valve, worked by a lever from surface 
level. The valve is also controlled by a tappet rod 
and striker on the piston rod, to prevent over-travel. | 





Stuicks ERECTED IN MAKER’S WORKS. 


size of vessels using the port. The two main 
docks are connected with a tidal basin, access 
which is possible from the river through a single 
80 ft. pair of gates, or through an entrance lock 
60 ft. wide. The old 80-ft. entrance is set at right 
angles to the river and therefore can only be used 
at slack water at high tide, so that it is not of great 
service in ordinary working. It was recently 
decided therefore to build another entrance lock 
80 ft. wide and 580 ft. long from mitre to mitre of 
gates, placing this just up stream of, and parallel 
with ; the existing 60 ft. entrance lock, facing up 
stream. As is well-known the works of the Kidde- 
pore docks havé given a considerable amount of 
trouble owing to movement, during and after the 
construction, the strata underlying the site being 
extremely treacherous. It was the experience thus 
forced upon the Port Commission which suggested 
to the engineers the advisability of adopting the 
caisson-monolith type of construction we have 
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by 6 ft. sluices, save for the fact that, large and small, 
in the case of the Kiddepore contract are dry shaft 
sluices. The frames of these are therefore furnished 
with a dome or cover. When the sluice is open 
the paddle is drawn up into this cover. The lifting 
rod passes out through a stuffing box in the top. The 
complete dome consists of two castings, a body and 
cover piece. Both are of cast iron. The latter in 
addition to accommodating the lifting rod stuffing 
box in the case of the large sluices, has a second 
stuffing box to one side, through which passes a rod 
which works both the tappet gear for the control, and 
the indicator. In the upper part of the shaft this 
rod is provided with a cross head working on two 
vertical guide-rods, one of which is fixed, the other 
being movable. The indicator chain is attached to 
the crosshead, which also acts as the striker for the 
tappet gear. Thelatter is operated by the cross- 
head coming into contact with a stop on the movable 
guide rod. This rod is coupled at the top with the 


These details are not shown in our drawings. | described as having been used for the King George’s | hydraulic valve. In the case of the 3 ft. 6 in. by 
Each sluice can be isolated by a stop valve pro-|dock. The same form of construction has been | 2 ft. 6 in. sluices, the indicator and control are 


vided as shown in Fig. 38. Indicating gear is also 
fitted, operated by a chain attached to the paddle. | 
This is shown in Fig. 38. At the top of the shaft | 
this chain passes over a grooved chain wheel, a | 
weight being attached to its free end. The grooved 
wheel is mounted on a screwed spindle mounted in | 
bearings, and on the screw is a nut fitted with a| 


pointer. The pointer thus moves along the spindle | 


as the sluice rises and falls, and indicates its exact | 


position at any time. 


New 80-rr. ENTRANCE TO KiIDDEPORE Docks. | 





adopted for the new Kiddepore 80-ft. entrance lock, 
that is to say, for the lock walls, and across the 
floor at both ends. It was considered that this type 
of construction would best ensure freedom from 
all risk of movement of the neighbouring entrance 
only, as a matter of fact, a few feet away. For most 
of this work well curbs 30 ft. by 30 ft. have been 
used with 42 ft. by 42 ft. curbs at the more exposed 
river end and 34 ft. by 30 ft. curbs under the floor. 
Sheet piling was first driven behind the old wall. 
Mitre gates are being provided for this entrance. 
The sluice equipment in this case comprises eight 


We have made mention on more than one| sets of culvert sluices 9 ft. by 6 ft. and four sets 


occasion, in connection with our description of the | 
new King George’s dock, of the older Kiddepore | 
docks situated close to the new work on the up- | 
stream side. These docks were first put into service 
in 1892, and have naturally in the course of time} 
become handicapped through. the growth in the | 





3 ft. 6 in. by 2 ft. 6 in. These have all been con- 
structed by Messrs. Glenfield and Kennedy, Limited, 
of Kilmarnock, the contractors for the larger number 
required for the King George’s dock. The sluices 
are essentially similar to thvse illustrated and 
described above, particularly in the case of the 9 ft. 





| 





worked in a similar manner, but off a crosshead 
fixed on the main cylinder piston rod, thus obviating 
the use of a second rod and stuffing box. The 
working head on the sluices is 40 ft. 

In conclusion we would repeat our sense of 
indebtedness for assistance in the preparation of 
the foregoing articles to Mr. S. C. Stuart-Williams, 
Chairman of the Port Commission, Mr. J. McGlashan 
M.Inst.C.E., Chief Engineer and Mr. J. Angus, 
M.Inst.C.E., the Commissioners’ London Agent and 
Consulting Engineer. 





WIRELESS STATIONS IN CHINA.—We learn from a recent 


issue of the Chinese Economic Bulletin that the c ers 
tion and installation of the wireless station in the nort wee 


suburbs of Canton has been completed, and that 1! 
transmitting messages. The wireless station at Fu: pene 
the capital of Fukien province, has also been rep»i" d ss 
put into communication with Hong Kong, and with othe 
stations along the south coast of China. 
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THE WORKS OF MESSRS. HERBERT 
MORRIS, LIMITED, LOUGHBOROUGH. 
(Concluded from page 576.) 

Up to the present, we have dealt exclusively with 
the various shops from a production standpoint, 
and in the remaining space at our disposal we 
propose to give an outline of the office organisation. 
It is a truism to state that, unless manufacturing 
operations are arranged in suitable sequence, with 
a careful planning of the purchase and delivery of 
materials at the correct moment, the operating side 





not apply in their case. They are, perhaps, in an 
advantageous position as compared with less 
specialised firms in that the bulk of their products 
are of a repetition nature, but it is not infrequently 
in these circumstances that production is found to 
be hampered most seriously by red tape. 

It is clearly impossible in a limited space to deal 
with more than a few of the leading features of the 
office organisation. Of these, one of the more 
important is the means employed to ensure that 
delivery dates are constantly kept in mind by the 





responsible officials, as a failure of the goods to 


referred to. The slips can readily be rearranged 
in the frame in any order that circumstances 
demand, and enable the responsible official to see at 
a glance how his orders stand, and to apply pressure 
as required, to ensure that promises to customers 
are kept or, if necessary, anticipated. 

It is mainly in the commercial departments that 
special care has to be taken to avoid needless 
duplication, and the methods adopted by Messrs. 
Morris to reduce clerical work to a minimum are 
decidedly ingenious. To take a typical example, 
one operation on the typewriter is utilised to make 

























































































































































































of a business will speedily be in a condition of chaos. 
HERBERT MORRIS, LTD, LOUGHBOROUGH, ENGLAND |Sgoaraonc 
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| D®roHERBERT MORRIS.Lto. c/n. 61534 
| - C/n. 61634. 26/97857 e 
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MORRIS PULLEY-BLOCKS. Marks vant 7) Toms |g ‘wae once sac | 
WITH CHAINS AND LATEST IMPROVEMENTS. ae Onan ; “WORN- 3EAR 
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gd 2/15/0 | | camamhbanel 
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UI 
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Test Certificate No. 51675 herewith. 
TERMS—NET CASH. 
Test Certificate No. 51675 herewith. Checked by ae | SO Osevatcned invoiced a STATUS 
Gnoo Gnest Received Sent to Cent 41 Order Cara mace —— | CASE NOTE? 
TERMe—weT CABH assay +3715 
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| HERBERT MORRIS, LTO, LOUGHBOROUGH, ENGLAND 


out the invoice, the record for the accounts 
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department, the copy for the order department, 
the works order sheet, and the consignment note 
for the railway company. These forms are repro- 
duced in Figs. 41 to 45, annexed, and it will be 
noticed that precisely the same information is 
typed on the first three forms, that the price is 
omitted on the works order sheet, and both the 
price and details of the order on the consignment 
note. It will thus be evident that if the forms 
are placed in the correct order in the typewriter, 
with the requisite carbons, the information not 
required being blanked off on the two bottom 
































forms, all five can be typed at one setting. 
In some of the other commercial departments 














it is not possible to take advantage of such highly 
simplified methods, but the constant endeavour 
to achieve efficiency has evolved a form like 
Fig. 46 for the purpose of sending instructions to 
the works. In this case the form, which is on 
transparent paper, is filled in on the typewriter 
with a reverse carbon paper behind, so as to 
obtain a very strong impression. It is then pos- 
sible to obtain a number of blue prints from the 
form, so that all departments concerned can 
obtain an exact copy of the original works speci- 
fication. This not only eliminates a great deal 


——| of time in copying, but ensures accuracy of tran- 
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] WORKS ORDER SHEET R 1927 | 
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It must none the less be confessed, however, that 
some of the systems employed in British factories 
are far from ideal, and that there is much needless 
complication and duplication of work. If proof of 
this were needed, it is to be found in the frequent 
complaints that shop foremen are apt to be so over- 
loaded with clerical duties that they have no time 
to supervise effectively the actual production in 
their departments, and from a wider aspect, that 
sales organisations do not embrace effective means 
for pushing our goods in the world’s markets. The 
tapid growth of the firm, and the international 
reputation for efficiency enjoyed by Messrs. Morris, 
are sufficient guarantees that these criticisms do 


materialise at the required time may mean serious 
loss to the customer, which will ultimately react to 
the detriment of the contracting firm. In Messrs. 
Morris’s works, a special official is responsible for 
this duty. The order number, customer’s name, 
number of articles required, and the dates that the 
order was received, put in hand, and is due for 
despatch are typed on a narrow card slip. These 
slips are inserted in a suitable steel frame, about 
5 in. wide and 15 in. long, there being a separate 
frame for each group of articles, such as pulley 
blocks, battery trucks, and so on. The frames are 
hinged at the top, and are mounted in a convenient 





rack, so that any particular one can be instantly 


scription without the need for repeated checking. 
The use of such a form is, of course, only 
possible because of the great output of 
various completely standardised products, but 
it will be readily appreciated that the work of 
preparing works instructions is enormously simpli- 
fied by the use of the form, and the risk of over- 
looking vital particulars is almost entirely overcome. 
By way of contrast, reference may be made to 
Fig. 47, a copy of the specification sheet for a 
hand-operated crane. This is, of course, much 
simpler, as the details are fewer, but the same 
general principles apply. 

Dealing next with the procedure adopted in the 
drawing office, it should be made clear at the outset 
that the work falls into two well-defined groups. 





The first of these consists in the preparation of 
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of our description of the works, and a reference | card furnishes a reminder of the requirements, and 
to these will show that, as might have been anti-| provides a record of the progress of the work: as 
cipated, these do not differ in any material respect | measured by the date or dates on which the draw- 
from well-recognised practice. Special drawings | ings were sent to the customer for his approval. 
are made in two or three standard sizes, and the! Other dates are recorded as indicated on the face 


standard drawings for all purely repetition parts, 
and the second the preparation of special drawings 
for individual orders. It has been found convenient 
to adopt an 1l-in. by 8}-in. sheet as a standard 
size for the former, as this size is equally convenient 
























































































































































































































































































































































































































































































































































HERBERT MORRIS, LTD. Particulars of Order for Hand Crane. dy 
Lovenseneven, snaLane. Date onset made out B= .4 - 87. 
Customere Messrs.James Brown.& Co.Ltd., uae 
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General Arengt of Crab H.211032]°| 2 P.B.B.Girders as per drawing H.211152. 2 3] HP. 4s. 10 25 L:0.co.| 8.697. Tes i Standard 
Wiring Diagram P.644462.| | Auxiliary Girders one, os per G.10164.2. Class [e-DP. 76°F.) pene. 75°R dene. 750P) No. Postion of MT whee Standard 
Span 60'=0" | | Tramwheeis 33° 41027 /g'tread turned to suit raila2}” wide} | Amps. |61- 18 40 ) Yer tmapection ere? Yes. 
Gantry ravi to floor 35'-0" | Materiai C-S. Patt. No, 2991 50rg. No L372-18) Type |B.1. B.Y. BX. ) ¢'..0" Have we to meneure?. Re. 
Crab rail to floor 36'-8" Crab Runners 16" double. Flanged. Patt No 18275. ny With Crenid Handles } L.0.Co.| £.689. 6° 6 Height, gantry rat te Rose 23' 4" 
Nett Meadreem requires 7'- 10)" { Materiai C.S. 4}"bore Org No. Y. 2303481 Clase fica ; 
Total Headroom wailabi '=0" Load Rope 4" Cire 354‘ Length Type closed. | Enciored.| Enclosed. ba Sips 
Nott ond pace required 10" | Butings on Rope ‘None $| Form } |-min. Sein Samin. L.0.Co.| &.780. eae en 
Total end space available 13° | Nameplates. Patt No. 36443. Position, in centre § cians ) [rated. rated. reted. 
How! motion by Motor. Tor span | Type HMB. 3. 
Traverse motion by «Motor. Form |80- ibe. 
Travelling motion by Motor. ; Grrone Je" etroke L.0.Co.} B. 781. 
Crane to be operated from Cage. Sl ciass _|F-659 asain Sigs som me | two.43' 67/6" lengthe of 26" x 73" Joist. 
Controtiers tobe fixed Cage. brag Wires 14.No 3. SWG5O'-Oiong 
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for vertical filing, for mounting on cards for eed 
use, or for binding into reference books. Fig. 48 
illustrates a typical drawing of the type referred 
to, but it should be borne in mind that the scale 
has been reduced for convenience in reproduction. 
Several examples of special drawings for individual 
orders have already been reproduced in the course 


Fia. 48. 


drawings is carefully avoided. 

The two cards reproduced in Figs. 49 and 50} practice of the draughtsman himself taking out the 
afford a further indication of the routine adopted | drawing number and deciding on the classification 
in this office. The upper portion of the card shown | for filing purposes. Under this system the draughts- 
in Fig. 49 is filled in by one of the commercial | man has a very clear idea as to wh 
departments. During the progress of the job this’ will be necessary in the index to 


| objection that the draughtsman may not agree 
with the classification adopted, with the result 
‘that at a later date he may experience considerable 


reproduction of parts covered by the standard difficulty in referring to a required file. For this 


reason Messrs. Morris have adopted the alternative 
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construction. Fig. 50 shows the card on which 
the draughtsman records the particulars of the 
drawing, and in the card illustrated, which refers 
to a drawing of lattice girders for an overhead 
crane, the draughtsman will be in the best position 
to decide as to whether or not cross reference cards | 
are desirable to the type of girders, the type of crab, 
the type of bottom block, and so on. 

Another point on which there is a wide variation 
in practice is the amount of administrative work | 
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that the draughtsman is called upon to undertake. 
In the case of a small works, a custom frequently 
adopted is to make the draughtsman not only 
responsible for issuing instructions to the shops, 
but also for seeing the work through. Even in large 
works it is sometimes found to be advisable for the 
draughtsman to undertake responsibility for the 
instructions to the shops in regard to specific 
orders, but Messrs. Morris have found it preferable 


each fresh supply of steel joists is received into 
stock, the lengths are recorded in a stock book, 
kept in this department, from which the stock is 
controlled. Before any joist is cut for use it is 
allocated to the particular job in the stock book, 
and the length from which it is to be taken is 
marked on the list-of material which goes to the 
shops along with shop order and drawings. A speci- 
men page of the stock book—which is on the loose- 
leaf principle—is illustrated in Fig. 51. For the 
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the sheet the maximum stock figures are shown in 
green, the stock in black and the amount to be 
ordered in red. On each occasion when the book 
has been made up it is passed on to the buying 
department for the material to be purchased. 
This having been done, the date of order and its 
number are marked on the sheet. 

Assuming that the necessary drawings for the 
works have been prepared, and the preliminary 
forms made out as described above, the order, 
whether it be for a customer or for stock, is passed 
to the central works progress department. The 
dossier includes the master-specification sheet, 
reproduced in Fig. 46, a part list, reproduced in 
Fig. 53, material required, and buying department 
estimates for the delivery of outside supplies. 
The parts lists form a very important and essential 
portion of the shop system. They make provision 
for the recording of material issues, and the costing 
of both materials issued and the productive time 
used on every part of the job, so that progressive 
and final productive shop costs can be easily 
ascertained. At the same time copies of the same 
lists are used by the works planning and job-card 
origination departments, as well as (with the opera- 
tions filled in) by the progress and tracking depart- 
ments and the shop foremen, so that a somewhat 
universal convenience is made of this part of the 
shop system, as will be readily appreciated by 
production engineers. As the special drawings or 
blueprints are invariably issued simultaneously 
with the specification and parts lists, everything is 
ready for the works staff concerned to estimate and 
fix works-programme dates for the completion and 
test of the order in question. The general stores 
staff can at once commence material and stock- 
part appropriations, get out shortage lists, and press 
for outstanding supplies requiring immediate 
attention in proper order of precedence, while the 
planning department can prepare the job cards 
ready for use in correct sequence by the sectional 
foremen. 

The job cards form another most important link 
in the shop system, and, as will be seen, give all 
the necessary particulars to the workmen employed 
on the job, as well as providing a means of booking 
the productive time used. When the operation 
involved is finished these cards constitute a mandate 
for the trackers to move on the work done without 
delay through the inspection department on to the 
next operation or, if all operations are finished, to the 
general stores for transmission to the proper source 
of assembly or erection. This same job or operation 
card also provides, through the medium of the shop 
time clerk, the means of daily checking all used 
productive time against the workmen’s clock-card 
times. It is also used by the payment-by-results 
department for checking and working out piece- 
work earnings, while the entry of the time used on 
the labour side of the parts sheet, from this job 
card, as before stated, assists in maintaining a pro- 
gressive cost record of the customers’ or stock order, 
and, again, the card is a means of affording a 
weekly check on the wages summary in the accounts 
department. The front and reverse sides of the 
job card are shown in Figs. 54 and 55 respectively, 
and a reference to these will clearly explain the 
important part it plays in the works system. 
Different coloured cards are used in the different 
works sections. It would be as well at this stage 
to mention the fact that the used time of all 
employees, whether engaged on productive or 
unproductive work, is taken, balanced with the 
clock card, and charged against the proper stock, 
sales, plant, or oncost accounts. 

Notwithstanding the great variety of work 
undertaken, standardisation of unit parts and 
assemblies is possible to a large extent, and, with 


to leave such instructions to the commercial depart- 
ments, leaving to the engineering department the 
duty of giving the requisite technical information 
by means of drawings. The drawing office also 
requisitions such material as may be required when- 
ever these are of a type not normally kept in stock. 

In order to co-ordinate the demands for materials 
“ the various drawing offices, and to prevent 
oe overlapping, certain stocks such as rolled 

ee: joists, channels, angles, bars, and so on are 

andled in a special way by one department. As 





purpose of the upkeep of stock a second book, or 
register, Fig. 52, is kept. In this book each size 
of joist dealt with has a separate page—which, in 
addition to giving particulars of the section, records 
the lengths which go to make up the maximum 
stock normally carried, and further provides space 
for the periodical balancing of stock. This is done 
by marking up from the stock book the lengths 
then lying in stock which are not allocated, and 
immediately below these figures the amount which 
has to be ordered is shown. For ease in reading 


a carefully-adjusted minimum and maximum stock 
parts system, forms a very material help to quick 
shop routine and speedy completion of the order. 
Inter-departmental co-ordination is satisfactorily 
obtained through the medium of progress and track- 
ing departmental reports, regular sectional staff 
conferences, and up-to-date adjustments of the 
works productive programme. The sectionalisation 
of the works plant and organisation allows the 
superintendents and general works management to 





keep in very close touch with the movements of the 
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work going through the shops, and to adjust as 
required the various sectional and departmental 
loadings and maintain proper balance. 

Up to the present, only productive time and 
material have been referred to, but it should be 
noted that unproductive time, unproductive 
material, supply costs, and standing charges are 
taken care of in an effective and systematic manner, 
so that accurate shop-door costs and departmental 
oncosts are obtained without great difficulty, and 
are regularly reviewed and investigated to good 
effect. A typical form for this purpose as applied 
to the North Works is reproduced in Fig. 56. All 
the other departments, the general management, 
offices and works management, and process depart- 
ments are similarly dealt with, forming in sections 
and as a whole, a true basis of overhead charges, 
by the use of which, together with properly-ascer- 
tained direct-production costs, reasonably accurate 
estimating is secured. 

It will be appreciated that the foregoing par- 
ticulars afford only the barest outline of the office 
organisation, but they may perhaps serve as an 
indication of the constant endeavour to eliminate 
unnecessary routine, and to cut down clerical work 
to a minimum with a view to maintaining a clear 
understanding of customers’ requirements and 
ensuring an absence of needless delays in delivery. 

Full details of the general system employed, 
which is the result of many years’ experience and 
adjustment, would involve the publication of a 
fair-sized treatise. It will be gathered from what 
we have already said, however, that the system is 
easily followed out, and involves a minimum of 
overlapping ; while effectively controlling all sides 
of the business. A point which receives particular 
attention is the regular inspection of plant, so that 
units may be renewed so soon as they become 
obsolescent. The same careful watch is kept over 
methods of both production and storage with a 
view to embodying improvements as they suggest 
themselves. Every effort is made to avoid the 
introduction of methods for increasing output, which 
put an undue strain on the employees. 

We may fittingly conclude our account of Messrs. 
Morris’s works by a reference to their apprenticeship 
system, and to the arrangements made for ensuring 
amicable relations between the directors and the 
employees, which play no small part in ensuring 
the degree of efficient working for which the firm 
have achieved a justly high reputation. 

The apprenticeship scheme, which has now been 
in vogue for some six years, is open to any boy of 
good average type, and offers very special advan- 
tages to boys of good secondary education. There 
is no premium, and the apprentice is paid at the 
standard federation rate for the district. In 
addition, he can earn merit bonus and also continue 
his education at the firm’s expense. Boys who 
have done well at school are indentured in such a 
manner that they are allowed to pass throug’ all the 
departments of the works with a view to ultimately 
becoming draughtsmen, estimators, or assistants to 
branch engineers, and often have chances of going 
abroad in the service of the firm’s foreign branches or 
agencies, On entering the employ of the firm, the 
prospective apprentice serves a three to six months’ 
probation period, which allows him an opportunity 
of becoming acquainted with the general organisation 
and geography of the works, andjaccustoming himself 
to the new atmosphere in which he finds himself. 
An apprentice supervising department takes care of 
all matters connected with the conduct, work and 
progress of apprentices, 10¢ only while in the works, 
but also at day and evening classes, while any cause 
for dissatisfaction or slackness is dealt with on a 
systematic basis as soon as perceived. The whole 
scheme works with admirable smoothness. 

It may be noted that Loughborough offers 
special advantages for the training of apprentices 
owing to the existence of the college described on 
page 199 of our issue for August 13, 1920, et seq. 
At the date of our article, the college was mainly 
used for vocational training in engineering work 
of ex-service men, but reference was made to the 
fact that it was ultimately intended to utilise the 
exceptional resources of the college to enable boys 
to obtain training in both the theoretical and 
practical aspects of the engineering profession. At 





the present time, there are some 200 full-time day 
students and well over a thousand evening students, 
and by an arrangement between the college autho- 
rities and firms in the neighbourhood, apprentices 
attend the college for day classes with a special 
curriculum, and also the ordinary evening classes. 
In the case of Messrs. Morris’s apprentices, the 
boys attend the day classes on at least two after- 
noons per week during working hours, the time 
spent at such classes being counted as time worked 
in the shops and paid for at the usual rate. The 
apprentices attend from the commencement of the 
probationary period, continuing for a period of two 
or three years, according to progress made, and with 
a view to obtaining the National Certificate, which 
is awarded by the joint action of the Institution of 
Mechanical Engineers and the Board of Education. 
The attendance of apprentices at evening technical 
classes is also encouraged, and the fees paid for 
students who make 90 per cent. of the possible 
attendances. . 

Trade apprentices are also accepted by the firm, 
but the course of training in this case is confined to 
one branch of the industry, so that such apprentices 
become carefully trained and highly skilled workers 
in a particular branch of engineering. 

Turning finally to the organisations existing for 
the various employees, the usual works’ welfare 
department is in existence, the duties of which consist 
mainly in looking after the shop amenities, apart 
from actual production, running the various can- 
teens, cloak rooms, ambulance station, safety first 
arrangements, and so on. The department also 
follows up and assists in all cases of illness or 
accident, and is generally at the disposal of employees 
to render any assistance possible in case of illness, 
bereavement, or other unfortunate eventuality, and 
is always ready to be appealed to and to give 
privately what useful advice it can. 

For many years very close associations have 
existed between the firm and their employees, and 
it has always been regarded as a privilege by the 
directors to assist the various works’ funds by making 
financial contributions on the basis of an equal 
amount to that subscribed by the total workpeople. 
As a result, the funds available are very substantial, 
and are adequate to meet the demands made on 
them by cases of distress brought about through 
continued sickness, or other causes. 





TWIST IN BOX GIRDERS. 
By H. Ark, M.I1.St.E. 

In marking off members, such as plates and bars, 
that are to form box-girders, great care must be 
taken if twist in the resulting girder is to be avoided. 
The chief cause of twist is faulty registration of the 
holes, which may occur in the plates or in the bars, 
or in both. Another cause is careless assembling 
of the parts, since the 4-in. clearance in each rivet 
hole is sufficient to permit of a considerable amount 
of twist developing during the bolting up of the rows 
of holes. On the other hand, this clearance has 
many times been the means of box-girders being 
de-twisted without having to elongate the holes. 
The riveting may be another cause of twisting. The 
girders may be riveted by machines which are 
altogether unsuited to the purpose, or by riveters 
unaccustomed to the treatment demanded. 

With all box-type girders, as with many other 
types, it is customary to plane all the flange-plates 
along one end after the sides have been machined, 
the planed end in many cases being for a butt joint. 
The marker-off takes it for granted that the plate 
edge planer is quite capable of machining the ends 
dead square with the sides ; it usually is so, but when 
wide flange plates are being set out, a test should 
always be made on the templet before proceeding 
further. When proved, a planed end or joint may 
be adopted as a registering line for marking out all 


rivet holes and connections. In marking out web 


plates for box-girders that are to have a camber 
or curve in the booms, there is more likelihood 
of a slight fault developing. As a rule, one web 
is marked out, and from this the others are made 
by bundling them together and drilling through. 
Many of the box-girders used for overhead travel- 
ling cranes are constructed from light sections. The 
web plates for such may be of }-in. plating, and when 





these are being drilled, after bundling together, it 
should be insisted upon that the bundles are set 
level, and that sufficient packings support them, to 
prevent deflection by the downwards thrust of the 
drill spindle. If each plate has one end planed 
before drilling takes place, the bundle should be 
assembled actually beneath the drills. When a 
bundle has been lifted by the crane, the plates may 
need re-setting after being put down again. 

With girders having webs consisting of three or 
more plates, there are some joints which need 
planing after the bundle has been drilled. It is 
not wise to plane the intermediate web plates to 
dead lengths beforehand, the second end should be 
planed to the templet afterwards. For planing 
the second end, the bundle should again be set level 
and not allowed to sag over the planer table, or the 
crane sling as the case may be ; furthermore, it is 
most important that all holes be correctly in register. 

When wood templets are employed in marking the 
various members, there are two probable causes of 
twist ; the employment of irresponsible markers- 
off and the susceptibility of the soft wood to the 
influences of the atmosphere. It can be readily under- 
stood that when the markers-off do not fully compre- 
hend the meaning of accuracy, their minds are apt to 
become more centred upon quantity than quality. 
A combination of the two results is ever desirable, 
but the former is the one that attracts the marker- 
off on piecework or tonnage. The strictly accurate 
setting of the flange and web templets to their 
common register is of no serious import to irrespon- 
sible youth. Again, the vibrations set up by striking 
the centre punch frequently causes the clamps to 
become loose, and then the side thrust on the holes— 
which is usually in one direction throughout, by 
reason of the right handed use of the tools—causes 
displacement of the templet. The latter is a source 
of trouble which is difficult to trace after the mem- 
bers have reached the assembling stage. The effect 
of weather upon wood templets is well known to 
those who employ the system, and this has ever to 
be remembered. It frequently happens that the 
templets for some job are made long before the 
material is rolled, and when the latter arrives, the 
wood of which the templets are made has shrunk 
and warped. Shrinkage in a wood templet may 
equal } in. in 20 ft. 

One other probable cause of trouble which may 
be noted is that in some works the angle straighten- 
ing machine is housed near the un.oading bay. 
Angles are straightened and laid aside in the open. 
The “ poppers” when weather permits, are sent 
to mark the bars where they lie to save transporting 
them again. That may usually be satisfactory, 
but in a burst of hot summer sunshine the bars. 
and the wood templets are conversely affected 
by the heat. 

In assembling, the main angles are first riveted to 
the web plates, and after this, both top and bottom 
flanges are—or should be—bolted on to complete 
the box. It is at this stage that the girder can be 
proved. Nothing but the eye is needed to find out 
whether a girder is twisted or, with crane girders, 
whether the top boom is quite straight. The 
riveting of box girders parts should be subjected 
to special care and attention: the riveter should 
first “tack” the main angles to the plates by 
snapping a rivet ever 2 ft. or so to prevent creeping 
of the angles. If a start is made at one end, and 
all the rivets inserted right away—as some riveters 
will—the accumulating heat together with the 
pressure applied by the “dummy” riveter, 15 
apt to elongate the sectional members. 

The complete girder when being arranged at the 
machines for riveting must be set free from twist and, 
in the case of long light boxes, packed up quite 
level throughout, with a bearing every few feet. 
Crane girders need extraordinary care at this pass, 
but if they are skilfully set, and first tacked with 
rivets about 2 ft. apart, there need be no doubt 
entertained as to their truth. The heat from rapidly 
clenched rivets may cause temporary buckling, 
but that will settle down again on cooling. Should 
a box girder show a twist after riveting, at least 
one main angle will have to be freed again and the 
holes reamered out if necessary. The latter is bad 
practice, and would not be permitted by an inspect- 
ing engineer. 
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THE PRODUCTION OF LUBRICATING 
OIL FROM COAL. 


THE questions of low-temperature carbonisation 
and coal distillation are usually discussed from the 
point of view of the production of fuel oil, but an aspect 
of the matter of not greatly inferior importance to this 
country is that of the production of lubricating oils 
by the same processes. This is a subject on which not 

















































On Anhydrous Basis. 
Per cent Per cent. 
0-300 deg.C. ...—:16 +5 17-5 
300-350 deg. C. -- 13°6 14-6 
350-370 deg. C. -- §=6. 98 10-5 
Above 370 deg. C. ... 41°7 45-0 
Pitch aa 7-0 7°5 
Water and loss w- 12-5 Loss ow. «4-9 
That portion of the distillate (45 per cent. of the crude 
oil) boiling over 370 deg. C. was then worked up for 


and a marked green fluorescence. The yield of all 
grades of lubricants amounted to about 15 per cent. of 
the original crude oil, of which not more than 4 per 
cent. was spindle oil. 

A medium oil was selected for frictional tests which 
had the characteristics given below; corresponding 
data of the straight mineral oil used for comparison 
are also given. 
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a great deal of information has been published, and 
considerable interest accordingly attaches to some tests 
recently carried out by the National Physical Laboratory 
for Messrs. Sensible Heat Distillation Limited, of York- 
mansions, Petty France, London, 8.W.1., on lubricat- 
ing oil. This oil was produced by the well-known 
“L and N” process of coal distillation which is 
operated by the company. 

In furnishing us with a copy of the National Physical 
Laboratory report and a description of the methods used 
for separating the lubricating oil, Messrs. Harald 
Nielsen and Stanley Baker state that the question of 
the practicability of obtaining lubricating oils from 
coal is determined to a great extent by the method of 
distillation adopted. ‘‘If the coals are being distilled 
by the so-called external heat, the prospects of success 
are very slight, unless very low temperatures—below 
400 to 420 deg. C., are employed and . . . the oil vapours 
are removed from the coal charge in uniflow with the 
passage of the heat.” They go on to state that when 
so-called internal heat application is employed, the 
problem is within reach of solution provided that the 
distillation of the raw coal is effected in such a way that 
the overburden of raw coal in the retort does not 
scrub out the oil vapours of the gases, so that continu- 
ous re-evaporation and condensation of the oils takes 
place in the retort itself. ‘‘ If this is the case, the oils 
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lubricating oils. The tar acids, amounting to “L. & N.” Oil. — Well Oil 

20 per cent. by volume, were removed by | Sp. gr. 0-981 0-901 

caustic soda, and the resultant oil refined ; (18 deg. C.) 17 deg. C.) 

with 3 per cent. sulphuric acid, by which so _, a F S18 cy, F. 420 deg. F. 

treatments the oil was reduced to 70 per cent. | *“°°NY 8° 105 Ge8- T+ ort ~— = 

of its original volume, equal to 30 per cent. of 140 dew ws. ieee. 121 

the crude anhydrous oil. The refining was 200 deg. F. ... 50 as 55 
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(30.0) Temperature, Degrees Centigrade. 





are being subjected to severe cracking and the pro- 
duction of good lubricating oils is out of the question. 
If, on the other hand, the oils are removed before | 
condensation of the high boiling fractions can take | 
place in the retort, re-evaporation is prevented, and | 
4 good lubricating oil base is assured.” | 

We give below the description of the method of | 
preparing the lubricating oil by Messrs. Sensible Heat | 
Distillat ion Limited, and the report of the National | 
Physical Laboratory on the comparative tests of the | 

L and N’” lubricating oil against a straight mineral | 
lubricating oil. We have inserted in the report more | 
direct references to the figures illustrating it than | 
appeared in the original. 


PREPARATION OF LUBRICANTS FROM SHIREBROOK | 
BastarD CANNEL Coat Om. 


pe crude oil obtained from the coal was distilled, 
and the following fractions collected :— 


| effected without any difficulty. 
then distilled, and the first 25 per cent. added to the 
kerosene fraction. The remainder was passed through 
| a filter press at about —5 deg. C. and the paraffin wax 

extracted. A subsequent distillation of the wax-free 
| oil gave lubricating oils of a rather dark red colour 
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The refined oil was 
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Copy oF National PuysicaL LaBoratory Report 
on Tests OF Two SAMPLES OF OIL IN THE JOURNAL- 
Friction MAcHINE. 

These two oils were tested upon the journal-friction 
machine shown in Figs. 1 and 2. A bush of special 
phosphor bronze is run upon a mild-steel shaft and 
fed at a uniform rate with the oil under test. The oil 
is supplied to the lower or unloaded side of the bearing 
by means of a displacer driven through gearing by an 
electric motor. When necessary, the journal can be 
heated internally by the specially constructed gas 
burner shown in Fig. 3. The temperature is observed 
by means of a thermo-junction placed in a hole drilled 
nearly through the wall of the bush at or near the 
position of maximum pressure. 

When a bearing of this kind is run, it is found that 
the friction first falls as the temperature rises until a 
temperature of minimum friction is reached, after 
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TESTS 


OF LUBRICATING 





OIL FROM COAL. 





Oil “ F.B.C.” 


| Oil “ L.N.”’ 














Load. 
Lb. per | 
Square inch. Minimum Temperature of Minimum | Temperature of 
| Friction. Minimum Friction. Friction. | Minimum Friction. 
| 1 
) ; l 
400 | 0-0015 | 75 deg. to 100 deg. | 0-0013 80 deg. to 95 deg. 
600 0 -0020 | 60 70 ,, | 00015 7, | O85; 
800 0-0016 Bets 60 ,, 0-0016 SS: +, . ae, 
1,000 | = | — 0-0020 co 5, Sb, 
| | : 
Temperature of Seizure. “ F.B.C.” was a lighter oil than ‘“ L.N.,” and this may 
i iscw<< account for its failure to run satisfactorily at loads 
Toad. Lb. per | ' exceeding 800 lb. per square inch. At the lower loads, 
ee: ae eee Oil “ L.N the seizing temperature of “ L.N.”’ is a little lower than 








400 132 deg. C. 127 deg. C. 
600 ae, 110, 
800 85 | agh.  s, 
1,000 ~ | 83 

' 





which an increase in friction occurs. When a certain 
temperature is reached, the friction increases rapidly, 
and bush and journal finally seize together. This 
temperature is called the “ seizing temperature.” The 
bearing is not allowed to seize if it can be avoided, 
but as soon as the friction is seen to be rising rapidly 
the machine is stopped in order to avoid damage to 
journal and bush. In comparing oils by this method, 
the two most important factors are (1) the minimum 
coefficient of friction and (2) the seizing temperature. 
The latter appears to depend to a certain extent on 
density and viscosity, so that an oil may show a low 
seizing temperature simply because it is a thin oil 
unsuitable for the load at which the test is made, and 
not because it is an inferior oil of its class. The seizing 
temperature of any particular oil depends upon the 
load, increase in the load causing a fall in the seizing 
temperature. 

The oils sent for test consisted of an oil labelled 
“L.N.,” stated to be produced by the company’s 
method of coal distillation, and an oil labelled ‘‘F.B.C.,”’ 
believed to be a straight mineral oil. The densities 
were :— 

Oil “ L.N.”’ (No.—D.H.R.) 

Oil “ F.B.C.” (No.—D.F.Z.) 


It was intended to make running tests at loads of 
800 Ib., 1,000 Ib. and 1,200 lb. per square inch, but on 
starting with oil * F.B.C.” it was found that seizures 
were very sudden at 800 lb. per square inch, so that 
there was danger of damaging journal and bush before 
completing the tests. Tests were, therefore, made at 
800 Ib., 600 Ib., and 400 Ib. per square inch. Tests 
were made on oil ** L.N.”’ at the same loads, and since, 
even at 800 lb. per square inch, the seizure was not 
sudden, a test was satisfactorily completed at 1,000 lb. 
per square inch. An attempt to run at 1,200 lb. per 
square inch, however, led to a very sudden and violent 
seizure of the bearing, which did a certain amount of 
damage to the bush. 

The conditions of the tests were as follows :— 


0-981 at 18 deg. C. 
0-901 at 17 deg. C. 


Tests of Oil “ F.B.C.” (No.—D.F.Z.) 


Before After 
Test. Test. 
In. Ins, 
Diameter of bush 2-0107 2-0108 x 2-0115 
Diameter of journal ... 2-0022 2-0022 
Difference = wid 0-0085 0 -0086 to 0-0093 
Maximum wear in vertical diameter ... 0-0008 
Tests of Oil ‘* L.N.”’ (No.—D.H.R.) 
Before After 
Test. Test. 
In, In. 


-0108 x 2-0115 2-0108 x 2-0120 
-0022 2-0022 
-0086to0-0093 0-0086to 0-0098 
0-0005 


Diameter of bush 
Diameter of journal ... 
Difference oie 
Maximum wear in vertical diameter ... 
Length of bush 1-25 
Projected area of 


° 
” 


bearing . 4-50 sq. in. 
Speed ... - 1,300r.p.m, = 11-3 ft. per second. 
Oil feed . 0-58 fluid oz. per minute. 


The curves of coefficient of friction plotted to 
temperature at different pressures are given in Figs. 4 
to 10, on page 665. The first test on oil * L.N.” at 
800 lb. per square inch load, which gave a seizing tem- 
perature of 100 deg. C., has been disregarded, because 
the seizing temperature was, no doubt, partly due to 
the previous oil left in the pores of the metal. The 
viscosity curves of the two oils are given in Fig. 11, 
while the tables on this page give the minimum friction, 
the temperature of minimum friction and the tempera- 
ture of seizure at various loads for both oils. 
Conclusions.—The density determinations show that 


that of ‘‘ F.B.C.,”’ but for high loads ‘‘ L.N.” appears 
to be more satisfactory. The coefficient of friction of 
‘““L.N.” appears to be less than that of “ F.B.C.” at 
low loads and the same at higher loads. 








FIFTY YEARS OF ELECTRICITY 
SUPPLY AT DEPTFORD. 


Tue history of the Deptford generating station of 
the London Electric Supply Corporation may not be 
inaptly described as an epitome of the history of 
electricity supply in London. It is indeed something 
more, for, as is well known, it owes its inauguration 
to the genius of Dr. 8. Z. de Ferranti, who realised forty 
years ago that the site of a generating station must be 
chosen with regard to coal and water facilities, and that 
it was advantageous to supply densely populated areas 
from a few large plants, even if these were remote from 
the centre of gravity of the load. It is also common 
knowledge that in adopting this policy, so long ago as 
1887, both Dr. Ferranti and the London Electric Supply 
Corporation were before their time and that they 
suffered grievously for their temerity. But events 
have shown the correctness of their ideas and a recent 
visit, which we paid to Deptford at the invitation of 
Mr. G. W. Partridge, the present managing director 
and chief engineer of the company, indicates that 
Deptford is more than playing its part in the electrical 
affairs of London. That it will continue to do so is no 
less clear. Not only has the old station been extended 
out of all recognition since the early days, and even 
since we last described its equipment fifteen years ago,* 
but the work of erecting an entirely new station on an 
adjacent site is now in progress. This new station will 
be known as Deptford West, and, to begin with, will 


contain 50,000 kw. of plant. The probability, however, | 


is that it will be almost immediately extended to 
85,000 kw. In view of what we shall have to say about 
the plant in the existing station, it is interesting to 
note that Deptford West will be equipped with 50 cycle 
machines and will be connected to Deptford East 
through a 25,000 kw. frequency changer. We under- 
stand that the plant in Deptford West will be designed 
on modern standard lines, and it will be interesting to 
compare its layout, which will have all the advantage 
of a fresh start, with that of the old station, which is 
an interesting example of what can be done in the way 
of adapting means to an end, often in face of great 
difficulties. Mr. Partridge and his assistants are, 
in fact, much to be congratulated on the way in which 
those difficulties have been successfully overcome. 

The outstanding feature of the original station as it 
is at present, compared with what it was in 1912, and 
still more with what it was in the earlier days, is the 
very large growth of the traction load. Fifteen years 
ago, it is true, a single-phase 25-cycle supply was being 
given to the then Brighton Railway. But at present 
a very much larger three-phase supply at 25 cycles 
is being given to the South Eastern Section of the 
Southern Railway in addition. The effect of this on the 
load is evident from the curve in Fig. 1, which also 
shows the rate of growth and the interesting variations, 
which take place during an average day. In the same 
period, the industrial and lighting loads in the various 
areas served by the Corporation has also naturally 
increased pari passu. 

These developments have necessitated an entire 
re-organisation of the generating plant. In 1912, the 
engine room contained two 1,500 H.P. Hick-Hargreaves 
machines, which had been running since 1889 and 
which generated current at 10,000 volts for lighting 
purposes. There were also a number of other recipro- 
cating units, which were used for the same purpose. 
in addition, there were four 2,500 kw. reciprocating 
sets and two 7,500 kw. turbine sets for traction pur- 
poses. Since then the development of the single- 
phase lighting system has been met by the installation 
of three 4,000 kv.-a. and one 7,500 kv.-a. turbo-alterna- 
tors, which generate at 2,500 volts. This energy is 











* See ENGINEERING, 1912, vol. xciv, p. 163. 
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stepped up to 10,000 volts for transmission to the 
West-end of London, sections of the original Ferranti 
cable being still in use for that purpose. To meet 
the increase in the single-phase railway load and the 
industrial supply in South London, one 15,000 kw. 
three-phase turbo-alternator, generating at 6,600 volts, 
has been installed, while energy for the South Eastern 
section of the Southern Railway is provided by three 
20,000 kw. turbo-alternators, generating at 11,000 volts, 
A further 25,000 kw. three-phase turbo-alternator is in 
course of erection. With the exception of the genera- 
tors supplying the lighting system proper, all the 
machines are wound for three-phase working, but 
they are specially designed so that they can also give 
a single-phase traction supply. The generators are 
cooled on the closed system, the necessary water for 
this purpose being taken from the circulating water 
mains. A photograph showing a portion of the engine 
room as it is at present is reproduced in Fig. 2. It 
may be added that all this plant is installed within the 
original walls. A new boiler house has, however, been 
built, and further additions dre a rotary-converter 
sub-station for supplying the immediate neighbourhood 
on the direct-current system and a switch house and 
control room. 

All the turbines are supplied with steam at 300 lb. 
per square inch and 700 deg. F., and are bled in two 
stages, at high pressure for the evaporators, of which 
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there is one for each unit, and at low pressure for the 
de-aerators, which form part of the closed feed system. 
This system differs in certain particulars from that 
which is usual elsewhere, as will be gathered from the 
following details: The condensate, after being re- 
moved from the condenser, is pumped through a 
flash type de-aerator, where the air is removed and the 
temperature raised by bled steam from the turbine. 
A second pump, called a booster pump, is used te 
extract the condensate from the de-aerator and deliver 
it under pressure to the suction of the feed pump, 
whence it passes to the boilers via high-pressure feed 
heaters, which raise the temperature to 22@ deg. F. 
An open surge tank is connected between the main 
condenser extraction pump and the de-aerator booster 
pump, into which any surplus condensate 1s dis- 
charged by the condenser extraction pump during 
such times as the boiler-feed pumps do not require It. 
Should the demand on the feed pumps be greater than 
can be satisfied by the main plant, the fall of pres- 
sure on the discharge side of the extraction pump 
allows the stored water in the surge tank to discharge 
into the de-aerator. There is also a connection 
between the surge tank and the suction eye of » 
feed pump, in which a non-return valve is inserted. 
So long as the booster pump is working, this non- 
return valve is kept closed by the discharge pressure, 
and thus prevents any connection between the pump 
and the surge tank. If the booster pump fails, how- 
ever, the non-return valve is opened and thie surg 
tank is connected to the feed pump. The wee 
sufficiently high to ensure sufficient head on the he . 
pump suction. Each turbine is provided with : 
an extraction and a booster pump in duplicate, 0? 

set being steam driven and the other electrically driven. 
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d Another interesting feature of the existing station 
othe ‘ | is the arrangements made for the ‘supply of the 
Heart | circulating water. Since 1912, an entirely new pump 
“that | house, a view of the interior of which is given in 
1 the Fig. 3, has been erected. This contains five elec- 
S aae trically-driven centrifugal pumps, each of which has 
aha | an output of 1,500,000 gallons of water per hour. 
d the | The water is drawn in from the river through a 10-ft. 
bine. | tunnel, which is divided horizontally, the bottom part, 
dtc | forming the inlet and the top the discharge. On the 
sliver | land side, the suction part of the tunnel ends in an 
ump, | open shaft 20 ft. in diameter, and this acts as a sump 
feed lin which the larger and heavier debris settle. This 
es sump is connected to the suction side of the pumps by a 
main 10-ft. tunnel through removable screens. In addition, 
oster each pump is fitted with a Deptford rotary strainer on 
dis- the discharge side, after passing which the water enters 
uring two 48 in. cast-iron pipes through which it flows to the 
re it. condensers. The return is through two similar pipes. 
than The system operates on the syphonic principle. All 
pres- the pump and condenser valves are electrically- 
yump operated and are fitted with safety devices to prevent 
harge over-running. The pumps are arranged so that they 
tion are drowned at all states of the tide. 
the The boiler house, which is also entirely new since the 
rted. date of our last description, contains 14 boilers, each 
non- | with a normal evaporative capacity of 50,000 lb. 
sure, | per hour. These supply steam at a pressure of 325 lb. 
yump | per square inch and a temperature of 725 deg. F. 
how- | Six boilers, each with an evaporative capacity of 
surge 64,000 lb. of steam per hour, are in course of erection. 
ik is | Each boiler is fitted with an air heater and economiser, 
feed a7) ones and is fired by a chain-grate stoker, which is fed by two 
both ' — ; chutes, so that firing on the sandwich system can be 
one Fie. 3. View 1n Pump Room. | employed. 
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The ashes are discharged into a concrete trough 
on the basement floor and are transported, by means 
of a water sluice, a distance of 300 ft. to asump on the 
wharf, where they can be dealt with by a grab crane. 
The riddlings are discharged into a system of ducts, 
whence they are blown to the top of the bunkers and 
mixed with fresh coal. 

The switch house is the fourth new building which 
has been erected since the date of our last description. 
The oil switches with which it is equipped have now 
finally replaced the old air-break gear, and are arranged 
on the top floor with duplicate *bus-bars directly 
below. The control room is on the same level as the 
former. The cellular system of construction is employed 
throughout, and each oil switch has a rupturing capacity 
of 750,000 kv.-a. To enable the 6,600 volt and 11,000 
volt systems to be connected together, two 7,500 kv.-a. 
banks of single-phase oil-cooled transformers are 
employed. These are fitted with tertiary windings 
connected star-star. These transformers can also be 
switched on to the single-phase traction ’bus-bars, so 
that a supply to the latter can be given from the 
11,000 volt generators. Two phases of the three-phase 
windings are employed for this purpose, special 
switching arrangements being provided to enable the 
change-over to take place. 

The generators are controlled by two oil switches 
in series, one of which is fitted with balance protection 
and the other with overload protection only. Owing 
to the capacity of the station, reactance coils are fitted 
in series with the two transformers mentioned above, 
as well as on the feeders which serve the adjacent 
rotary sub-station. 

It should be added that a large amount of original 
work, of which it is impossible to give details, has been 
carried out in connection with the equipment, both 
of the station and the transmission system. This 
includes an oil switch designed by Mr. Partridge as 
long ago as 1892. 





RECENT DEVELOPMENTS IN POWER 
PLANT DESIGN AND THEIR EFFECTS 
ON THE ECONOMY OF GENERA- 
TION.* 

By Tuomas Ro es, M.I.E.E. 


THE author said that although American engineers 
had gone well ahead in the utilisation of high pressures, 
they had not generally made use of higher temperatures 
than 700 deg. to 750 deg. F., which were frequently met 
with in this country. On the Continent, although extra 
high pressures had been adopted at certain industrial 
plants, there had been, with one exception, but little 
progress in this direction in power stations. The 
Langerbrugge station of the Centrales Electriques des 
Flandres, near Ghent, had, however, been operated, since 
1925, with steam supplied at a pressure of 800 Ib. per 
square inch and at a temperature of 840 deg. F. At 
Amsterdam, a pressure of 600 lb. per square inch was 
in use, and 462 lb. per square inch had been adopted 
for the very large Rummelsberg power station of the 
Berliner Elektrizitiitswerke. Probably the efficiency 
of turbines would be less with high pressures, and from 
Mr. H. L. Guy’s paper on the economic value of 
increased steam pressure (see ENGINEERING, vol. cxxii, 
p. 643), it appeared that if with pressures of 200 Ib. | 
per square inch an efficiency of 80 per cent. was | 


allowed, then with 1,000 lb. pressure an efficiency i 


74-6 per cent. might be expected, which would fall to 





In view of installing additional high-pressure plant at a 
later date, the boiler had been designed for a pressure of 
1,100 lb. per square inch. It would be capable of 
generating 75,000 to 94,000 lb. of steam per hour, and 
would have water-cooled walls, so that pulverised fuel 
might be employed if, later on, this should be considered 
desirable; provision has also been made for the 
addition of a reheater should circumstances warrant it. 

In the author’s opinion, it would be advantageous 
to equip with high-pressure plant stations, erected to 
deal with the base loads of large systems, a suitable 
pressure being 500 to 700 lb. per square inch. In the 
case of stations which had to deal with a variable load 
factor, “‘ McNaughted ”’ units designed for about 1,000 
lb. per square inch would be advantageous. 

The work of the Nozzles Committee had shown that, 
in order to obtain higher turbine efficiencies, it was 
necessary to increase the number of stages. It was 
difficult to do this with 1,500 r.p.m. machines, since, if 
critical speed troubles were to be avoided, large shaft 
diameters would be necessary, giving rise to higher 
hub stresses and to increased diaphragm leakage. 
By putting up the speed to 3,000 r.p.m. these difficulties 
were avoided, but the blading required for high pressures 
could not be accommodated in a single cylinder unless 
the rotor were run above its first critical speed. This 
had led to the development of the two-cylinder 
machine, with which it was possible, with a running 
speed of 3,000 r.p.m., to go up to an output of 25,000 kw. 
These high-speed machines were lower both in steam 
consumption and in initial cost. They had, moreover, 
greater reliability and were more easily overhauled. 

The turbine room should no longer be regarded as 
a separate department from the boiler house, between 
which, until comparatively recently, the only connec- 
tion had been the main steam pipe and the condensate 
return. The introduction of regenerative feed heating 
and of re-heating had altered this. Hence, in the 
future, engineers might have considerable difficulty 
when dealing with contracts for new plant, because the 
correct proportions and functions for each item 
were now so interdependent with those of others. 
This would probably lead to a generalisation of the 
practice of placing contracts for complete plants, 
consisting of boilers, turbo-generators and auxiliaries, 
with a main contractor, who would be required to 
guarantee the overall efficiency and to be responsible 
for the work of the sub-contractors. 

Great improvements had been effected during recent 
years in the efficiency of condensers, by guiding the steam 
over the tube surface, by grading the tube spacing, 
and by equalising the flow of air from all points of the 
condenser to the air-extraction pipes. In a well- 
designed and airtight system, the temperature of the 
condensate was but one or two degrees below that of 
the entering steam, instead of 5 deg. or 7 deg. F., 
as was formerly the case. Steam-jet air extractors, 
though having slightly higher heat consumptions than 
alternative systems, were preferred, on account of 
their simplicity, reliability and low capital and main- 
tenance costs. 

In pre-war days, a 6,000-kw. turbo-generator was 
commonly supplied with steam from four boilers, 
each capable of evaporating 25,000 Ib. per hour. 
At that time this was regarded as a large output. 
To accommodate these boilers it was usual to pro- 
vide a series of boiler houses at right angles to the 
turbine room, which involved the occupation of a large 
area and high capital costs. Moreover, the super- 
vision of the boilérs was less easy. Since that time, 


71-4 per cent. with a pressure of 2,000 lb. per square | however, the output per square foot of floor area of the 
inch. Making allowance for this, and also for boiler | turbine room had markedly increased, and if larger 
losses, it appeared that with a pressure of 1,500 lb. per | boilers had not become available, the area covered by 


square inch, some ]3-8 per cent. more work should be 
obtained from the fuel than when the initial pressure 
was 200 lb. per square inch. The initial cost of the 
plant and also the cost of maintenance would probably | 
increase with increased pressures. Mr. Guy had | 
estimated that plant designed for a pressure of 800 Ib. 
per square inch would cost 2-443/. per kilowatt more 
than standard plant, but at Langerbrugge it was said 
that the average cost of the high-pressure plant had 
been no higher than that of the older plant. 

At Bradford, the author was ‘*‘ McNaughting’’ his 
existing plant by adding to it a turbo-generator rated 
at 2,500 kw. This was Jesigned for an initial steam 
pressure of 850 Ib. per scuare inch and a steam tem- 
perature of 800 deg. F. The turbine, which was of the 
simple impulse type, would exhaust into the main steam | 
range at a pressure of about 210 lb. per square inch and | 
at a temperature of about 510 deg. F. A study of the 
annual load curves of the station showed that the 
‘“*McNaughted”’ plant would be capable of generating, | 
without assistance, about 50 per cent. of the total units. | 
When the high-pressure unit was working at its maxi- | 
mum capacity of 2,500 kw., the turbines into which it ex- 
hausted would generate an additional 5,000 to 7,500 kw. 














the boiler-house would have been out of all proportion 
to the area of the turbine room. Modern large boilers 
required much less ground space, but heights had had 
to be increased in order to provide increased com- 
bustion chamber space, so that it was not now un- 
common for boiler houses to measure 90 to 120 ft. 
from basement to roof. The main gain had been a 
reduction of capital expenditure, since, in the author’s 
opinion, it was possible to obtain as high an efficiencywith 
a boiler rated at 60,000 Ib. of steam per hour as with 
larger sizes. Owing to improvements in design, which 
had raised the proportion of heat transferred to the tubes 
by direct radiation, the evaporation per square foot 
of heating surface had been greatly increased, as was 
strikingly illustrated by the following figures relating 
to boilers installed at Bradford at different dates. 
Lb. of water evapo- 
rated per hour per sq. 


Year. ft. of heating surface. 
1900 ... led 3-0 
1902-1911 ... 3°25 
aos... 3-45 

1920 ... nei 6-0 

1926 (ordered) 12-0 


Still higher rates of evaporation were used in the 


* Abstract of Paper read at the Buxton Meeting of the United States. At the Hell Gate power station, New 
Incorporated Municipal Electrical Association, June 1, York, boilers equipped with Murray fire-tube furnaces 


1927. 


evaporated 17-4 lb. of water per hour per square foot 





of surface, and reports were current that boilers now 
being built were designed to evaporate as much as 
69 lb. per hour per square foot of heating surface. A 
still higher rate was, he understood, claimed for the 
Wood boiler now in operation at an industrial plant 
in Manchester. 

The introduction of pulverised-fuel firing had greatly 
assisted the construction of boilers with large outputs, 
so that whiist the largest boilers at work in this country 
were those at Barton station, which were credited with 
an evaporation of 100,000 lb. per hour, figures as high 
as 580,000 lb. were registered in the United States. 
The boilers in question were installed at the River 
Rouge Works, and were designed for a continuous 
rating of 223,000 lb., but it was found that there was 
no difficulty in raising this figure to 350,000 lb. per 
hour. About a year ago, the furnaces were redesigned, 
and the latest method of pulverised-fuel firing intro- 
duced, with the result that, with but little addition to 
the heating surface, the output now attainable was 
over two and a-half times that for which the boilers 
were originally designed. 

The introduction of regenerative feed heating, with 
the consequent reduction in the temperature difference 
between flue gas and feed, had led to the partial or 
complete replacement of economisers by air-preheaters. 
With boilers of ordinary design, it was considered 
advisable to keep the temperature of the preheated 
air below 250 deg. C., but with the Murray fin-tube fur- 
naces there was no such limitation. Tests indicated 
that the gain from preheating was greater than could 
be accounted for by the heat trapped in the air heater. 
An air preheater should have about 2} times as 
much surface as an equivalent economiser, but cost 
less, particularly when boiler pressures were high. 

Pulverised-fuel firing was experimented with in this 
country in 1868 and 1873, and about 25 years ago 
the author had seen a Cornish boiler, at East London, 
working with pulverised fuel. The practicalisation 
of the system had, however, been mainly effected 
during the past few years, and in the United States. 
The author had seen there nearly a dozen stations thus 
operated, and had come to the conclusion that the 
method could be regarded as eminently satisfactory, 
and that it was likely to be adopted for the majority 
of large American power stations. The system was 
particularly suitable for boilers having furnaces too large 
to be conveniently worked with stokers. The advantages 
claimed for the system were, great cleanliness, ease 
of control, ability to follow fluctuating loads, and to 
operate with mixed fuels. It was also claimed that 
low-grade fuels could be burnt satisfactorily, and that 
high sulphur or ash contents were less detrimental than 
with stoker firing. Banking losses were also reduced, 
furnace refractories lasted longer, and higher outputs 
and higher efficiencies were attained in normal working. 
Many of these claims were disputed by stoker makers, 
and it was true that mechanical stokers had, during 
recent years, been greatly improved. In the author’s 
opinion, the claims for cleanliness of operation and ease 
of control were amply vindicated, and he thought 
that coals of variable qualities, when mixed together 
could be better dealt with in a pulverised-fuel furnace 
than with stokers. On the other hand, with present 
costs, the author had reluctantly come to the con- 
clusion that the stoker system would give cheaper 
steam in the case of the high-pressure boiler he was 
installing at Bradford. 

The development of large boiler units had led to 
travelling-grate stokers being built up to a width of 24 
ft., but it was open to question whether such wide 
grates were better, from the point of view of maintenance 
and control, than two or more narrower grates. The 
improvements made in mechanical stokers and in 
the furnaces fired by them, had greatly increased the 
efficiency of combustion, and makers claimed that as 
high boiler efficiencies could be attained as with 
pulverised-fuel firing. 

In the United States, automatic boiler control was 
largely adopted. The controlling plant was designed 
to maintain the steam pressure constant at all loads. 
The installations generally consisted of a master 
controller, and this controlled the secondary controllers, 
which regulated, respectively, the stoker speed, the 
air supply to the furnaces, the outlet dampers, the 
air pressure, and the boiler feed. Station engineers 
who had installed the system were very emphatic as 
to the advantages gained, both in the matter of increased 
efficiency and ease of control. The average boiler effi- 
ciency was raised by 2 or 3 per cent. as compared with 
manual working, and the full load of a power station 
of the largest capacity could be thrown off and taken up 
again without manual operations of any kind. 








Lerezic InpusTRies Farr.—In connection with the 
machine-tool section of the Leipzig International Indus- 
tries Fair, a collection of catalogues of the various 
machines manufactured by exhibitors has recently been 
provided in London. Inquiries regarding the catalogues 
should be addressed to the Honorary Director, London 
Office of the Leipzig Fair, 1, Gower-street, W.C.1. 
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LABOUR NOTES. 


By a majority of four to one, the Amalgamated 
Engineering Union’s National Committee at a meeting 
in Blackpool, decided to instruct the Executive Council 
to continue negotiations with the employers on the 
wages question and submit any offer resulting there- 
from to a ballot of the members. A counter proposal, 
which was supported by the principal London represen- 
tatives on the Committee, was to the effect that the 
national negotiations should be terminated and the 
districts empowered to proceed with local claims. It 
was, however, rejected by the meeting. A resolution 
was proposed by Mr. J. Tanner (London) and seconded 
by Mr. F. H. Leeming (Preston) expressing the opinion 
that a commission of five, including two members of the 
executive, should be set up to investigate the whole 
auestion of payment by results and to report, with 
recommendations, to the next meeting of the National 
Committee. The proposal was rejected by 28 votes 
to 23—an odd decision, indeed, considering that about 
75 per cent. of the country’s operative engineers are 
working some system of payment by results. 





Another proposal which had the support of the 
London representatives was that the executive should 
be instructed to take a ballot vote of the members for 
or against the ending of the provisions for avoiding 
disputes embodied in the York Memorandum. The 
council strongly opposed the resolutions, Mr. Brownlie, 
the president, declaring that it would be disastrous at 
the present time to terminate the agreement. While, 
he added, the provisions were, for many different 
reasons, not particularly helpful to the unions at 
present, they had been helpful in the past and would be 
again. The proposal was rejected by a large majority. 





In the course of a discussion on the subject of the 
Industrial Alliance—to which, it will be recalled, the 
A.E.U. affiliated on the formation of the organisation— 
Mr. Brownlie explained that a condition of membership 
was the ending of agreements—a challenge to consti- 
tuted authority. As, however, the railwaymen’s and 
transport workers’ unions had since entered into 
certain agreements the organisation was, obviously, 
now unworkable. 





According to a financial statement submitted by the 
executive to the National Committee at Blackpool, 
the amount of the General Fund of the Amalgamated 
Engineering Union was, at the end of 1926, after 
liquidating all liabilities, 179,063/. 12s. 9d. There was 
a loss on the year’s working of 126,169]. 2s. 8d.; but 
having regard to all the circumstances, and bearing in 
mind the fact that the union paid in benefit from its own 
funds during the twelve months no less than 679,101. 
Ils. 43d., the executive say they feel justified in 
suggesting that the organisation has withstood the 
financial strain extremely well. 

The Berlin correspondent of The Times states that 
the latest unemployment returns show a decrease in 
the numbers of persons in receipt of relief in Germany. 
The number receiving ordinary relief on May 15 was 
746,000, a reduction of 125,000 since May |. The figures 
for emergency relief, published monthly, show a decrease 
from 234,000 to 226,000 during the month April 15 to 
May 15. The total number of unemployed in both 
categories has decreased from 1,217,000 on April 15 
to 972,000 on May 15, a reduction of 20 per cent. 





At the closing session of the annual conference at 
Ramsgate last week of the Railway Clerks’! Association, 
14 resolutions were submitted from branches proposing 
joint meetings between the executives of the National 
Union of Railwaymen, the Associated Society of 
Locomotive Engineers and Firemen, and the Railway 
Clerks’ Association with a view to federation. On 
being put to the vote the proposals were defeated by 
a large majority. 





_The decision of the General Council of the Trade 
U nions Congress to refuse recognition to Trades 
Councils which are affiliated to the National Minority 
Movement was approved by the annual conference, held 
in London last week, of the Trades Councils of England 
and Wales. The conference resolved that no person 
should be accepted as a delegate to the annual conference 
of the Trades Council who was not a bona-fide member of 
a trade union eligible for affiliation to the Trade Unions 
Vongress. It was also decided that a definite time 
imit should be given to those trades councils which 
Were purely political in character, to set up an industrial 
Section, and that councils not coming into line within 
81x months should be refused recognition as bona-fide 
industrial organisations. 





The Italian Cabinet recently approved a scheme for 


the 
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communication issued on the subject states that the 
proposed scheme has been retarded by reason of the 
necessity for co-ordinating its provisions with those 
relating to the regulation and working of the State 
trade union organisations. Under the new regulation, 
while keeping to the main principles laid down in the 
Act of April 13, 1926, establishing Provincial Economic 
Councils, important amendments are introduced. In 
the first place, provincial economic offices will be set 
up. which will act as executive offices of the Councils 
and, at the same time, as local organs of the Ministry 
of National Economy. The chairman of the Council 
will be the Prefect, assisted by a vice-chairman and 
the chairman of the sections, who will be appointed by 
the Minister of National Economy. The Councils 
will be composed of from 12 to 28 members elected by 
trade union organisations and existing provincial 
institutions, and also of certain civil servants who are 
experts in local economic questions and sit as ex-officio 
members. The Councils are to be set up during 1927 
by the Prefects in every province, with the exception 
of provinces created by the Royal Decree of January 2, 
1927. In such provinces the preparatory measures 
relating to the Councils will be entrusted to. special 
government commissioners. 


The Ministry of Labour states that on May 23, 1927, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
978,200, of whom 786,300 were men, 28,100. boys, 
134,800 women, and 29,000 girls. Of the total number, 
656,200 were wholly unemployed, 253,800 temporarily 
stopped, and 68,200 normally in casual employment. 
On May 16, 1927, the number of unemployed persons 
was 1,007,017, of whom 809,523 were men, 29,862 boys, 
136,961 women, and 30,671 girls; and qn May 24, 
1926, it was 1,597,679, of whom 1,174,108 were men, 
46,954 boys, 326,449 women, and 50,168 girls. The 
figures for May 24, 1926, were affected by the dispute 
in the coal mining industry. 








The Ministry of Labour Gazette states that the 
number of disputes, involving stoppages of work, 
reported to the Department, as having begun in 1926 
in Great Britain and Northern Ireland, was 320, as 
compared with 603 in 1925. In these disputes about 
2,724,000 workpeople were directly involved (i.e., on 
strike or locked-out) and 10,000 indirectly involved 
(i.e., thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to 
the disputes). In addition, 17,000 workpeople were 
involved, either directly or indirectly, in 25 disputes 
which began in 1925 and were still in progress at the 
beginning of 1926. The total number of workpeople 
involved, either directly or indirectly, in all disputes in 
progress in 1926 was thus about 2,751,000. The 
aggregate time lost in 1926 by these workpeople, owing 
to the disputes, was approximately 162,233,000 working 
days. Inthe previous year, the number of workpeople 
involved in disputes was about 445,000 and the approxi- 
mate number of working days lost was 7,952,000. 
Whilst the number of disputes beginning in 1926 was 
the smallest recorded during the whole period of 
39 years for which statistics are available, the number 
of workpeople involved and the aggregate loss of time 
owing to the disputes were greater than in any previous 
year. This was due to the great dispute in the coal- 
mining industry and to the general strike in support 
of the coal miners. All other disputes in 1926 were, 
in comparison, very small. 


The general stoppage in the coal-mining industry 
involved approximately 1,050,000 workpeople, and, as 
it lasted over seven months, the total number of work- 
ing days lost through it (over 145,000,000) was very 
greatly in excess of that of any other dispute pre- 
viously recorded by the Ministry of Labour. It is 
estimated that the number of workpeople who took 
part in the general strike in May in support of the coal 
miners was about 1,580,000. This is the largest 
number of workpeople ever involved in one stoppage ; 
work was resumed in most cases within a fortnight, 
the total loss of time being estimated at 15,000,000 
working days. 





Clause 4 of the Trade Unions and Trade Disputes Bill 
passed the Committee stage in the House of Commons 
practically unaltered. It relates to the political levy, 
and its effect is to reverse the present procedure. 
Instead of declaring off, members of trade unions 
must now declare themselves on. Clause 5, which deals 
with the Civil Services, emerged from the Committee 
stage in the following form :— 

5.—(1) Amongst the regulations as to the conditions 
of service in His Majesty’s Civil establishments there 
shail be included regulations prohibiting established 
civil servants from being members, delegates, or 
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| object is to influence or affect the remuneration and 
conditions of employment of its members, unless the 
organization is an organization of which the membership 
is confined to persons employed by or under the Crown 
and is an organization which complies with such provi- 
sions as may be contained in the regulations for securing 
that it is in all respects independent of, and not 
affiliated to any such organization as aforesaid, the 
membership of which is not confined to persons employed 
by or under the Crown or any federation comprising 
such organizations, that its objects do not include 
political objects, and that it is not associated directly 
or indirectly with any political party or organization : 

Provided that the regulations made in compliance 
with the provisions of this section shall not prevent— 

(a) an established civil servant from remaining a 

member of any trade union or organization not 
composed wholly or mainly of persons employed 
by or under the Crown of which he had, at the 
commencement of this Act, been a member for 
more than six months if under the rules thereof 
there had on the fourth day of April, nineteen 
hundred and twenty-seven, accrued or begun to 
accrue to him a right to any future payment during 
incapacity, or by way of superannuation, or on 
the death of himself or his wife, or as provision for 
his children; or 

(b) a person who in addition to being an established 

Civil servant is, apart from his service as such, 
also engaged in some other employment or occupa- 
tion from being any member, delegate, or represen- 
tative of a trade union or organization, of which 
the primary object is to influence or affect the 
remuneration or conditions of employment of 
persons engaged in that employment or occupation. 

(2) If any established Civil servant knowingly 
contravenes any of the provisions of the said regulations 
he shall be disqualified from continuing to be a member 
of the Civil Service. 

(3) In this section the expression “ established 
Civil servant ’’ means a person serving in an established 
capacity in the permanent service of the Crown, and 
includes any person who, having been granted a 
certificate by the Civil Service Commissioners, is 
serving a probationary period preliminary to establish- 
ment, and the expression “conditions of employ- 
ment” means in relation to persons other than persons 
employed by or under the Crown the conditions of 
employment of persons employed under a contract 
of service. 


At a meeting in the Albert Hall, London, on Thursday 
last week, of the Civil Servants Civil Rights Defence 
Committee, a resolution was passed condemning the 
provisions of Clause 5 of the Trade Unions and Trade 
Disputes Bill as an unwarrantable interference by the 
Government with the rights of organisation and combina- 
of Civil servants as employees, and affirming that while 
Civil servants were bound to carry out their official 
duties as servants of the State, they had an inalienable 
moral right in their capacity as wage-earners to such 
forms of organisation and of combination with other 
wage-earners as in their judgment they might think 
necessary. The resolution further affirmed that 
Civil servants asserted their right as citizens to form 
a judgment on any public issue which arose in the 
corporate life of the community and to express and 
act upon that view either individually or collectively 
through their associations so long as their duties as 
Civil servants were not interfered with. They regarded 
the terms of the bill, as it affected them, as an attempt 
to weaken the power of Civil Service Associations in 
their efforts to protect the economic position of Civil 
servants and affirmed the determination of the service 
to do its utmost to prevent the clause passing into 
law, or, if it became law, to work for its repeal at 
the earliest possible moment. 


On Mr. Herbert Smith, intimating at a meeting in 
Paris on Monday of the Executive of the International 
Federation of Miners, that the representatives of the 
Miners’ Federation of Great Britain would not sit on 
any committee with the present secretary, Mr. Frank 
Hodges, who holds the office, tendered his resignation, 
which becomes effective at the end of this month. 
On his return to London later in the day, Mr. Hodges 
stated that he had told the International Executive 
that the reasons for his resignation were increasing 
calls upon his time in the service of his own country- 
men ; his desire to regain unfettered liberty of thought 
and action in the pursuit of that service, and because 
more especially of his desire to collaborate fully in the 
important task of enabling the miners of Great Britain 
to share the advantages that were coming through the 
higher technique of applied science and sound organisa- 
tion in the industry. M. Delattre, a Belgian delegate, 


has been provisionally appointed to succeed Mr. 
Hodges. The offices of the secretariat will be trans- 





representatives of any organisation of which the primary 


ferred for the time being to Brussels. 
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SUNDERLAND GEAR PLANER FOR 10-FT. DOUBLE-HELICAL GEARS. 


MESSRS. J. PARKINSON AND SON, ENGINEERS, SHIPLEY. 


CONSTRUCTED BY 








SUNDERLAND GEAR-PLANING 
MACHINE. 


Tre Sunderland gear generators made by Messrs. 
J. Parkinson and Son, Shipley, under arrangement 
with Messrs. David Brown and Sons (Huddersfield), 
Limited, have been described in our columns from time 
to time, the most recent description being of a machine 
designed for cutting double-helical gears up to 48 
in. in diameter. This description appeared on page 
363 of vol. exviii of ENGINEERING, in connection 
with the last Machine Tool and Engineering Exhibition 
held at Olympia. Since the date of that exhibition, 
Messrs. Parkinson have manufactured machines of 
the same type, but of larger size, the most recent being 
suitable for cutting double-helical gears up to 10 ft. 
in diameter and 24 in. face, with attachments for cutting 
spur gears with two cutters, and also for cutting spur 
and spiral gears with a single cutter. 

We illustrate the new machine in Figs. 1 to 9, on 
this and the opposite pages, and on page 674. A 
comparison of Fig. 1 with the view of the 48-inch 
machine given on page 364 of vol. cxviii will show 
that the construction of the machine is generally 
similar to that of the earlier design. There are, 
however, a number of differences, the most impor- 
tant being that, instead of the cutters moving 
back clear of the periphery of the blank at the 
completion of each cycle of operations they stop in 
the end position, clear of the face of the blank, while the 
division is made. This alteration is effected by 
increasing the travel of the cutters. There are two 
cutter slides, as shown in Fig. 4. These are normally 
at a fixed angle of 22} deg., but the machine can be 
supplied to order with the slides at a fixed angle of 30 
deg. Alternately, two sets of slides can be supplied, 
so that teeth with either of these angles of spiral may 
be cut. The method of operating the slides is generally 
similar to that employed in the smaller machines. 
It consists of two shafts carrying eccentrics, the connec- 
tions from the latter to the corresponding slides being 
made by means of an eccentric pin and a die sliding 
in a slot. The eccentric shafts are driven from the 
main shaft running along the back of the machine 
through two gear boxes, the first containing fixed 
reduction gearing, and the second change-speed gears 
to vary the cutting speed to suit different work. The 
main shaft is direct coupled to a 25-h.p. electric motor 


through a flexible coupling, and is in line with the 
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motor, as shown in Fig. 2. Photographs of the two 
gear boxes are reproduced in Figs. 6 and 7, and will 
be referred to in more detail later. 

In addition to driving the slides, the main 25-h.p. 
motor also drives the work spindle through a second 
backshaft, shown parallel with, but outside of, the 
main shaft in Fig. 2. The actual drive to the second 
shaft is by spur gearing from one of the gear-box shafts, 
the two wheels for this purpose being clearly visible 
at the right-hand end of the saddle in Fig. 7. From 
the left-hand end of the second shaft, as viewed in 
Fig. 2, a drive is taken through change gears to the 
dividing mechanism controlling the division wheel. 
The change wheeis are mounted on a swing plate in 
the usual way. The division wheel can be seen in 
Fig 3, partially covered by a casing, and this casing is 
also visible in plan in Fig. 2. From these views it will 
be clear that the wheel is of large diameter. The hollow 
work spindle is shown dotted in Fig. 2, and this illustra- 
tion clearly brings out its substantial proportions, which 
are necessary to resist the stresses set up in the cutting 
operation. The hole in the spindle is 12} in. in dia- 








meter. Pinions of a minimum diameter of 6 in. at the 
bottom of the teeth may be cut with a regular 1 D.P. 
cutter, which is probably as small as a machine of this 
size will be required to cut. Smaller pinions may be 
cut, however, by using cutters of wider section, and 
this is recommended by the makers in preference to 
reducing the diameter of the spindle, as the latter 
practice would reduce the rigidity of the spindle below 
that desirable for large-diameter wheel cutting. 
Turning now to the drive for the cutter slides in 





more detail, the fixed reduction gears and the change- 
speed gears interposed between the main driving shaft 
and the eccentric shafts are visible in Figs. 6 and 7. 
The main shaft is shown in the lower left-hand corner | 
of Fig. 7, and the drive is taken from this shaft | 
through the reduction gearing already referred to, 
which is partly visible on the right-hand side of the 
box in both figures. As will be clear from Fig. 6, the 
central shaft carries the drum-type reversing gear for 
the vertical feed motion of the slide. This motion is 
similar to that used on the smaller machines, and as it 
was fully described on page 363 of vol. cx of 
ENGINEERING, the description need not be repeated 
here. The rate of feed is variable by changing the 
position of the belt on the feed cones, which can be 
clearly seen in Figs. 2,3 and 7. From Fig. 7 it will be 
seen that the lower of these two cones is mounted on a | 


worm shaft, the corresponding worm wheel being visible 
in the lower right-hand corner of Fig. 6. At the 
other end of the shaft on which this worm wheel is 
mounted, is another worm wheel for the hand feed. 
The worm engaging with this wheel is mounted on a 
cross shaft terminating in the hand wheel shown in 
Figs. 2 and 3. The two narrow spur wheels near 
the centre of the shaft in Fig. 6 are for the forward 
and reverse power traverses for the slide. 

The drive from the gear-change box to the eccentric 
shafts is through large double-helical steel gears, which 
can be clearly seen in Fig. 7. The shafts are set in 
motion by the automatic engagement of four pawls, 
two of which can be seen in Fig. 6. These pawls 
start and stop the cutter slides at the required moment, 
as explained in our description of the 48-in. machine 
on page 364 of vol. cxviii of ENGINEERING. The eccen- 
tric plate and plunger rack, shown in Fig. 7, are for 
the picking feed motion, which is only required when 
the spur-gear cutting attachment is used. 

The cutters are similar to the rack cutters used on 
the smaller Sunderland double-helical gear planers. 
They can be seen in Figs. 3 and 4. They are located 
against the face of the slot in the cutter box and the 
end plate at the bottom of the box. So long as paired 
cutters are used, these locating points ensure that the 
gear teeth join correctly on the central plane. A 
4-h.p. motor, shown on the right in Fig. 2, is provided 
for turning the work spindle rapidly when testing the 
truth of the blanks being mounted. This motor drives 
on to the belt pulley on the small cross shaft, mounted 
on the end of the machine frame, visible in Fig. 7. 
From the right-hand end of the cross shaft, the drive is 
taken to the work spindle by a suitable longitudinal 
shaft. When this motion is in use, the main worm 
is dropped out of mesh with the dividing wheel. It 
will be noticed in Fig. 7 that the cross shaft is also 
utilised to drive the traversing screw for the machine 
saddle through a worm and worm wheel. Lateral 
adjustment is provided for the work-spindle head, s0 
that the centre of the blank may be set centrally with 
the cutter. Two outboard bearings are included with 
the machine to cover the range of work of which it 18 
capable, each being designed to take the full cutting 
thrust in one direction. The work arbor supplied with 
the machine, unless otherwise specified, is 7 in. 12 
diameter. ; 

It has already been mentioned that attachments can 
be supplied for cutting spur and spiral gears. “pUr 
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years may be cut up to 10 ft. diameter and 24 in. face, 
either 1 D.P. or 3-in. C.P., and pitches up to 4-in. C.P. 
can also be cut at a slower rate. When required for 
cutting spur gears, the slide and fixture for cutting 
double-helical gears is lifted away as a complete unit 
from the vertical slide, and the fixture containing the 
spur-cutting slide takes its place. When required for 
cutting spur gears only, this slide is fitted with a double- 
acting cutter box, which takes two cutters. These 
are placed back to back, and enable cutting to be per- 
formed on the forward and return strokes of the 
slide. One cutter takes the form of a roughing cutter 
and cuts on the bottoms of the teeth only, while the 
other is shaped for finishing and completes the generation 
of the tooth form. When this slide is in use, the inter- 
mittent feed, already referred to and shown in Fig. 7, 
is put into operation. Two lengths of stroke are pro- 
vided for this slide, suitable for cutting wheels up 
to 15 in. or 24 in. wide, respectively. This is arranged 
by fitting cranks with the required length of throw on 
one of the eccentric shafts passing through the sliding 
head. 

In the case of the attachment for cutting either spur 
or spiral gears, a cutter box of the usual type, for 
cutting on one stroke only, is provided, and the slide is 
made to swivel when cutting spirals. By means of this 
attachment, spur gears can be cut up to 15-in. face, 
and spiral gears up to 10 deg. angle of spiral and 14-in. 
face. With an angle of spiral of 20 deg., a 12-in. face 
can be cut, and with an angle of 30 deg., a 10-in. face. 
In each case the pitches are up to 1 D.P. A forged- 
steel spur pinion is shown in the machine in Fig. 9. 
This has 20 teeth, 24-in. C.P., and is forged solid 
with a I11]}-in. diameter shaft. One end of the 
latter passes inside the work spindle and is held by a 
four-jaw chuck, the other end being supported in the 
outer bearing. Fig. 8 shows the machine in use for 
cutting a double-helical pinion. The weight of the 
machine, when made for cutting double-helical gears 
only, is 30 tons, and the weight of each of the additional 
attachments referred to is 2} tons. 








THE SOCIETY OF GLASS 
TECHNOLOGY. 

Tue Tenth Annual General Meeting of the Society of 
Glass Technology was held in Sheffield on Wednesday, 
April 27, 1927, the President, Mr. Walter Butterworth, 
Senior, M.A., in the chair. Mr. W. Butterworth was 
re-elected President for the forthcoming year. At 
the Ordinary General Meeting which followed, a 
discussion on Furnace Efficiency was inaugurated by 
Professor W. E. 8. Turner, in a paper entitled ** A Brief 
Review of Furnace Developments.” Professor Turner 
stated that his intention was to survey the present 
position of furnace practice in this country and abroad, 
as the basis for considering possible lines of advance- 
ment in the future. Dealing with the operation of pot 
furnaces in this country, data were given of numerous 
furnaces engaged upon various types of work, some of 
the observations dating back to 1916. It was evident 
from the figures that (a) a saving in fuel was obtained 
by the newer types of recuperative or regenerative 
furnaces; (6) heavy expense was incurred by the 
practice of founding only once a week; (c) the fuel 
consumption was greatly increased when the eye of 
the furnace had worn big. The efficiency of modern 
British pot furnaces compared favourably with those of 
Germany. 

Among the improvements effected during the last few 
years in furnace design were (1) greater compactness ; 
(2) better utilisation of waste heat ; (3) the introduc- 
tion of tangential burners ; and (4) sillimanite sieges. 
The type of ware made greatly affected the efficiency, 
while mutual consideration of the problem by masters 
and men of methods of working should result in greater 
output at less cost. Passing to the consideration of 
tank furnaces, Professor Turner gave data of numerous 
tanks working for hand operation, for semi-automatic 
bottle machines, for mixed automatic and semi-auto- 
matic machines, and for fully automatic machines. 
Very few data were available relative to Continental 
practice, but from figures quoted by H. Maurach in 
1925, the results obtained in Germany were probably 
not as good as those reached in this country. Speaking 
generally, tank furnace practice on the Continent had 
not reached the British attainment, which was now 
equal to anything so far achieved in America. 

The main sources of economy, with a view to 
increasing efficiency, were indicated. Among the 
problems which still required more thorough examina- 
tion were :—(a) Design of ports. End ports in some 
cases appeared to give longer life to tank blocks; 
(6) bridges, the form of the basin and whether there 
should be one or two houses; (c) depth of the refining 
end of the tank, whether it should be less than at the 
melting end; (d) Utilisation of waste heat; and 


(e) increased insulation in various parts of the furnace, 
crown, 


side walls, &c. In conclusion, Professor 








Turner referred to a suggestion made by Mr. B. P. 
Dudding that it would be a good thing to see how far 
it was possible, by a national exchange of information, 
to develop furnace operation to a fuller stage. The 
Department of Glass Technology of Sheffield Univer- 
sity had recognised the importance of the problem, 
and several series of systematic measurements had 
already been carried out by members of the staff, at 
the request of some manufacturers. Work on these 
lines had been carried out in Germany, since 1920, 
when an institution was set up to study the problems 
of furnaces and fuel in the glass industry. Similar 
systematic furnace measurements were needed in this 
country, since the sound lines for real progress must 
rest on measured data. 
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THE Roya Society CONVERSAZIONE; ERRATUM.— 
We regret that in referring, on page 616 ante, to the soft 
X-ray apparatus exhibited by Professor O. W. Richard- 
son, F.R.S., and Mr. F. 8. Robertson, at the Conversazione 
of the Royal Society, we erroneously stated that the 
target gave off electrons when bombarded and the photo- 
electric effect of the electrons was measured. Actually, 
the target is bombarded by electrons and gives off 
X-rays, and it is the photo-electric effect of these X-rays 
that is measured. The X-radiation alone is allowed to 
pass through for measurement, any electrons or charged 
particles being carefully cut out by means of two con- 
denser plates suitably charged, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Owing to continued 
dearth of orders and consequent steady accumulation 
of stocks, together with the fact that current rates are 
altogether unremunerative, makers of Cleveland pig-iron 
are curtailing output. Messrs. Pease and Partners 
are damping down two furnaces at their Teesbridge 
Ironworks, and there is, unfortunately, too much reason 
to fear that their action will be speedily followed by 
other firms. The response to the drastic price cuts 
has been most disappointing. Customers continue to 
confine purchases to small parcels to cover urgent 
needs, and home consumers of pig are still buying 
Continental iron, Export trade is, of course, at a stand- 
still. A very gloomy view is taken of the near future, 
but ironmasters adhere to their fixed rates, and quota- 
tions stand: No. 1 quality, 72s. 6d.; No. 3 g.m.b., 
70s. ; No, 4 foundry, 69s.; and No. 4 forge, 68s. 6d. 


Hematite.—In the East Coast hematite branch also 
the reduced production is more than sufficient to meet 
the very limited demand, but the damping down of three 
furnaces has slightly strengthened the hands of pro- 
ducers, all of whom, however, are anxious to liquidate 
stocks, and with that object in view do not hesitate to 
accept offers at a little below recognised market figures, 
which are 79s. 6d. for No. 1 grade, and 79s. for mixed 
numbers. 

Foreign Ore.—There is now no market for foreign ore. 
Consumers are carrying heavy stocks, and have large 
quantities to accept against contracts made. Merchants 
keep quotations nominally on the basis of best rubio at 
22s. c.i.f. Tees. 

Blast-Furnace Coke.—Owing to the continued down- 
ward tendency of blastfurnace coke valuers, makers are 
threatening to shut down ovens, as quotations are already 
unprofitable. Good medium qualities are on sale at 
22s., delivered to works in this district, and users state 
they can satisfy their requirements at sixpence below 
that figure. 

Martufactured Iron and Steel.—In all branches of 
finished iron and steel, new business matures very slowly, 
but inquiries for one or two descriptions of steel are 
reported slightly better, and this is attributed to the 
rather firmer feeling in Continental material. A not 
unexpected 10s, fall in iron bars has occurred this week. 
Quotations for other commodities are steady. Principal 
market rates stand :—Common iron bars, 11. 5s. ; best 


bars, 11l. 15s.; best best bars, 12/. 5s.; iron rivets, 
121. 5s.; steel rivets, 12l.; packing (parallel), 8/. ; 


packing (tapered), 11/.; steel billets (soft), 71. 12s. 6d. ; 
steel billets (medium), 8/. 2s. 6d.; steel billets (hard), 
81. 12s. 6d.; steel ship plates, 81. 2s. 6d.; steel angles, 
7l. 12s. 6d.; steel joists, 71. 12s. 6d.; heavy sections of 
steel rails, 8/. 10s.; black sheets (24-in. gauge), I1/.; 
and galvanised corrugated sheets (24-in. gauge), 141. 15s. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Expectations of increased economies 
in steel production are based on the present cheapening 
in coke and pig iron prices. Business has been badly 
retarded since the coal strike by the high price of blast 
furnace coke. Current movement is in a downward 
direction, and further cuts are considered not unlikely 
if users continue to buy only for the covering of immediate 
requirements. Progress with schemes for coke plant 
modernisation should also give a fillip to the advent of 
cheaper and more abundant supplies of coke. Despite 
the high output of steel recorded last month, masters of 
open-hearth furnaces are finding difficulty in maintaining 
production at its present reduced volume. It is hoped 
benefit will accrue from the increased number of inquiries 
lately circulating, though foreign under-quoting is a 
dominant characteristic. British shipyards are pro- 
viding more work for rolling mills and foundries. whose 
output is about double that recorded at the corresponding 
period last year. Sheffield will provide much of the 
steel for two large North Atlantic liners which are to be 
built for the Canadian Pacific Railway Company. A 
Sheffield armament firm is intimately interested in a 
3,000,0002. ordnance order about to be placed by the 
Republic of Bolivia. Railway steel is an active medium, 
though the placing of business is subject to intense 
competition from Germany and America. British mining 
requirements are expanding, and there is a strong demand 
for hollow drill steel from overseas markets. In the 
medium branches, stainless steel products, automobile 
and electrical fittings, light castings and shipyard tools 
are active lines. 


South Yorkshire Coal Trade.—The easing in 
price previously referred to is accompanied by further 
reductions, most of them of a moderate character, 1m 
house coal and industrial fuel. The difficulty of dis- 
posing of surpluses, coupled with competition from 
neighbouring districts, is responsible for the marking 
down of the best grades of house coal by 6d. per ton, 
whilst screened sorts have declined as much as 2s. per 
ton. Both Yorkshire and Derbyshire hards are each 
6d. per ton cheaper. Export business affords —* 
narrow margin of profit that inland sales are keenly 
competitive. Less slack is going into consumption at 
coke ovens, but officially prices are unaltered. Quota- 
tions: Best branch handpicked, 29s. to 30s. ; best house 
coal, 24s. to 26s. 6d.; screened house coal, 20s. to =-5.: 
sereened house nuts, 18s. to 20s.; Yorkshire hards, 
17s. 6d. to 19s. 6d. ; Derbyshire hards, 17s. 6d. to 19s. 6d.; 
rough slack, 10s. 6d. to 11s, 6d. ; nutty slack, 8s. to ‘s. 5 


coke 





smalls, 3s. to 5s. 





ate 
to 
eS, 


ced 


re. 
rge 
nts 

at 


Vile 








JUNE 3, 1927.] 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 
Scottish Steel Trade.—There has been practically no 
change in the Scottish steel trade during the past week, 
and plant is still well employed. The shipbuilding 
industry is still pressing for deliveries, and the output, 
for a time at least, is almost fully covered in fulfilment of 
old contracts. This condition is likely to hold until the 
annual stoppage for holidays next month, and it is 
the period after that which is now of some concern to the 
steel makers. The placing of a few more contracts on 
the Clyde, however, gives hope for the autumn demand, 
and, coupled with this, is the fact that Continental ship 
plates have been advanced and are now only 10s. per ton 
above the local prices delivered in this area. The 
general inquiry is not much better, but producers keep 
on hoping for an improvement in the near future, as it 
is calculated that quite a number of orders are still to be 
placed. The home demand for black sheets is no better, 
but galvanised sorts, for shipment abroad, are in more 
request, although makers are not too desirous of booking 
much more at current prices because of the firmness of 
raw material. Prices all round tend to be firmer, and 
the following are to-day’s market quotations :—Boiler 
plates, 111. per ton; ship plates, 8/. 2s. 6d. per ton ; 
sections, 71, 12s. 6d. per ton; and sheets, under # in. 
to }in., 102. to 121. per ton, all delivered Glasgow stations. 
Malleable-Iron Trade.—A very poor demand has 
characterised the West of Scotland malleable-iron trade 
for some time, and the past week has been no better than 
its predecessors. In the hope of bringing out more 
business, the makers decided at the end of last week to 
make a reduction of 10s. per ton in basis prices. The 
current price for ‘“‘ Crown ”’ bars is now 10l. 15s. per ton 
delivered Glasgow stations. Re-rolled steel branches 
are also doing little at present. 
Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade makers ate complaining of the great scarcity of 
orders and inquiries. The demand both for hematite 
and foundry iron is much below the current output, and 
even to-day’s low level of prices has failed to induce fresh 
business, despite the fact that producers state that there 
is little or no margin left to them at present. The 
future is giving some concern to makers on account of the 
higher prices now demanded for iron ore, and, unless a 
decided improvement is forthcoming before long, the 
number of furnaces now in blast will be reduced. At the 
moment there are 37 furnaces in blast in Scotland, 15 
being on hematite, 19 on foundry iron, and 3 on basic. 
The current prices are as follow :—Hematite, 84s. per 
ton, delivered at the steel works; foundry iron, No. 1, 
87s. 6d. per ton, and No. 3, 82s. 6d. per ton, both on trucks 
at makers’ yards. 
Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, May 28, amounted to 517 tons. Of that total, 
485 tons went overseas and 32 tons coastwise. For the 
corresponding week of last year the figures were 1,330 tons 
overseas and 178 tons coastwise, making a total ship- 
ment of 1,508 tons. 
Scottish Shipbuilding—Improvement in the Scottish 
shipbuilding industry is steadily progressing, and more 
and more men are finding employment at the yards, 
particularly on the Clyde, During the past month there 
was a fairly good output, and, although it was less than 
during the two previous months, it was quite up to the 
fol for the month of May. The figures were as 
Ollow :— 
Vessels. Tons. 


The Clyde ... sos mae $58 24 26,775 
The Forth ... a eas aes 4 1,654 
The Tay... oes ise = ao 

The Dee and Moray Firth... 4 295 





32 28,724 

The Clyde total for May brings up the output for the 
year, to date, to 72 vessels of 104,706 tons, which is 
35,325 tons less than for the same five months of last 
year and more than 154,000 tons less than for that 
period of 1925. New work has been on the increase 
again, and during the past month one or two good 
contracts have been secured, the total number of con- 
tracts of one kind and another reported being 21. 

Locomotive Contract.—The North British Locomotive 
Company, Limited, Springburn, Glasgow, have received 
an order from the Sudan Government Railway for 10 
locomotives and tenders. The locomotives will be of 
the 4-6-2 class. It is understood that both engines and 
tenders, when completed, will be shipped to their desti- 
nation without being dismantled. 





Tae Bean Motor Car.—In the course of a speech 
made at the recent annual meeting of the shareholders 
of Messrs. Hadfields, Limited, Sheffield, the Chairman 
of the Company, Sir Robert Hadfield, stated that the 
new six-cylinder Bean car, which had been introduced 
at the Motor Show at Olympia, had been favourably 
teceived by the public. It will be remembered that 
— Hadfields now have a controlling interest in 
— Bean Cars, Limited. Continuing, Sir Robert 
: a ed that particular attention had been devoted during 
tig to the development of the 25-cwt. commercial 
bi +h ®. A fleet of 40 of these had recently been supplied 
Met © new Post. Office Mail Service in London. The 
nog oPolitan Police, New Scotland Yard, London, had 
onde nearly 200 Bean cars and commercial vehicles, and 
age were coming through from them every month. 

: a wireless vans which Scotland Yard were 
" Pting were also fitted to the Bean commercial chassis. 
Teover, it was a noteworthy fact that the cars and 
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NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 

Miners’ Wages.—The first joint audit under the post- 
strike South Wales Coal Trade Conciliation Board agree- 
ment shows a loss of 216,766/., and, as a result, the general 
wage rate will be reduced from 42-22 per cent. above the 
1915 standard, to 28 per cent., as from June 1. With 
regard to the subsistence wage, the owners proposed 
a reduction from 8s. 0}d. per shift to 6s. 10d., but as 
there was failure to agree, the matter has been referred 
to Sir Francis Taylor, the independent chairman, who 
possesses the full powers of an umpire. The new 
minimum remains in operation until the end of August. 


The Coal Trade.—Except that the Central Argentine 
Railways have placed orders for about 250,000 tons of 
Welsh steam coal for delivery over the second half of 
the year, there is little of fresh interest to record in the 
Welsh steam coal trade during the past week. New 
business is very slow, and temporary stoppages at the 
collieries are increasing because of the lack of remune- 
rative trade, while the outlook is rendered more un- 
certain than ever by the imposition on the part of 
France of a decree under which foreign coal cannot be 
imported without licences. The demand for large is 
exceedingly quiet and available supplies are more than 
sufficient ; the result is that prices are very irregular on 
the basis of 22s, 6d. for best Admiralty large, 21s. to 22s. 
for second Admiralties, 18s. to 21s. for Monmouthshires, 
and 18s. 6d. to 20s. 6d. for dry large. Smalls are alsc 
more plentiful than has been the case of late, and prices 
are easier at 14s. 6d. for best bunkers, 13s. to 14s. for 
good bunkers and 12s. to 13s. for other classes. Exports 
of coal in the past week from South Wales totalled 548,590 
tons compared with 468,170 tons in the preceding week ; 
shipments at Cardiff being raised from 282,900 tons to 
341,350 tons, at Newport from 80,350 tons to 111,000 
tons, ana at Llanelly from 6,530 tons to 11,150 tons, 
but at Swansea reduced from 67,080 tons to 56,710 tons, 
and at Port Talbot from 31,310 tons to 28,380 tons. 
The outlook is not regarded as bright, and as a pre- 
cautionary measure Lockets’ Merthyr Collieries (1894) 
Limited, has given 14 days’ notices to about 1,200 men 
employed at their Nos. 3 and 4 pits at Maerdy to ter- 
minate contracts. It does not follow that the notices 
will take effect, but they have been given as a pre- 
cautionary measure in view of the uncertain outlook. 


Colliery’s Heavy Loss.—In their report for the year 
ended December 31, 1926, the directors of the United 
National Collieries, Limited, show a loss of 203,1811., 
which includes the loss sustained by Messrs. Burnyeat, 
Brown and Company, Limited, a subsidiary concern. 
The loss is attributed to the prolonged general stoppage 
in the coal industry, resulting in the closing of the pit 
for seven months. A debit balance of 129,725l. is 
carried forward to next year. The dividend was paid 
on the preference shares for the half-year ended June 30 
last, but is passed for the second half of the year. 





THE VotTa CENTENARY EXHIBITION.—One of the most 
interesting contributions to the display of electrical 
apparatus at the exhibition recently opened at Como, in 
commemoration of the centenary of the death of Volta, 
has been made by Senatore Marconi, who has loaned a 
collection of apparatus used in his earliest experiments, 
together with a number of transmitting and receiving 
instruments used for commercial wireless before the 
development of the thermionic valve. The former 
include replicas of the first experimental short-wave 
beam transmitter used by, Senatore Marconi at his 
father’s house in Bologna in 1895. With this apparatus 
he demonstrated the possibilities of beam transmission 
in Italy in the year mentioned, and in the following year 
confirmed his results in England before representatives 
of the British Post Office and the military authorities. 
The Marconi Company are exhibiting a collection of 
photographs illustrating the evolution of wireless 
apparatus, as well as actual examples of their most 
recent products, and these, in comparison with the his- 
torical exhibits, illustrate in a striking manner the 
remarkable developments in wireless communication 
made during the last 30 years. 





Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHrIPBuILDERS.—Final details of the joint summer 
meeting to be held in Glasgow from June 20 to 23 next 
by the North-East Coast Institution of Engineers and 
Shipbuilders and the Institution of Engineers and 
Shipbuilders in Scotland are now available. The pro- 
ceedings will commence at 8 p.m. on June 20, when a 
conversazione will take place at 39, Elmbank-crescent, 
Glasgow. On the second day, at 10 a.m., an address of 
welcome will be delivered in the Rankine Hall, by the 
Rt. Hon. Lord Weir, of Eastwood. This will be followed 
by the reading and discussion of papers. The afternoon 
will be devoted to works visits and, in the evening, a 
reception will be held in the City Chambers by the Lord 
Provost and the Corporation of Glasgow. The reading 
and discussion of papers will be continued on the morning 
of June 22, and the afternoon will again be devoted to 
visits to neighbouring works. In the evening, at 8 p.m., 
a dinner and dance will take place at the Central Hotel. 
An excursion on the Clyde has been arranged for June 23. 
The papers to be presented at the meeting are as follows :— 
‘* Historical References to the Progress in the Use of 
High-Pressure Steam,”’ by Mr. J. Mollison ; ‘‘ The Trade 
Value of Simplification and Standardisation in the 
Details of Ships and their Machinery,” by Mr. C. le 
Maistre; ‘‘ Economy in Shipbuilding: Some Lines of 
Progress,” by Mr. J. McGovern: and ‘‘ Motor Yachts 
and Motor Yachting on the Clyde,” by Mr. 'F.QL. 
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NOTICES OF MEETINGS. 


THE INstiTUTION oF MUNICIPAL AND CouNTY 
ENGINEERS: SoutH Eastern Duistrict.—Saturday, 
June 4, at 11 a.m., at the Town Hall, Maidstone. ‘* Notes 
on (1) ‘Housing in Borough of Maidstone’; (2) ‘Widen- 
ing of Maidstone Bridge’; (3) ‘New Elementary 
School,’ ’’ by Mr. T. F. Bunting. 

Tue INsTITUTION OF WaTER ENGINEERS.—Annual 

General Meeting.—Wednesday, June 8 to Friday, June 
10, at the Town Hall, Scarborough. Wednesday, June 8, 
at 10 a.m., Inaugural Address by the President, Dr. 
Herbert Lapworth. Discussions on ‘‘ The Scarborough 
Waterworks,”’ by Mr. H. Richardson, with Addenda on 
the New Works by Dr. Herbert Lapworth. ‘‘ The Geology 
of the Scarborough District,” by Mr. R. C. S. Walters. 
At 2p.m. Visits to Works. At 7p.m. Annual Dinner 
at the Prince of Wales Hotel Scarborough. Thursday, 
June 9, at 10 a.m. ‘“ Cementation of Strata below 
Reservoir Embankments,”’ by Mr. A. A. Barnes. ‘“‘ Pre- 
Cementation of a Reservoir Trench,” by Mr. J. R. Fox. 
Friday, June 10, at 10 a.m. Various Visits and 
Excursions. 
THE Oprticat Socrety.—Thursday, June 9, at 7.30 
p-m., at the Imperial College of Science, South Kensing- 
ton, S.W.7. ‘‘The Use of Photo-electric Cells for 
Precision Photometry of Electric Lamps,” by Mr. T. H. 
Harrison. “An Experimental Study of the Best 
Minimum Wave-length for Visual Achromatism,”’ by 
Mr. R. Kingslake. ‘* On Brewster’s Bonds,” Part Il, by 
Mr. Sushil Krishna Datta. 

THE INSTITUTION oF CivIL ENGINEERS.—Friday, June 
10, at 6 p.m., at Great George-street, S.W.1. Heat 
Engine Trials Committee. Report of the Special Com- 
mittee on Tabulating the Results of Heat Engine Trials. 











PERSONAL.—Messrs. Marshall, Sons and Company, 
Limited, Britannia Ironworks, Gainsborough, have 
appointed Mr. G. E. McCaw, 112, Bath-street, Glasgow, 
to succeed the late Mr. J. S. Richardson as_ their 
representative in Scotland.—Dr. H. R. Wright, managing 
director of Messrs. Siemens Brothers and Company, 
Limited, Woolwich, has joined the board of the British 
Columbia Telephone and Telegraph Company.—Mr. P. N. 
Rand, recently general sales manager of the Metropolitan- 
Vickers Electrical Company, has been appointed to a 
similar post with the English Electric Company, Limited. 
Contracts.—Messrs. William Beardmore and Com- 
pany, Limited, have received an order from the London 
Midland and Scottish Railway for 25 0-6-0 locomotives. 
—The following contracts have been placed by the 
Great Western Railway Company: Messrs. Cammell 
Laird and Company, Limited, Birkenhead, the overhaul 
of the S.S. St. Julien. Mr. George Palmer, Neath, 
the repairs to the eastern breakwater at Swansea. 
Messrs. William Muirhead, Macdonald, Wilson and 
Company, Limited, 41, Parliament-street, S.W.1, the 
repairs to the oil bunker jetty, King’s Dock enrance, 
Swansea. Messrs. William Wadsworth and Sons, 
Limited, High-street, Bolton, the supply of two 3-ton 
electric luggage lifts for Temple Meads goods station, 
Bristol. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case: His Majesty’s Consul at Seville reports that the 
Ibero-American exhibition committee is calling for 
tenders, to be presented by June 20, for the construction 
of a stadium (Ref. No. AX. 4750).—The Egyptian 
Ministry of Education is inviting tenders, to be received 
in Cairo by June 30, for the supply of engineers’ instru- 
ments, drawing materials, &c., required for the schools 
during the year 1927-28 (Ref. No. BX. 3549).—The 
Electricity Department of the Municipal Council of 
Sydney is calling for tenders, to be presented by 
August 15, for a generator neutral earthing resistance. 
Specification No. 1121 (Ref. No. BX. 3550). 

TURKISH RAILwAy AND Harsour Worxks.—The 
Turkish Government recently signed eontracts with two 
large Danish engineering and contracting firms, involving 
the building of extensive railway lines and the construc- 
tion of a harbour in Anatolia; a Swedish firm of loco- 
motive makers is also a party to the contract. It is 
suggested that one of the reasons why the Turkish 
Government has given preference to Scandinavian firms 
is because it does not desire that nationals of any of the 
great powers should obtain too much of a footing in the 
country. The railways in question comprise a line 
from Angora, the new Turkish capital, by way of Filyos, 
to Eregli, on the Black Sea, and another line from Keller, 
a station on the Baghdad railway, to Diarbekr. The 
first-named railway passes through districts rich in 
minerals, including coal, and the two lines, which 
have an aggregate length of some 700 miles, are both 
of industrial and strategical importance. The harbour 
works, covered by the contract, are at Eregli, and will, it 
is estimated, entail an expenditure of some 750,000/. 
The existing harbour is of no great size, and is still filled 
with vessels sunk during the war; the raising up of 
these ships will be the first work to be undertaken. The 
harbour construction operations will be undertaken in 
several stages. The building of the railways, on the 
other hand, is to be crete | with immediately, and it 
is anticipated that the undertaking will be complete in 
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THE EMBRITTLEMENT OF BOILER 
STEEL. 

WHuie the analysis of feed water has become, in 
the majority of cases, part of the general routine 
of large boiler plants, it must be acknowledged 
that the subject of boiler chemistry has received 
little attention at the hands of investigators. The 
high temperatures and pressures necessitated by 
modern conditions of working undoubtedly cause 
complex reactions and combinations to take place 
within the water contained in the boiler. That 
these reactions have an important bearing, not only 
on the general efficiency of the plant, but also on 
the life of the boiler itself, is becoming increasingly, 
apparent. In many instances in the past, thé 
failure of boiler plates has been ascribed to faulty 
material and bad workmanship. It is highly prob- 
able, however, that in a proportion of these cases, 
at all events, complex reactions caused by impuri- 
ties in the feed water may have lain at the root of 
the difficulty. A peculiar form of boiler trouble, 
to which various terms involving the word ‘“ em- 
brittlement,” have been given, has exercised the 
minds of engineers for some years past. Cracks 
have developed along the riveted joints, below the 
water line, in some high-pressure steam boilers, 
and in a few extreme cases the rivet heads have 
become so weakened, that it has been possible to 
dislodge them by a slight blow from a hammer. 

A great deal of research work on this subject has 
been carried out, chiefly in the United States, where 
the trouble seems to be more prevalent than else- 
where. The investigators are, however, by no 
means in agreement concerning the basic cause of 
the phenomenon and, after much discussion, two 
schools of thought have arisen among boiler engi- 
neers. The first is of the opinion that the feed water 
is the one and only agency at work, and that 
embrittlement of the boiler plates is due to the 
action of caustic soda in the water, which salt is 
produced by chemical action, from the sodium 
carbonate originally present. Waters charged with 
sodium carbonate become caustic when used for 
steam-raising purposes, and it has been definitely 





established that, under the conditions of tempera- 
ture and pressure which prevail in the modern 
boiler the sodium carbonate becomes hydrolysed to 
sodium hydrate—caustic soda—according to the 
following equation :— 

Na,CO, + H,O = 2NaOH + CO, 

Messrs. R. S. Williams and V. 0. Homerberg, who 
have collaborated in an investigation of the action 
of caustic soda solutions on steel, have come to the 
conclusion that hot concentrated solutions of sodium 
hydroxide gradually attack the oxides and sulphides 
present at the crystal boundaries of the metal. 
The solvent action penetrates deeper and deeper 
into the steel and, furthermore, if the material be 
subjected to stress, the slight fissures formed have a 
tendency to widen. The second school of thought, 
while acknowledging the part played by concen- 
trated solutions of caustic soda, maintain that there 
are other agencies at work in the boiler under ser- 
vice conditions, and that the action of the sodium 
hydrate is not the controlling factor. In order to 
examine the available evidence and to encourage 
further research in the subject, a sub-committee, 
designated ‘“‘ Sub-Committee No. 6 on the Embrittle- 
ment of Metals,’ was formed some time ago by the 
American Society of Mechanical Enginers. A 
progress report was issued recently by the chairman 
of the Committee, Professor A. G. Christie of Johns 
Hopkins University, Baltimore. Professor Christie 
states with truth, that while opinions differ in the 
matter of the causes of embrittlement, there are 
certain facts upon which agreement appears to be 
fairly general. It is acknowledged by all, for 
instance, that embrittlement cracks are intercrystal- 
line in character and that the failure of the metal 
occurs, in practically every case, along the line of 
rivets. 

A pioneer in this particular field of study is 
Professor S. W. Parr, of the University of Illinois, 
U.S.A. ; he published a bulletin on the embrittling 
action of sodium hydroxide on mild steel as far 
back as 1917. Recently, in collaboration with Mr. 
F. G. Straub, he undertook a comprehensive re- 
search on the subject, and a paper: presented at the 
annual meeting of the American Society for Test- 
ing Materials, in June, 1926, embodies the findings 
of these two investigators. A bulletin published 
more recently by the University of Illinois also 
contains an account of this same _ research. 
Messrs. Parr and Straub state definitely that, 
without exception, embrittling cracks follow the 
grain boundaries; fatigue and corrosion cracks, 
on the other hand, develop across the grains. 
Again, they find that failure occurs in plate metal 
of high purity having excellent mechanical proper- 
ties, as well as in plates of inferior make. The 
chemical analyses of a number of waters used in 
boilers which have developed the embrittlement 
trouble, are given in the papers. These show that 
sodium carbonate is the one substance which is 
invariably present ; sulphates, on the other hand, 
are either absent or the amount in solution is 
relatively small. Although the reaction is not 
fully understood, sodium sulphate appears to have 
an inhibiting effect and, when this salt is present 
in any quantity, the action of the caustic soda is 
neutralised or, at any rate, considerably retarded. 

Having ascertained, or restated, the general 
features of the problem, Messrs. Parr and Straub 
proceed to give an account of short-time laboratory 
experiments, which they have conducted in order 
to obtain quantitative data, and with a view to 
suggesting, if possible, a remedy for the trouble. 
The test apparatus finally decided upon consisted 
essentially of a welded-steel container which held 
the solution, and in which steam was generated, 
and an external tension-producing fitting. Tempera- 
ture and pressure conditions were maintained by 
means of an electric furnace. The materials used for 
the investigation were al] mild steels, and specimens 
were subjected to tensile stress while immersed in 
caustic soda solution placed in the container. 
The test results appear to indicate that two condi- 
tions must be present simultaneously to cause 
embrittlement of the steel. In the first place, the 
actual stress must be above the yield point of the 
metal and, in the second, the concentration of 
sodium hydroxide must be in excess of 350 grammes 
per litre (350,000 parts per million, or 20,000 grains 
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per gallon). Variations in the pressure, even up 
to 200 lb. per square inch, seemed to have no marked 
effect on the rate of embrittlement. Again, changes 
in its chemical composition did not appreciably 
alter the time required to break a specimen. The 
fractured test pieces were not corroded, but were 
covered with a thin, blue-black adherent coat of 
magnetic oxide of iron. Microscopic examination 
revealed the presence of a large number of inter- 
crystalline cracks within the strained portion of the 
test piece. 

The first conclusion arrived at, namely, that 
embrittlement only occurs when the metal is 
stressed beyond its yield point, is of the highest 
importance from an engineering point of view. In 
the course of their final remarks, the investigators 
make the somewhat startling statement that 
probably in all boiler plates the stresses at the edge 
of the rivet holes occasionally reach the yield point 
of the metal. They are of opinion that the appear- 
ance of plates and straps after they have been 
removed from a boiler, which has been in service, 
leaves little doubt that, in certain parts, the metal 
has been stressed above its yield point. With 
regard to the second factor necessary to bring about 
embrittlement, 7.e., the concentration of the caustic 
soda solution, the authors point out that the amount 
of sodium hydrate present in a boiler water seldom 
exceeds 1,000 grains per gallon, and is therefore 
well below the 20,000 grains required to initiate 
failure. They maintain, however, that the presence 
of caustic soda in a high-pressure boiler tends to 
produce a seepage of the solution into the seams 
between the metal surfaces. They believe that 
the solution gradually becomes more concentrated, 
and, with time, the concentration is sufficiently high 
to produce embrittlement. If, at the point of 
concentration, the localised stresses are sufficiently 
high, embrittlement will commence. 

Turning to the prevention of embrittlement 
difficulties, the authors point out that the removal 
of the stresses of the type indicated above is hardly 
possible in a commercial installation. The practice 
of inside caulking, on the other hand, would do much 
to prevent embrittlement trouble if it could be 
carried out to something like perfection. At present 
the only practical proposition is the maintaining in 
a feed water charged with high percentages of 
sodium carbonate, of a ratio of sodium sulphate to 
sodium hydroxide somewhat in excess of 2. No 
absolutely definite rule can be laid down, however, 
and, in any case, the treatment of the water should 
be carefully controlled by a chemist who is fully 
conversant with the chemical reactions involved. 

The value of Messrs. Parr and Straub’s work cannot 
be denied. Some of the conclusions reached are, 
however, somewhat debatable ; for instance, their 
theory that, at certain points within the boiler, con- 
centration of sodium hydrate takes place until a 
strength in the neighbourhood of 350 grammes per 
litre is reached, is hardly convincing. It does not 
seem very probable that a solution originally con- 
taining 1,000 grains per gallon should become con- 
centrated, in the manner indicated above, until it 
reached a strength cf 20,000 grains per gallon. The 
position taken up by these two investigators is 
nevertheless somewhat strengthened by the fact that 
although boiler failures of this type do not appear 
to be confined to any one district of the United 
States, they have, in most cases, occurred in boilers 
in which the feed water contained relatively high 
concentrations of sodium carbonate, bicarbonate, or 
hydrate, and low proportions of sodium sulphate. 

As stated above, man’ engineers while agreeing 
that concentrated solutions of caustic soda have 
been shown by experiment to produce brittleness, 
do not subscribe to the view that the amounts of 
the alkali present in a boiler under ordinary service 
conditions, are necessary factors in bringing about 
embrittlement. In opposition, the suggestion is 
made that gaseous hydrogen, which may be produced 
within the boiler, even in the absence of caustic 
soda, may penetrate the steel and gradually render 
it brittle. It is an undeniable fact that dissolved 
or occluded gases often have a distinctly harmful 
effect on the mechanical properties of metals, and 
scientific metallurgists are seeking to enlarge the 
somewhat scanty knowledge existing on this 
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forward is that excessive strains set up in the 
metal, when in service, may be the primary cause 
of embrittlement, and the source of intercrystalline 
cracking. Again, intergranular fracture may be 
developed in such materials as boiler plate by im- 
proper thermal or mechanical treatment during 
manufacture, or during the subsequent forging 
or assembling operations. In this connection, a 
suggestion made recently by Mr. Ulick R. Evans 
is of interest. He is of the opinion that the appear- 
ance of cracks round the rivet holes of boilers may 
possibly be due to the fact that corrosion merely 
widens and extends microscopic cracks, which 
actually existed before corrosion commenced. In 
support of this view, he quotes the work of Messrs. 
Kiihnel and Marzahn, two German metallurgists, 
who have investigated cases of failure in steel 
sleepers. These workers have come to the con- 
clusion that the trouble originates in a series of fine 
cracks radiating round the punched holes in the 
sleepers. It seems therefore, not impossible that 
fissures around holes, in other forms of steel work, 
may be traced to a similar origin. On the other 
hand, this does not explain why, in a piece of em- 
brittled boiler plate the rivets themselves should 
deteriorate. 

Viewing all the published evidence, the unfor- 
tunate engineer whose boilers are subject to this 
peculiar form of trouble may well be puzzled. A 
consideration of the available data indicates, how- 
ever, that two outstanding facts are prominent. 
One section of the scientists who have investigated 
the matter, appears convinced that the feed water 
is at the root of the trouble. Another section, on 
the other hand, point to undue stresses during 
manufacture and assembling as being the primary 
cause of cracking. It seems logical, therefore, that 
the person chiefly interested, 7.e., the boiler user, 
should endeavour to counteract the evil by following 
the dictates of each school of thought, pending a 
more complete solution of the problem. When 
anew boiler is being constructed, the materials should 
be selected and controlled with the greatest care, 
and the workmanship strictly supervised. Again, in 
those cases in which the feed water employed con- 
tains some of the suspected salts, measures should be 
taken to eliminate or neutralise harmful ingredients 
on the lines suggested by Professor Parr and other 
workers. It is possible, of course, that, as a result 
of continued research, the explanation of the problem 
may turn out to be comparatively simple and, con- 
sequently, the need for elaborate precautions will 
largely disappear. The trouble as it is now under- 
stood must, however, be met, and efforts should be 
made to turn to practical advantage the scientific 
data accumulated up to the present time. 





X-RAYS AND MAGNETIC TESTS. 


WHEN a new branch of knowledge is opened up, 
its most attractive applications are in the production 
of new results. Sometimes, indeed, the possibility of 
applying it to measure old phenomena is evident 
from the outset, but as a rule this use of it is not only 
less obvious but also more difficult. In addition to 
knowing the new discoveries and the old facts and 
to ascertaining what relations may appear to exist 
between them, it is often necessary to take account 
of other factors that may react with the measuring 
or the measured phenomena, and so prevent them 
from being used to measure each other. To be useful 
such investigations may have to be exactingly 
minute, and, with an ultimate uncertainty of the 
result, may involve an amount of work that might 
be applied more hopefully to developing knowledge 
and applications of the new phenomena themselves. 
In practice a branch of knowledge may be, in fact, 
like a syphon, requiring a minimum head to have 
been accumulated before it will work outside itself. 
The application of new knowledge to devising 
tests for old practice may, accordingly, be among 
the last uses to which it is put, and the postpone- 
ment may be wise. 

The history of x-rays illustrates well the delay that 
may occur before new discoveries can be applied 
regularly to supplement or replace old methods of 
test. X-rays were probably generated as far back 
as the end of the 18th century, but they were first 
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that they passed through metal, acted on a photo- 
graphic film, and appeared to travel from their 
source in straight lines. It was found almost 
immediately afterwards that some substances, 
including some metals, were relatively or altogether 
opaque to the rays, and that the rays which fell on 
certain substances caused them to fluoresce, 
apparently in proportion to the strength of the 
incidental radiation. The suggestion naturally 
followed that if substances relatively opaque to the 
rays were embedded in a mass of material trans- 
parent to them, the opaque substances would reveal 
their presence by throwing a shadow on a photo- 
graphic plate, if the presence of the rays was being 
investigated photographically, or by reducing the 
brightness of a fluorescent screen, if the rays were 
being observed by its use. Forthwith, therefore, 
x-rays began to be applied to purposes of surgical 
diagnosis, and within two years’ were used both in 
the United States and in France for a large number of 
purposes, such as detecting internal flaws in metal, 
examining the interior of bombs, and detecting 
impurities in coal. Apart from the delicacy of the 
apparatus, which made it unsuitable to works 
practice, many difficulties were found in applying 
the method. The rays, for instance, were not 
merely transmitted in proportions varying with the 
composition and thickness of the material through 
which they passed. A large proportion of them were 
scattered in all directions, and the quantity so dis- 
persed varied with the penetrating power of the 
radiation and the nature of the substances through 
which it passed and on which it fell. At best only 
a trifling percentage is actually absorbed by the 
photographic film. 

It is not surprising, therefore, that in spite of 
the promptness with which it was attempted to 
apply x-rays to testing purposes, no great success 
resulted for many years after their discovery. 
As is well known, research in the scientific appli- 
cations of the rays suffered no such delay. Its 
results led to the foundation of increasingly elabo- 
rate theories about the nature and properties of 
the rays themselves and of the structure of matter, 
and in particular in the hands of the Braggs 
and others provided an entirely new method 
of examining the structure of materials, which 
revealed it visually with an intimacy as great or 
greater than had been claimed by the merely specula- 
tive theories of a somewhat earlier date. The picture 
so obtained of the structure of metals has been 
applied to unsolved problems, such as the allo- 
tropic changes that occur in steel on quenching, 
and seems to have given a positive answer to many 
questions that previously were controversial. It is 
being co-ordinated with the mechanical changes 
that occur under various conditions of stress, and 
seems to be in a fair way to throw an invaluable 
light on the nature of fatigue following on] repeated 
stresses. 

Of late, renewed endeavours have been made to 
apply x-rays to developing practical tests, and with 
the increased knowledge of their properties and the 
improvement that has been made in apparatus, much 
better results have been obtained. These appli- 
cations have been worked out notably in the United 
States and at the Research Department of Wool- 
wich Arsenal, and Messrs. Pullin and Wiltshire, 
in a recent sketch of the history of x-rays,* have 
described a variety of directions in which such work 
is proceeding, and many tests that have been 
applied successfully on a very large scale. By 
the x-ray spectrometer it is found possible to 
recognise the «, 8, and y modifications of iron, 
and even to deduce the relative amounts present 
in a specimen with considerable accuracy. Strain 
can be detected in a metal before the crystals have 
been visibly deformed. The examination of electro- 
deposited metal in the x-ray spectrometer may 
enable its properties to be foretold with some 
accuracy. These are a few among the more modern 
applications, which cannot yet be said to have been 
fully elaborated. In the older methods of skia- 
graphy, however, a large amount of information has 
been accumulated and many improvements made in 
apparatus. The use of the rays is still subject 
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to the difficulty that no means have been found of 
concentrating them, as light rays are concentrated 
by a lens, but scattering has been considerably 
mitigated by the use of absorbent grids, and it is 
thought possible that ultimately increased thicknesses 
may be penetrated with satisfactory definition. In 
other ways, moreover, the technique is being investi- 
gated, and what has been done already seems likely 
to be followed by still greater improvements. 

Without, however, counting on results that have 
still to be obtained, the applications that have been 
made already seem to have considerable practical 
value, particularly in enabling tests to be made 
without destroying or dismounting the objects 
examined. A typical example is the a-ray examina- 
tion of golf balls to make sure that no distortion of 
the core has occurred, which is done very simply by 
allowing the ball to roll between an 2-ray tube 
and a fluorescent screen, a method that some 
makers apply to their entire output. X-ray radio- 
graphs of castings may avoid any doubt about 
internal soundness, and at present can be made up 
to a thickness of 43 in. in mild steel. Where the 
castings are important, or where defects may not 
become visible until a large amount of machining 
has been done, 2-ray examination may be an 
economical measure, and in some works it is applied 
habitually to the first cast off any pattern of a 
new design. ‘The method has also been applied to 
forgings, such as locomotive tyres, in which it is 
found to detect a flaw that reduces the total thick- 
ness of metal by no more than 2 or 3 per cent. in 
thick specimens, or even less when special precau- 
tions are taken. Unsound welds, again, are 
detected unmistakably when they reduce the 
strength to below 80 per cent. of that of the unwelded 
plate, and create suspicion even when the strength 
is only below 90 per cent. It will be remembered 
that the tie-bar which failed some years ago at 
Charing Cross Station, and brought a large part of 
the roof down, broke at a weld which externally was 
perfect but had occluded slag inside. In work such as 
aeroplane construction, both welds and wood joints 
can be examined in this way most usefully and 
effectively. With the fluorescent screen, again, 
blank ammunition is examined at the rate of nearly 
20,000 cartridges per hour for one x-ray set, and, 
in spite of whatever precautions are taken, a number 
of cartridges are found to contain unsuspected 
missiles. Important assembled detonators are 
examined radiographically at the rate of 800 to 
1,000 an hour, and for some rougher purposes 
portable a-ray apparatus have been devised which 
enable inspections to be made in situ. Defects 
of construction in motor tyres are disclosed if the 
material is impregnated with a little lead salt. 
Impurities are detected in insulating materials, 
even when present in minute sizes. The fit of 
small screw threads can be shown with considerable 
exactness. These are only a few examples of 
uray testing in advanced present practice, which 
may be commended to more general use. 

Another method of test, which also has the 
advantage of not destroying or straining the object 
tested, uses variations in magnetic properties. 
Up to now this method does not appear to have 
gone much or at all beyond the experimental 
stage, but the results of the experiments seem 
hopeful, and the advantages of such a method 
would often be great. The methods depend on 
correlating the mechanical property to be tested 
with variations in the magnetic characteristics of 
the material. A considerable amount of work has 
been done on the subject by the United States 
Bureau of Standards, and it has been found possible 
to detect small flaws in rails, to measure the 
hardness and temper of cutlery blades and 
drills, the hardness and soundness of ball-bearing 
Taces, and to detect the existence of flaws in 
wire ropes. The last of these purposes, whereby, 
for instance, hoisting ropes in mines could be 
tested rapidly every day, might be of considerable 
Practical importance. In principle the method 
‘8 to produce a magnetic flux in the rope 
under test, which is surrounded by a magnetis- 
ng solenoid and a _ search coil, by exciting 
the solenoid with a direct current. If the 


Tope is run through the solenoid, any variation 
mits magnetic character, such, for instance, as 
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would be produced by a flaw or broken strand, 
will induce an electromotive force in the search 
coil. Unfortunately, mechanical stress in the steel 
may have a similar effect, increasing or decreasing 
its permeability and the -electromotive force in 
the search coil according to the value of the 
magnetic field. It appears, however, that the 
magnetic field can be so chosen as_ practically 
to eliminate the effect of internal stresses on the 
e.m.f. in the search coil, and any dangerously 
high stresses, such as might be occasioned by the 
wear or rupture of a strand, would show up at 
once. The method doubtless requires further 
investigation before it can be adopted in practice, 
and it is to be hoped that the result of such 
investigation may be satisfactory. 


NOTES. 


Non-Frerrous METALS RESEARCH. 





No purpose would be served by speculating which 
of the research associations formed under the 
egis of the Department of Scientific and Industrial 
Research has best repaid the State assistance 
which has been granted to it. It is certain, how- 
ever, that the British Non-Ferrous Metals Research 
Association stands among the first few. This 
association has the advantage that its activities 
are of interest to a very wide circle of industries, 
so that the results it obtains are of wide applica- 
tion. This condition naturally gives the associa- 
tion wide claims to sympathy and support, and 
although these have been answered from inside the 
non-ferrous metal industries, they have apparently 
not been supported as well as might have been 
expected by metal users. Mr. Thomas Bolton, 
the Chairman of the Association, made an appeal 
for further support in this direction in his speech 
at the annual luncheon of the association, which 
was held in London on Friday of last week. As 
the association has now reached the stage of its 
development when its State grant will diminish 
from year to year, the increase of support from both 
producers and users has become of urgent necessity 
and may be cordially recommended. The case for 
research hardly needs support at the present day, 
but an excellent plea for it was made by Sir Frank 
Heath, who spoke at the luncheon. He pointed 
out that not only plant and machinery were wasting 
assets, but that knowledge fell within the same 
group, and that as expenditure was necessary for 
new plant so also was it necessary for new know- 
ledge. This knowledge, however, had to be col- 
lected and built-up gradually and could not be 
bought “off the shelf’? when its lack was felt. 
Sir Alfred Mond, who also spoke, stated that there 
was no safer investment in the world than research, 
and that in metal research ‘work in particular the 
prizes yet to be won were great indeed. 


ELECTRICITY SUPPLY STATISTICS. 


The Electricity Commissioners have issued their 
annual return of analyses and summaries of fuel 
consumption and electricity generated for the year 
ended March 31, 1926. Copies may be obtained 
from H.M. Stationery Office at a price of 1s. 6d. net. 
These returns naturally lose somewhat in value, 
owing to the delay in making them public, a delay 
which is explained by the exceptional pressure of 
work in the Commissioners’ office. This is, how- 
ever, more than compensated by the new arrange- 
ment, wherein the results of each station are given 
separately and openly. Previously, it will be remem- 
bered, only the station in each group and class 
which showed the lowest average fuel consumption 
of fuel per unit generated and the highest thermal 
efficiency was given, a merciful veil of anonymity 
being drawn over the rest. Unfortunately, from the 
point of view of easy comparison of like results, the 
arrangement is no longer by groups, but alphabetic- 
ally, so that, without considerable labour, it is not 
easy to gauge, say, the relative performances of the 
63 stations in group E, that is the stations which 
generate between 10,000,000 and 25,000,000 kw.-hr. 
annually. Another year, we hope, therefore, it will 
be possible to arrange Table III, which contains 
these particulars, by output, in conjunction with a 





whereabouts of any particular station to be ascer- 
tained at once. 

Turning to the tables themselves, results are given 
for 454 stations, out of the total of 584 for which 
returns were made. The total electricity generated 
in the latter number of stations was 812,296,183 
kw.-hr., an increase of over 707 million kw.-hr., or 
9-5 per cent. over 1924-25. The corresponding con- 
sumption of coal, coke and fuel oil was 8,445,566 
tons, an increase of 403,324 tons, or 5-0 per cent. 
over the previous year. This seems to indicate that 
progress in effecting fuel economies is still being 
maintained. <A certain slowing up in the rate of 
increase of output is, however, noticeable. As 
regards efficiency, the Barton station of the Man- 
chester Corporation still leads the way. It generated 
269 million kw.-hr. at an average coal consumption 
of 1-36 lb. per kw.-hr., and a thermal efficiency of 
21-5 per cent. In considering this result, it must 
not be overlooked that it was possible to adjust the 
load factor to 41 per cent. Nevertheless, all con- 
cerned are to be congratulated on securing what is 
probably a world’s record. Next in order of merit 
is the North Tees station of the Newcastle-on-Tyne 
Electric Supply Company, Limited, which had an 
output of 167 million kw.-hr. and a fuel consumption 
of 1-51 lb. per kw.-hr. with a thermal efficiency of 
18-75 per cent. and a power factor of 47-1 per cent. 
It is interesting to note that the Redcar waste heat 
station on this company’s system had a load factor 
of no less than 76-5 per cent. The Radcliffe station 
of the Lancashire Electric Power Company gene- 
rated 131 million kw.-hr. at an average consumption 
of 1-67 lb. per kw.-hr., the thermal efficiency being 
17-45 per cent. Several of the smaller stations 
also made excellent showing. 


THE BRIDGING OF THE BELT. 

The bridging of the Little Belt, which strait 
separates the Danish mainland of Jutland from 
the island of Fuhnen, is an exceedingly interesting 
undertaking, both from an engineering and from 
a traffic-utility point of view. The Danish 
Legislature passed the necessary Act some time 
ago, and preliminary operations have now com- 
menced on each side of the strait. Tenders for 
the work were invited in the usual manner, and 
February 1, 1927, was at first fixed as the final 
date for the receipt of offers. The Government, 
however, has postponed the closing date and no 
definite time limit has, as yet, been fixed; this is 
because the general concensus of opinion has 
shown that the project should be so amended 
as to include a highway for motor and general 
traffic as well as a railway bridge. The State 
Railways Department has hitherto strongly opposed 
any alteration of the original project ; its engineers 
contend that they were not called upon to facilitate 
competition from motor traffic, which is being 
keenly felt in some districts. It would appear, 
however, that the new Government may take 
an altered view of the matter. The engineers 
of the State Railways have prepared detailed 
plans, but, when calling for international tenders, 
an invitation which bids fair to bring forth tenders 
from a number of large European concerns, 
the competing firms were given the option of 
substituting tenders based upon their own original 
or modified designs, in addition to, or in lieu of, 
the plans prepared by the State Railways. The 
construction of the bridge will involve very heavy 
expenditure and the actual building of it will 
occupy a considerable number of years ; moreover, 
should a general traffic bridge be decided upon, 
the time required to build the undertaking will be 
increased by at least twelve months. 





THE INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 


Tue thirty-second annual convention of the 
Incorporated Municipal Electrical Association 
opened at Buxton on Tuesday, last, under the 
presidency of Mr. R. W. L. Phillips, the Borough 
Electrical Engineer of Bedford. It may be recalled 
that this body was formed in 1895 for the purpose 
of promoting the interests of municipal electrical 
undertakings. At present, its membership includes 
231 out of the 294 bodies which come under that 
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heading. All of the 63 non-members are, however, 
very small. Membership is of two kinds: The 
Electricity Committee of the Local Authorities 
concerned in the generation and distribution of 
electricity, or the Local Authority itself; and the 
chief electrical engineer of that Local Authority. 
In the early days, attendance at the annual con- 
ventions was practically confined to members, and 
the place of meeting was generally the town the 
electrical undertaking of which was under the control 
of the president (who is always an engineer) for the 
time being. Latterly, the number of visitors has 
grown. This year the attendance numbered over 
900, including many ladies, and for reasons of 
hotel accommodation, it has therefore been neces- 
sary to depart from the old rule on more than one 
occasion. Moreover, while the meeting is still 
under the control of the Association, it is assuming 
more and more the character of an “ All-Electric ” 
Convention, the desirability of which has often 
been urged now that electricity is finding an 
increasing use for domestic purposes. Though we 
shall confine ourselves to dealing with that 
part of the proceedings concerned with technical 
questions, it may be mentioned that the other 
phase of electrical development was given con- 
siderable prominence. One paper dealt with electric 
heating in the home, and a well-arranged electrical 
exhibition, which was open throughout the week, 
included displays of the most modern lighting, 
heating and cooking apparatus. The ladies were 
also given an opportunity of visiting Dr. Ferranti’s 
house at Baslow, which is electrically equipped 
throughout. 

The formal proceedings on Tuesday opened with a 
civic welcome by the Mayor of Buxton, Councillor 
W. Goodwin, J.P., who expressed his pleasure that 
so important body as the Incorporated Municipal 
Electrical Association should have chosen Buxton 
as their meeting place. The President thanked the 
Mayor for his speech and then proceeded to deliver 
his presidential address. 


PRESIDENTIAL ADDRESS. 


In his introductory remarks, Mr. Phillips referred 
to the large amount of work which had been imposed 
on the members of the Council of the Association 
by the close consideration they had given to the 
Electricity (Supply) Act of 1926. This new statute 
introduced problems many of which were still 
unsolved, and it was not yet possible to state 
adequately what effect it would have upon the 
industry. Complete co-operation between the 
supply and contracting branches was, however, 
being achieved as the result of the movement which 
had begun by the insertion of clause 48 in the Bill. 

Turning to the report, which had recently been 
issued by the Advisory Committee on Domestic 
Supplies of Electricity and Methods of Charging,* 
the President pointed out that. the development of 
the domestic supply was generally considered to 
be of very great importance. Consumers were, at 
present, being connected to the mains in large 
numbers, but they were mostly residents in the 
smaller houses. These houses cost practically the 
same to connect to the mains as large ones, but 
produced much less revenue. In some districts it 
was difficult to find revenue sufficient to warrant 
the necessary capital expenditure on mains. As 
was evident, the Advisory Committee had recognised 
this, since they had made a number of recom- 
mendations, which were directed towards reducing 
the cost of transmitting and distributing mains. 
In this connection, the problem of wayleaves was 
important. A single line might involve the 
negotiation of wayleaves with several land owners, 


each of whom required a different consideration for 


granting the privilege. While the right of the owner 
to enjoy his land could not be denied, providing the 
line did not interfere with his amenities, he should 
not be entitled to demand exorbitant consideration. 
As it was, in many cases it was as almost as cheap, 
or cheaper, to employ underground cable. 

The Committee had devoted a large amount of 
space to the question of a suitable domestic tariff 
for universal adoption, and it was a little disappoint- 
ing that they did not achieve a general solution of 
this problem. It was time that the industry made 


* See ENGINEERING, 1926, vol. cxxii, page 511. 
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up its mind what it wanted ; but, seeing how many 
methods of determining the fixed-charge portion 
of the tariff had proved successful, it would appear 
that the actual method adopted in a particular 
case was not of great importance. A system, not 
mentioned by the Committee, was to assess the 
fixed charge on the size of meter installed, such 
fixed charge to decrease as that size increased. 
The alternative flat rate should be high, both for 
lighting and heating. There would be an immense 
benefit to the whole industry if one system of charg- 
ing could be adopted throughout the country, and 
this benefit would be increased if the unit charge 
were standardised and each undertaking left to 
determine its fixed charge according to local 
requirements. A number of the improvements 
suggested by this Committee could be settled by 
agreement, without anything more than ratifying 
legislation. During the coming year. the Associa- 
tion should consider the best way of setting 
machinery for this purpose in motion. 

The question of the terms and conditions under 
which a bulk supply was to be available to those 
undertakings which were to cease generating, was 
of importance, owing to the great variety of the 
existing arrangements. One point which must 
receive careful consideration, was the method of 
determining the maximum demand, and the Bulk 
Supply Committee should at once set to work to 
formulate a standard procedure. 


CaritaL Costs oF DISTRIBUTION. 


After a vote of thanks had been accorded to the 
President for his address, a paper entitled “‘ Methods 
and Capital Costs of Distribution over an Extensive 
Area”’ was read by Mr. W. C. Bexon. In this 
communication, the details of the plant for and the 
approximate cost of supplying electricity to an 
area of 1,100 square miles, reaching some twenty 
to twenty-five miles from one electricity station, 
were given. It was assumed that the area included 
towns with populations of from 11,000 to 30,000, 
a number of villages, an occasional large works, 
several collieries, and tracts of sparsely populated 
country. The costs were divided into six parts : 
Construction of the E.H.T. transmission line, tap- 
ping the E.H.T. transmission line, open air sub- 
stations, underground distribution system, overhead 
low-tension distribution system, and regulation of 
long-distance transmission lines. 

As it was almost impossible to use overhead 
transmission throughout, and as cables for 33,000 
volts and above had yet to be proved reliable, a 
main transmission pressure of 22,000 volts was 
chosen, and the lines were designed to deal with an 
anticipated load at a reasonable capital expenditure. 
Continuity of supply was most economically ensured 
by the use of a six-wire line construction on 40-ft. 
wooden poles, carrying No. 0 copper-wire, the maxi- 
mum span being 80 yards. The cost of such a line 
was about 1,100. per mile, as against 720/. for a 
three-wire line construction. The cost of main- 
taining two three-wire lines was practically double 
that of one six-wire line, and the way-leave rentals 
were also double. If the lines were designed for 
11,000 volts, there would be a saving of about 
201. per mile. : 

Villages could be supplied from a 200-kv.-a. 
transformer placed on the ground at the bottom 
of a steel tower. This tower carried the isolating 
switches, which it was necessary to have on a long 
line. The total cost of such a substation was 
6627. The author favoured the use of main outdoor 
substations, even for the supply of towns, so long 
as a great deal of switchgear was not required ; 
and he gave details of a 3,000 kv.-a. substation of 
this kind, complete with 22,000-volt and 11,000-volt 
switchgear, the cost of which, without the trans- 
formers, was 1,3511. 

As regards distribution in the towns, a feeder 
pressure of 3,300 volts was recommended. This 
was suitable for a route length up to 3 miles, allow- 
ing a maximum drop of 100 volts; the cost per 
mile, excluding excavating and reinstating, varied 
from 1,056/. for a load of 500 kw. to 1,906/. for a 
load of 1,500 kw. Within these limits, higher 
voltages were cheaper for the higher loads and more 
expensive for the lower loads. Kiosk transforming 
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costing 3311. complete, were recommended for step- 
ping down to the distribution pressures. Collieries 
and large consumers could be supplied at 3,300 volts, 
as large motors could be built for direct use on that 
pressure. In towns, large consumers might well be 
supplied through 11,000 volt feeders, thus reducing 
the expenditure on the 3,300-volt ring main. The 
use of more than one pressure of supply increased 
the cost of the substations. 

From the capital cost point of view, distribution 
in small villages was entirely different from that 
in towns. The consumption per consumer was 
very small, and the expenditure must therefore 
be reduced to a minimum, so that overhead dis- 
tribution might be the only solution, though this 
might sometimes be almost put out of court by the 
existing regulations. The cost of a typical system 
of overhead distribution on the three-phase four- 
wire system, using No. 00 copper, was about 
6007. per mile, the cost of an overhead service 
using No. 6 copper being 2/. 128. for a twin service 
and 5. 3s. for a four-wire service. The supply 
authority’s work terminated on the chimney of 
the building. The cost of supplying a village in 
a mining area with 2 miles 1,600 yards of mains, 
including a 100-kv.-a. transformer and open-air 
substation, was 2,924/., of which 1,810l. was for 
the overhead distribution. At the end of the first 
year, some 264 consumers might be expected, giving 
a revenue of 7321. If underground cable was used, 
the system, including reinstatement, would cost 
5,7501. 

The discussion on Mr. Bexon’s paper was opened 
by Mr. J. W. Burr, the Borough Electrical Engineer 
of Swansea, who said that the working pressure used 
determined the economy of any transmission line, 
the ideal being to combine the lowest possible cost 
of erection with the minimum loss of energy. 
Continuity of supply was a very important matter, 
as interruptions tended to set back electrical 
development by many years. The trouble that had 
been experienced with 33,000-volt cables was often 
ascribed to resonance effects, a condition that was 
favoured when both induction and synchronous 
motors were connected to the same line. The 
resulting disturbances might be caused, not by 
the fundamental, but by the higher harmonics ; he 
was glad to hear that experiments were being 
conducted to discover the cause of the trouble. 
He preferred the ring main to the six-wire line for 
reasons of continuity of supply. It was important 
that the lines should be designed with an eye to 
possible future demand. 

Mr. W. A. Turnbull, the Borough Electrical Engi- 
neer of Aylesbury, also expressed his preference for 
the ring main. Cost could be reduced by using steel- 
core distributors, the outlay on which was 295/. per 
mile. He exhibited a new design of pole with the 
wires running through the head of the pole itself 
and fitted with guard wires, which, however, in his 
opinion, were not necessary. The phase wires were 
one below the other, and the result was not 
unsightly. Anchoring was unnecessary, as the 
clamps at the service wire tappings provided all 
that was required in this respect. 

Captain J. M. Donaldson, the chief engineer of the 
North Metropolitan Electric Power Supply Company, 
said that it was impossible to demand fresh legisla- 
tion at the present time. The difficulties raised by 
Mr. Bexon must be solved by administrative action. 
In the first place, the Ministry of Transport should 
issue a circular explaining the legal position with 
regard to wayleaves. In the second place, 4 
general form of contract with the landowners should 
be prepared. This would save a great deal of 
trouble. Finally, there should be a standard rate of 
payment for wayleave rights. The troubles conse- 
quent on the use of 33,000 volts would have to 
be overcome, as the employment of that pressure 
would become more and more general. While 
3,000-volt distribution might be useful in small 
towns, it came within the category of extra-high 
pressures from the regulation point of view, and 
11,000 volts, with its advantages, might therefore 
just as well be used. That was the reason = 
employed 2,750 volts. Ring mains must wae 
become general, as in this country it was imposs! le 
for work to be carried out on one half of a double 
line when the other half was alive. Moreover, 
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accidents, such as falling trees and lightning, were 
almost certain to affect both lines. 

After Mr. T. Hall, the Borough Electrical Engineer 
of Burton-on-Trent, had called attention to the useful 
work done by Mr. S. E. Britton in attempting to 
obtain a modification of the regulations for the use 
of overhead lines, Mr. R. Borlase Matthews said 
that the figures given by the author showed that 
the position with regard to the supply of farms in 
this country was not satisfactory. Farmers were, 
however, beginning to be convinced that electricity 
was cheaper than any other form of power, and in 
a few years, therefore, the demand would be largely 
increased. There was, however, a tendency to 
supply the farmer at too cheap a rate, and this 
should be looked into. With regard to wayleaves, it 
might be pointed out that 1s. per 10-in. pole was 
1,000/. per acre. 

The rest of the day was devoted to social activities. 
In the afternoon, a visit was paid to the electrical 
exhibition which had been organised by the British 
Electrical Development Association, and this was 
followed by a garden party given by the Mayor of 
Buxton. In the evening, a reception was given by 
the Mayor and Electricity Committee of Bedford 
in the Palace Hotel and was largely attended. 


(To be continued.) 








LETTERS TO THE EDITOR. 


LUBRICATING OILS. 
To THE Eprror oF ENGINEERING. 


$1r,—Referring to the very interesting abstract of a 
paper by Messrs. A. G. Marshall and C. H. Barton on 
“Lubricating Oils’ in your issue of April 8, 1927, 
page 435, the writer wishes to make the following 
comments :— 

Fully appreciating the scope and importance of the 
investigation carried out by the authors of the paper, 
the writer feels that the conclusions derived are too 
positive and broad. Apparently the tests were planned 
to represent primarily conditions in an _ internal- 
combustion engine, but in service many cases may occur 
where the phenomenon of lubrication is radically 
different. 

With respect to the statement that there is no 
substantial benefit to be derived from compounding in 
order to improve oiliness, the writer would like to call 
attention, for instance, to the case of waste-packed 
bearings in railway motors. A recent investigation* 
made in the Research Department of the Westinghouse 
Electric and Manufacturing Company, U.S.A., has 
shown that oiliness plays an important réle in the 
mechanism of lubrication of such bearings. 

The load has been shown to be carried only in part 
by the liquid oil film. The amount of oil supplied 
to the journal by the waste through the window, is so 
small that the thickness of the oil film is insufficient 
to separate the rubbing surfaces. There exists, there- 
fore, a contact area carrying a smaller part of the 
load (of the order of 15 per cent.), in which condi- 
tions of boundary lubrication take place. This is the 
Teason why a comparatively high coefficient of fric- 
tion has been observed in waste-packed bearings, and 
shows how increased oiliness is beneficial for their 
operation. Accordingly, some of the best oils on the 
market for railway motors are compounded with lead- 
oleate. The viscosity of the oil is not affected notice- 
ably by this admixture, yet the service results obtained 
thereby are very satisfactory. 

_ A partial breakdown of the oil film is unavoidable 
in a waste-packed railway bearing, due to an insufficient 
oil supply resulting in’ increased friction. Without 
viliness, considerable wear takes place. It is the writer’s 
belief that the authors would find a considerable 
ference in wear of the test samples in favour of the 
compounded oil, if the bearings did not have an 
abundant supply of oil, as it appears from the photo- 
gtaph of the test-rig. A case might be cited where a 
railroad property employed experimentally a light 
straight mineral oil for lubrication of the motor bear- 
ings on its electric cars during winter months. Com- 
Plaints were received that the journals were noticed to 
covered with a black deposit, accumulations of this 
on the waste resembling grease penetration from the 
Bear boxes. A chemical analysis of this deposit showed 
* composition as follows: tin in the largest part ; 
pa 8 copper and lead in considerable quantity ; lime, 
that amount ; magnesia, none. There is little doubt 
excessive wear took place in this case. The 





- “Lubrication of Waste-Packed Bearings,”” read by 
writer before the American Society of Mechanical 
Bineers, December, 1926, 


cause should be ascribed to lack of oiliness rather 
than to low viscosity, since the investigated bearings 
did not show overheating. 

The statement that no justification is apparent for 
the use of oils with flat temperature-viscosity curves 
contradicts a number of observations made on this 
subject. The writer wishes to call attention, for 
instance, to data published by an Austrian engineer, 
Mr. K. Wolf, in Betrieb Sparwirtschaft, May, 1925, on 
losses in a high-speed lathe mechanism. Two oils with 
the following viscosities, which were equal at 50 deg. C., 
were used :— 


Viscosity, Red- 


wood Std.* at 20 deg.C. 50 deg. C. 100 deg. C. 
Oil A ..- 1,670 sec. 196 sec. 46 sec. 
Oil B dew ‘SOD zs 197 ,, 65 ,, 


* These figures were obtained by conversion of the 
data given in the article in Degrees Engler. 


The lathe was run lubricated with each of these two 
oils under conditions of three different loads and 
speeds. Economies observed for the oil B, with the 
flatter viscosity curve, were :— 


R.P.M. of lathe spindle 46 135 220 
percent. percent. per cent. 

Lathe running idle ... 24 30 36 

Power input lkw ... 13 13 20 

2 kw ... 6°5 7°5 10 


” ” 


Summing up, the writer is of the opinion that it is 
unsafe to make general conclusions on the properties 
of oil on the basis of one series of laboratory experi- 
ments. Service conditions involve too many variable 
factors which can hardly be covered in one investiga- 
tion. The science of lubrication is still in the stage of 
collecting facts and information, and from this point 
of view undoubtedly the work of the authors is of con- 
siderable value. 

Yours very truly, 
G. B. Kareirz, 
Research Department, 
East Pittsburgh, Penn., U.S.A. 
May 2, 1927. 





CREEP STRESSES. 


To THE EpiToR OF ENGINEERING. 

Sir,—There is a statement in the interesting article 
on creep stresses in your issue of May 6, to the effect 
that thick tubes collapse first on the outer, and not 
on the inner, surface as predicted by the “‘ orthodox ”’ 
theory. The formule for obtaining the principal stresses 
in any section of a thick tube are deduced under the 
express stipulation that the relation between stress 
and strain follows Hooke’s law. Now it is well known 
that Hooke’s law holds good with an accuracy which is 
sufficient for practical purposes up to a certain limit 
lying close to the limit of elasticity. The “ orthodox ”’ 
theory gives no account of stresses rcaching the ultimate 
strength of the material, and is inno way responsible for 
any discrepancy in cases beyond its scope. The study of 
high stresses and of their relation to the strains pro- 
duced by them is vitally important for theory and 
practice, as, for instance, in the designing of guns, to 
which the article refers, but I am sure you will agree 
that the ‘‘ orthodox” theory may be safely relied 
on in the many cases where the stress lies within the 
limit of elasticity, or, more correctly, within the limit 
of proportionality. 

Yours faithfully, 
A. Rurzen. 
Professor of Engineering at the 
Agricultural Institute, 
Woronesch, U.S.S.R. 
May 16, 1927. 





THE PHYSICAL SOCIETY. 


At the meeting of the Physical Society, held on 
Friday, March 25, 1927, at the Imperial College of 
Science, with Dr. E. H. Rayner in the Chair, a paper 
entitled ‘‘ Acoustical Experiments with a Mechanical 
Vibrator,” was read by Dr. E. Mallett, M.I.E.E. In 
this paper, some preliminary experiments were 
described with a mechanical device vibrating a piston 
at one end of a tube so that a sound wave was emitted 
at the other. The particle velocities in the sound wave 
were measured by a Rayleigh disc, and resonance 
curves were drawn. It was shown how the energy 
in the sound wave could be calculated from the results 
obtained. The experiments were directed towards 
obtaining a standard source of sound, 

Major W. S. Tucker, opening the discussion, said 
that the author had described an entirely new sound- 
producing device of great interest, but he was not 
convinced about the purity of the tone obtained. 
Would the air adjacent to the piston receive the same 
displacement as the piston itself? The resonance 
curves looked rather blunter than pure sine curves, 
and he would suggest testing for the presence of 





harmonics by means of hot-wire microphones suitably 








tuned. Mr. M. D. Hart said it was important to 
bear in mind that some acoustic theorems only held 
for small intensities, and that deviations from them 
might cease to be negligible with intensities as great 
as those used by the author. 

Professor E. N. da. C. Andrade pointed out that 
the author gave sound amplitudes to j5;455 of an 
inch, and that, owing to centrifugal effects, a static 
measurement of the eccentric would not give this 
accuracy. The curves were not all of the same 
shape, as they should be if the sound were free froni 
harmonics. Dr. E. T. Paris said that the addition 
of a pipe to the vibrator seemed to introduce unneces- 
sary complications, and he asked why the pipe was 
not dispensed with. 

Dr. E. G. Richardson said that Michotte, in Holland, 
had shown that the Rayleigh disc gave results which 
varied with frequency, and the differences in shape 
of the curves might be due to such variation. He 
had studied the attenuation of sound in a rubber 
tube by using a hot wire for measuring intensity, 
resonance being thus avoided. The source of sound 
was a cam driven by a motor, the speed being deter- 
mined stroboscopically. He could recommend the 
hot wire and stroboscope as a result of experience. 
Mr. W. A. Benton said he had tried to obtain a pure 
sound by means of a carefully constructed syren, 
but had been unable to get rid of the large percentage 
of harmonics given by such instruments. 

A paper ‘On the Stationary-Wave Method of 
Measuring Sound-Absorption at Normal Incidence” 
was read by Dr. E. T. Paris. In this paper, a descrip- 
tion was given of apparatus employed for measuring 
coefficients of sound absorption by the stationary- 
wave method. The apparatus differed from that 
used by earlier workers in the use of (1) a small tuned 
hot-wire microphone for determining the relative 
pressure amplitude in the sound waves; (2) the 
employment of a steady valve-driven source of 
sound with arrangements for maintaining the strength 
at a constant value; (3) the screening of source and 
experimental pipe from disturbances due to the 
movements of the observer. By the employment 
of a certain procedure, the relation between the 
response of the microphone and the amplitude of 
the pressure variation in the sound wave was 
eliminated. Some examples of the employment of 
the apparatus for determining the coefficients of 
absorption at normal incidence of acoustic plasters 
and hair-felt were given. 

In the discussion, Dr. A. H. Davies inquired what 
type of loud speaker had been used. The hot-wire 
microphone had the disadvantage that it could not 
be used for the higher speech frequencies, and at the 
National Physical Laboratory it had been found 
convenient to use as detector a magnetic telephone 
with electric circuits the resonance of which could be 
varied at will. Mr. R.S. Maxwell said that Sabine had 
found that the coefficient of absorption varied with 
the intensity of the sound employed, and had taken 
as standard an intensity one million times as great 
as that for the threshold of audibility. He had an 
impression that Sabine’s results for felt were taken 
at 256 cycles, whereas those of the author and others 
were taken at 512. If so, the quantities were not 
comparable, since materials had a resonance of their 
own and the absorption varied with frequency. 
Dr. E. G. Richardson urged the value of non-resonant 
measuring apparatus. A simple hot-wire would 
avoid resonance and also enable the size of the pipe 
to be reduced. 

Major W. S. Tucker said that the size of the 
apparatus was determined by the size of the specimens 
to be tested. He had been impressed by the speed 
with which a variety of specimens could be tested 
in succession. Professor E. N. da C. Andrade said 
that Messrs. Siemens were using, a8 a measure of 
sound intensity, the pressure on a vane of a jet of 
air issuing from an aperture in a box containing a 
source of sound. Mr. L. E. C. Hughes said that, 
when working with Dr. Mallett, he had measured the 
attenuation of sound along the axis of a loud speaker 
in @ region screened with cotton waste, assuming 
an inverse-square law for the geometrical attenuation. 
An energy loss of 12 per cent. on reflection had been 
found at a frequency of 500 cycles, the loss increasing 
with frequency. Dr. A. B. Wood asked whether 
the specimen discs vibrated like a diaphragm. Such 
behaviour would have a considerable effect on 
absorption; the point could be tested by varying 
the diameter as well as the thickness. 

The third paper, entitled ‘‘ A Ball-and-Tube Flow- 
meter Suitable for Pressure Circuits,’ was by J. H. 
Awbery, B.A., and Dr. Ezer Griffiths. It described a 
robust form of the Ewing ball-and-tube flowmeter, 
suitable for the metering of gases or liquids under 
pressure, as, for example, the ammonia in a refrigera- 
ting plant. The necessary pressure-tight joints for 


connecting the conical tube to the circuit were described, 





and also a device for cutting off the flow should the 





680 


tube fail. An investigation was included of the | 
behaviour of the instrument under practical conditions 
of pulsating flow. 

In the discussion, Professor E. N. da C. Andrade | 
said that he had seen an instrument with a conical | 
float, giving readings free from ambiguity, used at | 
Heidelberg in 1911 under the name Rotameter. | 
Professor F. L. Hopwood said that it was interesting | 
to watch the behaviour of a number of balls in a 
cylindrical tube up which water was flowing vertically. | 
Thus, two balls would remain close together and roll | 
on one another; if three were used, the outer two 
remained at some distance apart, and the middle 
one oscillated between them while larger numbers 
arranged themselves in various other ways. If a 
cylinder was used instead of a ball, it would set itself 
obliquely across the tube and revolve about the axis 
of the latter. Mr. W. A. Benton said that he had 
recently been interested in engineering measurements 
in which it had been found that the readings of a| 
Rotameter were greatly affected by changes in viscosity. 
The present paper would enable such instruments to 
be used with the security conferred by fuller knowledge. 
Dr. E. H. Rayner referred to a flowmeter at least 
forty years old, consisting of a conical tube having a 
diaphragm witha central hole, and a piston from which 
a stem projected downwards through the hole. 








THE LATE MR. J. H. WOODWARD. 


WE regret to note the death, on May 27 last, following 

a severe operation, of Mr. John Harold Woodward, 
for many years a partner in the firm of Messrs. Preece, 
Cardew and Rider, consulting engineers, of 8, Queen 
Anne’s-gate, London, S8.W.1. The younger son of 
the late Mr. Edward Woodward, of Upton, Macclesfield, 
Cheshire, he was born on September 23, 1865, and 
received his general education at King Edward VI 
Grammar School, Macclesfield. During the years 
from 1883 to 1885, he studied engineering at Owen’s 
College, Manchester, and in October of the latter year 
he entered the works of Messrs. Elwell-Parker, Limited, 
Wolverhampton. At this period of his career, Mr. 
Woodward was engaged in the design and manufacture 
of continuous and = alternating-current generators, 
motors, transformers, accumulators and other plant | 
of a similar nature. He also gained experience in | 
the operation of electric lighting plants, electro-deposi 
tion installations, and electric tramway undertakings. 
In 1891, the firm of Messrs. Elwell-Parker, Limited, 
was absorbed by the Electric Construction Company. 
Mr. Woodward’s services were retained, and, during 
the three years which followed, he became closely 
associated with the design, manufacture and installa- 
tion of plant for several important undertakings. 
These included the electrical equipment of the Liver- 
pool Overhead Railway and of the South Staffordshire 
Tramways, and generating plant for electricity supply 
stations in London, Manchester, Blackpool, Burnley, 
Aberdeen, Wolverhampton, Oxford, Melbourne and 
Johannesburg. | 
The young engineer joined the staff of Messrs. Thomas | 
Parker, Limited, Wolverhampton, in 1894, and re. | 
mained with this firm for four years, during which | 
| 

| 





time he was engaged in the design and manufacture of 
electrical plant of various kinds. In 1898, Mr. 
Woodward became engineer on the staff of Messrs. 
Preece and Cardew, a position he continued to occupy | 
until i910. In this latter year, he became a partner in | 
the firms of Messrs. Preece, Cardew and Snell, and | 
Messrs. Preece, Cardew and Rider. During the last | 
few years of his life he was chiefly occupied on works | 
in connection with large electric power stations and | 
distributing systems. These works included the erec- 
tion of large steam turbines, together with boilers 
and auxiliary plant for electricity undertakings in | 
Shanghai, Sydney, Brisbane, Auckland, and Wellington, 
and extensions to the electric tramway systems of | 
Penang, Wellington and Dunedin. He also visited 
Jamaica to report on the proposed hydro-electric 
supply and railway-electrification schemes. Mr. Wood- 
ward remained in activity until the end, and was in 
his office at Queen Anne’s-gate as recently as May 21 
last. He became an associate member of the Institu- | 
tion of Civil Engineers on December 1, 1891, and was | 
elected to full membership on December 19, 1922; | 
he was elected a member of the Institution cf Electrical | 
Engineers in 1911. 


| 
| 











A Hunprep Years or Evecrricat ENGINEERING.— | 
In connection with the centenary celebrations of | 
University College, London, Professor J. A. Fleming, 
F.R.S., will deliver an address at the college on Tuesday, 
June 14, at 8.30 p.m., the subject of which will be 
*“A Hundred Years of Electrical Engineering.’’ The 
chair will be taken by Mr. Roger Smith, past president | 
of the Institution of Electrical Engineers. Members of 
the college who desire to be present should apply for 
tickets, enclosing stamped addressed envelope, to sad 
publications secretary at the college. 
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FIRE-ALARM SYSTEM. 


CONSTRUCTED BY THE AUTOMATIC TELEPHONE MANUFACTURING COMPANY, LIMITED. 
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THE A.T.M. FIRE-ALARM SYSTEM. 


One of the exhibits of particular interest at the 
Annual Conference of the Professional Fire Brigades’ 
Association, recently held at Perth, was a complete 
working demonstration set of A.T.M. fire-alarm 
apparatus, made by the Automatic Telephone Manu- 
facturing Company, Limited, Strowger Works, Milton- 
road, Edge-lane, Liverpool. The apparatus, which 
is shown in the accompanying illustrations, Figs. 1 
to 3, operates on the closed-circuit principle, and 
comprises street alarm boxes and the necessary 
equipment for installation in the fire-brigade station. 

With this system, street alarm boxes, of the wall 


| or pedestal type, are fixed in suitable positions through- 


Telephone facilities for calling 
the police or an ambulance can be provided if required, 
but the fire-call mechanism, illustrated in Fig. 1, is 
operated by clockwork set into motion by a push 


| button. 





This is, of course, covered by a glass window 
which must be broken by the person making the call. 
The station equipment is illustrated in Figs. 2 and 3, the 
former showing the complete switchboard and the latter 
the lower portion of the board with the doors removed 
to expose the internal apparatus. On the board are 
mounted the battery-charging switches, line-test keys, 
telephone keys and lamps, measuring instruments, 
&c., and, as will be seen from Fig. 2, a desk-pattern 
telephone is provided for communication with the 
street boxes. A punching register, time and date 
stamp, and a paper take-up wheel, the functions of 
which will be explained later, are also mounted on @ 
desk in front of the board, as shown in Figs. 2 and 3. 
Current to operate the entire system is supplied by 
storage batteries, which are provided in duplicate 
throughout, so that one set is in use while the other 
is on charge or in reserve. The charging arrange 
ments, it should be mentioned, are designed to 
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eliminate the possibility of even a momentary inter- 
ruption of the current supply, this being necessary 
as the system operates with a closed circuit. 

Electrically the system consists of a number of 
closed loops in which the street boxes and line relays 
are connected in series. When a street-box is operated 
by breaking the glass and pushing the button, the code 
wheel, shown on the right of Fig. 1, is rotated by 
clockwork, and the teeth on the edge of the wheel 
actuate contacts which cause a series of breaks and 
makes in the closed loop. The punching register at 
the station then punches a series of holes in the paper 
tape, corresponding to the code number of the par- 
ticular alarm box operated, and simultaneously the 
exact time and date are also stamped on the tape. 
An alarm bell is sounded and two loop indicator 
lamps are lighted to give audible and visual warning 
of a call, and also to indicate the locality of its origin. 
When the call is completed, the whole of the apparatus 
returns to its normal position in readiness for the 
next call. 

In any fire-alarm system, the localisation and 
rectification of faults are of vital importance, and the 
general practice is for warnings of faults, such as line 
breaks, earths, or battery defects, to be given by the 
lighting of a lamp, the ringing of a bell, or by both. 
To rectify the fault in the shortest possible time, the 
switchboard attendant must be possessed of a certain 
amount of technical knowledge, and as this may not 
be available in the ordinary fire-station staff, what is 
known as a visual supervisory indicator is incorporated 
in the system we are now dealing with. The indicator 
consists of a glass panel divided into sections marked 
“earth fault,” ‘‘test and telephone call,” “line 
break,” ‘‘ press restore button,” ‘‘ rewind puncher,” 
“renew paper tape,”’ and “‘ two simultaneous calls.” 
In the event of any of these conditions arising, the 
corresponding panel is illuminated and an alarm 
bell rings. This arrangement not only serves to show 
the nature of the trouble, but also indicates to the atten- 
dant what he must do to put matters right. When a 
line breaks on one of the loops, for example, instant 
warning is given in the station by the ringing of the 
alarm bell and the illumination of the “line break ”’ 
and “ press-restore button” panels; two line-break 
lamps on the affected loop are also lighted, and these 
serve to show which loop is faulty. The attendant 
then throws over the two associated line-break keys, 
and presses the restore button, which extinguishes the 
lamps, silences the bell and leaves the apparatus ready 
for the next call. 

As already mentioned, under ordinary conditions 
the station apparatus is automatically restored to the 
normal after a fire call, in readiness for the next call, 
but if line-break faults exist the restoration to the nor- 
mal has to be carried out by means of the restore 
button. A special feature of the A.T.M. system 
is that in the case of two or more street boxes on one 
loop being operated simultaneously, both calls are 
recorded on the tape by the punching register at the 
same time, without delay or interference. This result, 
which has the effect of saving some 20 seconds, is 
obtained by means of a safety contact in each call box, 
which earths the loop in accordance with the arrange- 
ment of the teeth in the code wheel. The centre 
point of the line battery is also earthed, so that a 
closed circuit, via earth, is provided, for both boxes, 
Actually, any number of call boxes distributed over 
the whole system may be operated at the same 
instant without the loss or mutilation of any of the 
calls. If, for example, a second box is operated 
while another is transmitting a call, the second call 
will be held up until the first has been completed, 
and will then be transmitted in the ordinary way. 

The alarm bell is rung and the correct section of the 
panel indicator is illuminated when tests or telephone 
calls are made from a street box, and also when the 
punching register needs re-winding, or the roll of paper 
tape is nearing its end. In the two last-mentioned 
contingencies, the warnings continue until the punching 
register has been re-wound, or a new roll of tape has 
been placed on the feed spool. The latter is enclosed 
im the base of the switchboard, and is thus normally 
out of sight, although it is easily accessible when the 
doors are removed, as will be clear from Fig. 3. 

, It will appear from the above description that in no 
circumstances can a call fail to register correctly at 
the fire station, and that owing to the provision for 
the Simultaneous recording of two calls and the suc- 
cessive recording of multiple calls, the indications are 
registered in the minimum time. The time actually 
Sceupied in sending a complete signal with the 
‘pparatus described is 7 seconds. These factors are, of 
‘ourse, of vital importance to a fire-fighting organisa- 
tion, and another advantage of the system is that, 
— installed on a small scale, it can be extended 
indefinitely to meet the requirements arising from the 
natural growth of cities and towns, as well as the 


— development of town-planning and housing 
B es, e 


NOTES ON NEW BOOKS. 


“The Location of Mineral Fields,’ by Mr. M. H. 
Haddock, F.G.S., [London: Crosby Lockwood and 
Son, Stationers’ Hall Court, E.C.4; price 9s. 6d. 
net, bound], well justifies its incorporation in Lock- 
wood’s ‘Practical Manuals for Practical Men.” 
Mr. Haddock, who is principal of the Mining and 
Technical Institute at Coalville, Leicester, at which 
summer geological survey courses are given, deals, 
from his own experience, with the modern procedure in 
the investigation of mineral areas and with the subse- 
quent verification of their extent. He does not belong 
to the class of self-satisfied authors, of whom we 
have seen too much of late, who do not trouble 
to inform the reader where to look for further 
particulars on the subject with which they have dealt, 
not infrequently very superficially. On the contrary, 
he pays regard to the most recent literature on his 
subject. In the chapter on applied geophysics, for 
instance, describing electric, magnetic, photographic and 
gravitational methods of prospecting, he refers to books 
and papers by Heiland, Mainka, Mintrop and others 
on acoustical and seismic methods, the explanation of 
which would claim too much space. Other main 
chapters deal with the application of planes in mining, 
contouring, outcrops and mineral mapping, bore- 
hole surveys and problems, spherical trigonometry 
and astronomical methods, triangulation, and the 
correlation of surface and underground surveys. 
Weak features of the volume are the index and the 
numerous misprints in references; the disregard of the 
vowel modification marks of other languages has become 
almost systematic in some books, and has probably to 
be charged to the typists rather than to the author. 
The index contains some entirely superfluous items, 
such as Transactions quoted or Werke cited (referring to 
Gauss), while it does not mention, what is more serious, 
a good many things which are duly explained in the 
volume, but are difficult to find. 





A sectional volume of 250 pages (pages 1660 to 1909) 
of the Annual Tables of Constants and Numerical 
Data, covering information relating to engineering 
and metallurgy, taken from various journals and 
proceedings of learned societies of Europe, America 
and Japan, published during the years 1917 to 1922, 
both inclusive, is now available. The work, for both 
engineering and metallurgy, has been compiled by 
Mr. L. Descroix, director of the ‘‘ Revue de Metallurgie,” 
and the sectional volume containing it is entitled 
“Art de VIngénieur et Métallurgie; Résistance des 
Matériaux et Données Numériques Diverses.” It is a 
section, or a chapter, of the larger work, volume V, 
on Constants and Numericel Data, edited by Mr. Ch. 
Marie. This sectional volume opens with an intro- 
duction by Sir Robert Hadfield. It contains a vast 
amount of numerical data on all grades of timber for 
all industrial purposes, on their mechanical properties, 
test figures, &c. ; characteristic figures for cement, con- 
crete, mortar, lime, stone, and so forth ; while refractory 
materials, india-rubber, lubricants, and other products 
are similarly dealt with. Other chapters cover aero- 
dynamics, hydraulics, thermal constants of coal, and 
other fuels. The critical ranges of and numerous data 
on practically every metal and alloy form the subject 
of the second part of the publication, viz., that dealing 
with metallurgy. The subject-matter is in French, 
and at the end of the volume is a list of contents in 
French, German, English and Italian, in four columns 
side by side. The book is eminently one for reference 
purposes. The sources from which the figures and 
information have been gathered are clearly indicated 
in every instance, and can, therefore, easily be con- 
sulted, but this will be found unnecessary in the great 
majority of cases. The price of the sectional volume, 
in paper covers is 105 fr. The publishers are Messrs. 
Gauthier-Villars et Cie., 55, Quai des Grands-Augustins, 
Paris, 6e. The book can also be obtained from the 
Cambridge University Press. 


The “ Treatise on the Mathematical Theory of Elas- 
ticity,’ by Professor A. E. H. Love, F.R.S., the first 
edition of which appeared in 1892, has long been 
recognised internationally as the standard book of 
reference on this branch of applied mathematics. A 
fourth edition has just been published, at 40s. net, 
by the Cambridge University Press, and will un- 
doubtedly not merely sustain, but will increase, the 
reputation secured by its predecessors. The subject 
is a particularly difficult one, and in general the methods 
and results are too complicated for the book to be of 
much service in an engineer’s office, although the 
structural designer of to-day has a much better mathe- 
matical equipment than was formerly the case. On 
the whole, this is probably a gain, though just as most 
politicians prefer to reason rather than to think, so 
we have many bridge engineers who prefer calculation 


properly aims at exact solutions, whilst the engineer with 
equal propriety demands merely a sufficient solution, 
which must at the same time be reasonably simple. 
This bars from practical application almost all 
mathematical solutions of problems in elasticity involv- 
ing more than two variables. Professor Love devotes 
a good deal of space, to the discussion as to how far 
the theory represents concrete facts, but does not 
deal with the comparatively recent, but as yet inex- 
plicable, discovery that the endurance of a bar under 
alternating stress seems to be, in general, rather more 
closely correlated with the ultimate strength of our 
materials than with their elastic limits. In many cases, 
of course, experience bears out theory ; both indicate 
that re-entrant angles are dangerous, but it has also 
been found that the factor of safety is much less affected 
by them than theory would indicate. Theory, again, 
shows that suddenly applied loads may produce 
stresses far greater than if these loads were gradually 
applied, and practice recognises such loads as danger- 
ous. There are, however, some notable exceptions. 
Thus Professor Love recalls Bertram Hopkinson’s 
experiments with wires subjected to impact where the 
calculated stresses were at times greater than the 
nominal ultimate strength of the wire, which never- 
theless, appeared to be uninjured by the shock to 
which it had been subjected. It is possible that this 
observation may have a bearing on the low factors of 
safety adopted for guns, in which the firing stresses, 
though very high, are sustained for but a very brief 
period of time. A good deal of space is devoted to the 
stresses in plates and shells, a subject on which a really 
remarkable amount of work has been done, with, how- 
ever, but little effect on practice. Much space is also given 
to the question of vibration, a subject which is becoming 
of steadily increasing importance to engineers from 
year to year. There have, for example, been many 
cases of steam turbine disasters due to disc vibration. 
The naval architect, again, at times finds it necessary 
to calculate the natural periodicity of a ship’s hull. 
In most cases, however, the engineer has to attack 
these problems for himself, in part because the examples 
for which an exact mathematical solution can be 
found are much simpler than those with which he has 
to deal, and in part because he prefers to approach 
such matters along paths more familiar to him than 
those which recommend themselves to the mathe- 
matician. In conclusion, we must express our admira- 
tion for the comprehensiveness of Professor Love’s 
work and for the untiring industry, combined with 
great mathematical skill, which have gone to the 
production of his treatise. 





Mr. Conrad Matschoss, editor of our contemporary, 
the Zeitschrift des Vereines Deutscher Ingenieure, and an 
authority on the subject of the history of engineering, 
has added another volume to the Beitrage zur Geschishte 
der Technik und Industrie, Vol. xvi (Berlin, N.W.7 : 
V.D.I. Verlag). We noticed his very interesting 
Miinner der ‘'echnik in our issue of August 7, 1925. 
In the present volume, various authors deal with the 
work of distinguished men and with notable achieve- 
ments of historical interest, such as the first German 
railway between Budweis and Linz, partly opened in 
1827, and the history of the Grusonwerke, founded 
in Magdeburg-Buckau, in 1864, by Hermann Gruson, 
whose Protestant ancestors had been expelled from 
French Flanders at the end of the seventeenth century. 
The first article is devoted to the scientific work of 
Franz Grashof, the founder of the Verein Deutscher 
Ingenieure, the centenary of whose birth was cele- 
brated last year. There are in the well-illustrated 
volume of 354 pages, articles on the development of 
hydraulics in ancient Egypt, on calculating machines, 
electric hoisting machinery, coal mining in the Halle 
district, oil fuel, fire extinction, &c., all based upon 
careful historical studies. Dr. R. Henning considers 
he has settled the much-contested invention of the 
lightning conductor in favour of Benjamin Franklin, 
in 1750. The discovery has been ascribed to the 
ancient Egyptians, to the builders of Solomon’s temple, 
to the magician Gerbert, who died as Pope Sylvester IT 
in 1003, and to many others. The Moravian parson, 
Divisch, certainly seems to have experimented with 
lightning about the same time as Franklin, but the 
matter was receiving much attention at the time. 








Exectric Power In CANADA.—According to the May 
‘““Monthly Letter’? of the Royal Bank of Canada, 
Montreal, the amount of electrical energy generated in 


Canada for Canadian use, during February, 1927, exceeded 
that generated during the same month of 1926 by 10 per 
cent. 
nearly 13 per cent. 
hours, generated daily, throughout Canada for Canadian 
use, during February, 1927, was 31,941 thousand ; the 
figure for February, 1926, was 28,880 thousand. In 
Ontario and Quebec, the average daily figure, for 
February, 1927, was 26,129 thousand kw.-hours, and, for 


In Ontario and Quebec, the excess amounted to 
The average number of kilowatt- 





to observation and insight. The mathematician quite 





February, 1926, 23,156 thousand kw.-hours, 
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THE OPTICAL SOCIETY. 

At the meeting of the Optical Society, held at the 
Imperial College of Science and Technology on Thurs- 
day, May 12, Professor Moritz von Rohr, Ph.D., 
Hon.M.D., Honorary Fellow of the Optical Society, 
presented a communication entitled, ‘‘ Contributions to 
the History of English Opticians in the first half of the 
19th century (with special reference to Spectacle History).” 

Professor Moritz von Rohr said that, although 
London opticians during the 18th century had carried 
out really splendid work as craftsmen, they were not 
very quick at adopting new ideas. This was a great 
drawback, especially as about 1818 Fraunhofer suc- 
ceeded in raising the standard of his factory to quite an 
unrivalled height. Although Fraunhofer’s innovations 
do not seem to have had any direct influence on English 
opticians, they were acknowledged by English scientists. 
Strenuous endeavours were made between 1826 and 
1829 by Sir John Herschel and Michael Faraday to 
produce optical glass, and splendid theoretical work 
was carried out by Airy, Coddington and Hamilton. 
London opticians, however, did not derive the same 
amount of help from such scientific innovations as the 
Vienna school did from Stampfer and Prechtl, who 
were then professors at the Vienna Polytechnic Institute. 
There it was possible, from 1826 onwards, to raise the 
standard of the best craftsmen to a very respectable 
height—nearly to that of the Benedictbeurn-Munich 
craftsmen—and the good fortune of securing Petzval’s 
help gave, in 1840, the leading position in the manu- 
facture of photographic lenses of high aperture to the 
Viennese firm of Voigtlander. The great inventions 
of stereoscopy and photography presented opticians 
with quite new problems, and English amateurs were 
the first to understand photographs as perspectives of 
the depicted object. At the end of the period discussed 
in this paper, a well-directed optical glass factory was 

established in England. 








CONFERENCE OF TRCHNICAL TEACHERS.—As already 
announced in our issue of April 1 last, on page 388, the 
annual conference of the Association of Teachers in 
Technical Institutions will be held at Plymouth from 
June 4 to 7 next. A civic welcome will be given to 
members by the Mayor of Plymouth on June 6, and, on 
the same day, Mr. H. Hall, B.A., will deliver his presiden- 
tial address, The secretary of the Association is Mr. J. 
Wickham Murray, M.A., 29, Gordon-square, London, 
W.C.1. 

SHort-WAvE WIRELESS TELEGRAPHY.~-We have 
received from Messrs. Marconi’s Wireless Telegraph 
Company, Limited, Marconi House, Strand, W.C.2, a 
copy of an interesting and instructive booklet they have 
recently issued explaining the Marconi short-wave beam 
system of wireless telegraphy. The limitations of the 
long-wave omni-directional system are pointed out, and 
the principles of the beam system are explained in simple 
language with the aid of a number of diagrams. Descrip- 
tions of typical short-wave beam stations, which are fully 
illustrated, are also included. 

NEW STONEWARE Pire Works at EritH.—On a site 
of about 25 acres on the South side of the Thames 
estuary, at Erith, Kent, a new factory is approaching 
completion. To this will be transferred, in the near 
future, a branch of industry which has occupied one of 
the Lambeth factories of Messrs. Doulton and Company, 
Limited, for the past 80 years, namely, the manufacture 
of stoneware pipes for drainage. The new Erith pipe 
works are well placed for export activities, and for 
supplying the growing demands of London and of the 
Home Counties. The riverside site has a private jetty 
and railway sidings, and the factory is equipped through- 
out with modern plant for handling raw materials and 
finished products. The whole of the machinery will be 
driven by electricity, generated in the company’s own 
power house adjoining the factory. Single-storey con- 
struction has been adopted for a large proportion of the 
buildings, and adequate attention has been given to 
lighting, warming and ventilation. On a neighbouring 
site, the erection of attractive cottages is proceeding, to 
accommodate the workpeople. 


THe FrReNcH CANAL SystEM.—An interesting article 
on the transport arrangements of France appears in a 
recent issue of the new periodical, The Bulletin of the 
National Traffic College, published monthly at 19-20, 
Water-lane, Great Towar-street, London, E.C.3. The 
writer, Mr. C. R. Taylor, states that the French canal 
system has a total lengta of 3,256 miles. Despite the 
domination of railways, it has always been valued for 
the transport of coal, ores and other heavy goods. In 
1918, owing to war damage in the main canal areas, 
traffic was paralysed. In 1921, however, the canal traflic 
amounted to 14 million tons, as compared with 21 million 
tons in 1913. Conditions have steadily improved 
during the post-war years ; in 1924, the tonnage carried 
was 17-3 millions, and, in 1925, 18 millions. The canals 
in the north-eastern coal region carry the greatest 
tonnage ; the three branches of the Canal de la Deule, 
near Douai, which waterways have a total length of 
42 miles, carried 6-7 million tons in 1925. The St. 
Quentin canal, 58 miles in length, carried 5-4 million 
tons, and the lateral canal to the Oise, from Janville to 
Chauny, 4-6 million tons. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “fine foreign” and “standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 Ib. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical linein the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent Is. each. 
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throughout are given on the centrigrade scale. Though 
called a Mollier chart by the Bureau the rectangular 
co-ordinates are pressures and total heats, the lines © 
constant entropy being curved. 


SoutH Arrican WirELEss Beam Tests.—The Mascon 
Company have completed preliminary tests with Sout 
Africa at the beam wireless stations, which they have 
erected at Bodmin and Bridgwater for the General Post 
Office. These stations were described and illustrated = 
page 528 of our issue of October 29 last ; they have = 
in use for some months for the Canadian beam servi’. 
Further tests with South Africa under ordinary trate 
conditions will commence immediately ; should - 
prove satisfactory, the stations will be handed over tot 
General Post Office for the official seven days — 
During the tests so far made by the Marconi ¢ — 
speeds of between 200 and 250 words per minute h 
been maintained over long periods daily. 


Motor-Car ENGINE EFFICIENCY.—We have received 
from Messrs. Solex, Limited, 223-231, Marylebone-road, 
London, N.W.1, a small booklet dealing with the cause 
of, and the remedy for, common motor-car engine troubles. 
The subject is divided into three main sections, respec- 
tively entitled, ‘‘ Bad Starting and Siow Running,” 
‘** Bad Flexibility and Acceleration ’’; and “ Bad Ulti- 
mate Speed and Power.”’ The booklet may be obtained 
gratis on application to Messrs. Solex, at the address 
given above. 


MOLLIER CHART FOR AMMONIA.—The American Bureau 
of Standards has prepared a very fine Mollier chart for 
ammonia, which can be obtained from the Government 
Printing Office, Washington, P.C., at 10 cents per copy. 
The chart is printed on a sheet measuring 474 in. by 19} in. 
and covers pressures ranging from 0-4 to 20 kg. per 
square centimetre. The total heat or Enthalpy is 








expressed in calories per kilogramme, and temperatures 








4 


% 


ns of 
n for 
otted 
steel 
-jron 
s per 
ut in 
ontal 
each. 


—* 
— 


,ough 
gular 
ies of 


ireonl 
South 
have 
| Post 
ed on 
_ been 
rvice. 
traffic 
these 
to the 
trial. 

any, 
have 





. Opinion of the chief powers. 


JUNE 3, 1927.] 


ENGINEERING. 





683 














THE APPLICATIONS OF ELECTRICITY 
IN WARSHIPS.* 
By Wittram McCretxianp, C.B., 0.B.E. 


THE use of electricity in the British Navy dates from 
1874, when a device was first employed for firing guns. 
In 1879 the discharge of torpedoes was effected by an 
electrical apparatus, operated from a remote directing 
station, and in 1881 the first electric-light installation 
was fitted on H.M.S. Inflexible, searchlights having 
been previously used more or less experimentally for 
some years. At that time the supply pressure was 
standardised at 80 volts, and a first-class ship carried 
three dynamos with an output of 180 amperes to 
200 amperes, two of which supplied the searchlights. 
About the beginning of the present century the pressure 
was raised to 100 volts, but within a few years the 
increasing use of electricity for power made it desirable 
that a standard of 220 volts should be adopted. The 


Fig./_ GROWTH OF ELECTRIC POWER AND LIGHTING 
2 REQUIREMENTS IN A CAPITAL SHIP FROM 1887 70/920. 


arrangement would be to provide a generator for each 
main water-tight compartment, into which a modern 
warship of large size is divided. This is impracticable, 
and a full consideration of the various systems, inclu- 
ding comparative weights, space and convenience, 
points to the superiority of the two-wire, single- 
pressure, direct-current system with both poles insu- 
lated ; a great attraction of this system is its simplicity 
and reliability and the comparative ease with which 
defects can be made good in action. 

The following requirements are also necessary in any 
system of supply :—(a) Ready elimination from the 
system of such faults as may occur in action; (6) Flood- 
ing of one compartment should cause no interruption 
of supply to any other compartment; (c) The system, 
although designed for action conditions, should permit 
all dynamos to be run in peace time at their most 
economical load ; (¢) The system should not be difficult 





to install, and should be easy to operate and maintain 

















system. was used in the German Navy. A typical 
installation in a capital ship consisted of four 400-kw. 
turbine sets and two 300-kw. Diesel sets. Four main 
switchboards were used, two fitted forward and two 
aft. The main distribution circuits were controlled 
by switches and fuses fitted in cases built on the diving- 
bell principle. The current-conducting parts of these 
switches were so placed in the protecting cases that an 
air-lock was formed, and the air pressure prevented 
the water reaching the live parts when the compart- 
ment was flooded, even if the ship assumed an inclined 
position. In one ship, electrically operated diving-bell 
type switches, controlled at a central switchboard, were 
installed. This enabled “ non-action” supplies to be 
disconnected readily when going into action, and 
damaged circuits to be disconnected during action. 
The chief argument against this system is that since 
all services radiate from a few central positions, the 





average length of cable run per point must be greater 


Fig.2. TYPICAL RING-MAIN SYSTEM OF DISTRIBUTION. 
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years 1904-06, when this step was taken and the 
ring main system and the parallel running of dynamos 
were adopted, mark the beginning of modern electrical 
development in the British Navy. Since then applica- 
tions have advanced concurrently with those on shore, 
and the electrical installation of a warship to-day 
embraces most of the modern uses of electricity. 
Fig. 1 shows the growth of electrical developments in 
warships of the British Navy from 1887 to 1920. 

Electrical developments on warships have recently 
been greatly effected by the Washington Treaty, 
which, by limiting the size of the ship, makes concen- 
tration on the efficiency of the unit necessary, and calls 
for a greater display of ingenuity on the part of naval 
designers in the solution of problems, which, if not 
altogether new, have not hitherto demanded such 
exacting solution. 

Probably in no other branch of engineering do such 
severe conditions of operation obtain as in a warship. 
Vibration ; rolling, pitching, and yawing of the ship; 
shock from gunfire ; extremes of temperature ; restric- 
tion of space; the demand for reduced weight; and 
the effect of a salt-laden atmosphere, in addition to the 
technical problems of design, must all be given full 
consideration by the electrical designer. Brittle 
materials, such as ordinary cast-iron, cannot therefore 
be used for important parts of apparatus. This 
consideration has to be carefully borne in mind when 
dealing with the problem of light-weight construction. 

Alternating-current generation does not offer the 
same advantages on board ship as on shore. A high 
voltage is not permissible for the general supply, and 
parallel running is more difficult than with direct- 
current machines. The danger from shock is greater, 
and the greater simplicity of the direct-current motor, 
where speed regulation is concerned, has to be con- 
sidered. Alternating current, moreover, is not suitable 
for searchlights, and the fragility of metal-filament 
lamps would be increased by its use. Considering the 
Problem broadly, there would be no saving in the 
Weights involved by using alternating current. In 
fact, the use of direct current for ship work is supported 
not merely by argument, but by the concensus of naval 


_The system of distribution adopted must have its 
highest efficiency under action conditions. It must 
be simple and reliable, provide continuity of supply to 
all undamaged parts, while the drilling of water- 
tight bulkheads and decks must be avoided as far as 
Possible. Finally, light weight is essential. The ideal 


_ 





Fig.3. TYPICAL ELECTRIC LIGHTING AND 
POWER CIRCUITS FROM BRANCH 
BREAKERS TO VARIOUS CLASSES OF APPARATUS. 
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under action conditions; (e) It should be possible to 
control the system either as a complete installation, or 
as a number of distinct sections. Reliability, from the 
naval standpoint, means not only all that is implied 
by the term when used in connection with electrical 
work on shore, but also that in action, and so long as 
the warship floats, the supply must be maintained 
uninterrupted in all undamaged parts of the ship. 

These requirements are usually met by some method 
of interconnection of dyanmos. In certain foreign 
navies, what might be termed a “ multiple switchboard 
system” is used, each dynamo having its own switch- 
board from which the various supplies radiate. Separate 
busbars on each switchboard are arranged to be con- 
nected up in series, so that by means of change-over 
switches each board may be fed either from its own 





t = Paper read at a meeting of the Institution of Elec- 
tical Engineers, March 31, 1927. Abridged. 


than in the ring-main system. The total weight of 
cable used in the ship must be greater, and the additional 
amount of drilling of watertight bulkheads which such 
a system entails is a serious drawback. This argument 
becomes stronger as the number of radiating switch- 
boards decreases. 

The ring-main system is based on the principle that 
all supplies should be taken by the nearest route from 
main conductors fitted round the ship in the form of a 
closed loop. This system was first introduced into the 
British Navy in 1904 by the late Mr. C. H. Wordingham. 
It was a bold and progressive step, and although since 
that date many modifications and developments have 
been devised, in principle the system remains the 
same. Fig. 2 shows diagrammatically the essential 
nature of the ring-main system. It will be seen that 
main switchboards are abolished as distributing centres, 
every supply being taken from the ring main by a path 
—mostly vertical—which avoids drilling of bulkheads 
as far as possible. Each dynamo is connected through 
a supply breaker and change-over switch directly to 
the ring main, and the whole supply system is con- 
trolled by electrically-operated apparatus from one 
central control room, although local control, as an 
alternative, is provided. With arrangements for 
isolating dynamos and sections of the ring-main which 
may become damaged in action, it will be apparent 
that the system offers maximum reliability. A typical 
system of lighting and power circuits beyond the 
fittings shown in Fig. 2 is given in Fig. 3. 

The number, type and output of generating units 
fitted in a modern capital ship may be taken to be as 
follows :—Four to six steam-driven dynamos of 200 to 
300 kw. each; one or two Diesel-driven dynamos of 
about 200 kw. each. The total capacity is thus about 
1,000 to 2,000 kw., according to the type and require- 
ments of the particular ship under consideration. The 
generating plant capacity is based, as in shore electric 
generating stations, not on the total connected load, 
but on the probable maximum demand. The large 
amount of work involved in the supply of motive power 
in @ modern warship may be gauged from the fact that 
about 400 electric motors are fitted. The total power 
of these motors is approximately 2,300 b.h.p. Con- 
sidered individually, the powers vary from 195 b.h.p., 
developed by some boat hoist motors, to 0-3 b.h.p., 
the output of a small ventilating fan motor. With so 
many motors to be maintained, the carrying of spares 
becomes an important consideration, as the spares 
suitable for one manufacturer’s design are unsuitable 
for use in a machine made by another firm. The 
limitation of spares can only be carried out by some 
measures of standardisation of machines—or at least of 





dynamo or from the other dynamos in the ship. This 
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the components of such machines—and it was partly 
for this reason that the British Admiralty decided to 
prepare designs for certain sizes of motors. Ten sizes 
have been adopted, the range of outputs being, 0-7 
b.h.p. to 20 b.h.p. 

These standard types of motors have been planned to 
embody features which have been found the most 
satisfactory for warship conditions. Aluminium alloys 
are used wherever they can be suitably employed, and 





although, apart from this, the design has aimed at the 
lowest possible weight, the construction is robust. 
Many of these standard machines have been completed 
and are in use; the majority are fan motors, large 


numbers of which are required in any one ship. F 


Standardisation and interchangeability of parts of 
motors which may suffer damage in ships in action in | 
any part of the world have many important advantages ; | 
there are, of course, limitations, and the benefits | 
accruing are proportional to the number of standard | 
machines installed. 3 

Special requirements are necessarily specified for 
motors used in warships. The bearings must with- 
stand the effect of rolling of the ship and must permit 
the machine, when running, to be tilted from the 
horizontal through a specified angle which may be 
15 deg. or 22} deg. Special provision must be made for 
taking any thrust which might occur. For convenience 
in assembly, removal and repair, the larger motors 


break circuit on both poles. Spring control of con- 
tactor armatures is preferable to gravity control. 
The majority of the motors are controlled by starters, 


| with or without shunt regulating resistances, or by 
| controllers using series resistances or field grouping. 


A few automatic starters are used. For the larger 
motors, contactors operated by master controllers 
are employed. Many variable-speed motors are used 
in warships, and, in addition to the above-mentioned 
methods of control, other well-known methods are 
sometimes adopted, the chief being the electro-hydraulic 
system and the Ward-Leonard system. 

The degree of control obtained with the electro- 
ydraulic system is very good, but the efficiency of the 
hydraulic device interposed between the motor and the 
driven mechanism is not high. Moreover, the fluid is 
affected by extremes of temperature, and this is a 
disadvantage for a ship which may be in the tropics 
in the hottest season or in the arctic zone in winter— 
a temperature variation of about 140 deg. F. The 
weight and cost of the electro-hydraulic system are 
somewhat high compared with all-electric control. 

An important application of the electro-hydraulic 
system is its use for the working of heavy gun turrets. 
Except for a trial in H.M.S. Invincible, hydraulic 
power has always been used in the British Navy. Many 
of the lighter turrets have, however, been electrically 
operated, various methods of speed control having been 
used, some purely electrical and some electro-hydraulic. 





are split horizontally, including the bearings when 


Fig. 4 LAMP SHOCK TESTING APPARATUS. 
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should not be impaired by inadequate or improper 
lighting. The head-room between decks is usually 
very restricted, and in every compartment there 
are various obstructions producing shadows. Machinery 
is mounted in all manner of positions, and structural 
obstructions are numerous. In every suitable com- 
partment hammocks are slung some time before 
“lights out.” Consequently, except in a few spaces, 
such as the engine room, it becomes necessary to 
employ a number of small and compact units and to 
space them in the best possible manner. Often the 
positions available for the fittings do not coincide with 
the most desirable positions from the point of view 
of illumination. 

The subject of resistance to shock has already been 
referred to. This is a very important problem where 
lamps and fittings are concerned. They must be 
sufficiently robust to withstand not only gun shock, but 
rough usage and the effect of handling heavy weights 
on the deck above. The ideal is to obtain a metal- 
filament lamp that will stand up to this rough treat- 
ment, and progress in manufacture has already made 
the use of carbon filaments unnecessary. In order to 
obtain better shock resistance, manufacturers are 
required to supply a lamp of somewhat lower efficiency 
than is normal for shore use. The British Admiralty 
specification for lamps includes a shock test under 
which selected lamps, after being burnt for 50 hours, 
must withstand a certain number of blows in the 
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| The latter is usually preferred by gunnery officers 
because of the precise control obtainable by hydraulic 
ring-lubricated bearings are used. In order to obviate | operation of the actual gun mechanism. In foreign 
the supply of a large number of different sizes of | navies, however, direct electric control of turret 
brushes, nine standard sizes are specified, eight of | working is often employed. The Ward-Leonard system 
which are the same as B.E.S.A. Standards. The dif- | of control is applied to certain of the larger motors. 
ferences in the environment temperatures at various | The advantage of this system is the avoidance of con- 
positions in the ship are considerable, and, for this | tractors and the control of speed by very fine gradations ; 
reason, motors are divided into three classes for tem- | but some increase in weight and cost over direct electric 
perature-rise, the object being to ensure that the | control is incurred. Such increases may be justifiable 
maximum temperature of any particular motor shall | for certain services and the system is being used in 
not exceed an agreed figure. | various navies. The defects inherent in this system, 

Totally enclosed machines possess distinct advan- | namely, time-lag in operation and want of certainty 
tages for warship purposes. They are protected from | when the controller is near the neutral position—can 
the deteriorating effects of oil vapour, moisture, sea | to a large extent be avoided by the complete lamination 
spray, salt-laden air, dirt and fluff, the last of which | of the field systems of the generator and motor; and 
collects in the ship’s living spaces as a result of the/in addition, where necessary, the superimposition of 
wear and tear of clothing and bedding. Weight and | an alternating current on the field system in order to 
space considerations demand, however, that except | keep the field in a sensitive state. It is possible with 
for the smaller machines the use of a totally enclosed | the Ward-Leonard system to give almost any desired 
casing should be accompanied by some method of | characteristic to the motor driving the machine in 
cooling. Various types of machines incorporating | question; and it is a simple matter to arrange for 
special cooling devices have been installed. In some | complete stalling of the motor for a considerable 
machines, total enclosure may be used not as an end | period without damage. This feature is essential in the 
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but as a means, and such machines may be totally | case of an anchor capstan motor. Constant-current | 


enclosed merely to facilit.te cooling, the transference | series systems provide an alternative method of control, 
of heat from the machine outboard being the primary | and could be used for groups of the larger variable- 
consideration. | speed motors driving winches, capstans, &c. Such 
The methods adopted for motor control in warships | constant-current systems, although giving excellent 
are similar to those in shore practice; but shore | control, allowing of stalling of motor and possessing 
designs have usually to be modified very considerably | other advantages, could hardly be adopted in warships 
for warship conditions. Overall dimensions and weight | to more than a limited extent; the difficulties of 
have to be considerably reduced, but even so the gear | ensuring continuity of supply under action conditions 
must be sufficiently robust to withstand severe shock | with any series system would be very great. 
and vibration, which are rather difficult conditions| In a warship, conditions are such that officers and 
for apparatus composed of many intricate devices. | men must spend a large proportion of their time and 
For this reason, electromagnetic devices are designed | do much of their work in artificial light. Further, 
to hold on under shock and vibration even if the pressure | warship lighting problems are of a varied nature, 
is reduced by 20 per cent., t.e. from 220 volts to 176 volts, | because of the diversity of use to which the compart- 
the coils are therefore liberally designed. For safety,| ments are put. A high standard of vision in the 
control gear must not contain inflammable material personnel is necessary for the efficient performance of 
and, except in special circumstances, is arranged to | their duties, and it is necessary that this high standard 


apparatus illustrated in Fig. 4. It is probable that 
the test will be increased in severity in view of the 
results of experimental work which has been pro- 
ceeding, and, also, the Jamps may be tested with the 
filaments burning, instead of cold as at present. 

There is also the problem of the screening of the 
light source. As far as possible, fittings are designed 
to prevent the filament being visible at an elevation 
of less than 40 deg. to the horizontal, and the bright- 
ness of the luminous surfaces of the fittings within 
the range of vision is limited to 2-5 ¢.p. per square inch. 
Difficulties arise, however, on account of the large 
variation in the dimensions of the filaments and fila- 
ment mounts in different makers’ lamps. If dimen- 
sions could be standardised so that a fitting would be 
equally efficient with a certain size of lamp made 
by any manufacturer, it would be of great advantage 
in ship lighting, especially if the standardisation took 
into account both spiralised and squirrel-cage filaments. 
In this connection it is probable that the most important 
dimension is that between the top of the lamp cap 
and the remote end of the filament. 

The average figures for illumination vary from 
10-ft. candles on workshop benches to 1-5 in turret 
spaces, auxiliary machinery spaces and boiler rooms 
with from 4 to 6 in the officers’ quarters, and on 
| the mess decks. Warship conditions, however, often 
|prevent the desired illumination being obtained. 
| Two main types of fittings are in use, depending on 
| whether they are employed purely for illumination oF 
| for special purposes, such as navigation and signalling 
lights, where the light source must be visible to the 
eye. Several types of fittings to suit the special con- 
ditions have been designed. In the case of magazine 
fittings, the circuit of the lamp is automatically 
broken, if the glass cover is broken or the fitting dis- 
mantled. The illumination of the hangars of aircraft 
carriers requires special consideration, owing to the 
possible pressure of petrol vapour. For general lighting 
| high candle-power gas-filled lamps, fixed overhead, are 
| used. There is, however, considerable need for port- 
|able lamps in these compartments, and in order to 
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provide the highest measure of safety against explo- 
sion these hand lamps are supplied from a special 
12-volt a.c. system, the arrangement of which is 
shown in Fig. 5. The petrol compartments and pump 
rooms themselves are lighted by means of external 
light boxes, gastight glass windows being fitted to the 
sides of the compartments. 

The lighting of chart houses and other exposed 
compartments is arranged so that it may be controlled 
by a door switch designed to switch off the lighting 
circuit automatically on the first opening movement 
of the compartment door, since it is essential that 
no light should be visible through the open door. A 
“peace lock”? to render the door switch inoperative 
in peace time is fitted. 

In the design of fittings for naval service, standardi- 
sation of parts is carried out as far as the special 
conditions permit, so that the large variety of complete 
fittings may be made up from the minimum number of 
component parts. Bases are standardised for most 
fittings in order that wiring may be completed, the 
actual fittings being readily erected during final 
completion of the ship, thus avoiding damage to the 
permanent fittings. 

Searchlights are used extensively for military and 
commercial purposes, and in the mercantile marine as 
well as in warships. In the mercantile marine they 
are designed primarily for the following purposes and 
conditions :—{1) Navigation ; (2) signalling ; (3) satis- 
factory operation both in the tropics and in arctic seas, 
and after long exposure to sea atmosphere. All the 
above apply equally to naval searchlights, but with 
the latter there are additional conditions of equal 
importance from the naval point of view, namely :— 
(4) To withstand gun-blast ; (5) to permit, as far as 
possible, continuous laying of beam; (6) to work on 
a moving platform against a moving target, and at any 
angle from horizontal; (7) to operate at very long 
ranges. Conditions are very different from those 
obtaining with a shore gun battery where the platform 
s stationary and continuous laying of the beam 
presents no difficulties. Also, in a shore battery, the 
gun, observer and searchlight may be at stations 
widely apart, so that the effect of gun-blast is 
reduced. 

Prior to 1914 searchlights played a less important 
part in the equipment of a warship than they do to-day 
The low-current-density arc was in general use, and 
it was only in the first years of the war, when all 
countries considerably improved their searchlight 
equipment, that the use of a high-intensity arc was 
seriously considered. Even in Germany, where the 
high-intensity arc was first introduced by Professor 
Heinrich Beck, the principle met with a poor reception 
until about 1916. 

In the British Navy the first lamps used were of the 
inclined hand-lamp type, but these were later converted 
into automatic inclined lamps, and finally superseded 
by an automatic horizontal lamp. The projector for 
the latter lamp was light because at that time it 
was desired to stow away the projectors for protection 
during day action. This was abandoned in 1914. 
In 1914, both automatic inclined and automatic 
horizontal lamps were in use, some of the projectors 
being arranged with electric motor-operated elevating 
and training gear. A short arc (% in.) was used in all 
80-volt ships, while in 100-volt ships the resistances 
were adjusted to burn the light with a longer arc 
(1 in. to 1} in.) in order to reduce the screening effect 
of the negative carbon. In larger warships having a 
220-volt supply system, a motor-generator was fitted 
with each searchlight, the set being designed to give a 
constant current of 110 amp. over a pressure range 
of 58 volts to 62 volts. The motor generators had 
automatic starters, and the arrangements permitted 
an are to be started within five seconds. 

During the war a high-current density lamp was 
developed. The luminous power of this lamp was 
81x to ten times that of previous lamps using the same 
current. The carbons were bathed in methylated 
spirit, as in the Beck lamp, the object being to prevent 
oxidation of the electrodes near the tips. A pump and 
vaporiser had therefore to be incorporated in the design. 
At the present time, both low and high-current-density 
lamps are in use in the British Navy. 

The modern high-current-density lamp differs from 
the low-current-density lamp in several particulars, 
such as: (1) forced cooling and ventilation are 
seatial, owing to the intense heat generated and 
the necessity for removing from the projector the 
Products of combustion at the arc; (2) excessive 
oxidation of the electrode tips is prevented by various 
weeods such as the methylated spirit flame or forced- 
pf cooling of the electrode holder; (3) special arc. 
the ing mechanisms are used; (4) the position of 
pat hegative electrode is automatically controlled to 
: intain constant are length; (5) the positive electrode 
STotated to maintain the symmetrical crater formation 


ne o - : ° ° ° “1: 
(6) ute for the maximum intrinsic brilliancy ; 








provided by various means, such as thermostatic 
control or the use of a “‘ third electrode.” 

For many reasons it has not yet been possible to 
produce a satisfactory type of metallic mirror, and 
the silvered glass parabolic reflector is almost 
universally employed for projectors. The type of 
glass used for these mirrors is of great importance. 
The glass must be tough, heat resisting, free from 
flaws and bubbles, clear, accurately ground and 
polished, and free from scratches. The reflecting 
surface must be optically. perfect, and the silvering 
must be unaffected by damp, sea air and fumes, 
and must not peel or crack. The reflectors are mounted 
on springs in order to withstand the effects of gun 
shock, and to cope with the temperature differences 
obtaining over the surface of the glass. 

Beam divergence is unavoidable, since, although 
the mirror may be optically perfect, the source of 
light is not a point but an area. For this reason 
small-diameter carbons are an advantage. Increasing 
the focal length reduces the divergencé, but at the 
same time reduces the flux received by the mirror. 
A limited degree of divergence is, however, acceptable 
and indeed necessary. 

Much consideration has been given to the question 
of carbon electrodes, and experiments have shown 
clearly that where a beam of high penetrating capacity 
is required, it is necessary to use carbons of small 
diameter working at high current densities. The 
required conditions are not easy to meet, but the 
searchlight carbon is being gradually improved. In 
modern practice both carbons are cored, and certain 
metallic salts are embodied in the positive cores. 

Shutters of the “Iris” type (as used in cameras) 
have now been adopted for normal use on searchlights, 
while ventilators are fitted on all projectors, a motor- 
driven exhaust fan being also essential in the high 
current density lamp to free the barrel of fumes and 
to equalise the temperature over the mirror. 


(To be continued.) 





CARLISLE ELECTRICITY STATION. 


THE centrifugal policy of electricity supply, which 
has been inaugurated in this country by the Central 
Electricity Board, though of general application, 
must, for the time being at any rate, be subject to 
a number of exceptions. Though the majority of 
towns are units in a larger industrial area, such as 
that in South-East Lancashire or in the Clyde Valley, 
there are others, whose detached situation makes it 
difficult to fit them into any scheme of interconnection. 
Not the least important of these is the city of Carlisle, 
which, with its population of over 52,000 inhabitants, 
is a centre not only for surrounding agricultural 
activities, but contains within its borders more than one 
large engineering and manufacturing concern. From 
the electrical point of view its history is interesting. 
Since the early days its municipality-owned under- 
taking has set an example in the supply of cheap 
power, while as far back as 1919 the Board of Trade 
advised the corporation that its isolated position 
might render it expedient for them to extend their 
area of supply. These two conditions were taken into 
account in designing the new generating station, 
which was formally opened by the Mayor on Thursday, 
May 26. It may be added that a public supply was 
first given in the city from a station in James-street 
in 1899 on the 460-volt three-wire direct-current 
system. This station was designed by Sir Alexander 
Kennedy, and the original plant consisted of two 
60-kw. and two 125-kw. sets. Extensions, both to 
the generating plant and to the mains system, soon 
became necessary and in 1911 authority was first 
obtained for the supply of energy outside the city 
boundaries. In 1915 three-phase generation was 
begun, a 1,250-kw. turbo-alternator being installed 
for this purpose, while in 1919 a 2,000-kw. set was 
added. In the same year the Electricity Committee 
instructed Mr. C. W. Salt, the City Electrical Engineer, 
to prepare designs for a new generating station. These 
designs were submitted to and approved by Mr. Arthur 
Ellis, consulting electrical engineer. The increasing 
demand, however, made it necessary to instal a 
3,000-kw. set with appropriate boiler plant in the 
original station.; and it was not, therefore, until 
1923 that the City Council accepted the Electricity 
Committee’s recommendation to proceed with the 
completion of the scheme on the new site. This 


re-organisation of the mains system. 


land is available, dnd the condensing water and 
cooling facilities are sufficiently great for a 100,000-kw. 


The site selected for the new power station is at | with inspection windows. 
Willow Holme on the banks of the Eden some 14 miles | are in duplicate and are supported on rolled-steel joists 
from the centre of the city, where a large area of | above the de-aerators. 
four vessels: The ejector heater, for condensing the 
steam used by the ejector and maintaining the neces- 


ance externally, was designed and constructed under 
the supervision of Mr. P. Dalton, the city engineer. It 
is erected on concrete foundations, walls of the same 
material being carried up to the top of the basement. 
Above this, pressed Furness brick, faced with concrete 
brought to a smooth finish, is used. The external and 
internal brick facings are tied together with iron ties, the 
centre being filled with concrete cement to form a 
homogeneous mass. All the mouldings are of concrete, 
either cast in situ or laid in pre-cast blocks. The 
roofs of the annexe buildings are covered with natural 
asphalt, but to obviate fire risks the roof of the 
main building is of breeze concrete slabs, which are 
carried on steel purlins. These slabs are covered with 
slates laid on ruberoid sheeting. Pennycock’s roof 
glazing is employed for lighting the turbine room 
and boiler house. The turbine room floor and a 
portion of the office floor is covered with Edwards’ 
Ruabon red adamantine tiles. The control room has 
a floor finish of black and white tiles. Messrs. Durham 
and Veevers, of East Boldon, were responsible for 
the construction of the superstructure. 

The details of the plant installed in the station were 
designed by Mr. C. W. Salt, the city electrical engineer. 
In general terms, the station consists of a turbine room 
201 ft. by 44 ft., and a boiler house 181 ft. by 72 ft. 6 in. 
running parallel to it. Between the turbine room and 
boiler house is an annexe, 15 ft. 6 in. in width, which 
accommodates the main steam headers, the steam 
receivers, the booster and feed pumps, above being the 
de-aerators, evaporators and feed tanks. The switch- 
gear annexe is 17 ft. wide and, in addition to the control 
equipment, contains the office, repair shop and battery 
room. The separate pump-house on the river bank is 
designed to accommodate four circulating and two 
service pumps. 

The coal consumed in the station is all rail-borne, 
and is delivered into a 20 ton receiving hopper, whence 
it is raised by a bucket conveyor to the overhead 
bunkers in the boiler-house. The rail siding runs 
into the turbine room, and is served by a fireless 
steam storage locomotive, which was manufactured 
by Messrs. A. Barclay, Sons and Company, of Kil- 
marnock. 

At present, the steam-raising plant consists of 
four Stirling units, comprising boiler and integral 
superheater, Underfeed stoker, Green economiser 
and Davidson induced-draught fan. There is one 
chimney to each pair of units. This is 6 ft. 6 in. 
internal diameter, and rises 70 ft. above the firing-room 
level. Each chimney is fitted with a Davidson dust- 
catcher. The ashes are continuously removed by an 
Underfeed water-submerged conveyor, which delivers 
its contents into a hopper. Alternatively, the ashes 
can be removed by trucks, which run on rails in the 
boiler-house basement. The boilers are arranged on one 
side of the boiler-house, ‘so that, as is clear from Fig. 1, 
on page 686, there is good natural illumination on the 
stoker fronts and firing floor. 

Each boiler is capable of supplying 30,000 Ib. of 
steam per hour at a pressure of 255 lb. per square inch, 
and a temperature of 600 deg. F., and has an overload 
capacity of 20 per cent. The boilers are of the five- 
drum type, with a heating surface, including that of the 
superheater, of 9,295 sq. ft. Provision is made for the 
installation of three more boilers of the same size, 
while a 25,000-lb. unit is to be transferred from the 
existing station at James-street. The extensions may 
also include a second bucket conveyor. The overhead 
coal bunkers have a capacity of 160 tons, and are 
fitted with Avery automatic weighing machines. The 
forced and induced-draught fans are controlled from 
the boiler-house floor. 

The boilers are equipped with a complete set of 
instruments, including Kent steam flow meters, tem- 
perature indicators for the superheated steam, feed 
water and flue gases, and Cambridge dial draught 
gauges and electrical COg recorders. Diamond soot 
blowers, supplied by Messrs. Babcock and Wilcox, 
Limited, are also fitted. 

The make-up feed water is evaporated by means of 
two Mirrlees feed distillers, with a common separator 
chamber. Each of these equipments is capable of 
dealing with 6,500 lb. of make-up per hour. They are 
of the vertical straight-tube type and are supplied from 
the river via a crude water tank on the roof of the 
station. They are heated by exhaust steam from the 
turbine feed pumps, which is augmented, when neces- 
sary, by live steam supplied through reducing valves. 
The distilled water is circulated through two “ flash” 


development has been facilitated by a grant from | type de-aerators, each of which is capable of dealing 
the Unemployment Grants Committee, and the same | with 90,000 lb. of water per hour, and heats the water 
body has assisted in providing funds for the | 20 deg. F. above the de-aerating chamber temperature. 
These de-aerators are internally lighted and are provided 


The feed-water surge tanks 


Each de-aerator consists of 
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condenser, in which the steam formed by flashing in the | 
de-aerating vessel is condensed; the direct-contact | 
heater, which raises the condensate to the de-aerating | 
temperature; and the de-aerating vessel itself, in which | 
the water gives up the air or incondensible gases. | 
From this last vessel the water is extracted by a| 
condensate pump, which delivers the water direct to 
the turbine feed pumps. The vapour from the feed 
distillers is used in the direct-contact heaters or, if they 
are not in use, boiler exhaust steam can be employed. 
Electrical distance thermometers are fitted to all the 
heaters. Instruments are also installed for indicating | 
and recording the percentage of oxygen in the feed 
water, after it has passed through the de-aerators. 

The condensate, on its way from the condensate | 
pump to the de-aerator, passes through the ejector | 
air-pump condenser, ejector after-heater and bled | 
steam heater into a common ring main. Bled steam | 
heating, by means of steam at 8 lb. per square inch, | 
will be fitted on the 2,000 and 3,000-kw. sets, which | 
are to be transferred from the James-street station ; | 
and the condensate will be passed through these heaters 
before going into the condensate ring main. This | 
ring main will be connected direct to two surge tanks, 
as well as to the de-aerating plants. The clean | 
drain water from the feed distillers also passes into the 
surge tanks, so that the whole of the feed water is | 
treated in the de-aerating plants before going to the | 
boilers. The final feed temperature at the economiser | 
inlet will be 150 deg. F. 

The turbine room, with which we shall deal next, is | 
designed to accommodate two 6,000-kw., one 3,000-kw. 
and one 2,000-kw. turbo-alternator, of which one 
6,000-kw. set is at present installed. The others | 


will in due course be transferred from the existing | 
station at James-street. An interesting point is that | 
the centre lines of the generators are parallel to = 


length of the building, so that the rotors can easily 





right angles to this centre line, so that a convenient 
lay-out of the steam and water pipes is obtained. The 
set now in use was manufactured by the British 
Thomson-Houston Company, and is illustrated in 
Fig. 2. It runs at 3,000 r.p.m., is supplied with steam 
at 250 lb. per square inch, and exhausts into a vacuum 
of 29-1 in. The turbine is of the high-pressure Curtis 
impulse type with ten stages. The alternator has an | 
output of 7,500 kv.-a. at 80 per cent. power factor, | 
and supplies current at 3,300 volts and 50 cycles. 
Branches are arranged, so that the turbine can be bled 
for feed heating purposes. The alternator is self- 
ventilating, the cooling air being treated in re-coolers, 
the water for which is taken from the main circulating 
water system. Cambridge distance thermometers are 
provided for measuring the temperatures of various 
parts of the machine. 

The condenser, which was supplied by the Mirrlees | 
Watson Company, Limited, is capable of dealing with | 
65,000 Ib. of steam per hour, and is designed to give a | 
vacuum of 29-1 in. with a 30-in. barometer. It has 
a cooling surface of 9,500 sq. ft., and is supplied with | 
9,500 gallons of water per hour. The condensate 
pumps are in duplicate, but each is capable of dealing 
with the full quantity of condensate. They are driven 
by 13-h.p. squirrel-cage motors, running at 1,440 r.p.m. 
A control system is fitted to ensure a steady flow of 
condensate, and to prevent the pumps being de-primed 
under any load conditions. The air-pumps are of the 
Mirrlees steam-ejector type, with an intermediate 
surface condenser between the two stages. They 
are fitted in duplicate, and each has a capacity of 
35-5 lb. of air per hour. The discharge from the 
second stage of the condenser passes to a small surface 
heater, practically the whole of the heat from the 
generating steam being recovered in the condensate or 
feed water. 

As already mentioned, there is sufficient water avail- 
able on the site for supplying cooling water for 
100,000 kw. of plant without recourse to towers, 
even during the period of minimum river flow. Two 
circulating pumps are at present provided. These 
were manufactured by Messrs. Worthington-Simpson, 
Limited, and each has a capacity of 588,000 gallons per 
hour. They are installed in a separate pumphouse on 
the bank, with their centre lines 2 ft. below the 
level of the river bed, co ensure an immediate flow 
on starting. They are driven by 120-h.p_ vertical 
motors, which are installed above the maximum 
recorded flood level of the river. Space is provided for 
two additional pumps, which will be sufficient for the 
17,000 kw. of plant for which the present station is 
designed. 

Each pump is provided with a reflex valve, supplied 
by Messrs. Biakeborough and Sons, of Brighouse, which 
is fitted with an oil dashpot, so that the event in of a 
pump failing the water supply can be quickly resumed 
by pressing a button in the turbine room, and so starting 
up the stand-by pump. 

The water is drawn in through two travelling 
screens with a total effective screening height of 32 ft. 
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Fie. 1. Bomrer Room. 




















Fie. 2. TursBINE Room. 


The minimum immersion is 11 ft., at which each screen 
will pass 1,200,000 galls. per hour. The screens 
are self-cleaned by waterjets, which are supplied from 
two vertical auxiliary pumps. These pumps have a 
capacity of 27,000 galls. per hour against a head 
of 66 ft. 

The main water supply header is a ’bus pipe, which 
receives its supply from all the pumps. The pipe 
system, for which Messrs. Pratchitt Brothers of Carlisle 
were responsible, is mainly external to the building, the 
supply pipes being in trenches below the basement floor 
level. This arrangement results in a comparatively 
clear floor. The system is designed for syphonic 
assistance, but in any event the pumps can provide 
sufficient head to prevent a shut down. 





All the switchgear was designed and manufactured 
by the British Thomson-Houston Company, Limited. 
The high-tension equipment is housed on the ground 
floor of the switchgear annexe and is enclosed in artl- 
ficial stone cubicles. The *bus-bar system is in duplicate 
and is supported on heavy porcelain insulators, which 
are readily replaceable. The isolating switches are 
mechanically operated through insulated levers from 
outside the cubicle, while the oil circuit breakers which 
are of the OM 110 pattern, are solenoid-operated wiv 
the control room which is on the floor above ane 
overlooks the turbine room. Power for this purpose 
provided from a 230 volt, Tudor battery. A compan 
system of interlocking is provided, so that the cubicle 
doors cannot be opened or the isolating switches 
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operated unless the main circuit breakers are in the 
off position. The control room also contains Chad- 
burn telegraphs and loud speaking telephones for 
communication with the turbine room, as well as 
instruments for indicating the CO, content and the 
flue gas, steam and water temperatures at various 
points. 

The machine control equipment is in the centre of the 
switchgear bank, while the exciters are controlled from 
pedestals in front of the generator panels, giving a con- 
venient operating arrangement. The high tension 
voltage is controlled by Tirrill regulators, one of which is 
provided for each machine. The low tension switchboard 
is of the normal back of the panel type and forms a 
continuation of the high tension control board. Three 
truck feeders made by British Insulated Cables, 
Limited, run from the Willow Holme station to James- 
street, which it is eventually intended to use as a 
distribution station. These feeders are fitted with 
the B.T.H. system of balanced current protection. 
This energy is transmitted at the generator pressure of 
3,000 volts, but Brush transformers are provided for 
stepping up the pressure to 11,000 volts, so that energy 
can be economically transmitted to the outlying 
areas. 

It may be of interest to state that since a supply 
was first given in 1899-1900, the quantity of electricity 
generated has increased from 167,032 to 12,104,701 
kw.-hours in 1925-26, and the output has more than 
doubled since 1916-17. The number of consumers is 
3,106 and the maximum load 7,750 kw. 

Speaking at the luncheon, which followed the opening 
ceremony, Sir John Snell said that the scheme for 
Central England would be published almost immediately 
and others for Lancashire and Yorkshire, and including 
Cumberland and Westmorland, would follow. Carlisle 
was isolated by 50 or 60 miles from any large industrial 
area and its connection to an “ arterial ” line would not 
be justified for the present, unless the London, Midland 
and Scottish Railway determined on a scheme of 
electrification from Derby or Preston to Glasgow ; or 
the London and North Eastern Railway undertook 
similar work between Carlisle and Newcastle. With 
things moving as they were interconnection with the 
Newcastle’s system was, however, more than a possi- 
bility. The industry had the great responsibility of 
providing adequately for the probable growth of 
demand with a minimum of expenditure and in carry- 
ing out this work the Central Electricity Board would 
need the assistance of the present undertakers. 





THE CONSTITUTION OF ALLOYS OF 
IRON AND PHOSPHORUS.* 
By J. L. Haveuron, D.Sc., F.Inst.P. 


THE constitution of the alloys of iron and phosphorus 
has been studied by many workers, the chief of whom 
are Stead, Le Chatelier and Wologdine, Saklatwalla, 
Gercke and Konstantinoff. The present research 
has been undertaken with the object of determining 
the constitution of these alloys, when materials of 
high purity and modern methods of study are employed. 
The work was commenced during the war by Dr. 
Hanson and the present author, who received a grant 
from the Carnegie Research Fund of the Iron and 
Steel Institute for this purpose. Considerable progress 
was made until pressure of important war work brought 
the investigation to a close. Since that time many 
advances have been made in the preparation of pure 
iron, and the use of the high-frequency furnace has 
greatly facilitated the preparation of iron alloys free 
from carbon. It was considered, therefore, that it 
would be worth while to start the investigation ab 
initio, and the results obtained are described below. 

Materials Used.—The iron used in the preparation 
of the alloys consisted of electrolytic iron prepared 
at the National Physical Laboratory by the methods 
described in earlier papers, the only appreciable 
impurity being about 0-015 per cent. phosphorus, 
which was obviously quite harmless for the present 
research. The chemically pure red variety of phos- 
phorus was employed. 

_ Preparation of the Alloys.—The alloys were prepared 
in a high-frequency induction furnace. A weighed 
quantity of iron was placed in a magnesia pot A 
(Fig. 3), inside a silica tube B, which was mounted 
i the induction furnace. The tube was closed at 
1t8 upper end by a rubber bung C carrying a brass 
cock D, having a bore about } in. in diameter. A 
Screwed lid E, fitted with a small mica window F, 
covered the top of the cock ; a side tube G allowed the 
admission of nitrogen into the tube. The nitrogen 
ong through a hole in the bung closing the bottom 
of the silica tube. When the cock was open, the 








cs Contribution from the National Physical Laboratory, 
ing Part VIII of “Alloys of Iron Research,” read 
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interior could be viewed through the mica window, 
and as soon as it was seen that the metal was molten 
the cock was closed, the lid removed, and a small 
briquette of phosphorus, weighing about 1 grm., was 
placed in the space above the barrel of the cock, 
and the lid replaced. The cock was then opened 
sharply and the phosphorus dropped into the molten 
iron, where it was rapidly absorbed. This procedure 
was repeated until sometimes as much as 100 grms. 
of phosphorus was introduced into the furnace, the 
weight of iron being of the order of 200 grms, The 
addition of phosphorus was stopped when the amount 
being evolved as fumes from the tube, and burning 
around the top and bottom rubber bungs, became 
serious. Ina few cases ingots prepared in this way 
were remelted and more phosphorus wasadded. It was 
found impossible, however, to get more than 30 per 
cent. of phosphorus into the iron; alloys of about this 
composition, on remelting, evolved appreciable quan- 
tities of fumes of phosphorus. 


(g.3. DIAGRAM OF THE MELTING POT USED 
IN AN ELECTRIC HIGH-FREQUENCY 
FURNACE. af 









y 







dd 


Beet i a 


No 


Yj, aaws’ 








wna 


SAARC 





CARRE IT 








.* 





(80.A)} “ENGINEERING 


T 





Alloys prepared in this way served as a basis for the 
preparation of material containing less phosphorus, 
some of the basis alloy being remelted with further 
quantities of pure iron. Table I gives a list of the 
alloys prepared. 























TaBLeE I.—List of Iron-Phosphorus Alloys Prepared. 
Composition. | Composition. 
No. | Made up No. | Made up 
for, Analysis, for, Analysis, 
Per cent. | Per cent. Per cent Per cent. 
Phos- Phos- Phos- Phos- 
phorus. phorus. phorus phorus 
P43 0-1 0-089 || P63 15-0 14-7 
P44 0-2 0-212 P64 17-0 16-5 
P42 0-35 0-293 Al10 _— 17-5 
P45 0-4 0-355 Al16 _ 18-5 
P46 0-5 0-472 P65 20-0 20-1 
P39 0-9 0-686 Al2 _ 20-7 
P38 1-4 1:05 P53 21°1 21-2 
P50 1-6 1-44 Al5 _ 21-9 
P47 1-9 1-70 P54 21-6 Contami- 
nated 
P51 2-3 2-18 P67 27-5 — 
p40 2-7 2-42 Al7 —- 22-7 
P41 3-8 2-92 P55 25-0 22-6 
P48 4-7 4-80 P66 28-3 23-0 
P52 6-9 5-60 P56 24-7 Contami- 
nated 
P60 8-0 8-01 
P57 13-5 9-64 A13 _— 26-4 
P58 16-5 11-6 A18 _ 26-6 
P62 12-0 12-1 All — 29-5 
P59 19-0 13-4 | Al4 _ 30-0 
Ag _ 14-2 | 

















Alloys marked with the prefix A were made from iron and 
phosphorus. Those marked P were made from A ingots by the 
addition of iron. 

Thermal Analysis.—Heating and cooling curves 
were taken on alloys which had been melted in small 
magnesia pots in a carbon-ring furnace. A platinum 
+65 per cent. rhodium—platinum + 20 per cent. 
rhodium couple was used for temperature measure- 
ments. The metal was first melted in the furnace, 
and then a thin silica tube containing the couple was 
introduced into the melt and a cooling curve taken. 
The furnace was next switched on and a heating, 
curve taken. This was followed by another cooling 
and heating curve, and where all four were satisfactory 
and the pairs in good agreement, the couple was then 
withdrawn from the melt, which was allowed to solidify 
in the pot. Owing to the high temperatures necessary 
in the iron-rich alloys, a fracture of the couple or of the 


this necessitated the making of many attempts before 
two satisfactory heating and two satisfactory cooling 
curves were obtained. 

In alloys containing more than eutectic amounts of 
phosphorus, under-cooling was very marked. Indeed, 
in some cases, with alloys containing over 16 per cent. 
phosphorus, under-cooling took place through the 
liquidus and the peritectic transformation down to a 
temperature at which metastable eutectic separated. 
This inoculated the melt, and the temperature rose 
sometimes as much as 150 deg. C. Inoculation was 
not successful in inducing the crystallisation of the 
melt, and finally the temperatures obtained from 
heating curves have been used in the establishment of 
the diagram. In cases where there was no under-cool- 
ing, it was found that results obtained by heating and 
cooling curves agreed within about 5 deg. C., and it 
seems reasonable, therefore, to assume that the results 
obtained on heating curves in the other cases are not 
likely to be more than a very few degrees too high. 
Table II illustrates the effect of inoculation on an alloy 
containing 21 per cent. phosphorus. The heating 
curve showed that the liquidus was at 1,370 deg. C. 


TABLE IT. 





Effect of Inoculation on a 21 per cent. Phos- 
phorus Alloy. 





Maximum | 





No. of Curve. | Temperature Treatment. 
| reached on 
Surfusion. 
| 
| Deg. C. 
c2 | 1359 None 
C3 | 1297 None 
C4 1311 Furnace tapped 
C5 1280 Tnoculated 





In C4, the furnace was tapped by hand through the 
under-cooling range in order to see if the vibration 
would help to start crystallisation. C5 was inoculated 
by dropping dust (made from a solidified alloy con- 
taining Fe,P) into the melt during the whole of the 
under-cooling range. It is probably only a coincidence 
that this alloy reached a lower maximum on surfusing 
than any of the others, C2 under-cooled much less 
than was usual with these alloys. In the low-phos- 
phorus alloys, under-cooling of the eutectic was very 
marked, and this accounts for the extraordinary shape 
given to the eutectic line by Saklatwalla. For deter- 
mining the temperature of the transformation points, 
the usual methods, using a gradient furnace with the 
specimen in an evacuated silica tube, were employed. 

Magnetic Tests—Magnetic tests were carried out on 
a number of the alloys, in an apparatus designed by 
the author in conjunction with the Electrical Standards 
Department of the Laboratory.* This investigation 
was carried out on the earlier alloys made by the 
author and Dr. Hanson, care being taken to select 
material that was free, or nearly free, from carbon, but, 
as a check, a test was carried out witha simple magneto- 
meter on a sample made in the course of the present 
investigation, and the agreement was found to be per- 
fectly satisfactory. The samples were prepared in the 
form of rods about 2 cm. long and 3 mm. in diameter. 
They were made by filling a pot with magnesia in 
which a cylindrical hole was made. A piece of the 
alloy was placed on the top of the pot and melted, 
when it ran down into the hole, thus forming a rod. 

Heat Treatments.—Heat treatments were carried out 
on the alloys in two ways. For temperatures lower 
than about 1,100 deg. C., a Haughton-Hanson ther- 
mostat was used. The alloys were heated in vacuo, 
except in cases where, owing to the high-phosphorus 
content, this would have meant loss of phosphorus ; 
in such cases an atmosphere of nitrogen was used. 
For higher temperatures, heat treatment was carried 
out in a carbon-ring furnace, a nitrogen atmosphere 
being maintained in the tube containing the specimens. 

Micrographic Etching.—The etching of the specimens 
presented considerable difficulties, as they were all 
very resistant to attack. In a few cases of alloys 
containing small quantities of Fe,P, attack with a 
ferric chloride—copper chloride reagent (N.P.L. for- 
mula) proved very satisfactory. Generally, however, 
alloys containing no Fe,P were best etched electroly- 
tically, a dilute solution of hydrochloric acid being 
used as the electrolyte. Electrolytic etching also 
gave the best results with alloys containing Fe,P, 
but there the electrolyte used was concentrated aqua 
regia. Specimens containing much Fe,P were so 
brittle as to be easily crumbled in the fingers, These 
were, naturally, excessively difficult to polish, and in 
some cases, when they were very porous, it was 
necessary to fill up the pores with sealing-wax before 
it was possible to obtain a satisfactory result. 

The Diagram.—Fig. 5, on page 688, shows the dia- 
gram obtained, and the various lines therein will now 
be discussed. The liquidus curve obtained agrees very 





* A description of the apparatus will be found in the 





silica tube was fairly frequent, and in some cases 
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reasonably with that given by Konstantinoff up to the 
point to which he investigated the system. Beyond that 
(the point corresponding about to the compound Fe,P) 
the liquidus drops once more, and it would appear that 
a eutectic is formed between Fe,P and a constituent 
richer in phosphorus but of unknown composition. It 
was hoped that this constituent could be identified, 
but it was not possible to obtain an alloy containing 
more than 30 per cent. phosphorus, because at this 
composition the phosphorus boiled off (under atmos- 
pheric pressure) as fast as it was added. During the 
thermal analysis, alloys in this neighbourhood lost 
phosphorus all the time, and the results here must | 
therefore be taken as being only approximate as far | 
as the liquidus is concerned. There is, however, no | 
doubt that a eutectic alloy is formed in this neighbour- | 
hood. This is confirmed by the microstructure, to | 
which reference will be made later. | 

The solidus in this system consists of four lines, 
three of which are horizontal. They are: 





(a) The solubility line joining the melting point 
of iron with the eutectic line, 

(6) The eutectic between the a solid solution and | 
Fe,P, 

(c) The separation of Fe,P as a peritectic reaction, 
and 

(d) The eutectic between Fe,P and the phosphorus- 
rich constituent. 


(a) The solubility line was determined on specimens 
which had previously been annealed at 1,040 deg. C. 
for twenty hours, after which the temperature was 
slowly raised, during twenty-five hours, to 1,150 deg. C., 
and then slowly lowered, during twenty-one hours, to | 
about 600 deg. C.; the specimens were then removed | 
from the furnace. Two specimens were used, one | 
containing 1 per cent. phosphorus and the other 2:2 per | 
cent. They were heated to various temperatures, as | 
indicated in Fig. 6, in a silica tube in the carbon-ring | 
furnace ; the tube projected about 30 cm. beyond the | 
furnace at each end. The upper end was closed by a | 
rubber bung, through which were led the couple, a | 
supply of nitrogen, and a small silica tube containing a | 
Brightray wire on which the specimen was hung. | 
The lower end of the tube dipped into a vessel con- | 
taining water. The specimen was raised to the | 

uired temperature, held there for about five minutes | 
and then dropped into the water below. The point at | 
which liquid first appeared in the specimen was fixed | 
within + 10 deg. C. | 

(6) The eutectic line calls for little comment. It | 
appears to occur at 1,050 deg. C., which is slightly | 
higher than the value obtained by Konstantinoff. | 
The eutectic persists on thermal curves as a metastable | 
phase well into the Fe,P + Fe,P field. 

(c) The peritectic separation of Fe,P occurs at | 
1,166 deg. C. This also is 10 deg. C. higher than | 
Konstantinoff’s result. 

(d) The second eutectic separates at a temperature 
of 1,262 deg. C. 

The Solubility of Phosphorus in Solid Iron.—This was 
determined in the usual manner by annealing specimens 
at 1,000 deg. C. for about 24 hours, cooling them 
slowly to the required temperature at a rate of about 
8 deg. C. per hour, and then annealing them for periods 
varying from 25 to 250 hours, according to the tempera- 
ture. The result is shown in Fig. 7. Figs. 10 and 11 
are interesting as showing two ways in which secondary 
phosphide separates (a) along crystal boundaries, and 
(6) along cleavage planes. The second micrograph is 
quite typical of the whole specimen. 

Transformations Occurring in the Solid.—The effect 
of phosphorus on the critical points in pure iron is very 
marked. The A, point is very rapidly depressed, while 
the A, point is raised, and the two join, forming a 
completely enclosed area representing the existence of 
y-iron. There is thus no boundary between a and 6. 
This is of considerable interest, in view of the fact that 
a and 6 crystallise with the same space-lattice. The 
course of the A, and A, points has been determined 
partly by thermal analysis and partly by a study of the 
re-crystallisation of annealed specimens. Figs. 12 and 
13 are typical of the re-crystallisation taking place when 
the specimen is heated through the a and y ranges, and 
quenched at varying temperatures. The specimens 
were heated up to the required temperature, held there 
for 30 minutes, and then quenched in a Rosenhain 
quenching furnace. In this way it was possible to 
determine approximately the range of the a+y 
region; this is shown on an enlarged scale in Fig. 8. 
Owing to the difficulty of obtaining homogeneity in the 
alloys, these lines can only be considered as approximate. 
The boundary between a and a + y is probably fairly 
accurate, but that separating a+ -y from y may well 
be in error by as much as 0-1 percent. The A, point is 
lowered from 780 deg. to 745 deg. C. by the addition of 
1 per cent. phosphorus, after which it follows a horizon- 
tal line through the a+ Fe,P field. It was no 
possible to trace the A, point far into this field by means 








of thermal analysis, but magnetic tests indicated its 
existence very clearly. 

Microstructure.—The microstructures of the alloys 
are illustrated on the opposite page. Fig. 15 shows the 
alloy containing 1 per cent. phosphorus, and it will 
be seen that it represents a homogeneous material. 
Fig. 16 (2-7 per cent. phosphorus) shows phosphide 
which has separated from the liquid, in addition to 
small grains which have separated from the solid 
solution during cooling. Fig. 17 represents the same 
alloy etched with the N.P.L. ferric-chloride solution, 
and is of considerable interest. The iron-iron phos- 





tion in Fig. 31. These microstructures are in good 
agreement with the thermal analysis results. 





APPENDIX. 
THE CHEMICAL ANALYSIS OF THE ALLOYS. 
By L. M. Cuarg, B.A., Ph.D. 


Konstantinoff* determined the phosphorus in iron 
alloys containing more than 16 per cent. of that 
element by fusion with sodium peroxide in a nickel 
or porcelain vessel. Phosphorus was then precipitated 
as ammonium phosphomolybdate and weighed as 


Fig.5. CONSTITUTIONAL DIAGRAM OF THE IRON-PHOSPHORUS ALLOYS. 
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phide eutectic is surrounded by a layer of solid solution 
from which no secondary separation has taken place, 
while surrounding this is a mass of solid solution con- 
taining large quantities of secondary phosphide. From 
this it would appear that the eutectic has the power 
of lowering the phosphorus content of the solution in 
its immediate neighbourhood. 

Figs. 21 and 23 illustrate the effect of increasing 
phosphorus content, Fig. 23 being a micrograph of a 
hypo-eutectic alloy containing large crystals of Fe,P 
embedded in a matrix of eutectic. Fig. 27 is a micro- 
graph of an alloy in the Fe,P + Fe,P field. It was 
not found possible to obtain etching which clearly 
differentiated between these two compounds, and 
owing to the extreme brittleness of both, little use 
could be made of differences in shape as a means of 
distinction. Fig. 30 illustrates an alloy containing 


22 per cent. phosphorus. There seems to be little doubt | 
that the microstructure shows an undue proportion | 


of eutectic owing to the extreme brittleness of the 
compound. The same eutectic—that of Fe,P + the 
unknown constituent—in an alloy containing 25 per 
cent. phosphorus is shown under a higher magnifica- 
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magnesium pyrophosphate. A more convenient method 
was found in the decomposition of alloys containing 
more than 12 per cent. phosphorus by gentle heat in 
a current of chlorine. In most determinations, 1 grm. 
of finely powdered alloy, carefully sampled from 4 
larger portion, was taken for analysis. The apparatus 
described by Withey and Millart was used, and the 
greater part of the iron and phosphorus chlorides 
formed in the reaction was deposited in the large bulb 
there figured; the last traces of phosphorus were 
removed from the issuing chlorine by bubbling through 
a distilled-water trap. On completion of the decom- 
position, the apparatus was washed with dilute hydro- 
chloric acid. To the solution so obtained, together 
with washings from the trap, 50 cubic centimetres of 
concentrated nitric acid were added, and the whole 
was evaporated to a small bulk. A second evapora 
tion with nitric acid removed most of the remaining 


—_——— 





* Zeitschrift fiir anorganische Chemie, 1910. vol. lxvi, 
page 209. ; su, 1986 

+ Journal of the Society of Chemical Indusiry, +9*" 
vol. xlv, page 170T. 
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Fic. 10. 2+7 PER CENT. PHOSPHORUS. 
ANNEALED AT 1,000 Da. C. For 5 
Hrs., COOLED To 650 Dza. C. 1n 16 
Hrs., ANNEALED AT 650 Deka. C. 
FOR 56 HRs., AND QUENCHED. X 150. 
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chloric acid. The solution was diluted to 250 c.c. 
and portions of 25 ¢.c. were removed for analysis. 
-hosphorus was precipitated as ammonium phos- 
Phomolybdate after complete oxidation to phosphoric 
en ensured by boiling with potassium per- 
ie in the usual way. The ammonium phos- 
Phomolybdate precipitate was dissolved in ammonium 
and thrown out as magnesium-ammonium 
This operation was carried out in the pres- 
. of tartaric acid, in order to hold up traces 
were generally found to be carried down | 
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Fig. 11. 2-7 peR Cent. PHOSPHORUS. 
ANNEALED AT 1,000 Dera. C. For 25 
Hrs., CooLtep To 750 Dra. C. In 35 
Hrs., ANNEALED AT 750 Dra. C. FoR 
200 Hrs., AND QUENCHED. xX 150. 





Fic. 16. 2°7 per Cent. PHosPHorvs. 


x 150. 


Fia. 27. 


20 PER Cent. PHOSPHORUS. 
x 150. 


OF IRON AND PHOSPHORUS. 
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with the phosphomolybdate. 
was dissolved in hydrochloric acid, and was finally | dimensions of which are : 
re-precipitated in a solution free from tartaric acid, 
and ignited to pyrophosphate. . 





Fig. 12. Re-CrysTAaLLIsaTION PRo- 
DUCED BY QUENCHING. 0°21 PER 
Cent. PHospHoRUS. ANNEALED AT 
935 Dra. C. AND QUENCHED. 
x 150. 





Fic.17. 2°7 PER CENT. PHOSPHORUS. 
ANNEALED FOR 100 Hours at 750 
Dra. C. AND THEN COOLED IN THE 


Furnace. N.P.L. Etcuina Re- 
AGENT. xX 250. 


Fia. 30. 22 per Cent. PHOSPHORUS. 
x 150. 
MICROGRAPHS HAVE BEEN REDUCED BY ONE-THIRD IN REPRODUCTION. 


The magnesium salt 











TRIAL TRIP OF THE M.S. “ BHanuRANGSI.”—Successful 
trials were carried out on Tuesday, May 19, of the motor- 
ship Bhanurangsi, which has been built by the Nakskov 
Shipyard, Nakskov, Denmark, to the order of Messrs. 
The Siam Steam Navigation Company, Limited, of 
Bangkok, and is intended for coasting service between 


handling. 


fully loaded. 


Bangkok and Chantaboon. 





Fig. 13. Re-CrYsTALLISATION PRoO- 

DUCED BY QUENCHING. 0°35 PER 
Cent. PHospHorvUsS. ANNEALED AT 
1,000 Dra. C. AND QUENCHED. 
x 150. 
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Fig. 21. 9°6 PERCENT. PHOSPHOROUS. 


x 150. 





Fia. 31. 25°25 per Cent. PHospHorvs. 


x 500. 


The new vessel, the main 
length 200 ft., breadth 32 ft 


6 in. and depth 11 ft. 10 in., is provided with three main 
hatches and cargo ports in the ’tween-decks, three electric 
cranes and one 5-ton derrick being installed for cargo 
Accommodation is provided for 20 first-class 
passengers in deckhouses above the shaded deck, while 
the officers are berthed in a deckhouse aft and the crew 
on the main deck. 
of two sets of 4-stroke single-acting motors, indicating 
900 h.p., and giving the ship a speed of 11 knots when 


The propelling machinery consists 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACIS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

jewel gal where none is mentioned the Specification is not 
ated. 
Where inventions are communicated from abroad, the Names, <£c., 
of the communicators are given in italics. 
— of : en may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform ao of 1s. 
The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been , when the word “‘ Sealed" is appended. 
—— may, at 7 within two months from date of 
advertisement of t tance of a Complete Specification, 
give notice at the Patent O; of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


MINING, METALLURGY, AND METAL- 
WORKING, &c. 


263,695. B. Norton, Claverley. Coal-Washer 
Boxes. (3 Figs.) August 9, 1926.—The invention 
relates to air-release devices used in connection with 
washer boxes for coal, wherein the pulsations in the 
material flowing over the washing bed are produced by 
air pressure. e is a perforated plating over which the 
washing is effected, k the dirt outlet controlled by a gate n 
working in guides 0, and g the outlet for washed coal in 
suspension in water. The gate n is manipulated by a 
cross shaft p carrying worms g engaging with nuts formed 
as worm wheels ¢, these nuts being held between lugs s 
and engaging the threads of screwed rods r attached to the 
gaten. The so-called air-release chambers u are behind, 
or within, the gate and over the washer bed, one at each 
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side thereof. Each of these chambers u has a box w 
at the top with a circular transverse aperture, and a pipe 
a is arranged to extend horizontally through these 
apertures from the top of one air-release chamber to the 
other. Either the ends of the apertures in which the 
horizontal pipe a fits are closed or the ends of the pipe x 
are themselves closed, as shown, and the pipe is made to 
turn in the apertures over seatings in the boxes w. 
The pipe is provided with ports y where it works over these 
seatings, so that by turning the pipe upon its axis the 
ports may be opened or closed to any dezired extent. 
The middle portion of the pipe x extending between the 
tops of the air-release chambers is then provided with 
one or more ports as at z through which the pulsations of 
air out of and into the sags can take place. It will be 
seen that by providing the pipe with a suitable handle r 
by which it can be turned, it is made possible to adjust 
accurately the settings of the air-release apertures and 
so to control the release «nd entry of air at the ends of 
the washer box adjacent to the dirt-outlet gates. (Sealed. ) 


262,890. Flow Coal Washery Company, Limited, 
Manchester, A. Russell, Nottingham, and S. Austin, 
Park, Sheffield. Coal-Washing Apparatus. (6 
Figs.) October 16, 1925.—The invention relates to 
coal-washing apparatus of the type wherein the coal 
is carried by flowing streams of water along troughs or 
launders provided with evacuating boxes, with ascending 
streams of water therein, for the removal of impurities 
from the coal as it travels along the troughs or launders, 
The evacuation box consists of an iron casting a having 
lugs 6 at its upper end, whereby it may be readily bolted 
to the base of the trough or launder beneath a slot ex- 
tending across the trough base. The top of the box has 
a wide slot c at the side over which the material passing 
along the trough or launder first passes. The direction 
of flow is indicated by the arrows d. At the opposite 











side of the top of the box, is a narrow slot e up which the 
coal carried by the ascending water is returned to the 
trough or launder. The central aperture f serves for the 
passage of a rod for clearing the evacuating box of any 
obstruction. The water admission chest g is cast 
integrally with one of the sides of the box a, the chest 
having a horizontal disposition as shown, with the 
rectangular aperture h which extends throughout that 
portion of its length contiguous with the box a at right 
angles to the passage through the box. Preferably an 
inverted V or, bridge-like member,7 is} provided beneath 
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the slot c and above the aperture h to spread out the 
material falling into the box from the launder and so 
facilitate the separating action of the water ascending 
from h thereon. The water, which is admitted by way 
of either end of the chest g, on either the right or the left 
hand, flows into the box and maintains the ascending 
or separating stream therein for permitting, in a 
known manner, the descent of the shale or heavy 
impurities through the box from the gap c and separating 
from the same the coal which is returned to the trough 
or launder by way of the gap or slot e, and possibly 
also by way of the slot c. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


260,475. Simon-Carves, Limited, Manchester, 
and J.H. Brown, Manchester. Steam Superheaters. 
(2 Figs.) February 23, 1926.—This invention relates to 
superheaters for water-tube boilers adapted to burn 
pulverised fuel. According to the invention, the boiler is 
provided with a combustion chamber having a water- 
cooled external arch, supported on the water -cooling 
tubes, and a superheater situated above the water-cooling 
tubes. The roof of the combustion chamber 8 is formed 
of roof tubes 9 supporting the necessary brickwork. The 
superheater is formed of a series of tubes 10 connected, at 





either end, to headers 11 from which they hang in a 
pocket 12 formed in the roof of the chamber 8 above the 
roof tubes 9. The brickwork 14 forms the actual roof 
of the combustion chamber and is preferably laid on the 
tubes 9, the whole forming a water-cooled external arch. 
The tubes 9 meet in the header 15, from which a further 
series of cooling tubes 16 run down the front wall of the 
boiler. One or more burners 13 may project pulverised 
coal, oil or gaseous fuel through the tubes 9. 6 and 7 are 
the upper drums, parallel to which are the superheater 
headers 11. (Sealed.) 

262,844. F. S. Anderton, Blackburn. Steam 
Superheaters. (4 Figs.) September 9, 1925.—The 
invention relates to superheaters wherein U-shaped 
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tubes are secured at their ends to headers. According 
to the invention, the end of each tube A is expanded 
into a tubular casting C constructed at one end in the 
form of a T piece ¢ formed with a closable aperture 
opposite to the tube A, and at the other end with a spigot 
c’, adapted to enter an aperture in the header B and make 
a tight joint therewith. (Accepted December 30, 1926.) 




















263,069. John I. Thornycroft and Company, 
Limited, Westminster, and T. Donaldson, Woolston. 
Water-Tube Boilers (6 Figs.) September 14, 1926.— 
The invention relates to water-tube boilers of the kind 
in which a single upper centrally-arranged steam and 
water drum is connected by two groups of steam generat- 
ing tubes to two lower water chambers arranged at 
opposite sides of a combustion chamber, and a super. 
heater of the hair-pin type with approximately horizontal! 
tubes attached to a header or headers at the front of a 
































(263,069) 


boiler is located within a space formed between the steam- 
generating tubes in each longitudinal group thereof. In 
a boiler of the kind referred to, constructed according to 
the invention, each superheater 6 extends through only 
part of the length of the longitudinal space 5 in the longi- 
tudinal group of steam-generating tubes 4 in which it 
is located, and the portion of the space 5 between the 
rear end of the superheater and the rear end of the 
boiler, which may amount to nearly half the length of 
the boiler, is filled, as far as possible, with additional 
steam generating tubes. (Sealed.) 


TEXTILE MACHINERY. 


260,075. J. Jolley, Chorlton-on-Medlock, Man- 
chester. Carding Engines. (5 Figs.) August 22, 
1925.)—The invention relates to reversing gear of the 
epicyclic type, particularly applicable to the fast-and-loose 
driving pulleys of carding engines. The fast-and-loose 
pulley comprises a loose pulley A freely mounted on the 
shaft B and a driving pulley Al loosely mounted on the 
boss of the sun wheel C of the epicyclic gear. The sun 
wheel C is keyed on to the shaft B. A planetary wheel El 
is mounted on astud d carried in a plate E loosely mounted 
on the shaft B. The planetary wheel E! is fixed to a 
second wheel D, also mounted on the stud d, which gears 
with an interior crown wheel A‘ on the inner periphery 
of the driving pulley Al. A sleeve F on which is fixed 
a disc F1 is loosely mounted on the shaft B between the 
driving pulley Al and the bearing B1 for the shaft. The 
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disc F1 carries, on the face near the pulley, pins f passing 
through the loose plate E, the ends of the pins f being 
adapted to be moved into or out of apertures on the 
sun wheel C for the purpose of locking or freeing the sun 
wheel to or from the loose plate E. The other face of the 
disc F1 is also provided with pins f1 adapted to enter 
corresponding holes in the bearing B1. Thus when the 
pins f engage the sun wheel C, the whole of the gear 38 
locked together and the pulley A! will drive the shaft B 
in the forward direction. When the pins/1 are in engage- 
ment with the bearing B1, the loose plate E cannot rotate 
and the rotation of the driving pulley A! will rotate the 
shaft B in the opposite direction. The pins f and f! are 8° 
arranged that there is a neutral position when neither 
set of pins is in engagement and, consequently, the 
pulley A! is free to rotate without rotating the shaft B. 
(Sealed. ) 
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THE BAVARIAN POWER SCHEME. 


THE methods, which have been adopted in recent 
years to organise the electric power supply of 
Bavaria on modern lines, are not without interest 
to British electrical engineers, who are about to 
undertake a similar task, though not for exactly the 
same reasons, or in exactly the same way. Bavaria 
is entirely lacking in native coal resources. If 
therefore she had to depend solely on that type of 
fuel for her power supply, the cost would be high 
and development would be restricted.. On the 
other hand, this important part of Germany does 
contain considerable water power resources. These 
are sufficient, according to a recent estimate, to gene- 
rate 12,000,000,000 kw.-h. of electricity per annum. 
It was natural, therefore, that, when electricity 
supply first became a commercial possibility, the 
Bavarians should utilise waterfalls for generating the 
power they required. In the event, however, this 


“work is 100,000 volts, at which voltage the energy 
from the Walchensee station is fed into the system 
at Karlsfeld, near Munich, through one double 
circuit and one single circuit transmission line 
running direct from the power station. The power 
from the Middle Isar stations is transmitted to 
Karlsfeld and Landshut at 60,000 volts, and is 
there stepped up to the pressure of the transmitting 
network. The Walchensee station and the network 
are virtually under one control, while the Middle 
Isar stations are owned by a separate concern. 
All the stations are, however, operated under the 
orders of the chief load dispatcher at Karlsfeld. 

In submitting the details of this scheme for the 
approval of the Bavarian Parliament in 1919, 
Dr. Oskar von Miller gave as its object the distribu- 
tion of the valuable power available in the Walchen- 
see over the whole of that part of Bavaria, which 
lies to the right of the Rhine (t.e., excluding the 
Bavarian Palatinate, which is separate from the 
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policy did not prove entirely satisfactory, partly 
because in most cases the time of least water-flow 
coincided with the period of greatest demand, and 
partly because the consequent variations in output 
became an increasingly important factor, both 
technically and economically, as the load increased. 
What to-day would seem, taking everything into 
consideration, the retrograde policy of building steam 
stations directly adjacent to the water power plants, 
was therefore followed, the combined undertakings 
continuing to work as separate concerns, in the 
sense that only comparatively small areas were 
supplied from them. As time went on, however, a 
certain amount of grouping took place, until finally 
it was realised that Bavaria was not too large a 
country to be considered as an electrical unit. 
Considerable developments then took place in the 
Way we shall now describe. 

In broad outline, the scheme adopted is similar 
to that suggested by the Weir Committee for this 
country, Steps were taken to build a main trans- 
mission network, which should inter-connect all the 
existing power stations, both steam and hydro- 
electric, of any size. This network also serves 
‘o supply the various distribution undertakings 
with the power developed at the large Walchensee 
‘tation, which is situated below the lake of that 
name, some 50 miles to the south of Munich, 
and at a number of stations, which utilise the falls 
of the Isar, to the north-east of that city. The 
perating pressure of this main transmission net- 








main part of the country). But though the 
Walchensee station forms the backbone of the 
scheme, the latter also renders possible the inter- 
working of the large low-head water power stations 
on the Danube with the plants in the Main area in 
the north, and especially with the steam stations, 
which use both hard coal and lignite, the idea being 
that the low-head plants will take care of the 
basic loads, and the high head and steam plants 
be responsible for the peaks. The policy thus 
outlined is far-sighted, in that the inter-connection 
of both the existing and projected hydro-electric 
stations will enable the resources of the country to 
be utilised to the greatest possible extent. It is 
gradually being carried to fruition. The state of 
affairs, as it now exists, is shown on the accom- 
panying map (Fig. 1), which indicates the position 
of the various main generating stations, and the 
method by which they are operated, as well as the 
routes of the main transmission lines and the prin- 
cipal towns served. As will be seen from this map, 
arrangements are now being made to transmit the 
surplus energy for which Bavaria herself has no 
need, to Prussia, Thuringia, and Saxony, and, if 
necessary, to take power from those areas, where 
electricity is generated in steam stations, at times of 
water shortage. Similarly, a connection will be 
made westward, via the networks in Wurtemberg, 
Baden, and the Palatinate, with the large station 
on the Murg, and eastward with the station, which 


A.G., a body which is concerned with developing 
the navigation of these three rivers. Steps are also 
being taken further to develop the power available 
in the Walchensee, as well as to build stations, 
additional to those we shall describe later, at 
Pfrombach on the Middle Isar and on the lower Il. 

The economic soundness of these arrangements is 
evident, when it is pointed out that during the 
summer months the various hydro-electric stations in 
Southern Bavaria can not only supply local require- 
ments, but have a surplus available for transmission 
elsewhere. On the other hand, during the winter, 
the water available at the Bavarian hydro-electric 
plants is at its minimum. They will therefore re- 
quire assistance from steam stations to meet the 
demand, which is of course a maximum at that 
season. The necessary energy is more efficiently 
transmitted electrically than in railway trucks. 
For the time being, however, owing to the large 
storage capacity which is available at the Walchen- 
see station, this assistance is not necessary and very 
little reserve steam plant is yet at work. As will 
be seen from the map, a number of other water 
power stations of older date are still being utilised. 
There is, however, this important difference between 
English and German policy with regard to these 
plants. They remain in the hands of the original 
owners, who take as much, or as little, power as they 
may need from the main transmission system. No 
attempt has been made to control the operation of 
the various stations, as our own Central Board is 
to do, though probably the inexorable pressure of 
finance will ensure that more and more energy is 
drawn from the larger plants as time goes on. 

The construction of the Bavarian network has 
therefore enabled a long step to be taken towards 
the unification of electricity supply over a large 
area, by utilising power transmitted over long dis- 
tances from very large stations. In this way not 
only is coal saved, a great consideration in Bavaria, 
but existing stations can be better employed, two 
factors which must lead to a reduction in the cost 
of energy, as the demand increases. 

As we have said, the current transmitted over the 
Bavarian network is only supplied direct to large 
consumers, such as towns like Munich and Augsburg, 
and to rural distribution concerns. These large 
consumers in turn retail energy for power and other 
purposes in the ordinary way. For hydraulic 
reasons, arrangements are made for the Wal- 
chensee station, with its large storage capacity, 
to supply current during the day and evening 
hours, while during the night and holidays, when 
the demand is small, water is accumulated in 
the lake. In the spring, water is also accumu- 
lated in the lake, in order that full use of it 
may be made during the winter months, when 
the demand is a maximum, and the low head stations 
have their minimum capacity. During the summer 
months, when the low head stations at present 
allow more than half their water to run over the 
weirs, it will be possible for their excess power to 
be made available in the Bavarian network, in 
common with that from the Walchensee station, 
for use in the north part of the country. By the 
interconnection of the lignite stations to the net- 
work, the transport of coal will be eliminated, and 
the cheap transport of electricity to all parts of 
Bavaria will be rendered possible. 

The availability of water power and the shortage 
of coal in Bavaria naturally caused close considera- 
tion to be given to the possibilities of utilising elec- 
tricity for railway operation, and after many years’ 
discussion its general adoption in place of steam 
has now been decided upon. The single-phase 
system with a trolley wire voltage of 15,000 
volts and a frequency of 16% has been selected 
as standard by the German State Railways; 
and a complete scheme for the electrification 
of the Bavarian lines has been worked out. For 
financial reasons, however, no very great pro- 
gress has yet been made, though the main line 
from Munich to Regensburg and the branch line 
from Munich to Kochel, together with other sections, 
with a total mileage of 625 miles are already worked 
by this means. The choice of the single-phase 
system of operation has had as a consequence the 
complete separation of the traction from the ordinary 
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system of supply. In fact, special machines for 
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generating the traction current are installed, both 
in the Walchensee and two of the Middle Isar 
stations and the transmission lines follow different 
routes to the traction sub-stations. 

The transmission scheme consists essentially 
of 670 miles of 100,000-volt transmission lines, 
of 11 substations and of a main control station, 
which is situated at Karlsfeld on the outskirts of 
Munich. To permit of future development and 
to provide against breakdowns, the substations 
at Karlsfeld, Meitingen, Nuremburg, Augsburg, 
Regensburg and Landshut are, as shown on the 
map given in Fig. 1, connected by a ring main. 
This ring main, as well as the spur lines, which 
run in the directions of Hof, Aschaffenburg 
and Niederstotzingen, and one of the two lines 
from Walchensee to Karlsfeld, consist of six con- 
ductors, t.e., two complete three-phase circuits. 
The sub-stations at Bamberg and Schweinfurt are 
connected to Nuremburg and Wurzburg respec- 
tively by a single circuit. The second line from 
Walchensee to Karlsfeld is also a single circuit. 
To give some idea of the size of the scheme, it 


Fig. 2. 





side of the pole. Where for the present, only one 
circuit is fixed on a two-circuit pole, two wires are 
placed on one side of the pole and one on the 
other, the latter usually on the upper cross arm. To 
compensate the capacity and inductive effects of 
this unsymmetrical arrangement, the relative posi- 
tion of the conductors is gradually changed, a 
complete twist taking place between every adjacent 
pair of sub-stations. This “twist” is effected at 
the strain poles, which for this purpose, are fitted 
with an additional cross-arm. Sectioning switches 
are fixed on the poles at distances of about 35 km. 
from each sub-station. 

On the ring main copper conductors, 120 sq. mm. 
in cross-section and consisting of 37 wires, each 
2 mm. in diameter, are used, except on the direct 
line between Karlsfeld and Landshut. The remain- 
ing lines consist of 37 aluminium wires with a total 
cross section of 120 mm. The earth wire is of iron, 
and has a cross-section of 50 sq. mm. and a tensile 
strength of 70 kg. per square millimetre, the normal 
tension being 15 to 20 kg. per square millimetre. 
Where the spans exceed 300 m., bronze wire, with 
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may be mentioned that last year the output of 
the Walchensee station was 120,000,000 kw.-h. 
of three-phase energy, with a maximum demand 
of about 50,000 kw. at a power factor of 0-8. 
The output of the Middle Isar stations was 
220,000,000 kw.-h. with a maximum demand of 
45,000 kw., the energy being supplied into the 
Bavarian network both at Karlsfeld and Landshut, 
at a pressure of 60,000 volts. 

Turning to the transmission-line equipment, 
standard types of poles are used throughout the 
system, their design being such that they are capable 
of carrying either one or two three-phase circuits of 
120 sq. mm. copper wire, and an iron wire of 50 
sq. mm. cross-section, with a span of 240 m. The 
standard supporting poles have a height of 22-5, 
24-5 and 26-5 m. above the ground, the corres- 
ponding heights for the strain poles being 22, 24, 
26 and 28 m., in cases where a double circuit is 
carried. Where the circuit is single, the heights 
of the supporting poles are 19-5 and 21-5 m., and 
of the strain poles 19 and 21 m. above the ground. 
The accompanying illustrations (Figs. 2 to 5) allow 
the general design of the poles used to be clearly 
seen. They are all of the lattice pattern and 
are so dimensioned that they are suitable for carry- 
ing either copper or aluminium wire, the sag being 
arranged so that it is the same in both cases. Poles 
of special designs are of course used where rivers 
are crossed or there are other unusual features. 
For reasons of ease in erection and working relia- 
bility, the three wires forming a circuit on a two- 
circuit transmission line are placed on the same 








a tensile strength of 70 kg. per square millimetre, 
and generally with the same dimensions as the 
copper wire, is employed. 

The supporting clamps employed were selected as 
a result of a number of careful tests on their beha- 
viour when wire breakage, ice loading and other 
abnormal conditions occur, and on the basis that, 
in order to avoid excessive stress on the pole, 
slipping should occur when the tension exceeded 
450 kg. in the case of the aluminium wires and 
800 kg. in the case of copper wires. These clamps 
(Fig. 6) are manufactured by the firm of Hofmann, of 
K6tzchenbroda, and maintain the conductor in the 
normal, that is, the vertical position of the insulator 
chain, a pressure of about 600 to 700 kg. per sq. mm. 
being required to displace them horizontally. If, 
however, the insulator chain for any reason assumes 
an inclined position exceeding 30 deg. to the vertical, 
the clamp gives, so that the conductor slides freely 
through it, a movement which can be confined 
within certain limits by the use of a stop. 
The release mechanism only requires a maximum 
tension of 150 kg. to operate it, this therefore 
represents the maximum tension that can be 
exerted on the cross arms. The clamps used with 
the aluminium wire are fitted with protective 
cheeks, which prevent an are being maintained 
across the easily-fusible wire. 

In dealing with the problem of insulators, which 
is naturally one of great importance on such an 
extended system, to begin with only those of the 
chain type were considered, as pin insulators had 
not then been used on pressures exceeding 60,000 








volts. At the time the first insulators were required 
the Hewlett insulator was the only practicable type. 
It is, however, complicated in shape and gives rise 
to difficulties in manufacture. It is also very Jong 
and, therefore, necessitates the use of high masts, 
Owing to these drawbacks attempts were therefore 
made to produce a cap insulator, but these in turn 
gave rise to difficulties in connection with the 
cement employed. For, although it was found 
easy enough to secure the cast-iron cap to the 
insulator, it was exceedingly difficult to grout in 
the stalk. At first, therefore, it was decided to 
use the Hewlett insulator, careful watch being in 
the meanwhile kept on the further development 
of the cap insulator. In the course of time the 
Porzellanfabrik Hermsdorf-Schomburg Isolatoren 
G.m.b.H. succeeded in constructing the spherical 
head insulator shown in Fig. 7, in which only 
a little cement is employed. This cement is only 
exposed to compression, but even so, the design has 
been further improved by replacing it with a grout- 
ing of lead. In these insulators the finished sphere 
is inserted in the partly-fired head, and the latter 
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then fired. Screwing in the head reduces the size of 
the opening, and the sphere is thus prevented from 
drawing out. After extensive tests this insulator 
was adopted on the Bavarian scheme. ‘The 
Porzellanfabrik Ph. Rosenthal and Company has 
also tackled the problem of the cap insulator by 
employing a spherical head pattern, in which the bolt 
is secured by a patent device without the use of 
cement (Fig. 8.) Both these types of insulator 
have the advantage of being shorter than the 
chain insulator. ; 
The sub-stations on the Bavarian scheme, which 
may next be dealt with, will number 14 in all, 
including the sub-station at the Walchensee 
station and the two at Hof and Kachlet respectively. 
which are now in course of erection. The aggregate 
main transformer capacity is 424,900 kv-a., to which 
must be added 6,160 kv-a. of auxiliary trans- 
formers, and 3,900 kv-a. of station transformers, 
making an aggregate of 434,960 kv-a. , 
Two sizes of transformers are employed with 
capacities of 6,000 kv-a. and 16,000 kv-a. 
respectively. The only exception is at the Kochel 
sub-station, where 20,000 kv-a. transformers are 
employed for stepping-up the pressure of the 
energy generated at the Walchensee station. = 
the primary side these transformers are woun 
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for 100,000 volts to 110,000 volts, which can be 
temporarily raised to 120,000 volts, while the 
secondary voltages are about 60,000, 40,000, 
35,000, 20,000, 15,000 and 10,000 volts, according 
to local conditions. All the transformers are of 
the core type, and are fitted with oil cooling. The 
maximum no-load current with the normal primary 
voltage is 7 per cent. of the full-load current ; the 
short-circuit voltage is 8 per.cent. to 10 per cent. 
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through-bolt is provided with its own cast steel end 
plate, from which it is insulated. There is only one 
row of bolts, both in the limbs and in the yoke; 
and these are arranged along the centre line of 
the core. The coils are of circular cross section, so 
that they suffer no deformation from radial forces, 
when a short circuit takes place. The winding 
is of the double concentric type, i.e., the high 





tension coil is sandwiched between the low tension 












































Fig. 10.—Bank oF 100,000 Vott Om SwitcHEs. 


of the normal, and the efficiency of a 16,000-kv-a. 
transformer is 98-5 per cent. at two-thirds the 
normal load. ‘The transformers employed were 
supplied jointly by the Allgemeine Elektrizitats 
Gesellschaft, the Bergmann Elektricitaétswerke A.G., 
Brown Boveri & Co. and the Siemens Schuckert 
Werke G.m.b.H. 

’ The design (see Fig. 9) employed by the former firm 
contains several points of interest and novelty. Great 
care was taken to ensure that no short-circuiting of 
the iron occurs if the insulation of the bolts, which 
hold the stampings perpendicular to the core plane, 
is damaged. The core is divided into sections 
perpendicularly to the plane of the stampings, by 
oil ducts and insulating distance pieces. Each 





coils. The low tension winding consists of a single | 


| particular. 
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harmonics are suppressed, and any small out-of- 
balance current circulates round the closed winding. 
The high tension winding is connected in star, 
the neutral point being brought out for connection 
to a Petersen coil. As the usual three-limbed core 
transformers for this output would have been too 
large to admit of them being sent by rail, a five- 
limbed design was used, the windings being placed 
on the three central limbs. The two outermost limbs 
therefore act as extensions of the two yokes, the 
height of which is reduced to about one half that 
necessary in the three-limbed design. 

Owing to the size and extent of the Bavarian 
network, specially severe pressure tests were imposed 
on the transformers before they were put into 
operation. For pressures up to 20,000 volts the 
winding was tested at three times the linked pressure. 
For pressures between 21,000 volts and 60.000 volts, 
this was reduced to 2-5 times and for pressures 
between 61,000 and 110,000 volts to twice that 
value. Above 110,000 volts, 220,000 volts were used 
as the test voltage. The insulation of the windings 
was made sufficiently thick for it to be certain they 
would withstand the phase voltage between the 
adjacent windings, and at least the linked voltage 
between the adjacent windings at the beginning and 
end of the turns, 

While the general design of the substations is 
sufficiently standardised to permit of one type 
of transformer being used, the switch houses for 
the 100,000 volt equipment are of two different 
types, the lay-out of which in turn influences the 
actual pattern of switch employed. In one case 
the switch tanks are placed in cubicles, the floor of 
which is level with that of the floor of the building 
in the usual way, while in the other, what may be 
called a sunk design is employed, the oil switches 
being built into a pit, so that the insulators on 
the top of the tanks are only slightly above ground 
floor level. All the 100,000 volt switches (Fig. 10) 
used on the Bavarian network are of the three-tank 
pattern, and are designed to have a short-circuit 
capacity of 480,000 kv.-a. They are provided 
with protective resistances and series switching, so 
that the excess voltages and current, which occur 
on switching out, expose neither the transformers nor 
the rest of the installation to any risk of damage. 
Care has been taken that the arc is rapidly extin- 
guished in both the patterns of switch used. The 
amount of gas generated is also small, while the 
pressure is speedily relieved, and the risk of explo- 
sion is reduced by cooling the gases before their 
exit to the open air. 


(To be continued.) 








Triat Trip or THE M.S. “ Pecren.’”-—On Tuesday, 
May 24, successful trials were carried out at sea of the 
single screw oil-tank motorship Pecten, which has been 
built to the order of Messrs. The Anglo-Saxon Petroleum 
Company, Limited, of London, and was launched last 
year from the Jarrow shipyard of Messrs. Palmers’ 
Shipbuilding and Iron Company, Limited. Built under 
Lloyds special survey to their highest class, for the 
carriage of petroleum in bulk, she is constructed on the 
combined longitudinal and transverse system of framing, 
and will carry a total deadweight of about 9,900 tons on 
a moderate draught, her length being about 440 ft. The 
propelling machinery consists of four-cycle, six-cylinder, 
double acting Werkspoor engines, constructed by Messrs. 
the North-Eastern Marine Engineering Company, 
Limited, Wallsend. 


Lectures IN Memory oF Dr. H. C. Sorsy.—The 
Sorby Lectureship was instituted some years ago to 
commemorate the work of the late Dr. Henry Clifton 
Sorby, F.R.S., who rendered signal service to science in 
| general, and to the special branch of microscopy in 
A lecture is usually delivered each year by 





an eminent scientific authority on some subject arising 
out of Dr. Sorby’s work. Up to the present, four lectures 


layer of cylindrical coils, which are made up of | have been delivered, namely, “Some Structural Ana- 


insulated copper strip. 
section and very rigid in construction. The high 
tension winding also consists of a flat coil, which is | 
wound in a single layer axially. The turns on the | 
end coils on each limb are heavily insulated. 





This is rectangular in| W G 


logies between Igneous Rocks and Metals,’ by Mr. 
. G. Fearnsides; ‘The Services of Henry Clifton 
Sorby to Metallurgy,” by Professor C. H. Desch; “ Pre- 
sent and Future Problems of Metallurgy,’”’ by Dr. W. 
Rosenhain; and ‘‘ Methods of Growing Large Metal 
Crystals,’’ by Professor H. C. H. Carpenter. The Sorby 
Lectures are arranged by a committee selected from the 


The high tension coils are reinforced against short | Sheffield Society of Engineers and Metallurgists, the 


circuit so that they are not affected by surges and | 
current rushes. A cylinder of Geax or bakelised | 
paper compound is fixed at an appropriate distance 
between the inner low tension winding and the 
high tension winding and between the latter and 
the outer low tension winding. The low tension 
winding is connected in mesh, so that the triple | 


Sheffield Metallurgical Association, the Institute of 
Metals (Sheffield Section), the Institute of British 
Foundrymen (Sheffield Branch), the Junior Institution 
of Engineers (Sheffield Section), and the Sorby Scientific 
Society. Each lecture has been published in pamphlet 
form and may be obtained (price ls. per copy) from 
Mr. E. J. Thackeray, Department of Applied Science, 
St. George’s-square, Sheffield, to whom contributions to 
the Sorby Lecture Fund should also be addressed. 
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THE INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 
(Concluded from page 679.) 

On Wednesday, June 1, a paper on “ Recent 
Developments in Power Plant Design and their 
Effects on the Economy of Generation,” was first 
read by Mr. T. Roles, City Electrical Engineer, 
Bradford. This paper was based on the conclusions 
reached by the author as the result of visits to a 
number of the largest and most efficient steam- 
operated generating stations in the United States. 
These conclusions led to the decision, already re- 
ferred to in our columns, to instal steam raising 
and generating plant, at Bradford, which is designed 
to work at a higher pressure and temperature than 
any other plant in this country. An abstract of 
the paper will be found on page 668 of our issue of 

June 3. 

In opening the discussion Mr. I. V. Robinson 
said that there was absolutely no need to thrash 
out the question of the economy of higher pres- 
sures from the thermal point of view. But the 
problem of total economy, including cost, merited | 
consideration, though all the data required for | 
its solution were, not yet available. Undoubtedly | 
high pressure plant would cost more, but the | 
prices now quoted were not a fair indication of 
what would have to be paid in future. It was 
only when all factors had been carefully sifted that 
it would be possible to obtain a true comparison. 

He regarded the method of superimposing 
high pressure plant on an existing station as a 
temporary expedient. The arrangement, in which 
the whole plant was laid out for high pressure 
working, would be the one ultimately adopted, 
mainly for reasons of expense. There was a| 
tendency to place too much stress on getting the | 
last ounce out of the steam, but it was _ better | 
to use 50,000 or 60,000 kw. sets running at 1,500 | 
r.p.m., and operating at moderate consumptions | 
and vacua, than to force matters to the limit. A | 
high-pressure cylinder working at 1,200 or 1,400 | 
lb. per square inch might eventually be added to | 
such sets. | 

The undue importance, with which thermal effi- 
ciency was regarded, was due to the statistics 
published by the Electricity Commissioners. But 
thermal efficiency was not the only factor; if 
it were, internal combustion engines would be more 
generally used. A better system of grading would 
be the average price to the consumer, stations | 
being grouped according to the proportion of | 
lighting load which they supplied. There was a | 
great deal to be done before re-heating could be 
described as a practical success. Electrical heating 
and heated oil had been suggested for this purpose. 
Another method described by Mr. H. L. Guy in| 
his paper before the Institution of Mechanical | 
Engineers* was to use superheated steam, and that 
seemed more likely to prove satisfactory. 

Mr. R. A. Chattock, who was the next speaker, 
said that he was aiming at a thermal efticiency 
of 23 per cent. in the new station which he was 
building; and he hoped to be able to obtain 
this, even with cooling towers, by bleeding the 
turbines to heat the feed water. To secure the 
full benefit of this method, he was using electrically- 
driven auxiliaries, thus reducing the number of | 
heat units that were employed inefficiently. He 
noticed with interest that Mr. Roles had not gone in 
for pulverised fuel. The great attractions of 
that method of firing were not only the ease with 
which it could be controlled, but the much larger 
boilers that could be eniployed. He was putiing 
in four 180,000-Ib. boilers at Nechells and the capa- 
city of those in his new station would be 200,000 Ib. 
He did not propose to use automatic control 
for the time being, as the boilers would be run 
at practically full load all the time. A Bailey 
meter was, however, being installed to maintain the 
correct mixture of fuel and air. This would make 
it possible for one man to control all the boilers. 
Experience with pulverised fuel had shown that it 
was far better to use water-cooled walls, as otherwise 
a higher percentage of CO, than 14 could not be 
obtained without unduly damaging the brickwork. 
The boilers were being fitted with Murray fin tubes, 


























* See ENGINEERING, 1926, vol. cxxii, page 643. 


and he hoped to raise the CO, per centage to 16. 
The central system of pulverised fuel firing, which 
he had at first used, was simple and reliable, but 
it cost more than the unit system. He was adopting 
the latter system on the 200,000-lb. boiler. 

Mr. J. P. Chittenden, who followed, said that 
at Rugby they had been fortunate enough to have 
had an opportunity of testing a 300-kw. Benson 
boiler, which supplied steam at 3,500 lb. per square 
inch to an English Electric turbine and they had 
had very little trouble with either. They had ob- 
tained an efficiency of 80 per cent. without a pre- 
heater. In turbines for these high pressures, two 
important problems were the steam volume at the 
high pressure end and the steam wetness at the low- 
pressure end. More than one cylinder was essential, 
as otherwise the turbine length was so short as to 
affect the efficiency. As Kraft had pointed out, the 
nozzle height might have an adverse effect on 
performance, and this had been confirmed by 
Stodola and themselves. If high efficiencies were 
to be obtained, the diameters must be kept down 
at high pressures. Superimposed high-pressure 
turbines might not be so efficient as others, but they 
would be useful in a number of stations, where feed 
heating could not be employed or the vacuum 
altered. A small capacity high-pressure plant could 
be put in at no great expense, and the efficiency was 
thereby considerably improved. With a multi- 
cylinder turbine, the “‘ sting’ could be taken out of 
the steam in a small machine, which could be 
quickly put on load and gave rise to no distortion 
troubles. 

The next speaker was Mr. J. H. Bowden, who 
gave an account of the Benson boiler, which 
was installed at the Siemens-Schuckert works in 
Berlin. In this boiler the working pressure was 
maintained above the critical pressure, in order to 
prevent ebullition and priming. Steam was supplied 
to the turbine at 2,600 lb. per square inch, the drop 
in pressure between the turbine and the boiler 
being effected with an electrically-controlled throttle 
valve. Interstage reheating was employed. The 
boiler was of octagonal shape in plan, with a con- 
tinuous circular water-cooled wall, forming the 
combustion chamber. The tubes of this wall started 
from a common header at the top of the combustion 
chamber, passed vertically downwards to the 
bottom, where they were bent inwards towards the 
centre to form a water screen, and returned back 
to the top of the combustion chamber, where they 
were connected to a common outgoing header. 
Between the inner wall and the octagonal outer 
boiler casing there were four segmental superheater 
tube banks and four segmental reheater tube banks, 
arranged alternately. Pulverised tube firing was 
employed, the gases passing down through the 
water screen and up through the superheater and 
reheater tube banks, via an air heater, to the stack. 
The heating surface was 4,000 sq. ft. and the 
boiler was approximately 15 ft. in diameter and 
40 ft. high. The length of each bent tube forming 
the inner wall was approximately 44 ft. The com- 
bustion air was pre-heated to 800 deg. F., and the 
three burners employed were so arranged that a 
cyclonic action was maintained in the combustion 
chamber. 

Two pumps were employed for feed purposes, 
one an eight-plunger pump running at 120 r.p.m. 
and the other a 20-stage rotary pump running 
at 6,000 r.p.m. Both were of particularly mas- 
sive construction, as the discharge pressure was 
3,700 lb. per square inch. With this equipment it 
was claimed that an overall efficiency of 30 per cent. 
could be obtained, equivalent to 6 lb. of steam per 
kw.-hr., though this was rather less good than 
the efficiency, which could be obtained with a 
normal 1,500-lb. plant. One great difficulty with 
the Benson boiler was its low water capacity, only 
about 80 galls., and it had no steam drum and no 
brickwork. There was, therefore, no spare capacity 
to meet fluctuating loads, a fact which was empha- 
sised by the elaborate automatic appliances used for 
controlling the feed pumps. At present, the Benson 
cycle seemed a costly and complicated means of 
attaining a relatively simple end. 

Mr. W. Bayliss, continuing the discussion, said 
that the pressure adopted at Bradford was not the 
highest in commercial use, but no higher tempera- 
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ture was employed elsewhere, except at one station 
in Holland. It should be noted that tempera- 
ture conditions played an important part in the 
problem, as the elastic limit fell off considerably 
as the temperature rose, and the plant had to be 
designed accordingly. Engineers were willing to go 
beyond the temperatures and pressures that had 
been mentioned, but at the moment they were 
waiting for the metallurgists. He agreed that 
medium-sized boilers were as efficient as large 
ones. The best arrangement, therefore, was to 
have such a number of boilers that if one failed the 
others could carry on within the limit of their 
overload capacity. If the economiser were elimi- 
nated, they must have recource to the air heater, 
which was a good way of bringing down the gas 
temperature, but might cause trouble if the air 
temperature was raised above 240 deg., unless 
water-cooled walls were used. 

Mr. A. Q. Carnegie considered that reheating 
had never been properly tried. At Carville only 
100 deg. of reheating were used. This did not 
effect a saving of more than 1 per cent. At North 
Tees the reheating was only 150 deg. On the 
other hand, the 50,000-kw. machine at Chicago had 
750 deg. of reheating, and calculations showed 
that while an increase of the stop valve’ pressure 
from 350 lb. to 750 lb. per square inch gave a net 
saving of 6-8 per cent., the adoption of reheating 
to 750 deg. F. allowed the same percentage saving 
to be achieved with only 400 lb. pressurc. The 
case for reheating should not therefore be lightly 
dismissed. There was no advantage in reheating 
by live steam, for the heating surface required would 
have to be abnoramlly large, owing to the small 
temperature difference between the heating and 
heated medium. The space required by the re- 
heating apparatus would therefore possibly be more 
than that required by the reheater pipes them- 
selves. There were, of course, special problems 
in connection with the large pipes, which were 
unavoidable, but satisfactory solutions would no 
doubt be found. In the United States reheater 
installations were giving no trouble, and were 
realising the expected results. The author gave 
the impression that the two-cylinder turbine had 
been developed as the result of the work of the 
Nozzle Research Committee. In fact, Sir Charles 
Parsons had been designing such machines since 
1900, and it was interesting to note that the inves- 
tigations of the Committee did not discover any 
more efficient form of nozzle than the Parsons’ 
blade shape that was standardised nearly 20 years 
ago. 

Mr. David Wilson said that when it was borne 
in mind that there were now 3,000,000 kw. of 
pulverised fuel plant in operation, it must be 
admitted that the matter assumed some import- 
ance. Reliable data regarding the operation of 
this equipment was now available in this country. 
The best way to burn coal was to pulverise it, as 
the operating efficiency was thereby increased from 
5 to 15 per cent., and the operating costs were 
lower. With a boiler of 300,000-Ib. capacity, the 
capital cost was 10 per cent. less with pulverised fuel 
than with stoker firing. 

Dr. 8. Z. de Ferranti said that he could not help 
feeling that the use of high steam pressures had not 
developed at all rapidly. The reason was due to 
the cost of experimenting, though in the long run it 
would have been economical to spend money on 
this service. The failure of more than cne high- 
pressure plant had been due to causes outside the 
main principles. He had patented a process of 
re-superheating by high temperature high-pressure 
steam, but had not found any practical method of 
employing it which could be termed satisfactory. 
It struck him as strange that in the new East River 
Station in New York, in spite of the high load 
factor, they had not adopted reheating or regenera- 
tive feed heating, and were only employing a 
pressure of 375 lb. This was probably due to 
commercial reasons. 

Mr. J. N. D. Heenan was the next speaker. He 
remarked that the system of re-heating by oil had 
interesting possibilities, which should be further 
investigated. A large number of heaters, working 
at a pressure of 1,100 lb. per square inch and a 
final temperature of 1,125 deg. F., were being used 


































rmew mm & ih be 


Pe ee ee oe 


zs 








“—sS www Gwe eS we we OO 


- wae 6 


PY oT UI 


mn 
h- 
1e 
of 


re 





JUNE 10, 1927.] 





ENGINEERING. 





695 








SELF-UNLOADING STEAMER 





“VALLEY CAMP.” 


CONSTRUCTED BY MESSRS. SWAN, HUNTER AND WIGHAM RICHARDSON, LIMITED. 

















ee ee 








Fig. 14. Boom Conveyor STOWED ON DECK. 


for oil cracking and might provide useful experience 
for steam generation purposes. The capital cost 
could be kept down by increasing the gas velocity, 
and thus reducing the heating surface. It was a 
question of balancing the increase in the fan horse- 
power against the reduction in the capital cost of 


the boiler plant, due to the increased gas velocity. 


Mr. R. B. Mitchell in a short contribution, 
said he thought that the pressure used in basic 
load plants would in time be raised to 1,000 lb. 
per squareinch. He asked whether the grit problem 
had been overcome with pulverised fuel plant. 
This was of importance to stations in densely- 
populated areas. There was a case for pulverised 
fuel-fired boilers to carry the peak load combined 
with stoker-fired boilers for the basic load. 





Mr. A. Potter, who was the last speaker, 
said that no modern pulverised fuel plant gave 
trouble from grit. An important question was 
whether bare or covered tubes should be used. 
The former might give trouble with pulverised fuel 
on varying load, especially when low volatile fuels 
were being employed. 

In the course of a short reply, Mr. T. Roles said the 
Commissioners’ returns were causing attention to 
be paid to thermal efficiency rather than to the lowest 
ecst. The whole of modern electrical development 
had been based on coal conservation. What was 
now wanted was a committee on capital conserva- 
tion. The results of the deliberations of the two 
bodies could be usefully combined. He thought 
that the more rapid development in the United 





States was due to the undertakings being in the 
hands of companies. 

In the afternoon a visit was paid to the Derwent 
Valley Waterworks. 

On Thursday morning, June 2, a paper, entitled 
“* Electrified Homes of Great Britain and Ireland, 
with special Reference to the Heating Question,” 
was read by Mr. H. H. Berry. In this he argued 
that the solution of the problem of heating houses 
lay not in the adoption of any one method but in 
their combination in accordance with local conditions 
of one or more systems. He drew special attention 
to the “co-electric ’’ system, in which the heat 
required was partly supplied by a local furnace and 
partly by electricity. The furnace could also be 
used for providing the necessary hot water. The 
coal or coke-fired system would supply convectors 
which would maintain the temperature at 55 deg. F. 
on the coldest day, and any additional heat could 
be provided by the electric heaters. Boiling water, 
only small quantities of which were ordinarily 
required would be obtained by the use of electrical 
kettles filled from the hot-water system. Figures 
were given which showed that in a certain typical 
case the co-electric system cost 8s. 6d. per week, 
compared with 6s. 5d. when a coke boiler was 
used to do the entire heating and gas employed for 
boiling the water. 

The annual dinner of the Association was held in 
the evening and was largely attended. 








THE SELF-UNLOADING STEAMER 
**VALLEY CAMP.” 


ALL the varied unloading apparatus seen along our 
wharves—cranes, pneumatic plants, conveyors and 
telphers—though exactly suited to an entrepét trade, 
suffer from a cardinal defect as regards general appli- 
cation. The cargo to be discharged can only be re- 
moved from the ship at a particular point of the port 
concerned, and apart from the drawback of a waiting 
list of vessels, there are many places, particularly 
in partly-developed countries, where either tedious 
manual methods have to be adopted, or the goods 
transported by rail to another port on the same sea- 
board. With a self-unloading apparatus this want of 
flexibility vanishes, and while it is not suggested that 
wharf equipment will ever be obsolescent, a vessel so 
fitted can be run into any port where the wharf is not 
provided with discharging plant, a fairly frequent con- 
dition in the smaller coastal towns even in this country, 
and by means of the self-contained unloading gear, 
can deliver her cargo on to the wharf itself, or into 
railway wagons or carts thereon. Should there be no 
wharf, or a badly-congested one, it is equally easy 
to discharge into lighters, barges, or the bunkers or 
holds of a ship alongside. 

Self unloading gear may consist of a conveyor 
boom on the deck, which can be swung outboard on 
either beam, and on to which the cargo—coal, stone, ore, 
sand, wet or dry, or gravel—is delivered by scrapers 
moving in tunnels in the bottoms of the holds. This 
system is rapidly gaining in popularity in Canada on 
the Great Lakes and St. Lawrence, and shows promise 
in directions nearer home, but, so far, only the vessel 
which we illustrate in Figs. 1 to 9 on Plate XX XV, has 
been constructed in this country. This ship is the 8.S. 
Valley Camp, built at the Neptune Works of Messrs. 
Swan, Hunter and Wigham Richardson, Limited, 
Newcastle-on-Tyne, for Mr. James Playfair, Midland, 
Ontario, and, after recent very successful trials at sea, 
she has steamed for her destination with an outward 
cargo of Marley Hill patent coke. 

The general appearance of the Valley Camp is well 
seen in Fig. 9 on Plate XXXV. She has the typical 
Lake-type silhouette, with the propelling machinery 
aft and the navigating bridge practically in the bows, 
a position rendered necessary by the canal locks to be 
negotiated. The tripod mast, for elevating the con- 
veyor boom, just aft of the bridge gives the vessel, how- 
ever, a somewhat unusual appearance. The total 
length is 252 ft., the beam is 43 ft. and the draught, 
with a cargo of 2,000 tons deadweight, is a little over 
14ft. From Figs. 1 to 8 which show a profile and plans, 
it will be gathered that the propelling machinery 
consists of a triple-expansion steam engine, with 
ordinary marine type boilers. The I.H.P. is 900 
and the boiler pressure 180 lb. per square inch. 
Little comment is needed on these points, except to 
say that the main boilers are also used to supply steam 
to the scraper and conveyor plant. The auxiliaries 
comprise steam steering gear, electric lighting set and 
a refrigerating plant. There is also a steam windlass, 
and three mooring winches. The latter are near the 
bulwarks, this being a more convenient position when 








warping through the locks than the one on the centre 
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line adopted in most cargo vessels. The extent and 
nature of the accommodation can be ascertained from 
Figs. 1, 7 and 8 and need no precise description. 

The self-unloading gear is the great feature of 
interest. This was designed and supplied by the 
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inventor, Mr. L. D. Smith of Sturgeon Bay, Wisconsin. 
The vessel is divided into three holds, each having a 
large number of hatchways to facilitate rapid loading. 
The bulkheads are pierced at the bottom by a pair of 
longitudinal tunnels inside which the scrapers move, 
and by a third smaller one between them housing the 
back-haul scraper ropes. All three have sloping roofs 
with a central ridge, and the bottom of the holds are 
also made with a slope. The disposition of the 
tunnels athwartships is shown in the cross sections, | 
Fig. 4 and Fig. 22 on page 697, while the arrangement | 
of the gear generally is shown in Figs. 1 and 8. The 
tunnels extend the full length of the holds and com- | 
municate with all of them by openings which are |{ 
controlled by sliding doors, except in the afterhold | 
where none are needed. On opening the doors of any | 
particular hold the cargo gravitates down the sloping | 
floors of the holds and through the apertures into the | 
tunnels. Here it is caught by a travelling crescent: | 
shaped scraper and dragged forward along the smooth | 
steel floor of the tunnel. At the forward end of the | 
tunnel the floor slopes up to the top of a hopper into | 
which the load entrained in the scraper is discharged. 
The motion of the scraper is then reversed, and it is | 
returned in such a manner as not to disturb the fresh | 
supply of cargo that has accumulated during its for- 
ward journey. 

The contents of the hopper are delivered on to a| 
conveyor belt 48 in. in width, running to a point | 
above the main deck through a tunnel in the upper 
part of the forward hold. This belt discharges directly 
on to another of the same width carried on the swinging | 
boom. The boom has a total length of 85 ft. and is| 
capable of discharging at a maximum distance of | 




















62 ft. from the ship’s side at a height of 30 ft. above the | 
level of the deck. The maximum inclination for both 

conveyor belts is 22 degrees to the horizontal. 
discharging capacity of the apparatus is about 600 tons 
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per hour. Considering the unloading plant as a whole, 
the question of the suitability of a belt conveyor in the 
tunnels may arise. From the point of view of seaworthi- 
ness, the scraper has the great advantage of not inter- | 
fering with the fitting of watertight doors in the | 
tunnels at the bulkheads, as required by the regulations | 
of Lloyd’s Registry and British Corporation. The 
tunnels themselves are simpler in construction and are | 
not so large. From this latter follows a saving of | 
space, the cargo capacity of a ship fitted with tunnel 
scrapers being about 15 per cent. greater than that of 
one fitted with tunnel conveyors, while in a vessel of 
the size under consideration the centre of gravity is | 
lowered by about 2 ft., thus increasing the stability. | 
The flow of the cargo to the scraper is of the nature of | 
an underfeed, and not an overfeed as with a belt | 
conveyor, and both first cost and maintenance expenses | 
are lowered due to the employment of fewer and simpler | 
working parts. Breakage, when the{cargo is large coal, | 
is reduced to a minimum, and very sluggish materials 
such as fine wet coal, wet sand or ore can be handled 
effectively; the same materials in a conveyor plant 
require much handwork to get them through the hold 
hopper bottoms. The short space required by the 
incline to the scraper discharge hopper as compared with | 
a conveyor incline makes it possible for a trimming | 
tank to be fitted in the bows. The ship is corrected for 
list when unloading by means of ballast tanks in the | 
wings and double bottom. These are shown in Fig. 22, | 
while Fig. 23 gives the deadweight and freeboard scales. | 
Turning now to the details of the apparatus, the | 























scraper is of the Sauerman type, and consists of a/| 


crescentric bucket without top or bottom and having | 
the sides formed of approximately conical surfaces 
- with the bases of the cones opposed. The bottom edge 


Fig. 16. DiscHarGInc GEAR UNDER TEST. 


is provided with an adjustable wearing blade. The} mulated during the forward journey is not swept | conveyor is again seen, this time from below, in the 


scraper is strengthened across the mouth at the top| back along the tunnel. These positions are shown in | 
by an arch of angles and plates, while lower down | Fig. 1. The hauling and back-haul cables, of steel | 
is the point of attachmert for the dragging yoke of| wire, are wound on separate drums of the hauling | 
chain. The end of the »ack-haul cable is attached jengine. Each drum is controlled by an independent | 
to a small trolley running on an I-section joist at the | lever so that the proper tension may be maintained on | 
top of the tunnel. The cable, after passing over a| the cables. Any communication between the atten- | 
pulley fixed to the back of the scraper, is returned} dants of these engines and those driving the conveyor | 
over a pulley carried on the trolley and is thence led | belts is made by signal lights as in railway practice. 
aft to guide pullies on the forward boiler room bulk- A view of the interior of one of the tunnels looking | 
head. From this point it is taken along the central | aft is given in Fig. 10 on Plate XXXV. The scraper | 
tunnel to the hauling engine which is situated forward | seen in the background is handling large coal from | 
under the scraper incline leading to the hopper. When| the after hold, the doors for the middle and forward | 
the scraper is loaded, that is, is dragged along with a| holds being closed. The top of the tunnel is plated | 
charge of material enclosed in it, its weight causes it}in the usual manner, but the floor is butt jointed | 
to lie with the whole lower edge on the floor, and the | underneath and flush riveted. Fig. 11 is a view| 
trolley runs some distance behind it, depending on the | of the entrance of the same tunnel, also looking aft. 
precise tension of the ropes. At the beginning of the | In the immediate foreground is seen the edge of the | 
return journey along the level when the back-haul| discharge hopper, beyond which, at the bottom of the | 
cable is tightened the back of the scraper is drawn | incline, the scraper is visible. The fixed belt conveyor | 
up to the trolley before the latter beings to move along | appears on the right entering the tunnel through the | 
the runway, and so any fresh material which has accu- | forward hold to the main deck. In Fig. 12 the belt | 





centre of the figure at the top. On each side are the 
inclines for the scrapers, and underneath them are the 
hauling engines. The view is looking forward. The 
fixed conveyor belt does not differ materially from 
ordinary practice. It is of rubber and canvas, 15 
troughed on the upper surface, and has flat return 
rollers. It is carried above the deck in a closed struc- 
ture shown in Fig. 13 on page 695, and terminates in @ 
chute discharging to the boom conveyor belt. It is top 
driven by a single cylinder engine. This is shown ir 
Fig. 15, above as is also the chute. There is very little 
drop between the two conveyor belts, and conse- 
quently when the cargo is coal there is almost com- 
plete immunity from breakage. i oe 
Like the fixed conveyor belt, there is nothing in- 
trinsically remarkable in the construction of the boom 
conveyor belt. It is also of rubber and canvas. in 
Fig. 15 are seen the troughing idlers and drive. 
The latter is situated at the bottom of the conveyors 
and is, as in the fixed conveyor, a single-cylinder engine 
geared to the driving roller. The governing device 18 
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shown in this figure. 


lowered an 


way on each side enables access to be had to the 
ghing idlers, &c., when working. 


MN conveyor are given in Figs. 17 to 21, above. 
The mai 
I section, 1 


trou 
boo 





The spindle of a double-beat 
valve on the steam main is directly connected to a ball 
governor driven by means of a chain from the driving 
roller spindle. The discharging end of the conveyor 
‘ppears in the foreground of Fig. 14 on page 695, which 
shows the boom lying in its stowed position, that is, 
d lashed amidships ready for sea. 


n members are formed of rolled joists of 
5 in. in depth by 6 in. in width, and 5 ft. 1 in. 
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from centre to centre. These are plated over across 
the top, as shown in Fig. 17, the plating being reinforced 
by angles. They are, further, connected together by 
channels 10 in. in depth at intervals, as shown in Figs. 
18 and 21, and across the bottom are transverse angles 
carried out toa distance of 2 ft. each side. These support 
a plank gangway, with stanchions and rope handrail, 
affording access to the conveyor idlers and the head 
pulley, as shown in Fig. 14, which, together with 
Fig. 21, will clearly illustrate the general structure of 
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being at a gradually increasing distance from the 
other, the pitch being 1 ft. 6 in. at the bottom or load- 
ing end of the belt, and 4 ft. 5 in. at the top or dis- 
charging end, as shown in Fig. 19. It should be noted 
also from this figure that the lower ten sets of rollers 
are carried higher above the boom, as they approach 
the chute, which receives the discharge from the 
fixed inclined conveyor. This is, of course, to render 
the angle of the belt at this point’ less acute. The 
receiving chute is shown in Fig. 20, but its relatior 
to the conveyor belt is, perhaps, more easily grasped 
from Fig. 15. The return idlers are plain and continuous, 
| and are evenly pitched along the under side of the 
top plate of the boom between the main frames. 
The boom is pivoted at the chute end, and can be 
swung through an arc of two-thirds of a circle, the 
extreme limit forward being indicated in Fig. 8. It 
can be raised to an angle of 22 deg. to the horizontal, 
and for this purpose angle iron yokes are fitted at the 
three points indicated in Fig. 19. A single wire rope 
is passed over sheaves attached to these in the manner 
shown in Fig. 1, and is then led by a guide block to the 
6-in. by 10-in. worm-geared winch by which hoisting 
is effected. This, as will be seen in Fig. 13, situated 
on the bottom portion of the fixed conveyor trunk. 
The drives for both conveyors are situated above 
deck, that on the boom conveyor being at the tail 
pulley, and that on the fixed conveyor at the head 
pulley. Each has a single cylinder horizontal engine 
connected to the pulley shaft by gearing. Both are 
well seen in Fig. 15. The somewhat peculiar arrange- 
ment of pipes adopted is due to the necessity for 
slewing the boom as well as tilting it, the steam pipe 


|coming from a swivel joint on the top of the chute 
| while another, near the governor, allows movement in 
| a vertical plane. 


The structure of the boom hoisting tripod will be clear 
from the several figures and needs no description. 
Stability athwartships is ensured by splaying the for- 





ward legs to the sides of the ship, an arrangement 
permitting the considerable forward range of the 
boom. The boom is slewed by a 6-in. by 6-in. winch, 
situated on the port bow (see Fig. 8). The cable is 
led across the deck to the starboard side for slewing in 
the opposite direction, and the winch is fitted with 
two drums on the one shaft, so that winding in and 


this gangway. The conveyor idlers are on the| paying out synchronise, and the boom is thus held in 
five-pulley troughed system (see Fig. 20), each set | position. In Fig. 16 the boom is shown swung outboard 








during a test at the builder’s yard when small coal was 
discharged. In practice, the boom is operated at a low 
angle to begin with, in order to keep the fall as small 
as possible. If the material is stored in a heap, the 
boom is raised as the heap grows. 

We may close our account of this ship, a pioneer 
vessel as far as Great Britain is concerned, by mention- 
ing that eight other vessels have been fitted with this 
gear on the Great Lakes Service. These range from 
2,000 tons to 6,000 tons capacity, and can discharge 
from 400 tons to 1,000 tons per hour. The boom con- 
veyors are from 75 ft. to 150 ft. long. Four of these 
vessels are even more self contained than the Valley 
Camp, as they can take in their own load as well as 
discharge it. This they do by handling sand and 
gravel by means of 18 in. and 20-in. centrifugal pumps. 
The cargo is discharged by the scraper conveyor 
method. 








NOTES ON NEW BOOKS. 


ProGREss in the science and art of wireless telegraphy 
and telephony has been so rapid within recent years, 
that many interesting and ingenious devices which have 
contributed to this advance have been superseded after 
an extremely brief useful life. A number of such 
devices are already almost forgotten, and many more 
are only kept in mind by the few persons directly 
responsible for their invention and application. It 
happens, not infrequently, however, that an invention, 
superseded for the particular purpose for which it was 
produced, can be applied with advantage in some 
entirely different direction, and this idea, we believe, 
Mr. G. G. Blake had in mind in compiling his “History 
of Radio Telegraphy and Telephony,” recently published 
by Messrs. Radio Press, Limited, price 25s. net. In 
this, after dealing briefly with the growth of electrical 
signalling systems, the development of the telephone, 
and the discovery of electro-magnetic waves, the author 
describes the means employed for their detection, 
including coherers of various forms, magnetic detectors, 
electrolytic detectors, crystals, etc., devoting a para- 
graph to each individualinvention. The early develop- 
ments of practical methods of wireless telegraphy are 
explained in a separate chapter, after which photo- 
phonic methods of telegraphy and telephony are 
explained in considerable detail. Later chapters deal 
with the production of high-frequency currents by 
spark and are generators, various types of micro- 
phone, the transmission of photographs, television, 
wireless control of ships, &c. A considerable amount 
of space is naturally devoted to the invention and 
development of the thermionic valve, and most of the 
fundamental circuits for transmitting and receiving 
are dealt with, including modern direction-finding 
methods and short-wave beam telegraphy. Much 
extremely interesting material of the character roughly 
indicated above has been collected by the author 
and presented in the book in a form which will be 
found very useful for reference purposes. In some 
cases, the particulars given are naturally brief, but as 
an extensive bibliography is included, further informa- 
tion can be obtained from the sources therein indicated. 
This bibliography, it may be added, is one of the most 
comprehensive that we have seen, and the author 
is to be congratulated on its compilation. The book 
is profusely illustrated throughout, and it contains a 
more than usually complete general index, which will 
greatly facilitate reference to its contents. 

The Association of Collieries in Northern France 
is publishing the reports written by its technical 
committee concerning the restoration of the mines 
destroyed during the war. The reports are prepared 
under the auspices of the Comité Central des Houilléres 
de France, and are entitled “ Htudes Techniques du 
Groupement des Houilléres Victimes de IU lnvasion.”’ 
We reviewed Part I, dealing with Destruction, 
Clearing and Draining in our issue for July 24, 1925. 
Two further reports have since been published, namely, 
“ Tome II—C bles, Appareils d Enroulement” ; ‘‘ Tome 
11I—Machines d’Extraction.”” The work of destruction 
had been so thorough that practically every item 
had to be provided anew. Before the war the cables 
in use were mostly flat and made of fibre. It was 
decided by the association to adopt electric winding 
machinery and round steel cables. Part II contains 
the reports of the technical committee on Cables and 
Winding Drums. Part III deals with the Winding 
Engines, and states that in view of the necessity for 
getting restarted as quickly as possible, in order to meet 
the urgent needs of the country, the colliery companies 
decided to put down provisional electric winches of 
a standard type, built for taking a flat steel cable. 
At the same time a sub-committee was formed to 
report upon the most advantageous mechanical 
and electrical machinery and apparatus to instal 
permanently for working down to different depths. 
This section describes several of the provisional 
electric winch installations and the permanent electric 














ENGINEERING. 





winding machines for normal and for great depths. 
Both publications are illustrated and contain inter- 
esting information on the task which faced the 
collieries, a task which they have successfully carried 
through, as is now well known. The volumes are 
published at the price of 48 francs each by Messrs. 
Gauthier-Villars et Cie., 55, Quai des Grands Augustins, 
Paris, who announce that, at a later date, three further 
parts covering Ventilation, Underground Haulage, and 
General Electrification of the Collieries in question, 
will be issued. 





The Proceedings of the Optical Convention, which was 
held in the Imperial College of Science and Technology, 
South Kensington, on April 12 to 17, 1926, fill two 
large volumes of 512 and 578 pages. The books are 
published by the Optical Convention, which has its 
offices at 1, Lowther-gardens, Exhibition-road, 8.W. 
at the price of 31. net. Sir Frank Dyson, the Astrono- 
mer Royal, and Mr. F. Twyman, the President and the 
Chairman of the Executive Committee of the Conven- 
tion, express their indebtedness to the Paper Committee, 
and especially to its chairman, Mr. T. Smith, of the 
National Physical Laboratory, for the time and care 
they have bestowed upon the publication. The 
Proceedings contain all the papers (nearly 100) and 
discussions, without regard to the sections before 
which the papers were brought, and also abstracts of 
some of the special Convention lectures. We dealt 
with the transactions of the Convention in our issues 
for April 16, 23 and 30, 1926. Of communications of 
particular interest which we were not able to notice at 
the time, we may mention Professor F. A. Lindemann’s 
paper on the main points of divergence between the 
electromagnetic and the quantum theory of light, Mr. J. 
Guild’s critical survey of modern developments in the 
theory and technique of colorimetry and allied science, 
and Mr. Conrad Beck’s report on recent advances in 
the manufacture and use of the microscope. Copies of 
the Catalogue of Optical and Scientific Instruments, 
displayed at the exhibition, which was held in connec- 
tion with the Convention, are also available at the 
price of 6s. The book contains illustrated descriptions 
of the instruments and apparatus as compiled by the 
exhibitors. One cannot help feeling that better use 
might have been made in some cases of the 366 quarto 
pages of this catalogue in order to render it a 
permanent work of reference in connection with present 
British optical manufacture. 





Having dealt with the mechanics of rigid plane 
systems in the first part of the first volume of his 
Lehrbuch der Technischen Physik, which was pub- 
lished two years ago, Professor Hans Lorenz, of 
the Danzig Technical High School, discusses three 
dimensional systems in the second part, which is 
entitled Mechanik raumlicher Gebilde (second edition, 
entirely re-written. Berlin: Julius Springer; price 
21 marks). He states that he has adhered to certain 
peculiarities of his own in his terminology, which had 
been criticised as well as praised, and we find it safest to 
translate his term ‘“‘Gebilde” by “‘Systems.”’ Structures 
would appear to serve at first sight, but Dr. Lorenz, 
in his last chapter on general dynamics, bases his ideas 
upon Lagrange who, starting from the principle of 
virtual velocity, reduced the theory of the mechanics of 
matter in the different states of aggregation to general 
formule. Though his rigid bodies are in the main solid, 
Dr. Lorenz discusses gas friction and thermal conduc- 
tivity of gases in the last sections and in other sections 
deals with angles of repose and the discharge of grain 
from orifices. The three chief chapters of his volume, 
kinematics, statics and dynamics, which are followed 
by the fourth on gyratory and pendulum motion, seem 
to be out of order. But Dr. Lorenz deals in the first 
chapter with the free and the forced movements of points 
and bodies to attain a state of equilibrium in the ab- 
sence and presence of friction. He makes a large use of 
vector quantities, and his method of treatment presup- 
poses a good mathematical grounding. He takes his 
numerous examples—which he unfortunately numbers 
1, 2, &c., over again in each section—not only from 
engineering practice, but also from geophysical and 
astronomical problems. This is justified, since the 
rotation of the earth has effect, for instance, in pendu- 
lum problems. 





The first edition of ‘* The Structure of the Atom,” 
Professor Andrade’s masterly treatise on this branch 
of physical inquiry, appeared in 1923, but so much 
has been added to our knowledge during the three 
succeeding years that the third edition just published 
at 30s. net by Messrs. G. Bell and Sons, Limited, 
has been completely rewritten by the author. This 
heavy task was undertaken in order to incorpo- 
rate more satisfactorily the new matter now avail- 
able. This could not otherwise have been accom- 
plished without detriment to the high standard of 
logical and orderly exposition attained in the original 
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edition. In its main features however, the Bohr 
pattern of the nuclear atom still holds the field, and 
continues to win fresh triumphs particularly in the 
interpretation of spectra. In some sense, however, its 
foundations are still insecure, as we still require an 
explanation of how it happens that no energy is 
radiated from the electrons when pursuing their 
normal orbits. The difficulty here involved is not 
likely to be surmounted until we get a satisfactory model 
of the quanta of which it is now certain that radia- 
tion is composed. On the question of inteference 
Professor Andrade inclines to the view that a quantum 
can only interfere with itself. This hypothesis has 
weighty support, but seems utterly incompatible with 
the action of the ordinary Michelson interferometer 
where the light, which ultimately interferes, is first 
split up into two beams moving at right angles to each 
other, so that in the absence of the mirrors actually in- 
corporated in the instrument each beam would travel to 
infinity. Hence if a quantum can only interfere with 
itself it must be of infinite dimensions. It seems far 
more probable that the reflecting and refracting 
surfaces employed, by means of “‘ fits of easy transmis- 
sion and easy reflection,’ bring successive quanta 
into step, so that mutual interference is possible. 
There may, no doubt, be difficulties attaching to this 
hypothesis, but the alternative view seems confronted 
not merely with difficulties but with impossibilities. 
Professor Andrade gives much space to the highly 
important subject of the analysis of spectra, which has 
lead to such important and often astonishing results, 
Throughout his treatise we have very clear and well 
written descriptions of the fundamental experiments. 
The mathematical theories involved are also lucidly 
explained, and the book as a whole promises to rank as 
the standard text book on the subject to which it is 
devoted, and the well-earned reputation of the two 
preceding editions will be more than sustained. 





For many years past Italy has held a prominent 
position in the development of reinforced concrete 
construction, as is evidenced by several articles and 
book reviews in our columns. A further contri- 
bution on the subject to come to our notice is 
Cemento Armato, by Ing. Adriano Bagnasco. The 
book is of aneminently practical nature; it is in- 
tended as a guide to engineers and contractors in all 
that appertains to reinforced concrete, from the 
selection of the necessary materials to the completion 
of structures. It states that the best reinforcement 
to use is mild basic open-hearth steel. The new Italian 
specifications require for this a tensile strength of 
from 38 to 50 kg. per square millimetre (24-13 to 31-75 
tons per square inch.) with a minimum elongation of 
27 to 21 pet cent., respectively. They also require 
the following proportions for the concrete, namely 
300 kg. of cement, 0-400 cubic m. of sand and 0-800 
cubic m. of gravel or broken stone, which, in volume, 
corresponds approximately to 1:2:4. The quantity 
of cement here given is a minimum under which for 
ordinary work it is not prudent to go. The proportion 
of cement has to be increased up to 500 kg. for the con- 
struction of members intended to carry heavy loads, or 
which are subject to shocks and vibration; this applies 
also in the case of structures exposed to sea water and 
in that of all others in which great impermeability 
is required. Puzzuolana has, moreover, to be added 
to the mixture (at the rate of about 150 kg. per cubic 
metre of the conglomerate) for all works in direct 
contact with sea water, for which a highly aluminous 
cement can also be used. The Italian State Railways pre- 
scribe for ordinary work a mixture of 350 kg. of normal 
Portland cement, with 0-500 cubic. m. of sand and 
0-800 cubic m. of broken stone ; for reservoirs, cisterns, 
pipes and other relatively thin work, the proportion 
of cement is increased to 750 kg., the proportions of the 
other two materials remaining the same. The book 
reviews in great detail every phase of reinforced 
concrete construction, and contains many interesting 
illustrations and diagrams. It is published at the 
price of 25 lire by Giulio Vannini, Brescia. 





MANCHESTER COLLEGE OF TECHNOLOGY.—A prospec: 
tus of short evening courses of lectures and laboratory 
work, to be given during the summer, has been issued 
by the Manchester Municipal College of Technology. The 
classes will begin on June 13 and 14, and _ will con- 
tinue, in the majority of cases, until July 26, Some 
63 classes have been arranged in the departments of 
mechanical, electrical, and municipal and sanitary 
engineering, building, chemistry and chemical technology, 
textile industries, printing, mathematics, physics, 
mining, and industrial administration. From among the 
subjects to be dealt with we may name the following: 
Modern Practice in Hydraulic Power Installation + 
Refrigeration; Some Properties of Steel at ae 
Temperatures ; Locomotive Management; Structural 
Design in Overhead Electrical Transmission nero 
Disposal of Sewage from Isolated Buildings ; Preparatior 
and Mixing of Concrete ; Gas Producers and I roducet 
Gas; Vector Algebra; Mine Surveying ; and Fa 
Costing. 
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THE INSTITUTION OF WATER 
ENGINEERS. 


Tue thirty-second summer general meeting of the | was gradually stopped. Altogether, 97 boreholes, 
Institution of Water Engineers was held in the Council | 5 in. in diameter, were drilled, 1,386 tons of cement 
Chamber, Town Hall, Scarborough, on the mornings | were used, and the largest amount taken by any one 


of June 8 and 9 last. The President for the year 
1927-8, Dr. H. Lapworth, occupied the Chair. Four 
papers were presented for discussion. 


ScaRBOROUGH WaTER Works. 

The first paper taken on June 8 was by Mr. H. 
Richardson, and was entitled ‘‘ Scarborough Water 
Works.” The author stated that the Borough of 
Scarborough derived its water from three sources, 
namely, from Cayton Bay springs, from the well and 
adits at Osgodby, and from the deep well and borehole 
at Irton. The total quantity available during August 
was 2,450,000 gallons a day; all this water came 
from Corallian rocks situated over Oxford clay. The 
Cayton Bay works were instituted in 1845; the 
maximum capacity of this plant was 1,000,000 gallons 
a day. The supply, however, being dependent on 
springs, could not be further increased. The Osgodby 
works dated back to 1872. They consisted of a well 
10 ft. in diameter and 100 ft. deep, with adits driven 
in three directions. The Irton works were constructed 
in 1884. The plant, with the exception of the added 
filtration plant, remained as originally constructed. 
The two engines were of the single-cylinder beam type, 
with high and low lift pumps. The quantity pumped 
amounted to 1,300,000 gallons a day. The total 
reservoir capacity of the Borough was 7} million 
gallons ; this would appear to be adequate, but owing 
to the configuration of the ground and the develop- 
ment of high-lying estates it had been decided to 
construct an additional reservoir at Spring Hill. This 
formed part of the New Irton scheme, and was described 
by Dr. H. Lapworth in the addenda to Mr. Richard- 
son’s paper. Dr. Lapworth stated that the New Irton 
scheme was designed to double the existing supply 
from the Irton works, %.e., to provide, from that 
source, a supply of 2,640,000 gallons a day. The 
existing well at Irton had been tested up to a yield of 
2} million gallons a day with a relatively small lowering 
of the water level, and it was expected that the new 
works would be equally capable of yielding the required 
quantity of water. The Spring Hill reservoir was of 
mass concrete, and had a capacity of 3,000,000 gallons ; 
it was 210 ft. long, 150 ft. wide, and was covered by a 
concrete slab roof reinforced with B.R.C. fabric. 


GEOLOGY OF SCARBOROUGH DIsTRICT. 


The second contribution considered on the first day 
of the meeting dealt with “‘ The Geology of the Scar- 
borough District,” It was by Mr. R. C. 8. Walters, 
who stated that the central part of the region under 
consideration was characterised by a remarkable low- 
lying valley known as the Vale of Pickering. The 
northern part included the wild high ground of the 
Yorkshire moors, which rose to a height of 1,400 ft., 
and extended northwards right up to the escarpment 
of the Cleveland Hills, broken only by the great east 
and west valley of the Esk. The southern part com- 
prised the smaller, somewhat barren, chalk wolds, 
which reached a height of 600 ft. The supplies of 
water in the district were derived chiefly from (a) 
glacial gravel and other drift deposits; (6) surface 
gathering grounds; (c) the lower oolites overlying 
lias ; (d) calcareous grit on Oxford clay, strong springs 
being seen where the moors were incised deeply ; 
(e) calcareous grit in juxtaposition with Kimeridge 
clay on the moors, or under the Vale of Pickering ; 
(f) the chalk in the wolds. All the pumping stations 
of the Scarborough waterworks derived their water 
from a combination of (d) and (e). 


CEMENTATION BELOW EMBANKMENTS. 

The first paper taken on Thursday, June 9, was 
by Mr. A. A. Barnes, and was entitled ‘“‘ Cementation 
of Strata below Reservoir Embankments.” The author 
stated that no precaution must be omitted to obtain 
a watertight foundation for dams, and the apparently 
excessive cost of certain embankments could almost 
Invariably be traced to the difficulty experienced in 
discovering an impermeable stratum of rock, shale, or 
ard clay at a reasonable depth below the original 
surface of the ground. Nearly 20 years previously, 
Mr. H. P. Hill had been faced with the problem of 
stopping leakage, to the extent of more than a million 
gallons a day, from two of the three Walshaw Dean 
reservoirs of the Halifax Corporation. Boreholes had 
been drilled in front of the core wall, through to the 
Strata below its base, and fluorescein had been intro- 
duced into these. It had been found that the green 
colour from the fluorescein had made its appearance 
at the point where the leakage was being collected 
and gauged. Mr. Hill had then conceived the idea of 
introducing into the boreholes a very dilute mixture, 
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of water. It was found next day that the quantity 
of leakage had been reduced. Further boreholes were 
drilled and treated in the same manner, and the leakage 


borehole was 157 tons 12 ewt. 

Recent experience in the matter of cementation had 
shown that the guiding principle in connection with 
the actual choking of rock fissures should be to use too 
much cement rather than too little. To this end, the 
cement should be introduced in a very dilute form, 
and slow-setting cement should be used; it would 
probably be found that, although the large fissures 
and those down to about } in. could readily be filled 
by almost any method, the greatest danger was to be 
apprehended from the very small fissures and hair- 
cracks. These latter, when subjected later to the full 
head of water in the reservoir, would inevitably form 
small leakage jets which might do serious damage. 
In addition, the very dilute cement would tend to 
flow in every direction for a much greater distance, 
and the slow-setting cement would lengthen the period 
during which the injection from any one hole could be 
continued before choking. The question of gravity 
feed, pressure feed, or a combination of the two, for 
introducing the grout, had been much discussed, and 
the author, after a varied experience, was convinced 
that pressure feed, which should never exceed 80 lb. 
per square inch, should be used throughout the opera- 
tion. Moreover, grouting, when once started, should 
be continuous. 

Cementation had been adopted in the case of the 
Bartley reservoir of the Birmingham Corporation. 
The cost of the two large cementation contracts in- 
volved totalled 35,8511. With an overall consumption 
of 35-9 tons of cement per borehole, and with holes 
101 ft. deep, the average cost worked out at 278). 
per completed borehole. The boring and cementation 
work had been carried out under contract by the 
Francois Cementation Company, of Doncaster, and that 
portion of the work was completed before the contract 
for the actual embankment was advertised. The main 
contract for the construction of the Bartley reservoir 
and embankment had been let to Messrs. Edmund 
Nuttall, Sons and Company, Limited, of Manchester. 
The order to commence had been given on July 11, 
1925, so that the work had been in hand for about 
two years. It was anticipated that operations would 
continue for a further period of two years. 


PRE-CEMENTATION OF A RESERVOIR TRENCH. 


The last contribution considered at the meeting 
was entitled ‘‘ Pre-Cementation of a Reservoir Trench.” 
It was by Mr. J. R. Fox, who stated that his communi- 
cation dealt with the cementation of the trench of 
the Scout Dike reservoir of the Barnsley Corporation 
Waterworks. The work had been undertaken before 
excavation, with the object of reducing such excava- 
tion, and the consequent refilling with concrete, as 
much as possible. The scheme adopted was to put 
down a series of vertical boreholes, inject cement 
into them, and, subsequently, after excavating the 
trench, to sink shafts about 200 ft. apart in the latter, 
drill horizontal boreholes between them and again 
inject cement. These horizontal holes intersected any 
vertical joints which might not have been in com- 
munication with the vertical bore holes, and might 
therefore still be open. After consideration, the 
distance apart of the vertical holes was fixed at 
25 ft. Boring had been started in June, 1924, 
injection commenced in August of the same year, 
and the vertical holes had been completed in February, 
1925, by which time the trench excavation was well 
under way. Boring had been carried out by means 
of a light drilling machine driven by a belt from a 
petrol engine, both being mounted on a timber frame. 
The whole arrangement was very mobile, and could 
easily be moved from hole to hole. Cementation 
had been accomplished by using a cement pump 
operated directly by a steam engine, and later by 
compressed air, the compressor being driven from 
an electric motor. The length of the stroke of the 
pump, which was double-acting, was 12 in. and the 
diameter of the cylinder 2 in. The cement for injec- 
tion was mixed in tanks at the pump by stirring pad- 


THE ACRO DIESEL ENGINE.* 

Tue high price of fuels, such as petrol and benzole, 
has aroused a keen interest in the development of the 
solid-injection Diesel-type engine for use in lorries, 
tractors, and similar motor vehicles. The employment 
of such engines for aeroplanes and airships has also 
been considered, and, in such cases, the highly inflam- 
mable nature of these fuels is a very undesirable 
quality. Consequently, the development of a light, 
high-speed, crude-oil engine is of the utmost importance 
to all of those interested in aviation in its different 
aspects. For stationary engines and for marine 
engines, the best-known type of crude-oil engine, the 
Diesel, has found a constantly increasing application. 
As an engine for the lighter class of automobiles, the 
Diesel is still essentially in the experimental stage, 
while for lorry engines, running at comparatively slow 
speeds, a beginning has been made on a commercial scale. 

The greatest difficulty in all internal-combustion 
engines is the proper mixture of the fuel with the air. 
In the ordinary type of petrol engine, the fuel, in its 
vaporised form, is mixed with the air before it enters 
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the cylinder, and nothing beyond a correctly timed 
spark is required to bring about a rapid combustion at 
the right moment. This manner of forming the mixture 
is incompatible with the nature of the Diesel engine. 
In the latter, fuel is injected into the cylinder, and 
the process of mixing it with the air—inherently more 
difficult for liquid fuel than for gaseous fuel—must 
take place in the cylinder itself. If we take into 
consideration that, at a speed of 3,000 r.p.m., the time 
available for mixture and combustion is only ;}, 
second, it will readily be understood that the difficulties 
have heretofore been considered insurmountable. The 
endeavours of all engineers working on the problem 
to date have been concentrated on attempts to diffuse 
the fuel throughout the entire air space in the shortest 
time possible, to spray or vaporise the fuel as far 
as possible, and then to burn it. The inventor of the 
Acro motor, on which the investigations about to be 
described were carried out, doubtless intended to 
work along the same lines. The author has succeeded, 





dles worked from the pump. At the commencement 
of an injection, water was pumped through to clear 
the fissures or joints as far as possible. The mixture 
was then pumped in; the proportion, by volume, 
of cement to water varied between 2} per cent. and 
5 per cent. In those cases in which no pressure was 
obtained, the mixture was gradually thickened up. 
Injection had been commenced in the bottom of 
the valley, and had proceeded generally in both 
directions; the work had been carried out by the 
Francois Cementation Company. There was no doubt 
that a considerable sum of money had been saved 
by the adoption of cementation for this particular 


however, in making clear the internal process going on 
within the motor, and has found that the exceedingly 
difficult problem of mixing fuel with the air is practi- 
cally non-existent in the case of this engine, and that 
the mixture is formed quite incidentally in the course 
of the combustion. The combustion itself takes place 
under very favourable circumstances, practically with- 


out smoke, and adjusts itself automatically to the 
speed of the engine, becoming faster as the speed of the 
engine increases, without, however, becoming less 
complete. Small quantities of fuel, at light or no load, 





* Paper read by Dr. Ing. R. Stribeck, before the Ver2in 
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process of combustion is entirely new in crude-oil 
engine experience, and may be said to open favourable 
prospects for oil engines on motor vehicles of all 
kinds. 

The essential characteristic of the Acro motor is the 
peculiar compression space, consisting of three separate 
parts. As shown in Fig. 1, these consist of a cavity 
in the piston, a cone-shaped communicating passage, 
also in the piston, and the space between the piston- 


that the engine was not different from the well-known 
types of crude-oil engine with pre-combustion chamber. 
This conception may, in part, be due to older patents 
in which Lang himself described the space 1 as an 
auxiliary or additional combustion chamber. Accord- 
ing to Nagel,* an essential characteristic of the Diesel 
engine with pre-combustion chamber is a_ strong 
throttling action between the auxiliary chamber and 
the combustion space in the cylinder proper. The 
opening between the two is of such a section that the 





Fig.3. DIAGRAM OF CONNECTIONS. 
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crown and cylinder-head. The latter space has only 
a definite volume for the upper dead-centre position, 
while for all other positions of the piston it is 
augmented by the movement of the piston. The fuel 
jet is directed towards the space 2. The entire design of 
the compression space and its subdivision was gradually 
developed by the inventor, Mr. Franz Lang, of Munich, 
the experiments extending over a number of years. 
It may be mentioned that the patents relating to this 
form of combustion chamber are in the possession of 
the Acro Company, of Kuessnacht, Switzerland, while 
the Robert Bosch A.G., of Stuttgart, have the sole 
licensing rights. 

The Robert Bosch A.G. requested the assistance of the 
author in the development of the motor, and he considered 
the first necessary step to be the investigation of the 
reasons for, and the results of, the characteristic design 
of the combustion chamber. This was all the more neces- 
sary as other experienced Diesel engineers maintained 
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partial combustion in the auxiliary chamber creates a 
pressure appreciably higher than that existing in the 
cylinder. The comparison between the new Acro 
engine, and the older type of engine with auxiliary 
pre-combustion chamber, must be based upon this 
characteristic. Such a comparison is possible on the 
basis of the actual dimensions alone, but can be brought 
out much more clearly and conclusively through the 
results of the investigation of the actual process of 
combustion. 

The tests were made on a single-cylinder, four-stroke 
engine, with a cylinder bore of 125 mm., a stroke of 
180 mm., and a connecting rod length equal to 3-8 
times the crank radius, the engine being designed for 
a normal speed of 800 r.p.m. It was made by replacing 
the piston head, the piston, the injection pump, and 





* Zeitschrift des Vereines deutscher Ingenieure. Vol. 


the fuel valve of an ordinary solid-injection Diesel 
engine by new parts. The valves and valve gear 
remained as they were originally. 

With the total displacement of 2209 cubic cm., 
the compression space measured 140 cubic cm., of 
which the spaces marked 1, 2 and 3 in Fig. 1 had the 
respective capacities of 98, 10 and 32 cubic cm. 
The corresponding percentages of the total combustion 
space were 70, 7 and 23. The opening between spaces 
1 and 2 had an area of 1-17 square cm. The first 
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tests were made to determine the difference in pressure 
between the spaces 1 and 3. To this end, a pressure 
gauge with a circular metal diaphragm held at the 
edges was employed. The volume of the spaces at the 
two sides of the diaphragm were made as small as 
possible, and were connected by small-bore tubes to 
space l and space 3, respectively. The tube to space | 
projected into this space for a distance of 40 mm. 
at the upper dead centre. The deflections of the 





67 (1923), page 778. 


diaphragm were measured stroboscopically by the aid 
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of an electric spark generated at a certain position of 
the crank. The pressure so obtained rises when the 
tube enters space 1, reaches its maximum at about 20 
degrees before the upper dead centre, and decreases 
steadily from that point to the dead centre. Very 
pronounced oscillations occurred at the position cor- 
responding to the upper dead centre or slightly before. 
This phenomenon can be more readily explained in 
connection with the actual process of combustion and 
will, therefore, be treated later in this paper. 

The second, and more important, part of the investi- 
gation, is based on temperature measurements. In 
order to explore the space 1, a thermo-element was intro- 
duced through the orifice, the position of the different 
points of temperature measurement being indicated 
in Fig. 2. They are located on a straight line parallel 
to the axis of the cylinder, and a short distance from it. 
They are designated with the numbers 0,10,20, 30, 40, 
50, 60 and 70, corresponding to their distance from the 
inner surface of the cylinder head. The point 70 is 
40 mm. below the orifice when the piston is at the 
upper dead centre. The measurements of temperature, 
therefore, comprise all three parts of the combustion 
chamber, up to a piston travel of 40 mm. This is 
sufficient to investigate all of the more important 
phenomena. The thermo-element 70 remains in the 
cone-shaped passage for a further travel of 28 mm., 
corresponding to a total piston travel of 68 mm. 
The general arrangement of the equipment for tem- 
perature measurement can be seen in Figs. 3 and 4, 
the latter showing the thermo-element and the former 
the diagram of connections.* 

In order to investigate the influence of different loads, 
two series of ‘tests were carried out with the engine 
running at 400 r.p.m., the first at a mean pressure of 
4-8 kg. per square centimetre, and the second at a 
mean pressure of 3-3 kg. per square centimetre. 
Dealing with the results of the first series of tests, 
the variation in temperature at each of the measuring 
points was recorded throughout a complete cycle. 
The variation at the points 20, 30 and 40, indicated 
in Fig. 2, is recorded in Fig. 6, the lowest curve 
corresponding to the point farthest from the head. 
In Fig. 8, the temperature is plotted against the 
distance of the registering points from the cylinder 
head, each curve being plotted for a different position 
of the piston. The particular position is indicated by 
the figure marked on each curve. These curves thus 
represent the fall in temperature along a line roughly 
coincident with the piston axis. For the sake of 
clearness, only five curves are given, corresponding to 
piston positions of 0, 2, 5, 18 and 24 mm. of travel, 
the curves corresponding to 40, 70, 144 and 180 mm. 
of travel being shown in Fig. 9. The curve corre- 
sponding to 1-8 mm., equivalent to 3-5 deg. of crank 
angle, is also given in this figure. It will be seen that, 
in both Figs. 8 and 9, the temperature at the upper 
and lower ends of the cone-shaped orifice are marked 
on each curve. The corresponding curves for the 
second series of tests, that is, with a mean pressure of 
3:3 kg. per square centimetre, are given in Figs. 10, 
12 and 13. 

The influence of the load can be seen most readily 
by comparing Fig. 8 with Fig. 12, and Fig. 9 with 
Fig. 13. Figs. 8 and 12 show the progress of com- 
bustion with the incident increase of temperature, 
and Figs. 9 and 13 the diminution of temperature 
incident to expansion. We may first consider the 
character of the temperature curves in the neighbour- 
hood of the cylinder head. For a mean pressure of 
4:8 kg. per sq. cm., the zone of highest temperature ex- 
tends right up to the cylinder head from the upper dead 
centre position to a position corresponding to a piston 
travel of 40 mm. For the mean-effective pressure of 
3-3kg. per sq. cm., on the other hand, the highest tem- 
peratures occur at a distance of 20-30 mm. from the 
cylinder head. The differences in temperature during 
the period of expansion are even more pronounced. 

Taking the three piston positions corresponding to 
a travel of 17, 40 and 70 mm., it will be noticed 
that, for a mean pressure of 4-8 kg. per sq. cm., the 
temperatures are 1,500, 1,450 and 1,050 deg. C., 
Tespectively. With a mean pressure of 3-3 kg. per 
8q. cm., on the other hand, the temperatures are 
1,270, 950 and 620 deg. C. These measurements 
were taken along a single line, the points all being 
in the path of the air coming from the air chamber. 

hey may, however, serve as indications of the 
propagation of the flame and the gas flow in a plane 
transverse to the axis of the cylinder. When, as is the 
case for a mean pressure of 4:8 kg. per sq. cm., the hottest 
point of the flame is near the cylinder head during the 
period of combustion, we know that this flame will 
Spread along the surface of the head, and the hot 
gases will flow towards the cylinder walls and along 
them. The head transmits a considerable quantit y 





e * The author, in his paper, gives a full description of 
t ‘© apparatus used, which we are obliged to omit owing 
© limitations of space. For the same reason we have 


of heat to the cooling water. When the mean-effective 
pressure is lower, the flame is shorter and narrower. 
As the point where the flame is produced, as well as 
the length and the breadth of the flame, all depend upon 
the form and dimensions of the cone and the cross- 
section of the orifice, they can be influenced by proper 
design. It will, however, be impossible to avoid the 
loss, at higher loads, of a large proportion of heat 
through the cylinder head. 

The face of the hot zone toward the piston is more 
clearly defined for the mean pressure of 3°3 kg. per sq.cm. 
than for one of 4-8kg. persq.cm. Inthe latter case, the 
zone extends farther down and terminates more gradu- 
ally. It is remarkable that the temperature, after the 
piston travel of 144 mm., is higher than for a travel 
of 70 mm. It is possible that the air rising from the 
air chamber, when the piston is farther on its stroke, 
absorbs more heat from the hot gases, and it may also 
be possible that retarded combustion, which can only 
take place in connection with the air current, occurs. 
Fig. 13, however, shows no indication of such 
phenomena. 

(To be continued.) 








THE STOURPORT ELECTRIC- 
GENERATING STATION. 


THE main generating station of the Shropshire, 
Worcestershire and Staffordshire Electric Power 
Company, Limited, at Stourport, was formally opened 
by the Prime Minister on Thursday, June 2. It has, 
however, been in operation for some time, and, owing to 
its excellent location, is in future likely to play an im- 
portant part in the electrical development of central 
England, the scheme for which, it is stated, will shortly 
be published by the Electricity Board. As we pointed 
out when the incomplete station was visited by the 
members of the Institution of Electrical Engineers 
about two years ago, it is intended to replace the 
four small stations of the company at Smethwick, 
Dudley, Kidderminster and Redditch, respectively, 
and to supply a large area, comprising both industrial 
and rural districts. The difficulties of dealing with 
such a variegated area were referred to by the 
Prime Minister in his speech at the opening cere- 
mony, and at the same time he expressed the hope 
that, before long, electricity would play as large a réle 
in the daily life of the poorest people in many of the 
rural parts of the country, as it now does in Sweden 
and in Switzerland. As regards cost of production, 
coal-fired stations in this country need not, he added, 
suffer in comparison with water-power stations abroad. 
Every one, who helped to produce electricity cheaply, 
was therefore striking a great blow both for cleanliness 
and health in our industrial regions and for comfort 
and labour saving in our rural districts. 

The Stourport station is at present equipped with 
two 22,500-kv.-a. turbo-alternators and one 750-kw. 
direct current set for auxiliary purposes, though further 
extensions are contemplated. The existing alternators 
supply current at 25 cycles. An interesting feature is 
the coal and ash-handling installation, which is more 
than usually extensive, partly owing to the position of 
the station relative to the canal, by which most of the 
fuel is brought in, and partly owing to the provision 
that has been made for handling both rail and water- 
borne coal. The general lay-out of the plant is shown 
in Fig. 1, on page 702, which illustrates the run of the 
various lines of rails, not only for coal handling, but also . 
for transporting electrical and other equipment. Speak- 
ing generally, this installation, which was built by the 
Mitchell Conveyor and Transporter Company, Limited, 
is designed for unloading coal from barges in the canal 
basin and transporting it either to the store in front 
of the boiler-house or to the bunkers over the boilers. 
It is also used for reclaiming store coal and transfer- 
ring it to the bunkers. At present, 50 tons of coal an 
hour can be handled in this way, but the amount 
could be increased to 100 tons per hour by slightly 
modifying the equipment. 

The coal is unloaded from the barges by automatic 
grabs, which are operated from two electric travelling 
jib cranes. Each of the grabs has a capacity of 50 tons 
per hour and discharges its contents through receiving 
hoppers and automatic weighers on to two collecting 
conveyors, which run parallel to the quay. From these 
conveyors the coal passes on to a second series of 24-in. 
belts, which carry it over the road to a 250-ton transit 
storage bunker. This bunker is divided into two 
compartments longitudinally, so that two classes of 
coal can be dealt with. It discharges its contents 
through chutes into specially designed wagons, which 
run on a 30-in. gauge track. This track is duplicated 
under the bunker, so that either class of coal can be 
extracted. The wagons have a capacity of 100 cub. ft. 
and are drawn by storage-battery locomotives, which are 
capable of hauling an 18-ton train at 6 m.p.h. to the 
storage ground near the boiler-house. At the storage 
ground, the wagons are discharged into a hopper at 





omitted @ number of the curves given in the paper. 


conveyor. This conveyor feeds a butterfly stacker, 
which enables the coal to be distributed to either side. 
The head of the conveyor feeds a raised hopper, whence 
reclaimed coal is returned to the wagons for delivery 
to the boiler-house conveyors. The reclaiming crane 
is of the travelling jib type with an automatic grab, 
and runs parallel to the stacking conveyors. It is used 
for trimming the coal into stock and also for taking it 
from stock, and re-discharging either to wagons or 
direct to the boiler-house conveyors. Inclined conveyors 
are used for elevating the coal either from the 
wagons or the storage ground to the conveyors over 
the boiler-house bunkers. As shown in Fig. 4, the 
latter conveyors are in duplicate, so that, once 
again, different classes of coal can be handled. 
This duplication also, of course, provides a measure 
of stand-by. By means of the trippers shown in 
the foreground of the illustration, the coal is dis- 
charged to any point in the 1,000-ton bunker. Auto- 
matic weighers are fitted at suitable points in the 
system, so that a careful record of the weight used can 
be kept. It should be added that, for the time being, 
any rail-borne coal that is employed is unloaded into 
canal barges at Stourport railway station, while 
eventually the river facilities will enable 150-ton 
ighters to be unloaded in the canal basin in place 
of the 30-ton Midland barges, by which the canal coal 
is brought in. 

The steam raising equipment comprises four Stirling 
water-tube boilers and superheaters, which are com- 
bined with Babock and Wilcox economisers. Each 
boiler unit has an evaporative capacity of 60,000 lb. of 
water per hour, and supplies steam at 350 1b. per square 
inch and a temperature of 680 deg. F. Normally, the 
boiler is fired by two Babcock and Wilcox forced-draught 
component-type chain-grate stokers, but auxiliary 
oil-burning equipment is also available. Sirocco 
apparatus is used for generating the balanced draught 
and Davidson dust collectors and Diamond soot 
blowers are provided. High operating efliciency is 
secured by use of a complete series of recording equip- 
ment, among which may be mentioned a Mono- 
duplex recorder which shows not only the CO, content 
of the flue gases, but detects the presence of any CO. 
The feed-water system is of the closed type, the 
make-up being evaporated and pre-heated, either by 
steam bled from the main turbines or direct from the 
boilers. The feed water enters the economisers at a 
temperature of 150 deg. and is heated to 250 deg. F. 
before reaching the boilers, a uniform level being 
maintained by Cope automatic feed-water regulators. 
As already mentioned, the generating plant installed 
in the first portion of the station consists of two 18,000 
kw. turbo-alternators and one 750 kw. house set. 
A general view of these machines, which were manu- 
factured by the British Thomson-Houston Company, 
Limited, is given in Fig. 3. The turbines of the main 
sets are of the single cylinder multi-stage impulse 
type. Theyrun at 1,500 r.p.m. and drive a 22,500 kv.-a. 
turbo-alternator, which supplies three-phase current 
at 5,500 volts, a frequency of 25 and a power factor of 
0:8. The alternators are also designed to give a 
maximum output of 22,500 kv.-a. at a power factor 
of 0-666. An auxiliary direct-current generator is 
carried on an extension of the alternator shaft and 
supplies current at 440/460 volts for operating the 
condenser auxiliaries, so that each main set forms a 
self-contained unit. In general, both the turbine and 
the turbo-alternator are constructed in accordance with 
the British Thomson-Houston Company’s standard 
practice, but there are some details to which attention 
may be drawn. One of these is the auxiliary turbine- 
driven oil pump, which is fitted with a Mason regulator, 
so that the pump automatically comes into action when 
the oil pressure falls below a certain figure. The main 
governor is operated by a 230-volt direct-current motor, 
and the emergency governor is fitted with an electric 
trip, so that the set can be shut down from the switch 
board. Each turbine is provided with a branch on 
the low-pressure casing, so that, as already mentioned, 
steam can be supplied to the feed heater. The alter- 
nator is of the totally enclosed, air-cooled type and is 
provided with a direct-coupled exciter and a complete 
system of electrical distance thermometers. 

The condensers are designed to maintain a 29-in. 
vacuum and to deal with 150,000 lb. of steam per hour, 
when passing 1,050,000 gallons of cooling water per hour 
at a temperature of 55 deg. F. The cooling surface of 
each condenser is 25,000 sq. ft. They are provided with 
divided water heads, so that one half can be shut down 
for cleaning. They were manufactured by Messrs. 
Cole, Marchent and Morley, Limited. There are two 
Delas steam-jet air extractors to each condenser, each 
of which is capable of full duty. The extraction and 
lift pumps are also in duplicate, one set being driven 
electrically and the other by a steam turbine. The 
latter exhausts into the heater steam range, while the 
Weir extraction pumps discharge into the closed feed 
system. The condensate temperature is raised from 
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Fia. 2. GENERAL VIEW OF STATION FROM THE RIVER SEVERN. 
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the air-extractor heater, the drain-cooler heater and 
the main feed heater. The latter is fed by the exhaust 
from the steam-driven auxiliaries and the vapour 
jrom the evaporator. Feed heating steam can also be 
obtained from the bleeder belt of the main turbine at a 
pressure of 11 lb. per sq. in. absolute. Each turbine 
has a separate evaporator, the steam for which is tapped 
off the high-pressure end of the main turbine at a 
pressure of 70 lb. per square inch or from the main steam 
pipe at a pressure of 325 |b. per square inch. The duty 
of each evaporator is 7,500 lb. of water per hour. A 
cushion tank is provided in the closed-feed system to 
act as a reservoir between the condensers and the boilers. 
The system generally is quite automatic and is con- 
trolled by a float, which actuates two automatic valves, 
one of which allows the surplus condensate to pass into 
the tank, while the other permits make-up water to 
pass from the tank to the condenser and thus into the 
feed system. 

The circulating pumps are in duplicate, each being 
capable of dealing with 63,000 gallons of water per 
hour. These pumps, which were manufactured by 
Messrs. Mather and Platt, are installed alongside the 
condensers, and draw the water from the River Severn 
through twin ferro-concrete culverts, each 62 sq. ft. 
in section. At the river end of each of these culverts 
is a fish screen and penstock, as well as a screen 
chamber in which are two 27-ft. diameter rotary 
screens. From the screen chambers, the water 
supply passes directly underneath the condensers, 
the pumps being designed to cope with the suction 
head necessary. The discharge circulating water 
is carried by a _ single ferro-concrete culvert, 
measuring 59-5 sq. ft. in section, to the river at the 
downstream end of the site. One of the pumps is 
driven by a 138 h.p. direct-current motor, which 
can be run at any speed between 615 r.p.m. and 
685 r.p.m. The other pump is driven by a 138 h.p. 
steam turbine running at 6,000 r.p.m., and geared 
down to pump speed through gearing supplied by 
the Power Plant Company. Each of the pumps is 
capable of delivering 60 per cent. of the total water 
required. 

The house generating set, already mentioned, 
consists of a turbine running at 6,000 r.p.m., and 
connected, through gearing, to a 750-kw. generator 
running at 600 r.p.m. This set supplies current at 
460 volts. The condenser has a cooling surface of 
1,300 sq. ft., and can deal with 9,800 lb. of steam 
per hour. In order that the vacuum may be raised 
quickly, the plant is fitted with an electrically-driven 
Edwards air pump. The circulating pump is also 
electrically driven. 

The switchgear in the station is of the British 
Thomson-Houston Company’s design and manufacture. 
The alternator pressure is raised to 33,000 volts by 
banks of three single-phase Brush transformers, 
arranged in brick compartments, as shown in Fig. 5. 
The main section of the switchgear is operated at 
the latter pressure, which is also used on the main 
outgoing transmission lines. Part of the output of 
the station is, however, stepped down again to 
11,000 volts for giving a supply in the neighbourhood, 
and, via another set of transformers, to 400 volts for 
use in the station. The station supply can also be 
obtained from the 33,000-volt system. 

The 33,000-volt switchgear is of the cellular type, 
the ’busbars and the generator and feeder oil switches 
being in duplicate. The isolating switches can be 
operated in groups of three by a lever attached to 
the front of the cubicles on the ’busbar floor, and are 
interlocked so that they cannot be opened when 
their associated oil switch is closed. The 11,000-volt 
gear is also of the cellular type, and, in general design, 
follows the arrangements employed for the higher 
pressure. In both cases, electrical remote-controlled 
operation is employed, and a view of the control room is 
given in Fig. 6. The low-tension switchgear is of the 
back-of-the-panel type. 

As is obvious from Fig. 2, the exterior of the Stourport 
station is architecturally rather more ornate than is 
the usual modern power station. It is built on 
sandstone rock, which lies 13 ft. to 16 ft. below 
the surface, and the foundations consist of groups of 
Raymond piles, the tops of which are bound together 
by reinforced-concrete beams, on which the final 
reinforced-concrete raft is superimposed. The raft 
has been designed in sections with spaces between 
them to allow for the movement that is expected 
to take place owing to the periodical flooding by the 
river. The superstructure is a steel frame with brick 
fillings, except in the case of the main elevations 
to the riverside, which are treated with Ketton stone 
facings. The floors are of reinforced concrete, and the 
roofs of the engine-room and switch houses are carried 
on Seigwart pre-cast hollow-concrete beams. 

The whole of the equipment of the station has 
been carried out to the designs of Mr. J. T. H. Legge, 
the chief engineer of the Shropshire, Worcester and 
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704 - ae 
THE LATE MR. J. H. HUMPHRYES. 


WE regret to note the death, following pneumonia, 
on May 22 last, at Johannesburg, of Mr. James Hulse 
Humphryes, chairman and managing director of 
Messrs. Braithwaite and Company, Engineers, Limited, 
Broadway Buildings, Westminster, London, S.W.1. 
Mr. Humphryes was born, at Wednesbury, on April 11, 
1869, and received his general education at Hartlebury 
Grammar School. At the age of 16, he entered upon 
an apprenticeship of five years with Messrs. Braithwaite 
and Kirk, West Bromwich. After completing his 
training period he was appointed draughtsman, and 
in that capacity was engaged on work in connection 
with bridge and roof construction, and hydraulic-press 
and machine-tool manufacture. Meanwhile his tech- 
nical education was continued at West Bromwich 
Science School. In 1891, Mr. Humphryes proceeded 
to Manchester to take up the appointment of draughts- 
man in the Ocean Ironworks of Messrs. Edward Wood 
and Company. He was there employed for some years 
on the design of factory buildings, bridges, cranes, and 
conveyors. During his spare time he attended science 
and engineering lectures at Manchester Technical 
School and at Owens College. In 1895, he was promoted 
to the rank of chief draughtsman and outside manager, 
and three years later he became a director of the firm, 
a position which he held for many years. In 1912, 
Mr. Humphryes joined the firm of Messrs. Braithwaite 
and Company as a partner, subsequently becoming 
chairman and managing director of that concern. He 
became a member of the Institution of Mechanical 
Engineers in 1909, and was for many years a member 
of the Manchester Association of Engineers. He was 
also a member of the Council of the Federation of British 
Industries, 








ROYAL METEOROLOGICAL SOCIETY. 
Tue usual monthly meeting of this Society was held 
on Wednesday, May 18, in the Society’s rooms, 49, 
Cromwell-road, South Kensington, Sir Gilbert Walker, 
C.S.1., F.R.S., the President, being in the Chair. The 
following papers were read and discussed :— 

“Cyclones and the General Circulation,” by Harold 
Jeffreys, D.Sc., F.R.S. The author said ‘that it 
appeared that, if there were no variation of temperature 
with latitude, the atmosphere could rotate with the earth 
like a rigid body, and this would be a stable state. But 
increase of temperature towards the equator implied 
that the velocity from the west must increase with 
height, and in these conditions it appeared that fric- 
tional interaction between different layers of the air, 
and between the lowest layer and the ground, would 
suffice to destroy any motion symmetrical about the 
earth’s axis. Irregular horizontal interchange of air 
must, therefore, be developed, and it seemed that this 
implied a system of cyclones resembling, in their main 
features, those we knew. One effect of the inter- 
change would be that the normal winds at the surface 
must be, on the whole, as much easterly as westerly, 
and reasons were suggested to explain why the easterly 
prevailing winds are near the equator and the westerly 
ones in higher latitudes. It seemed probable that this 
mechanism would give slow anticyclonic circulations 
near the poles, apart from possible local conditions 
tending to reverse or intensify such circulations.” 

«« Karly Water-mills in Relation to Changes in the Rain- 
fali of East Kent,” by George M. Meyer, B.A., Assoc. 
M.Inst.C.E. This paper stated that records of water- 
mills in the Domesday Book, and in medieval law-suits, 
showed that the streams of the district were of greater 
volume at the end of the eleventh century than to-day, 
and that the decrease was rapid about 1275. Early in 
the fourteenth century, silt was carried down by the 
Gestling or North Stream, whereas now practically 
none was brought down by that stream, or by the 
Stour, near its mouth. In the second part of the paper 
detailed reasons were given for considering that, in 
this district, the varying discharge of the streams 
represented approximately the changes in the rainfall. 
These variations had a profound effect upon the silting 
up of local harbours, a point which might well affect 
the choice of site for a new harbour if expected indus- 
trial developments in Kent materialised. 

** Report on Winter Thunderstorms in the British Isles 
from January 1 to March 31, 1926,” by S. Morris 
Bower, F.R.Met.Soc. The report contained charts 
and tables showing the distribution and frequency of 
thunderstorms during the above period, based on the 
records of about fifteen hundred observers. Further 
maps, showing the areas affected by certain storms, and 
a chart of the tracks of associated depressions, were 
included. The widespread thunderstorms about 
February 16, 1926, which appear to have accompanied 
the passage of five squall lines, were specially treated, 
and maps indicating, by isochronous lines, the move- 
ments of the various storms were given. Figures show- 


ing the diurnal variation in the frequency of winter 
thunderstorms in 1925 and 1926 were included and 
discussed. 
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grosser Kraftwerke. By Frrepericn Ti1TzeE. Berlin: 
Julius Springer. [Price 12 marks.] 

Western Australia. The Northampton Mineral Field. 
By R. C. Witson. Perth: Fred. W. Simpson. 

German Commercial Terms and Phrases. By R. Lusum. 
London: Effingham Wilson. [Price 4s. net.] 

The Law and Practice of Bankruptcy. By G. L. Harpy. 
Third edition. London: Effingham Wilson. [Price 
4s. net. ] 

The Association of Engineering and Shipbuilding Draughts- 
men. Design of Form Tools for Circular Work. By 
F. Cooxe. Offices of the 
[Price 2s. ] 

Achema-Jahrbuch. Jahrgang, 1926-27. Edited by Dr. 
Max Bucuner. Berlin: Verlag Chemie G.m.b.H. 
{Price 10 marks. ] 

Der Briickenbau. Vol. III. Part I. 
By Dr. Ing. eh. JosEPH MELAN. 
revised. Leipzig and Vienna: Franz 
[Price 26 marks. ] 

Spurenkunde der Elektrizitat. Elektrophysiographie. By 
Professor Dr. med SrEFAN JELLINEK. Leipzig and 
Vienna: Franz Deviicke. [Price 12 marks.] 

Spectroscopy. Vol.if. By E.C.C.Baly. Third edition. 
London: Longmans Green and Company, Limited. 
[Price 18s. net.] 

Mechanische Schwingungen und thre Messung. By Dr. 
Ing. J. GetcEr. Berlin: Julius Springer. [Price 
24 marks.) 

United States Bureau of Standards. Miscellaneous 


London : Association, 


Eiserne Briicken. 
Third edition, 
Deuticke. 


Publications. No. 77. Standards Year Book, 1927. 
[Price 1 dol.] Washington: Government Printing 
Office. 


Canada. Department of Mines. Mines Branch. No. 
679. Helium in Canada. By T. Extworruy. 
[Price 20 cents.] Ottawa: Department of Mines. 

Aeronautical Research Committee. Reports and 
Memoranda. No. 1055. Tests on Handley Page 
Aerofoil Aland R.A.F.31. Communicated by Handley 
Page, Limited. [Price ls. 3d. net.] No. 1058. 
D. M. Smith’s Method for the Determination of the 
Transverse Frequencies of Vibration of Uniform Beams. 
By T. W. K. Cruarxe and V. M. Fatxner. [Price 
9d. net.] No. 1067. On the Contraction of the Slip- 
Stream of an Airscrew. By H. Guavert. [Price 6d. 
net.] London: His Majesty’s Stationery Office. 

United States Department of C ce. Elimination of 
Waste. Simplified Practice Recommendation. No. 
52. Staple Vitreous China Plumbing Fixtures. No. 55. 
Tinware, Galvanized and Japanned Ware. No. 56. 
Carbon Brushes and Brush Shunts. No. 57. Wrought 
Iron and Wrought Steel Pipe Valves and Fittings. 
[Price 5 cents each.] Washington: Government 
Printing Office. 

Hydro-Electric Handbook. By Wit11amM P. CREAGER 
and Joret D. Justin. New York: John Wiley and 
Sons, Inc. London: Chapman and Hall, Limited. 
[Price 40s. net.] 

Jahrbuch der Brennkrafttechnischen Gesellschaft. E.V. 
Halle (Salle): Wilhelm Knapp. [Price 4°80 marks.] 

United States Public Health Service. Reprint No. 1114. 
Experimental Studies of Water Purification. I. 
Description of Experimental Water-Purification Plant. 
By F. J. Moss. II. Preliminary Review of Results 
of Primary Experiments. By H.W.STREETER. [Price 
10 cents.] Washington : Government Printing Office. 

Proceedings of the Institution of Mechanical Engineers, 
1926. Vol. II. June to December. London: Offices 
of the Institution. 

British Chemical Abstracts Index, 1926. 
Bureau of Chemical Abstracts. London : 
the Bureau. 

Kinetic Theory of Gases. 





Issued by the 
Offices of 


By Leonard B. Loeb. London : 


McGraw-Hill Publishing Company, Limited. [Price 
27s. 6d. net.] 
Properties and Testing of Magnetic Materials. By 


London: McGraw-Hill Publishing 


Thomas Spooner. 
[Price 25s. net.] 


Company, Limited. 








South Arrican Mintnc Drrectory.—Edited and 
compiled by Mr. 8. R. Potter, and published by The 
South African Mining Journal Syndicate, Limited, 
Johannesburg, ‘‘ The Year Book and Directory of the 
South African Mining and Engineering Journal,” for 1927, 
was issued recently. The volume is divided into two 
distinct sections, namely, a directory section and a year- 
book section. The first contains alphabetical lists of the 
principal engineering concerns, consulting engineers, and 
mining and industrial companies in the Union of South 
Africa, Rhodesia, Portuguese East Africa, etc. A useful 
section is that which contains particulars of some 2,000 
overseas manufacturers, together with the names of local 
representatives in South Africa. The year-book portion 
of the volume deals with the gold, diamond, platinum, 
coal, copper, tin, iron-ore, oil-shale, and other mining 
and metallurgical industries. Some general articles 
are given, but much space is devoted to the activities 
of individual metallurgical and industrial companies and 
mining groups. The book is of foolscap size and contains 
over 450 pages. It may be obtained from Messrs. Argus 
South African Newspapers, Limited, 72, Fleet-street, 
London, E,C.4,, and the price is 12s. 6d., post free. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Despite the largely unsatisfactory 
conditions in the steel and engineering trades, the Whit- 
suntide holiday was shorter than usual. Practically every 
branch of industry is feeling acutely the effect of foreign 
underselling, and the influx of orders is very limited. 
The price of blast-furnace coke has been reduced, and, in 
some instances, producers are offering supplies at 14s. 6d. 
per ton, compared with over 22s. per ton some two or 
three months ago. This weakening in coke prices has 
had a cheapening effect on pig iron. Though the price 
of Derbyshire and Lincolnshire pig wavers round about 
72s. per ton, users are content to hold off the market 
in anticipation of further reductions. It is not expected 
that the huge output of steel recorded last month will 
be repeated in the returns relating to current working. 
The steady decline of orders has resulted in at least six 
big steel-producing furnaces closing down, and, unless 
a change for the better is quickly made, a further 
restriction of output is certain. In the finished branches, 
more hopeful conditions exist. Railway and armament 
departments are working on a restricted basis, but 
electrical and automobile engineers are experiencing 
fairly active times. Wider use is being found for stainless 
steel, and electric furnaces are responsible for a growing 
output. The implement trades are badly hit by keen 
competition from Germany and America, but, taken as a 
whole, inquiries are more numerous. Business in 
matchets for use in the tropical industries has declined 
considerably, but an improved demand is experienced 
for special forks for the sugar-beet industry. 


South Yorkshire Coal Trade.—The market generally is 
cheerless, with business at a very low ebb. The amount 
of fuel being shipped abroad is very limited, being well 
below the seasonal average. The Whitsuntide holiday 
has had the effect of restricting both the demand and 
output on inland account, but, when working conditions 
return to normal, a revival is confidently expected. Steam 
coal is exceptionally weak, while Yorkshire and Notting- 
hamshire hards are obtainable at the low price of 16s. 
per ton. The call for housecoal is very disappointing, 
both country and town purchasers being reluctant to 
buy, despite the fact that prices tend to decline. Furnace 
and foundry coke are still in a weak position. Quotations : 
best hand picked branch, 27s. 6d. to 28s. 6d. ; best house, 
21s. to 22s. 6d.; screened house, 19s. to 21s. ; screened 
house nuts, 16s. to 17s. 6d.; Yorkshire hards, 16s. to 
17s.; Derbyshire hards, 16s. to 17s.; rough slacks. 
10s. 6d. to lls. 6d.; nutty slacks, 8s. to 9s.; smalls, 
3s. to 5s. 





NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 

The Coal Trade.—Interest has chiefly centred around 
the French decree prohibiting the importation of foreign 
coal except under licence. The measure, which has beer 
adopted for the purpose of preventing unemployment at 
the French pits, and to enable French coalowners to 
dispose of stocks brought about by over production, is 
meeting with strenuous opposition at the French ports 
and by French importers, as any reduction in imports 
will create unemployment at the docks and harbours. 
South Wales coal owners and exporters too have made 
representations to the Government on the matter, as any 
restriction in exports to France will be bound to react 
on the available employment in the South Wales coal- 
field. Already several ships chartered to carry coal to 
France, chiefly French vessels, have had their charters 
cancelled because the importers, the French State 
Railway and other Government departments, have not 
been able to secure import licences, a fact which has 
created an awkward position not only for shipowners, 
but also colliery owners and exporters, who are now 
compelled to find fresh outlets for the cargoes which were 
to have been shipped. The British Government has 
taken up the matter with the French Government, and 
it is hoped that a mutual agreement, satisfactory to the 
interests of French and British traders, will result. In 
the meantime the demand for Welsh coal is very limited, 
and, with declining business, temporary stoppages at the 
pits are becoming more frequent and of longer duration. 
Best Admiralty large coal is obtainable at 22s., with 
seconds from 21s. up, and Monmouthshires from 18s. 6d. 
up. Smalls, too, are more readily available at anything 
from 12s. 6d. to 14s. 6d. Shipments of coal in the past 
week, when work was suspended at the docks for two 
days and in the coalfield for three days, for the Whitsun 
holidays, amounted to only 421,090 tons, of which 
268,250 tons were shipped at Cardiff, 62,080 tons at 
Newport, 49,490 tons at Swansea, 39,770 tons at Port 
Talbot, and 1,500 tons at Llanelly. 


New Fuel Contract Form.—A new contract form for the 
sale of Welsh patent fuel has been virtually agreed to by 
the South Wales Patent Fuel Manufacturers’ Association 
and the exporters, and when it is formally ratified will 
apply to all future shipment contracts. |The new form 
will secure uniform, instead of varying conditions in regard 
to the sale and shipment of patent fuel. Any export 
duty, or similar tax on patent fuel, is to be paid by the 
buyers, and the re-sale of contract fuel in the United 
Kingdom is prohibited, failing mutual agreement. 





Conrracts.—Messrs. the Bedford Engineering Com- 
pany, Limited, have received an order from the Port o! 
London Authority for six electric cranes for the Royal 
Victoria Docks.—Following upon the installation of their 
auxiliary units in the S.S. Patras, Messrs. The Jaffa Engi- 
neering Company have received orders from her owners 
for all the auxiliary engines forseven new steamers. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—In the steel trade of Scotland 
conditions are beginning to vary at some of the works. 
There are still a fair number of contracts to be fulfilled ; 
one or two establishments, however, are not quite 
so fortunate as some of the others, their order books 
not being so heavy as they were, and fresh business 
coming forward very slowly. It is generally thought 
that buyers have contracts to place, and are still holding 
off, but inquiries in the market do not bear this out. 
One or two firms are well covered with business for a 
month or two yet, but all makers of heavy steel, to some 
extent at least, dread the future. In the black sheet 
trade there is a quietness in the heavier gauges, but the 
opposite is the case for the lighter and higher grades 
of black and galvanised qualities. In the latter con- 
nection bookings now represent a considerable tonnage, 
with prices getting firmer. The following are the 
current market quotations :—Boiler plates, 111. per 
ton; ship plates, 8/. 2s. 6d. per ton ; sections, 7/. 12s. 6d. 
per ton; and sheets, under ¥ in. to } in., 10/1. to 121. 
per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—There has been little change 
inthe malleable-iron trade of the West of Scotland during 
the week. Fresh business is very difficult to pick up, 
and even the reduction of 10s. per ton, lately made in 
prices, has failed to bring out much new tonnage. The 
re-rolled steel branches are also very quiet, and the 
outlook generally is not very promising. ‘ Crown” bars 
are 10/. 15s. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—A dull tone is all too general 
in the Scottish pig-iron trade, and there is no sign of any 
improvement. The demand for hematite, as well as 
for foundry grades, has quietened down, and current 
outputs are more than equal to the demand, with the 
result that stocks are increasing. Unless a decided 
improvement takes place before long, production is very 
likely to be curtailed. Prices are easier, and to-day’s 
quotations are as follows :—Hematite, 84s. per ton, 
delivered at the steel works ; foundry iron, No. 1, 87s. 6d. 
per ton, and No. 3, 82s. 6d. per ton, both on trucks at 
makers’ yards, 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, June 4, amounted to 515 tons. Of that total 
459 tons went overseas and 56 tons coastwise. For the 
correspondifig week of last year the figures were 168 tons 
overseas and 59 tons coastwise, making a total shipment 
of 227 tons. 








PerRsoNAL.—Sir Richard Tetley Glazebrook, K.C.B., 
F.R.S., has been appointed, by Order of Council dated 
May 26, 1927, to be a member of the Advisory Council 
to the Committee of the Privy Council for Scientific 
and Industrial Research. 





THE NEwcoMEN Socrety.—The summer meeting of 
the Newcomen Society has this year been arranged to 
take place in the London area from June 16 to 18, next. 
The proceedings will begin at 10 a.m. on the first day, 
when a visit will be paid to the Operative Department of 
the Royal Mint. The afternoon will be spent in visiting 
Messrs. Bryant and May’s match works and museum of 
firemaking appliances, Fairfield-road, Bow. At 5 p.m., 
motor coaches will leave for a drive to Epping Forest. 
The annual dinner of the Society will take place at the 
Roebuck Hotel, Buckhurst Hill, at 7.30 p.m. On June 17, 
a visit will be paid, in the morning, to the bookbinding 
establishment of Messrs. Robert Riviere and Son, 33, 
Heddon-street, W.1, and to the gold-beating establish- 
ment of Messrs. Geo. M. Whiley, 54, Whitfield-street, 
Tottenham Court-road, W.1. A drive to the Metro- 
politan Water Board Stations at New River Head, 173, 
Rosebery-avenue, E.C.1, and at Kew Bridge, has been 
arranged for the afternoon. On Saturday, June 18, 
@ visit will be paid to the Church Bell Foundry, of 
Messrs. Mears and Stainbank, in Whitechapel-road. 





BritisH Imports INTO FRANCE.—Franco-British trade, 
and, more particularly, British imports into France, 
have in the past been materially hampered by the low 
purchasing value of the franc. It is a question, however, 
whether the seriously disquieting instability of the franc 
was not a still greater obstacle, converting as it did, 
international trade into a mere speculation, in which 
one of the parties concerned was bound to lose.. During 
the past few months, however, the franc has not only 
regained some of its former value, both on the interior 
market and on the exchange, but a much greater degree 
of stability has been reached. As stated in the recently- 
issued annual report of the British Chamber of Commerce 
in Paris, under these conditions, British business with 
France enters upon a new era of possibilities, and it is 
sincerely to be hoped that no excessive Customs duties 
or prohibitions of imports will intervene to obstruct a 
trade revival. Many British exporters, owing to recent 
adverse conditions, have abandoned the French market 
Wholly or in part, but with a return to more favourable 
Conditions resulting from a partially rehabilitated franc 
and more stability, it behoves all British manufacturers 
and merchants to lose no time, and to leave no stone 
unturned, to regain lost customers and to develop existing 
relations, before foreign suppliers succeed in pressing their 
wares upon French buyers, which competition will cer- 
tainly be forthcoming in the near future. The British 
Chamber of Commerce in Paris, the offices of which are 
at 6, Rue Halévy, Place de l’Opéra, Paris, 9e, is anxious 
to assist its members by giving them full information 
Ts trade openings and commercial possibilities 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Buyers of Cleveland 
pig iron continue to seek price concessions, but 
producers declare that present quotations are altogether 
unremunerative, and that, rather than add to their 
losses by again lowering prices, they will put more 
furnaces out of blast. Notwithstanding curtailment of 
output by the damping-down of two furnaces, output 
is still in excess of current needs, with the result that 
stocks continue to increase steadily. Export business 
is almost unheard of, and sales to local and other home 
customers are on a very moderate scale only. Iron- 
masters are consuming the bulk of the production at 
their own steelworks, but they experience difficulty 
in disposing of a portion of the excess quantities on 
the open market. The outlook for the near future is 
thus quite gloomy. No. 1 grade is 72s. 6d.; No. 3 
g.m.b., 70s.; No. 4 foundry, 69s.; and No. 4 forge, 
68s. 6d. 


Hematite.—The production of East Coast hematite has 
been reduced to an extent which should enable manu- 
facturers to get rid of some of the accumulations of 
iron at their yards. Values, however, are still weak. 
Producers are keenly pressing sales, and do not hesitate 
to accept orders at below recognised market rates, 
which stand at 79s. for mixed Nos., and 6d. above that 
figure for No. 1 quality. 


Foreign Ore——Consumers of foreign ore are off the 
market as they have large stocks, and heavy imports 
to accept against contracts, but sellers still base market 
prices nominally on best rubio at 22s. c.i.f. Tees. 


Blast-Furnace Coke.—Local users of blast-furnace 
coke are not attracted by the further fall in that com- 
modity. Makers threaten to close down ovens as prices 
are unprofitable, but customers confidently look for 
still lower rates ruling very shortly. Durham good 
medium kinds are 2ls. 6d. delivered here. 


Manufactured Iron and Steel.—Finished iron and steel 
manufacturers have fairly good order books, and some 
descriptions of material are selling a little better, but 
transactions continue to fall far short of what is 
necessary to keep works well employed. Common iron 
bars are 11/7. 5s.; iron rivets, 12/. 5s.; steel rivets, 12/. ; 
packing (parallel), 8/.; packing (tapered), 11/.; steel 
billets (soft), 71. 12s. 6d.; steel billets (medium), 
81. 2s. 6d.; steel billets (hard), 81. 12s. 6d.; steel ship 
plates, 8/. 2s. 6d.; steel angles, 7/. 12s. 6d. ; steel joists, 
7l. 12s. 6d.; heavy steel rails, 8. 10s.; and galvanised 
corrugated sheets (24 in. gauge), 141. 15s. 


Shipments of Iron and Steel.—May shipments of iron 
and steel from the Tees totalled 92,655 tons, as compared 
with 106,323 tons in April. Last month’s loadings 
were composed of 14,476 tons of pig iron, 6,062 tons 
of manufactured iron, and 72,117 tons of steel. Scotland 
was, once more, the largest customer for pig iron with 
5,049 tons ; while the Cape took 1,845 tons ; Denmark, 
1,440 tons; and Germany, 1,080 tons. Australia, with 
777 tons, was the largest purchaser of manufactured 
iron. India was, as usual, by far the heaviest importer 
of steel, receiving 17,983 tons. Other principal customers 
for steel were: Argentina, 9,676 tons; Australia, 
6,904 tons; Japan, 3,223 tons; Ceylon, 2,425 tons ; 
Portuguese East Africa, 2,163 tons; Natal, 2,001 tons ; 
and Tanganyika, Siam, the Cape, Egypt and New 
Zealand each over 1,000 tons. 





THE Puysicat Socrety.—According to the annual 
report for the year 1926 of the Council of the Physical 
Society, the members on the roll numbered 690 on 
December 31, 1926, this figure representing an increase 
of 23 over the total at the end of the previous year. 
At the science meetings held during the year, 32 papers 
were presented and 12 demonstrations given. The 
average attendance at the meetings of the Society was 54, 


THE Port or Hutt.—In his preface to the 1927 issue of 
The Port of Hull Annual, Mr. James Downs, O.B.E., 
President of the Hull Incorporated Chamber of Commerce 
and Shipping, states that, during the past year, the coal 
stoppage inevitably affected the whole of the trade of 
the Humber ports. One bright gleam which emerged 
from the situation, however, was the recognition that, 
for industrial purposes, our coal stands pre-eminent 
over all other European kinds and qualities, and the 
excellence of this advertisement and the proved superio- 
rity of the British product for both shipping and manu- 
facturing purposes will be of great benefit in competition 
with the coal of other countries in Continental markets. 
A study of the figures relating to local shipping shows 
that, in spite of industrial difficulties encountered during 
1926, a healthy activity has been maintained, and the 
total amount of tonnage docked is greater than that 
recorded during the previous year. During 1925, some 
6,258,900 net registered tons of shipping entered the Port 
of Hull, whereas the corresponding figure for 1926 was 
6,345,050 net tons. The year-book contains much infor- 
mation regarding the import and export trade of Hull and 
of the Humber ports. A good deal of space is devoted to 
the coal trade, but articles on the equipment of Hull 
Docks, inland water transport, shipbuilding on the 
Humber, deep-sea fishing, and the timber trade in 1926, 
are also included. The book contains several maps and 
is well illustrated ; many tables of statistics relating to 
industry and commerce are also given. It is edited and 
published by Mr. H. E. Cooper Newham, and is issued at 
the office of the Port of Hull Monthly Journal, Bishop 
Lane, Hull. The price is 3s, 6d. net, or post free, 3s. 9d, 





THE INSTITUTION OF GAS ENGINEERS.—Annual General 
Meeting, Tuesday, June 14, to Friday, June 17, at the 
Institution of Electrical Engineers, Savoy-place, Victoria- 
embankment, W.C.2. Tuesday, June 14, at 10 a.m. 
Presidential Address by Mr. John Wilkinson. Report of 
the Advisory Committee on Education, presented by 
Mr. F. W. Goodenough. Seventeenth Report of the 
Gas Investigation Committee—Examination of Products 
of Combustion from Typical Gas Appliances. Part IT. 
Gas Fires. At 3.15 p.m. ‘“ Modern Carbonizing Econo- 
mics as Exemplified by results and Working Costs at the 
Works of the Portsmouth Gas Company,” by Mr. T. 
Carmichael. Eighteenth Report of the Gas Investiga- 
tion Committee—Studies in Carbonization—Part II. 
Size of Coal, Admixture, Inorganic Compounds. At 
8 p.m., Reception and Dance at the Connaught Rooms, 
Great Queen-street, W.C.2. Wednesday, June 15, at 
10 a.m. ‘‘ Ovens as a Gas-Works Carbonizing Plant,” 
by Mr. G. M. Gill. Report of the Institution Fellowship 
on ‘ Influence of the Ash Constituents in the Carboniza- 
tion and Gasification of Coal ’’—Part III., Gasification 
of Special Cokes”: (a) “In Steam,” by Mr. J. A. 
Sutcliffe and Mr. J. W. Cobb; (6) ‘‘ In Carbon Dioxide,” 
by Mr. W. R. Branson and Mr. J. W. Cobb; (c) ‘In 
Oxygen,” by Mr. F. J. Dent and Mr. J. W. Cobb. At 
3.15 p.m., “The Dry Cooling of Coke,” by Mr. J. P. 
Leather. Report of the Refractory Materials Joint 
Committee, presented by Mr. J. P. Leather. Thursday, 
June 16, at 10 a.m. ‘‘ Some Experiences of Gas Service,” 
by Mr. J. H. Canning. Friday, June 17, at 8.30 a.m. 
Visit to Nottingham. 


Tue InstrrutTion or MunicrpaAt AND County ENcar- 
NEERS.—Annual General Meeting, Wednesday, June 15, 
to Saturday, June 18, at the Pavilion, Torquay. Wednes- 
day, June 15, at 10 a.m., Presidential Address by Mr. E. 
Willis. At 2 p.m. Visit to Kingswear. Thursday, Junel6, 
at 9.15 a.m., Address by Mr. E. A. Sandford Fawcett on 
“The Engineering Departments of the Ministry of 
Health and Local Government Authorities.”” Address 
by Mr. G. L. Pepler on “'Town Planning of Built Areas.” 
Discussion on ‘‘Some Problems of Seaside Health 
Resorts,” by Major L. Roseveare. ‘‘ Slum Areas under 
the Housing Acts,” by Mr. F. Marsden. At 2.15 p.m., 
“Sewage Disposal in 1927,” by Mr. J. D. Watson. 
“Comparative Advantages of Powers for Pumping,” 
by Mr. A. E. Collins. Address on ‘“‘The Road and 
Transport Position in 1927,” by Sir H. Maybury. At 
7.30 p.m., Annual Dinner at the Town Hall, Torquay. 
Friday, June 17, and Saturday, June 18. Various 
Visits and Excursions. 


Tue Socrety or Guiass TECHNOLOGY.—Wednesday, 
June 15, at 2.30 p.m., at the University, St. George’s- 
square, Sheffield. ‘‘ Gaseous Fuels for Furnace Heating,” 
by Mr. R. Wigginton. ‘“‘The Thermal Expansion of 
Some Boric Oxide Glasses and Some Remarks on the 
Influence of the Inhomogeneity of the Glass,”’ by Professor 
W. E. S. Turner, and Mr. F. Winks. 


THE Royat METEOROLOGICAL Socrety.—Wednesday, 
June 15, at 5 p.m., at 49, Cromwell-road, South Kensing- 
ton, S.W.7. ‘* Report on the Phenological Observations 
in the British Isles, December, 1925, to November, 1926,” 
by Mr. J. E. Clark, Mr. I. D. Margary and Mr. R. Mar- 
shall. ‘‘ Past Climates,’”’ by Dr. G. C. Simpson. ‘“‘ The 
Variation of Eddy Viscosity with Wind Velocity and 
Season. A Study Based on Pilot Balloon Observations 
at Melbourne,”’ by Mr. H. M. Treloar. Communicated by 
Dr. E. Kidson. 








DRAWN-STEEL REINFORCEMENT Bars.—The revision 
of the British Standard Specification No. 15, 1912, 
Structural Steel for Bridges and General Building 
Construction, has been engaging the attention of the 
British Engineering Standards Association for some time 
past, and, at the instance of the Institution of Structural 
Engineers, it has been agreed that consideration shall be 
given to the preparation of a British Standard Specifica- 
tion for Drawn-Steel Bars for Reinforced-Concrete Con- 
struction, which have not, up to the present, been dealt 
with by the Association. 


THE BirmincHam ExcHance.—The Directory of 
Members, Subscribers, and Representatives of the Birming- 
ham Exchange, for 1927, has recently come to hand, As 
was the case in former issues, the book gives, firstly, an 
alphabetical list of members and subscribers of the 
Exchange, and, secondly, an alphabetical list of the 
holders of admission tickets, stating also the firms whom 
they represent. The book concludes with a classified 
index of professions and trades. Information relative to 
the Exchange and to its various activities is also included. 
The book, priced at 2s. 6d., may be obtained from the 
Secretary, The Birmingham Exchange, Birmingham. 


DIRecTory oF QuARRIES.—We have received from the 
publishers, Messrs. The Quarry Managers’ Journal, 
Limited, 160, Edmund-street, Birmingham, a copy of the 
recently-issued Directory of Quarries, Sand-Pits, Brick- 
works, d&c., for 1927. The book is divided into three 
main sections, the first of which is an alphabetical list 
of quarries, brick and tile works, and sand and gravel 
pits. For easy reference, each letter of the alphabet is 
divided into these three sub-sections. The second main 
section of the volume comprises a geographical division 
by counties ; the list for each county is again divided 
into the same three sub-sections. The third main section 
consists of a list of quarries arranged only, according 
to the nature of their products. The book, which measures 





8}in. by 5} in,, contains 170 pages and is priced at 5s. net. 
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REINFORCED-CONCRETE SILOS FOR THE SHREDDED WHEAT COMPANY. 


CONSTRUCTED BY MESSRS. PETER LIND AND COMPANY, ENGINEERS, LONDON. 


(For Description, see Page 712.) 
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THE OPTICAL SOCIETY. 


At the meeting of the Optical Society, held at 
the Imperial College of Science and Technology on 
Thursday, April 7, a paper entitled ‘ Huygens’ 
Principle and 'he Phenomena of Total Reflection,” was 
read by Professor C. V. Raman, F.R.S. In this paper, 
the phenomena of total reflection were considered 
de novo, from the standpoint of the principle of 
Huygens, no use whatever being made of the Fresnel 
formule for reflection and refraction. Professor Raman 
stated that Huygens’ principle enabled us to evaluate 





the disturbance appearing in the second medium 
when light was incident on the boundary between 
two media and was totally reflected into the first 
medium. The disturbance took the form of a super- 
ficial wave moving parallel to the boundary. The 
existence of such a superficial wave was shown to 
involve, as a necessary consequence, an acceleration 
of the reflected wave with reference to the incident 
wave, the acceleration being zero at critical incidence 
and increasing to half an oscillation at grazing 
incidence. The intensity of the superficial wave, at 
critical incidence, was greater for the component having 
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the magnetic vector parailel to the surface, but 
diminished more rapidly with increasing incidence 
than for the component having the electric vector 
parallel to the surface; the phase-advance reached 
its maximum value correspondingly sooner. The 
phase-angle between the two components was evaluated 
and found to be an acute angle, in agreement with 
the classical treatment based on the Fresnel formule, 
but in disagreement from the conclusions of Lord 
Kelvin and Schuster. The source of error in the 
Kelvin-Schuster treatment was pointed out. Experi- 
mental evidence regarding the magnitude of the 
phase-advance of each component _ separately one 
available, and was in agreement with the classical 
theory. Finally, a method was described by which 
the distribution of intensity, state of polarisation, 
and direction of flow of energy in the superficial 
wave might be studied experimentally. 
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THE NEW HYDRAULICS. 


TEN years ago, both the student of theoretical 


hydrodynamics and the practical constructor of 
submarines or air-craft would probably have agreed 
that the smoother and less irregular the surface of 
a submerged body, the less would be its resistance 
to motion. It is consequently somewhat startling 
to find that experiment shows that this very reason- 
able conclusion does not always hold good, and that 
in certain cases surface irregularities may actually 
give rise to a diminution of resistance. This was 
demonstrated in perhaps the most novel of the 
experiments discussed by Professor Prandtl in his 
recent Wilbur Wright lecture, where he showed that 
the dead-water space behind a sphere exposed to an 
air current could be very materially diminished by 
fixing a ring of wire on the front of the ball. This 
highly paradoxical result is no doubt mainly due to 
the fact that for real fluids a sphere is not a stream 
line form. The stream lines in fact always separate 
from the surface with a resultant Helmholtz- 
Rayleigh layer of discontinuity. The effect of 
adding the wire ring is to produce a layer of fluid in 
vortical flow, which appears to act pretty much 
as if the flow were laminar, but the fluid has 
a variable viscosity, the maximum being at the 
surface of the solid, and thence shading off rapidly 
to the normal value. It is readily comprehensible 
that the more viscous a fluid, the greater is its 
tendency to hug the surface of any body round which 
it flows. This was well illustrated, by Hele-Shaw’s 
experiments, in which, by arranging matters so that 
inertia forces were insignificant in comparison with 
the viscous forces, stream line flow was obtained 
round obstacles even of the most bizarre shapes. 
Nevertheless, Prandtl’s result that in certain cases 
the formation of a vortical layer diminishes resistance 
must be regarded as distinctly paradoxical. 

We have long been familiar with transitions from 
stream line flow to turbulent flow, but this change 
always implies a dissipation of energy and an 
increased resistance. There are, however, some 
notable exceptions to the general rule that tur- 
bulence leads to an increase of friction losses. In 
the case of pipes traversed by fluids at speeds 
below the critical, we get laminar flow, because in 
these conditions the dissipation of energy is greater 
than if the flow were turbulent. In the latter 


case, the loss of head varies approximately as 
the second power of the speed, whilst in laminar 
flow it is proportional to the speed. Hence, if the 
speed of flow be diminished from a high velocity 
to a very small one, a point must ultimately be 
reached at which the loss will be greater with laminar 
than with turbulent flow, and by the second law of 
thermodynamics there will therefore be a tendency 
at this point for the one type of flow to change 
into the other. As an extreme case, it has long 
been noted that at zero speed the efficiency of a 
nozzle must be zero, whereas, if the flow remained 
turbulent, the efficiency would be much the same at 
all speeds. In the case of the Prandtl experiment, 
however, the effect does not appear to be due to a 
change of laminar into turbulent flow, but to the 
fact that the addition of the wire tends to reduce 
the size of the dead-water space. 

The most notable fact about the new hydraulics 
has been the rehabilitation of the mathematical 
theory. We now know that so far as the flow round 
a body is concerned, the motion, save in the imme- 
diate neighbourhood of the obstacle or of its wake, 
is directly derivable from a potential, and is thus 
mathematically manageable. We also know now 
that the resultant force, to which experience shows 
that even a stream line body is subject wher 
immersed in a moving fluid, is either wholly or 
partially due to circulation, a term which, 10 or 15 
years ago, was hardly known, even by name, to the 
majority of aeronautical designers and naval 
architects. When a moving form is immersed in 
a moving fluid, it generally exhibits the phenomenon 
of lift, and the photographs exhibited by Professor 
Prandtl in his Wilbur Wright lecture throw a good 
deal- of light on how this lift is generated. Since the 
pressure on the under side of an aeroplane is higher 
than that at the upper surface, fluid speeds are, in 
accordance with Bernoulli’s principle, correspond- 
ingly smaller there. Hence the fluid passing below the 
plane does less work against the shearing forces than 
that which have travelled over the plane. Hence 
when the two sets of streamlines meet at the tail, 
we get a surface of confluence. The pressure must 
necessarily be the same at both sides of the surface. 


Since, however, the upper streamlines, owing 
to the greater friction losses they have experienced, 
arrive at the trailing edge of the wing with less 
energy than the fluid which has passed below the 
wing, the velocity of the flow changes abruptly 
on passing through the surface of confluence. A 
discontinuity of any kind at such a surface favours 
instability. An experiment of Osborne Reynolds 
exhibited in 1883 provides an interesting illustration 
of this general principle. He half-filled a horizontal 
tube avith carbon disulphide and the remainder 
with water. The surface of separation proved to 
be extraordinarily sensitive. So much so that 
when the tube was oscillated breaking waves were 
sometimes formed. It is this kind of action which 
occurs in the wake of an aeroplane, and which 
seems to make hopeless any mathematical discussion 
of wake phenomena. This is unfortunate, since 
in turbulent flow through a pipe or channel the 
fluid may be regarded as practically all wake. In 
this case the turbulence in place of being confined to 
strictly limited regions, as it is when a fluid passes 
round a body, extends through the greater part of 
the whole flow. It seems probable, therefore, that 
the new hydraulics will prove distinctly less use- 
ful to the centrifugal pump designer than to the 
aeronautical engineer and naval architect. Never- 
theless, such experiments as those of Professor Hahn 
described in an issue of February 11, page 178, 
are distinctly instructive, at any rate in a qualita- 
tive sense. Professor Hahn showed that it was 
possible, by electrical methods, to map out the 
lines of flow which would be followed by an ideal 
fluid passing through the pump, and exerting on the 
vanes the same forces as an actual fluid of equal 
density would do. Although the vanes used in 
the model were of quite reasonable design, the 
experiment showed that in the neighbourhood of 
the delivery edges there were extraordinarily 
abrupt changes in the direction of the lines of flow. 
It is safe to conclude that with actual fluids there 
would be heavy hydraulic losses in these regions. 
It seems possible that Professor Hahn’s methods or 
some variant of them may therefore prove useful in 
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discriminating between good and bad forms of vane, 
but, in view of the kind of turbulence met with in 
pipes and channels it seems unlikely that they can 
lead to useful quantitative results. 

On the other hand, the new hydraulics has 
done much to co-ordinate observations on wing 
forms and on propellers, and its methods are 
undoubtedly capable of further useful develop- 
ments, even although mathematicians may fail to 
obtain more complete solutions of their hydro- 
dynamic equations. So far success has for all 
practical purposes been confined to the two mutually- 
exclusive sets of conditions. Thus, neglecting viscous 
forces, the character of the flow round a cylinder 
was determined many years ago, and later on 
Jowkowski showed that the flow round certain 
wing forms could be derived from this by a com- 
formal transformation. In this connection it is 
interesting to note that the modern wing form was 
discovered by the purely empirical work of Horatio 
Phillips, and that it was only many years later 
that it was proved that a nearly identical stream 
line form could be derived from a cylinder. This 
affords yet another instance of how the engineer is 
so frequently compelled to pioneer ahead of the 
army of science. 

Useful results have also been derived by mathe- 
matical methods when inertia forces could be 
neglected in comparison with viscous forces, and it 
was in this way that Osborne Reynolds established 
the mathematical theory of lubrication, which, as 
developed by Michell and others has led to such 
extremely important practical applications. Where, 
however, viscous forces and inertia forces are of 
a similar order, the equations of motion become 
so complicated that extremely little has so far 
been accomplished in obtaining results of a directly 
useful character. This condition of affairs is met 
with near the surfaces of solid bodies washed by 
a fluid, and it would be of great interest and probably 
highly instructive were the mathematicians able 
to disentangle the complicated phenomena here 
encountered. 








THE INFLAMMATION OF COAL DUST. 

WHETHER from the practical or the scientific 
point of view, the study of coal is a curiously 
complex business. Currently, a coal is spoken of 
as though it were a single material, and until 
recent years only a few different kinds had been 
distinguished. In fact, however, coal is a collective 
term, signifying the fossilised product of prehistoric 
forests and plants as they have been left after 
the transformations and catastrophes that have 
occurred during geological time. Some such 
generic term is undoubtedly necessary in dealing 
with these complex deposits, which have to be 
mined as they occur, but its use does not alter 
the fact that the substances it embraces are of 
very variable composition, differing sometimes 
from foot to foot even within the same seam. 
General statements cannot be made safely in 
regard to such materials without the study of 
them in particular groups, and the large amount 
of investigation that is proceeding at the present 
time consists to a great extent in determining 
how far the subdivision must be carried before 
its results can be used safely for practical purposes. 
This necessity is more evident in considering the 
natural processes that go on in coal than those 
that follow on its being artificially heated. It 
has given rise to a great deal of valuable work 
during the past five or six years, conducted for 
the Safety in Mines Research Board, the last of 
whose reports has just been issued.* 

Since Faraday in 1844 pointed out the influence 
of coal dust in propagating flame, and later know- 
ledge has shown that it may even originate 
explosions, the need of further investigation has 
been apparent, and even before the war it had 
been demonstrated that the mixture of 50 per 
cent. or more of stone dust deprived coal dust 
of its explosive power. The programme on which 
the Board is working includes a number of investi- 
gations defining this property more closely, and 





* Safety in Mines Research Board: Paper No. 33. The 
Inflammation of Coal Dust: The Effect of the Chemical 
Composition of the Dust. By T. N. Mason and R. V. 
Wheeler. H.M. Stationery Office. [Price 6d, net.]} 
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endeavouring in particular to discover how the 
inflammability of the coal may be affected by 
its composition. So far as these investigations 
are applied to the study of coal-dust explosions, 
they include both the factors on which the ignition 
of the dust depends and those that determine 
the continued propagation of flame throughout 
a dust cloud. The present report relates to the 
ignition of coal dust, and is described as an attempt 
to correlate the chemical composition of a coal 
with the inflammability of its dust as determined 
by large-scale tests. It has been found in practice 
that dusts from different bituminous coals, though 
of the same degree of fineness, differ widely among 
themselves in the readiness with which they can 
be ignited. The fineness of the particles, and 
possibly also their shape and the proportion of 
impurities, are not without effect on the ease of 
ignition, and doubtless each of these factors, like 
the chemical composition, may vary with each seam 
and perhaps within each. For practical purposes 
it is impossible to make large-scale tests on each 
seam, and the Board has, therefore, undertaken 
the more general inquiry into the influence of 
each of the more important factors on which the 
inflammability of the dust depends. In the present 
experiments the fineness of the dust was kept as 
nearly constant as possible, and the effect of 
varying chemical composition was studied. The 
method of investigation adopted was to determine 
the amount of incombustible dust required to be 
mixed intimately with each coal dust in order 
to produce a mixture that would just be incapable 
of allowing the flame from a standerd means of 
ignition to spread through a definite distance of 
gallery. A series of comparative experiments was 
made on coal from 12 British seams of bituminous 
coals and seven New Zealand seams of lignite. 
They were conducted in a gallery about 300 ft. 
long by 38 in. diameter, closed at one end, and 
ignition was effected by the flame from 28 oz. 
of gunpowder blown out from a small cannon 
placed 50 ft. from the closed end of the gallery. 
The incombustible material was fullers’ earth of 
a fineness that passed 80 per cent. to 85 per cent. 
through a 200-mesh sieve (I.M.M. Standard), 
and the coal was ground to about the same fineness, 
though in the New Zealand samples a proportion 
was still finer, and got lost through the muslin 
collectors. 

The result of the experiments showed that, 
with the exception of one coal, the dust of which 
under no conditions seemed able to propagate 
flame throughout the whole length of the gallery, 
an alteration of 5 per cent. made at about the critical 
point in the percentage of incombustible material 
caused in each instance the difference between 
propagation of flame throughout the whole length 
of the gallery and its arrest at half that length 
or less. In each case the amount of dust laid down 
in the gallery was that which had been found most 
favourable to the propagation of flame. No 
appreciable difference in the limits of inflamma- 
bility was found between fresh dust and that 
which had been weathered for some time and 
had undergone considerable oxidation. Taking the 
inflammability of the coal to be measured by the 
amount of incombustible dust that had to be 
mixed with the coal in order to prevent continued 
propagation of flame under the conditions of the 
test, a rough relationship was found between the 
chemical properties of the bituminous coals tested 
and the inflammability of their dusts. This rela- 
tionship appeared in the content of volatile matter. 
Much of the volatile substances may be in them- 
selves incombustible, and the total figure cannot 
therefore represent directly the inflammability of 
the coal. Its relationship to the inflammability 
seems, however, to have been particularly close, 
though in the lignites the proportion of incom- 
bustible volatile matter was too high to allow such 
a relationship to appear. The results seem also 
to have been affected by the absolute fineness of 
the dust, which in varying proportions may have 
been considerably more minute than the meshes 
of the sieve through which it had passed. By a 
method depending on the electrical charges 
developed when coal dust clouds are produced in 
air, it was found possible to deduce a “ fineness 





factor,” which would take account of any differences 


in the dimensions of the sieved coal. When the 
results of the experiment were plotted, to show 
the total incombustible matter in the mixed dusts 
that failed to propagate flame throughout the 
gallery, against the volatile matter multiplied by the 
fineness factor, instead of against the uncorrected 
volatile matter, a lineal relation was still more 
clearly apparent. It was found that the fine dusts 
were derived from the coals containing the higher 
percentages of volatile matter. or possibly may 
themselves have been richer in it. 

A good deal more work is obviously necessary 
before the conditions of the inflammability of coal 
dust can be expressed in their simplest form. It 
will be interesting to see how far the results may be 
found ultimately to be related to those that are 
being obtained at H.M. Fuel Research Station, in 
the laboratory investigations now being carried 
on into the behaviour of coal on heating and on the 
products of distillation or carbonisation. A report 
by Dr. J. G. King and Mr. R. E. Willgress, recently 
issued for the Fuel Research Board,* suggests that 
in the primary decomposition of coal the tempera- 
ture of initial decomposition is appreciably lower 
than has hitherto been believed. Till recently, for 
instance, it has been thought that coal may be pre- 
heated and dried at a temperature of about 250 
deg. C. without fear of decomposition, and, in the 
laboratory extraction of coal with solvents, benzene 
has been used under pressure at a temperature of 
250 deg. C. These procedures were justified by a 
variety of earlier observations, tending to show 
that no decomposition of coal occurred under 
280 deg. C., or even higher temperatures. The 
results of the present report seem, however, to show 
that in the earlier experiments the material first 
decomposed remained in the distilling vessel for 
a certain time while the temperature was rising, 
and only came under observation after it had been 
raised substantially above the temperature at which 
it was first decomposed. In the present experi- 
ment this possibility was avoided by distilling the 
coal in a current of inert gas, which withdrew the 
products of decomposition as fast as they were 
formed, and led them into an observation tube 
kept at a low temperature, in which they were 
instantly condensed. Under these conditions 
visible quantities of liquid oils were produced at 
temperatures varying from 180 deg. C. for peat, 
to 215 to 245 deg. C. for bituminous coals, and the 
decomposition continued for at least some hours 
if the coal was maintained at its initial temperature. 
This is a result that must be connected intimate- 
ly with the mechanism both of the spontaneous 
combustion of coal in bulk and with that of coal 
dust explosions in mines and elsewhere. Having 
regard to the fact that coal in store heats up from 
cold, the circumstance of its beginning to decom- 
pose at a lower temperature than was thought 
likely may have no great practical importance. It 
seems likely, however, to have a direct bearing on 
the ultimate definition of the conditions of coal 
dust explosions. 





INDUSTRIAL RESEARCH 
ASSOCIATIONS. 


In the annual report of the Department of Scien- 
tific and Industrial Research, an account of which 
appeared recently in these columns,t it was stated 
that, with the co-operation of independent experts, 
the Department had investigated the work done by 
each industrial research association that had been 
established five years, with a view to considering 
the renewal of State support for a further period. 
On the results of these investigations as well as on 
the knowledge it has acquired in administering its 
grants, the Department has now issued an important 
statement, exhibiting some of the results that the 
associations have attained.{ The importance of 
recognising what has been done is expressed in @ 
short preface by Lord Balfour. He points out that 





* Department of Scientific and Industrial Research. 
Fuel Research: Technical Paper No. 16. H.M. Stationery 
Office. [9d. net.] 

+ Page 410, ante. 

t Co-operative Industrial Research: An Account of the 
Work of Research Associations and of the Government 





Scheme. H, M. Stationery Office. [Price 9d. net.] 
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bad trade and foreign competition, though they 
create a special need for research, reduce the 
ability of manufacturers to undertake it. The 
industries of the United States and of Germany 
have adopted a policy of continuous research which 
has brought them a rich reward, and the present 
publication shows that in this country, at least, a 
real advance has been made in the same direction. 
The magnitude of the work that has been carried 
out by industrial research associations is indicated 
by the fact that up till March 1, 1926, they had 
received from the Department grants of about 
570,000/., while subscriptions from the industries 
concerned amounted to 564,0001., excluding a sum 
of 255.0001. promised or paid to the Cotton Research 
Association by the Cotton Trade War Memorial 
Fund. 

A conspicuous example of practical results already 
obtained is furnished by the work of the British 
Electrical and Allied Industries Research Associa- 
tion on buried cables. In Great Britain, the cost 
of cables is stated to be about one-third to one-half 
of the total cost of electrical generating and dis- 
tributing plant, and it is therefore a matter of great 
economical importance that the cables shall be 
loaded to the full extent they can stand with safety. 
Investigations on the subject were begun by the 
Institution of Electrical Engineers when there was a 
serious lack of data on the extent of heating in buried 
cables, and upon its formation the Research Associa- 
tio took over the responsibility for the work. 
As a result, data were made available for estimating 
the temperature of any cable or group of cables laid 
in any kind of soil and by any of the methods in 
general use, and for determining in respect to rise 
of temperature the relative merits of the different 
methods of laying. Safe temperature limits for the 
constructions and materials in common use are 
now known, and tables have been published showing 
the safe loading of British standard cables up to 
11,000 volts, under most conditions of laying and 
working. Comparing these data with the loadings 
previously in use. a large margin is found to be avail- 
able in existing cables, which the Cable Makers 
Association estimates at an improved value to the 
existing cables of the supply industry when they are 
fully loaded of about 4,000,000/., in addition to 
an annual saving of 300,000/. 

The Electrical Research Association has also 
carried out a number of investigations in connec- 
tion with the oils used in transformers and oil 
switches which have enabled the British Engineer- 
ing Standards Association to issue a purchasing 
specification for these materials and has raised the 
standard of current market supplies. Other re- 
searches have dealt with the mechanical properties 
of cables and wires of galvanised steel, copper, 
aluminium, and_ steel-cored aluminium under 
working conditions. They have given data for 
preparing standard purchasing specifications for 
overhead lines, and have enabled engineers to calcu- 
late their conductors more precisely than was 
possible previously. Similar results are expected 
from work on poles and foundations. Over 33,0001. 
have already been spent on investigations on oil 
circuit-breakers and other apparatus of electrical 
control, showing the way to considerable savings 
in the first cost and upkeep of switchgear installa- 
tions. A number of researches have been carried 
out in regard to the physical properties of insulating 
materials of all kinds and methods of testing them 
electrically. Several standard specifications have 
resulted, and one firm co-operating in the researches 
Teports an annual saving exceeding the whole in- 
come of the Association (16,000/.) through improve- 
ments made in one material only. Other researches 
include joint work in co-operation with the Institute 
of Metals on the corrosion of steam condensers, 
and In co-operation with the Institution of Elec- 
trical Engineers on the properties of turbine nozzles. 
These investigations have already produced an 
'mprovement in efficiency and reliability which is 
estimated as representing an annual saving of about 
6,000/. in the runnin g of 100,000 kv.-a. power stations 
and proportionate savings in smaller stations. 
raking account of the published figures of annual 
re age expenditure in the electricity supply indus- 
M. _ value of the savings to be effected as the 
‘sult of the Electrical Research Association’s 
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work is estimated at 1,100,000I., at least a third of 
which is believed to have accrued already. 

Another association which has shown remarkably 
good results is the British Scientific Instrument 
Research Association. This has been engaged 
principally in investigating the broad scientific 
principles that underlie the design, production and 
use of scientific instruments. The accuracy and 
sensitiveness of instruments with suspended galvano- 
meter systems has been improved through investiga- 
tions into the extremely feeble magnetic properties 
of some materials used in their construction, and 
the adoption of means for reducing or eliminating 
their magnetic effects. A member of the Association 
applied the interferometer to testing optical elements, 
such as prisms, lenses, and camera lenses, with 
practically no dependence on the personal equation, 
and, by initiating discussions and undertaking an 
independent investigation, the Association was 
able to satisfy itself that the method could be 
adopted generally with safety, and would be likely 
to effect an all-round improvement in the efficiency 
of the optical industry. Various investigations 
into X-ray tubes and the production and use of 
optical and coloured glasses have resulted in import- 
ant improvements. In particular, a method has 
been developed for testing the durability of an optical 
glass as against the surface changes by which 
ordinarily the performance of optical instruments 
may be impaired in practice, and a means of 
stabilising lenses, prisms, &c., against such changes 
by treatment before the instruments are assembled. 
Anumber of abrasive, polishing, cementing and other 
materials used in manufacture have been evolved.and 
have led to savings of cost amounting to from 5 per 
cent. to 20 per cent., as the resulteof which the 
industry has become able to compete with foreign 
firms in the manufacture of the better classes 
of spectacle lenses. 

In the metallurgical industries, the application 
of research may be expected to obtain more evident 
advances as the comparatively young science of 
metallurgy is developed, but already the Associations 
have arrived at results of substantial practical value. 
This is seen even in the operations of the British 
Cast-Iron Research Association, which has to work 
under the disadvantage that the industry includes 
a large number of small or jobbing foundries, and 
must therefore couple its research with a good deal 
of educational work to procure the wider utilisation 
of existing knowledge. In this way members have 
been led to effect substantial economies in melting, 
mixing, and moulding-sand practice, as well as 
improvements in quality of metal, and a method 
has been devised and patented by the Association 
for producing malleable iron of small grain size 
with remarkably improved mechanical properties. 
The British Non-Ferrous Metals Association has 
shown a variety of successful results. It has 
suggested, for instance, promising methods for 
limiting and preventing the atmospheric corrosion 
and tarnishing of metals. A research, which has 
been in progress for five or six years, into the 
individual effects of the impurities found in com- 
mercial copper seems likely to lead to substantial 
improvements both in the process of refining and 
the quality of the product, particularly for electrical 
purposes. The value of the 80/20 nickel-chromium 
and 70/30 nickel-copper alloys at high temperatures 
was tested, and the former was found at temperatures 
as high as 800 deg. C. to show better results for 
strength and resistance to creep than could be 
obtained from any material previously tested. 

The Association is also supervising a joint research 
into die-casting, in which research associations 
and Government departments are co-operating. 
and there is reason to believe that considerable 
savings and improvements are already being made 
on the strength of its results. Another investigation 
has shown that in soft solders antimony is a beneficial 
and not an injurious ingredient, and in association 
with lead can replace a proportion of the more 
costly tin. A method has been worked out for 
producing sound non-porous copper castings which 
may also be found applicable to other non-ferrous 
materials. Investigations into brass sheet, starting 
from the ingot upwards, have thrown so much 
light on the cause of imperfection and unsoundness 
in sheet brass that substantial improvements are 
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expected in general practice. For the four railway 
groups, the Association is making a comprehensive 
enquiry into the causes of wastage of copper stays 
and fire boxes of locomotives, including observations 
on German and French, as well as British, railways, 
and much experimental work in the laboratory 
and shops of a British company. This enquiry 
has already led to the suggestions of remedies, 
which are at present under trial. As the result of a 
general investigation into the mechanical properties 
of lead and its alloys, the Association has discovered 
the cause of the occasional cracking of the lead 
sheathing of power, telegraph, and telephone 
cables, and new alloys are being developed to avoid 
the disadvantage. With the sapport and en- 
couragement of the Fuel Research Board of the 
Department, the Association is making a survey 
of annealing practice in which at present figures, 
varying as widely as from 3 tons to 30 tons of 
metal annealed for each ton of fuel consumed, have 
been reported. The British Refractories Research 
Association has been engaged largely on work of 
a fundamental nature. and for the most part it 
has not yet reached the stage of producing results 
that are directly applicable to industry, though it 
is hoped that it will be possible ultimately to pro- 
duce the refractories of improved heat-resisting 
qualities required for the higher boiler temperatures 
and steam pressures of modern practice. In the 
meantime it has shown the means of effecting a 
definite improvement in the manufacture of silica 
fire brick, and, by investigating a process strongly 
advocated for the purification of clays, ascertained 
that it could not be applied profitably to British 
materials of this class. 

Similar results have been obtained by the 
Research Associations of British manufacturers of 
rubber and tyres, motors and allied productions, 
motor-cycles and cycles, cars, glass and Portland 
cement. The British Portland Cement Research 
Association, in particular, has made important 
improvements both in the composition of slurry 
and the working of rotary kilns, to which a number of 
firms attribute a substantial part of very large 
savings that have been made in the fuel costs. 








NOTES. 
CONFERENCE ON ENGINEERING MATERIALS, BERLIN. 


UNDER modern engineering conditions, the 
demands made upon materials are becoming in- 
creasingly severe, and much of the metallurgical 
research work undertaken during the past few years 
has dealt with various questions connected with 
such matters as heat-resisting alloys and high- 
temperature corrosion. Many difficulties are being 
encountered and many problems await solution, 
but it is noteworthy that these same difficulties are 
having the effect of drawing together engineers and. 
metallurgists to an increasing extent, and meetings 
and conferences in which all the various interests 
involved meet on common ground are becoming 
more and more frequent. The Werkstofftagung, or 
Conference on Engineering Materials, which is to be 
held at the Technical University, Charlottenburg, 
Germany, from October 22 to November 6 next, is 
an example of such a meeting ; it is being organised 
by the Verein deutscher Ingenieure, the Verein 
deutscher Eisenhiittenleute, the Deutsche Gesell- 
schaft fiir Metallkunde, and various other engineer- 
ing and metallurgical institutions. Several of the 
foremost German metal-users’ associations are also 
represented. Some 300 papers will be read at the 
Conference. These will cover such subjects as 
heat-resisting alloys; materials for steam-turbine 
construction ; acid-resisting alloys; the machining 
of light metals ; aluminium solders; the alloys of 
copper, aluminium, and nickel; bearing metals ; 
the melting and casting of metals and alloys; 
die casting; non-ferrous spring materials; and 
porcelain electrical insulators. In order to maintain 
the subjects dealt with at the meeting within 
reasonable limits it has been decided to restrict the 
scope of this year’s conference to the consideration 
of iron, steel, the non-ferrous metals, and electrical 
insulating materials, It is anticipated that other engi- 
neering materials not included in these categories 
will be dealt with at a later date. The author of 
each contribution will be allowed 30 minutes in 
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which to read his paper; this procedure has been 
adopted in order to leave as much time as possible 
for discussion. With a view to supplementing the 
usefulness of the Conference, an Exhibition of 
Engineering Materials is being arranged; this will 
take place at the New Exhibition Hall, Kaiserdamm, 
Berlin, from October 22 to November 13. This 
function is intended to be a scientific exhibition 
and is not a trades fair. In one section, exhibits 
of materials in various stages of manufacture and 
treatment will be shown, and, in another, modern 
mechanical, chemical and physical testing methods 
will be demonstrated. The central offices of the 
Werkstoffitagung, are at Ingenieurhaus, Friedrich- 
Eberstrasse 27, Berlin, N.W.7, Germany. 
CoLouRING AGENTS FOR GLASSES AND GLAZES. 
For the demonstrations of his Royal Institution 
discourse entitled ‘‘ Colouring Agents for Glasses 
and Glazes,’’ Sir Herbert Jackson, F.R.S., chose 
copper and iron as well illustrating the manner in 
which these materials behave when added to vitreous 
masses. Copper, in the form of metal, cuprous oxide 
Cu,0 and of cupric oxide CuO, had been used from 
ancient times for the production of many colours, 
transparent or opaque, ranging from yellow, red and 
brown to green, blue, purple and black, although 
the processes involved had been imperfectly under- 
stood. Metallic copper dispersed through the melt 
in extremely-fine sub-division gave a transparent 
red glass. Larger particles made the glass blue in 
transmitted light and red-brown in reflected light. 
Still coarser particles produced brown-red and grey 
tints. When copper was heated, it became covered 
with the brick-red oxide, Cu,O, on the top of which 
the black CuO was formed. The cuprous ore, used 
by the Egyptians, gave a brilliant but opaque 
scarlet glass, containing relatively large crystals 
of the suboxide. 
early Saxon, the technique of which had been lost, 
also owed its colour to this oxide. This yellow 
modification, Sir Herbert demonstrated, could easily 
be produced by a variation of the well-known Fehling 
reaction. When a sucrose solution was poured 


into a boiling solution of the blue copper sulphate, | 


containing an excess of caustic potash, the reddish 
precipitate of cuprous oxide appeared. When the 
reaction was reversed, however, a little blue sulphate 
being poured into the sugar, the precipitate was 
yellow. Fused lead glass would take up 8 per cent. 
of cuprous oxide, and the cuprous oxide crystallised 
subsequently in beautiful aggregates; ordinary 
glasses of higher melting points were too viscous, and 
the presence of oxygen acids caused a reduction of 
the oxide to metal. The red copper glazes of hard 
glasses had probably been prepared with lead glass 
which was quenched, ground up and coated on the 
article. Similar changes of the colours with temper- 
ature, rate of cooling, and the nature of the glass and 
the furnace atmosphere (oxidising or reducing) 
were observed with cupric oxide. A glass containing 
0-5 part of CuO and one part each of lithia and boric 


acid was green. With more boric acid it became blue | 


in transmitted light, and with still more acid it 
became colourless. A glass made at 1,000 deg. C. 
would look blue with 2-5 per cent. of CuO, but for 


Some old yellow glass, probably | 


in the number of transits and of 3-3 millions in the 
tonnage. The 1926 totals, as returned in the recently 
published annual report of the Governor of the 
Canal, although below the 1924 record, nevertheless 
show a marked increase over the 1925 figures. The 
number and aggregate net tonnage of the ships 
passing through the Canal during the year ending 
June 30, 1926, were, respectively, 5,197 and 24-8 
millions. Of these vessels, 1,423 were British- 
owned, and 2,432 flew the United States flag; taken 
together, these figures represent four-fifths of the 
total shipping utilising the Canal. The net revenue 
of the undertaking, from all sources, amounted to 
17-3 million dollars in 1926; corresponding figures 
for the years 1925 and 1924 were, respectively, 15-7 
and 18°2. Dredging operations were continued 
throughout the year, and 3,401,350 cub. yards of 
| material were removed from the bed of the Canal 
| and from the entrance channels and harbours. This 
total includes 640,550 cub. yards removed in con- 
nection with an improvement scheme, which 
|comprises the deepening of the Pacific entrance 
‘channel and of the inner harbour at Balboa. The 
jscheme, known as Improvement Project No. 1, 
| was initiated in July, 1924; it involves the removal 
of 6,500,000 cub. yards of material, 1,272,250 cub. 
yards of which have so far been excavated. At the 
;end of the year under review, the erection of the 
|new Diesel-electric generating station at Miraflores 
| was approaching completion. One of the three new 
| Diesel engines, together with the generator and the 
| main switchboard, had been received; a second 
|engine had passed satisfactory tests in the con- 
tractors’ works and was being prepared for shipment 
| to the isthmus ; and the construction of the third 
| engine was proceeding. The new telephone exchange 
| buildings at Cristobal, Gatun, and Pedro Miguel 
| were completed during the year. The change from 
manual to automatic operation was effected on 
| January 23, 1926, and the new system is stated to 
| have been operating satisfactorily since that date. 
| According to more recent information furnished by 
| the Canal authorities, work on the overhaul of the 
| locks at Gatun was commenced in January last. In 





| addition to the routine examination of gates, valves, 
| and under-water parts, the programme includes the 
| installation of 40 new cylindrical valves to replace 
| those which have been in use since the completion 
| of the Canal. These valves were fully described in 
| ENGINEERING, 1913, vol. xcv, on page 689. The 
|new valves have been constructed to an improved 
| design; the wearing surfaces are of bronze and 
|can be removed when worn, thus avoiding the 
| necessity for replacing the entire valve, as was the 
| case in the old design. One-half of the new valves 
| were constructed by the mechanical division of the 
| Canal, and the remainder were procured from the 
| United States. It is anticipated that the locks at 
| Pedro Miguel and Miraflores will be overhauled in 
| the spring of 1929. 


| THe MINERAL WEALTH OF BRITISH COLUMBIA. 

The natural resources of British Columbia are 
;numerous and varied, and timber, agricultural 
| products, fruit and fish are prominent among the 
‘exports of the province. The mining and metal- 


it to appear green a temperature of 1,300 deg. C. | lurgical industries of the region have, however, 


was required. These colour fluctuations had their 
parallels in the colours of copper salts ; e.g., the blue 
sulphate became colourless when it was deprived of 
its water of crystallisation by heat. The colours of 
ferric-oxide glasses were attributed to the segregation 
from the fused mass of ferric oxide, which was not 
combined, in various states of subdivision. High 
concentration of magnetic oxide gave black glasses, 
themselves magnetic. The beautiful blue and green 
tints of some Chinese glasses were due to ferrous 
oxide. 
THE Panama CANAL. 


The traffic records of the Panama Canal autho- 
rities show that the year ending June 30, 1923, 
ntarked the commencement of a substantial increase 
in the number of vessels passing through the Canal. 
Prior to that date, less than 3,000 vessels used the 
highway ; during 1923, however, 3,967 ships, having 
an aggregate net tonnage of 18,606,000, crossed the 
isthmus. The figures for 1924—namely, 5,230 | 
vessels and 26,000,000 net tons—constitute a record, 
but the following year witnessed a decline of 557 





| steadily progressed during the past thirty years, and 
now constitute an important portion of the export 
trade of British Columbia. Gold was first extracted 
in the ‘fifties of last century, and some coal was 
mined as far back as 1836. In 1895, the total value 
of the minerals produced within the province 
amounted to 5,643,000 dols. ; in 1915 this figure had 
increased to 29,447,500 dols. The value of the 1925 
output, namely, 61,492,240 dols., is, as will be seen, 
more than double that of the 1915 production. 
The annual report of the Minister of Mines of British 
Columbia, for the year ending December 31, 1925, 
shows that the chief sources of mineral wealth were 
lead, copper, coal and zinc. In many cases sub- 
stantial increases over the previous year’s production 
have taken place, and lead, the output of which was 
238 million lb., valued at 18,670,330 dols., easily 
takes first place. These last figures represent an 


| increase of 674 million lb. and 6} million dols. over 


the 1924 totals, which, as was stated at the time in 
our columns,* were themselves treble those of the 





* See ENGINEERING, 1925, vol. cxx, page 654, 
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1922 output. The bulk of the production is derived 
from the Sullivan group of mines, at Kimberley, 
which is situated in the vicinity of the Kootenay 
River, in the Fort Steele mining division. The 
production of copper also shows a substantial 
progressive increase. In 1924, the quantity and 
value of the copper output were, respectively 
64,845,400 lb. and 8,442,870 dols. The correspond- 
ing figures for the year under review are, respectively, 
72,306,430 lb. and 10,153,270 dols. This increased 
production was due, partly to the fact that larger 
outputs were realised from the Granby Company’s 
mines at Anyox, in the Nass River district, on the 
borders of Alaska, and from the Britannia Copper 
Company’s mines at Britannia Beach, on Howe 
Sound, near Vancouver, and partly to the opening up, 
in August, 1925, of the Allenby Copper Company’s 
mines at Princeton in the south. The quantity of 
zine produced in 1925 amounted to 98,257,099 lb., an 
increase of 24-2 per cent. over the output for the 
previous year; the Fort Steele district was respon- 
sible for 93-8 per cent. of this tctal. The gross 
production of coal in 1925 was 2,444,292 tons, of 
which 115,770 tons were made inte coke. In the 
Crowsnest district of East Kootenay, the output 
was over three times that of 1924. The mines in 
this area were closed during a considerable. portion 
of 1924 owing to labour troubles. Amicable 
arrangements have now been arrived at, however, 
and the industry in this district is once again in a 
healthy condition. The main coal-producing area 
of the province is situated in Vancouver Island, but 
coal is also mined in the Nicola-Princeton region in 
the south. Excellent building stone is quarried in 
several parts of British Columbia, chiefly in the 
coastal districts. For some years past the total 
annual value of the building materials produced has 
been in the neighbourhood of 2,850,000 dols. 








CALENDAR.—We have received a handsome montlily 


tear-off calendar from Messrs. Metropolitan-Vickers 
Electrical Company, Limited, Trafford Park, Man- 
chester. 


LauncH OF THE S.S. ‘“‘ Orotava.’’—A_ successful 
launch took place on Tuesday, May 31, at the Linthouse 
Yard of Messrs. Alexander Stephen and Sons, Limited, of 
the single-screw steamer Orotava, which is being built to 
the order of Messrs. Elders and Fyffes, Limited, of London, 
and is intended for their fruit-carrying service between 
Garston, Liverpool, and the Canary Islands. Accom- 
modation is provided for a limited number of passengers. 
The main dimensions of the vessel are :—length 300 ft., 
breadth 44 ft. and depth 25 ft., while the gross tonnage 
is 2,400. 'Triple-expansion, surface-condensing engines 
are to be fitted, taking steam from three boilers also 
supplied by the builders. 





Income-Tax Hanpsoox.—We have received from 
Mr. C. H. Tolley, 4, Great Winchester-street, London, 
E.C.2, a copy of Tolley’s Handbook of Income Tax for 
1927-28. This deals primarily with the drastic altera- 
tions which are proposed in the 1927 Finance Bill. 
These alterations include, besides the payment of 
“Schedule A” tax in one sum, instead of in two instal- 
ments, as hitherto, a most important concession to 
charities, which, for the future, will not be taxed upon 
their so-called trading profits. ‘The new Bill is difficult 
to understand, and an endeavour has been made in the 
handbook to explain the various points contained in it 
in simple language. The publishers are Messrs. Waterlow 
and Sons, Limited, London-wall, London, E.C.2, and the 
price is 9d. net, or post free 10d. 





TriaL Trip oF THE S.S. “ Tunrsra.”—On Thursday, 
June 2, successful sea trials were run, off the Tyne, of 
the steel screw steamer Tunisia, which has been built 
by Messrs. John Readhead and Sons, Limited, of South 
Shields, for Messrs. La Tunisienne Steam Navigation 
Company, Limited (Messrs. Frank C. Strick and Company, 
Limited, London, managers). The vessel is of the 
single-deck type with poop, long bridge and forecastle, 
and is designed to carry about 7,340 tons on a light 
draught, her main dimensions being: length, 384 ft. ; 
breadth, 52 ft. 3 in.; and depth, 28 ft. 3 in, She has 
been constructed to Lloyd’s highest class, and is intended 
for the ore trade, being of extra heavy scantling. The 
double bottom runs all fore and aft, and this, together 
with large fore and aft peak tanks, is arranged for the 
carriage of water ballast. The holds have been 
constructed free from obstructions, and 10 steam winches, 
with derricks to each, have been fitted for handling 
the cargo. Comfortable accommodation for the officers 
and engineers is provided for in steel deck houses 
amidships, and the sailors and firemen are berthed in 
the forecastle. The propelling machinery, which has 
been supplied by the builders, is of the triple-expansio? 
type with cylinders 24} in., 41 in. and 66 in. in diameter, 
and a “ae of 45 in., steam being supplied p Be 
boilers, working under Howden’s system of fo 
draught, at a pressure of 180 Ib. per sq. in. 
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Design and Construction of Formwork for Concrete Struc- 
tures. By A. E. Wywn, B.Sc., A.M.Am.Soc.C.E. 
London : Published by Concrete Publications, Limited. 
{Price 20s. net.] 

Most books on reinforced concrete contain some 
description of the form work requisite for the erec- 
tion of various structures, but in works of a general 
nature this subject can only be given limited space. 
In periodical literature, articles have appeared 
from time to time dealing more extensively with 
special features of reinforced concrete construction 
in which the form work for their erection has been 
given fuller consideration, but, the republication, 
in book form, of Mr. Wynn’s series of articles in 
“Concrete and Constructional Engineering,” deal- 
ing exclusively with the subject of form work, 
will be welcomed by all engaged on the construc- 
tion of works in reinforced concrete or on designs 
of reinforced concrete structures which, if they are 
to be economically carried out, involve a consider- 
able working knowledge of the character of the 
form work used in their erection. 

It is evident that the author’s experience of form 
work in all its intricacies is very complete, and he 
has spared no pains to place this knowledge at the 
disposal of his readers in a thorough and compre- 
hensive manner. In dealing with such a subject 
as this, if the essential requirements are to be clearly 
presented, a treatise must be illustrated by means 
of both photographs and drawings. This has been 
realised by the author, whose efforts in this direc- 
tion leave nothing to be desired. 

Those who are interested in the carrying out of 
reinforced-concrete works early realise that eco- 
nomical construction depends almost entirely on 
the design, erection, removal and re-use of form work, 
and that the making of a reasonable profit, or the 
incurring of what may amount to a damaging 
loss, depends largely on the care and forethought 
given to these matters. 

Any who may for the first time be contemplating 
taking in hand reinforced-concrete construction, as 
well as those who have already some experience of 
this work, will find in Mr. Wynn’s book much that 
will aid them in handling the problem of forms 
and shuttering efficiently and economically. The 
book is full of useful data and practical suggestion 
for the design, pricing, erection and removal of 
various types of form work, and however experienced 
a reader may consider himself he will hardly fail 
to obtain further enlightenment on this most 
essential and vital subject. When preparing any 
scheme, it is essential to give careful and intelligent 
consideration to this allied subject. The cost of 
any structure may be very greatly reduced by 
adapting the sizes and shapes of the various members 
to conform with the practical essentials involved in 
the provision of materials for, and the making and 
handling of, form work in the most economical and 
efficient manner. 

Throughout the book the author has dealt with 
the costing of the various types of form work on the 
man-hour basis, giving very full details with 
respect to the materials used. This method enables 
costs to be assessed with a considerable degree of 
accuracy for any rates of labour and costs of 
materials which may obtain at the site of the work 
under consideration. 

The data given will doubtless prove of service 
to engineers and architects when estimating closely 
the cost of structures designed by them. For those 
who through extended experience have gained 
considerable knowledge of these matters, the hints 
given on the economical cutting and use of timber 
and the methods which may be adopted to get the 
best use from the materials employed, together 
with the detailed data with respect to quantities 
and labour, cannot fail to be of inestimable service. 
. It is difficult to give an adequate review of a book 
of the type of that produced by Mr. Wynn, for, 
although, a work of this character undoubtedly calls 
for detailed comment, so much of the subject-matter 
'Ss equally worthy of special reference that a detailed 
review would involve a very extensive survey. An 
attempt will, therefore, be made to give a brief, 
though sufficient, idea of the extent and value of the 


any detailed discussion, may help to acquaint 
prospective readers with the character of the infor- 
mation they will obtain from its perusal. 

Mr. Wynn has arranged his subject-matter in 
such a manner as to render it easy of reference. 
He commences by dealing generally with his subject, 
pointing out the necessity for skill in the design and 
erection of forms, the care required in organisation 
of the work, and ordering of materials, and the 
constant attention which must be given while the 
works are being carried out, if due economy is to 
be attained. The advisability is also pressed that 
the designer of the finished structure should have 
sufficient knowledge of the practical details of the 
formwork to enable him to produce a scheme which 
can be economically constructed. 

The following section of the book is devoted to 
the design of the formwork required for the several 
members of a structure; the essential theoretical 
treatment is dealt with in a brief and simple 
manner, much useful information being given 
regarding various materials and appliances and 
their most economical use. A useful and com- 
prehensive series of tables is included, setting out 
the sizes and positions of the several parts, as 
derived from the formule previously given. The 
author’s attention may perhaps be directed to the 
dimensions given in Tables 2 and 3, which do not 
appear to be correctly derived from the formula, 
although, fortunately, on the safe side ; also to the 
heading of the first column, which is misleading, 
and should be h and not h/d, it being evident that 
the heads to the following columns represent the 
thicknesses of the boarding. 

Following the tables is a complete set of examples, 
showing how they can be applied in the design of 
various kinds of form work, each example being 
accompanied by a useful detailed sketch of the form 
and its various parts. The extensive nature of 
these examples will be realised when it is mentioned 
that they include the moulds and supports for slabs, 
beams, girders, columns and walls of various dimen- 
sions, light ribbed floors of several types, flat slab 
or mushroom floors, haunches to beams and stair- 
ways. 

The author then deals in considerable detail with 
the construction of the formwork for different 
members of a structure, giving full details of the 
sizes of members and methods to be employed in 
erection and stripping. He commences with foot- 
ings and proceeds to treat severally with columns 
of various types, walls, beam and girder floors, 
rib and structural steel framework floors, stairways 
and miscellaneous mouldings. One of the more 
interesting chapters is devoted to flat slab or mush- 
room floor forms of various types. Engineering 
structures are also given full consideration, reference 
being made to the requisite forms for conduits, 
sewers, culverts, tanks, silos and bins, standpipes, 
dams, piers, and retaining walls. The author also 
describes and illustrates types of steel forms for 
floors, walls, and heavy special structures. 

A well-illustrated chapter covers the falsework 
necessary for the construction of arches and bow- 
string girders. The several necessary special 
details of bridge construction are then dealt with 
including pier nosings, spandrels, decking, canti- 
lever footways and parapets. 

A brief description follows, with illustrations, of 
various patent devices used in the erection and 
dismantling of formwork, while the last chapter 
is devoted to the setting out of much useful informa- 
tion and advice with respect to the organisation, 
planning and layout of the work. After dealing 
with each particular type of formwork, the author 
gives complete details requisite for estimating the 
cost of the making, erection and stripping, and there 
is little doubt that if Mr. Wynn’s advice and recom- 
mendations are followed, the prices derived from 
the factors given, can be used with confidence when 
assessing the cost of the formwork, which constitutes 
a large percentage of the total cost of most rein- 
forced concrete structures. It must always be borne 
in mind, however, that the correctness of the factors 
given by the author depend on the planning and 
organisation of the work, the economical use of 
materials and the employment of intelligent and 
conscientious workmen, and, further, that these 
factors must not be used without careful and close 
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study of the text and illustrations. It is obvious 
that accurate costing cannot be achieved without 
a thorough knowledge of the economies which can 
be effected in the selection and use of materials 
and methods of framing and support to provide 
the adequate strength and effectiveness for the 
minimum expenditure. 


Controllers for Electric Motors. By H. D. James. Second 
Edition. London: Chapman and Hall. 1927. [Price 
21s, net. ] 

THE flexibility and adaptability of the electric 

motor to a very large variety of classes of work 

imposes on the manufacturer the necessity of 
providing equipment, whereby this form of plant 
can be started and regulated by both skilled and, 
where desirable, by unskilled personnel. Theoreti- 
cally the methods that can be satisfactorily employed 
for starting, stopping and regulating the speed of 
electric motors are simple enough, and most of the 
development has therefore been on the lines of 
improving their practical application, and of making 
the apparatus more “ fool-proof”’ and more auto- 
matic in operation. The lift, which can be operated 
by any one who has sufficient intelligence to 

remember to close the gate and to press one of a 

series of buttons, is an example of the position that 

has been attained by modern designers of this class 
of apparatus, and indicates, as Mr. James’ interesting 
historical chapter shows, the considerable advances 
that have been made since the early days. With 
this trend towards automaticity has arisen the 
necessity, imposed by the increasing use of the electric 
drive for all sorts of purposes, for greater robustness, 
so that a design, which conforms with modern 
industrial conditions, has gradually been built up. 

This book covers the field well, if somewhat 

diffusely. It is, we are told, intended for the use of 
technical students, operating engineers, and users of 
technical apparatus. The last-named class may, 
perhaps, be advised to confine themselves to the 
illustrations and to the summaries at the end of each 
chapter. A perusal of later chapters will give the 
reader a good idea of current American practice. 
One on the operation of paper machines contains 
some useful information, while another on the 
subject of electric drive for oil wells, deals with a 
matter which has been unaccountably neglected 
in technical literature. The photographs are 
informative, but some of the diagrams might be 
made clearer. No important application of the 
electric drive and its necessary equipment seems 
to have been omitted. The scope of the book is 
hardly indicated by the title, as a good deal of 
information about the machines controlled as well 
as the controllers is given. 





Highway Curves and Earthwork, By T. F. Hitckerson, 
Professor of Civil Engineering in the University of 
North. Carolina. London: McGraw-Hill Publishing 
Company, Limited. [Price 17s. 6d.] 

From the aboriginal trail through the wilds to 

the modern highway a long line of progress can 

be traced, despite gaps in the Middle Ages and 
later due to wars and other malignant visitations. 

The road engineers of the Roman Empire, and 

the men in France and Great Britain—Tresaguet, 

Macadam, and ‘Telford—who rediscovered the 

fundamental importance of “uniformity” as 

practised in their art before the Christian era, 
would marvel if they could see the Great North 

Road of to-day, or a French route nationale which 

has recovered from the effects of the great war. 
Yet there remains a vast field for the highest 

skill in the road problems which exist all over 
the world—in regions like Central Africa, and in 
the great cities and villages of more developed 
countries. In the latter areas, a large proportion 
of heavy long-distance traffic, formerly confined 
and regulated by railway fences and elaborate 
signalling systems, now causes grave dangers to 
pedestrians, disturbance at night, and other injury 
to householders, and an almost impossible main- 
tenance cost. The speed of the motor vehicle has 
not, as was hoped fifteen years ago, eased the 
congestion of streets, but has made crossing them 

a perilous adventure. Projects have been mooted 

for special highways for motors, but in these 

islands they would require construction on a scale 
which would dwarf even the proposed new rail 








contents of this work, which, while not entering on 
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and road bridge over the Thames near Charing | embody most of the practice recommended in the 
Cross. It is, therefore, to be hoped that a large | book under review. Progress, however, would 
part of the traffic which has strayed off the | be hastened, and good value for expenditure more 
railways will return to them, to the satisfaction of all | certainly secured, if there were, as there oyght to be, 
interests concerned. /a number of professors in our universities dealing 
Meanwhile and always, questions of cost are | mainly with the subject. The Institution of Muni- 
most important and demand the most careful | cipal and County Engineers is doing what it can in 
and skilled attention. Under these conditions the | this direction, but help from some of the great 
publication of Professor Hickerson’s book oh | interests concerned is much required. 
Highway Curves and Earthwork is opportune. | Professor Hickerson’s book is worthy of careful 
It deals with the application of well-tested practice | perusal by highway engineers, and by all students of 
on railways to the construction and improvement | jts important subjects. It will probably be a 
of highways, and is an up-to-date manual differing | valued text-book in British universities when they 
from earlier handbooks familiar to railway engineers | are enabled to contribute in a worthy manner 
mainly in the substitution of “highway” for) towards the solution of the road problem. 
“railway.” The needs of the engineer are met 
by clear, simple explanations and numerous tables, | 
and those of the teacher and student by the mathe-| Launce or tHE M.S. “Port GisBoRNE.”—On 


matical investigations on which the tables are | Saturday, April ne gran o—. ——— — —— 
7 ‘oneral ins inne s - 2 | Richardson, Limited, successfully launc rom their 
founded. General instructions and rules regulating | Sadieesd goed tha munecdag Beek ikaien. wan te 

















State assistance to hizhway projects in the United 
States of America are included, and form an 
important part of the text. The economic and 
esthetic use of earthwork, circular and other 
curves, and the much-neglected subject of super- 
elevation are carefully considered. 

At first glance it may appear to many to be 
fantastic to propose spiral easement curves and verti- 
cal curves on roads, especially to some who remember 
the old-time free treatment by gangers of the 
carefully-placed pegs of the engineer. Such curves 
are, however, of much importance as by their 
use the dangers and discomforts caused by sudden 
changes in direction and gradients can, in great 
measure, be removed. 


Thanks to the wisdom shown in the creation | Richardson, Limited. 


| one of the three twin-screw meat-carrying vessels whic 
| were ordered from that company by the Commonwealth 
and Dominion Line, Limited. The main dimensions of 
| the new ship, which is built with a cruiser stern and a 
| top-gallant forecastle, are: length, 475 ft. 6 in., and 
| breadth, 63 ft.; and she is designed to carry about 
| 10,000 tons-weight of cargo in the ’tween decks and in 
| her five holds, three of which, together with the lower 
| *tween decks, will be insulated for the carriage of frozen 
meat and other perishable produce. Fourteen powerful 
electric winches and derricks are provided for the handling 
of the cargo. A steel deck-house contains the officers’ 
| quarters, the engineers and stewards being housed 
| amidships, while the seamen and greasers are berthed in 
the forecastle. Comfortable accommodation is also 
provided for a limited number of passengers. The 
as machinery consists of two four-cylinder 
oxford oil engines, which are being installed by the 
Neptune works of Messrs. Swan, Hunter and Wigham 
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GENERAL VIEW OF COMPLETED SILOS. 


RAPID CONSTRUCTION OF CONCRETE 
SILOS. 


TuE structure illustrated on this and the opposite 
pages, and on page 706, has more than one point of 
interest, though perhaps the chief of them lies in the 
adoption of a continuous system of shuttering during 
construction by which the reinforced-concrete walls, 
nearly 80 ft. in height, were completed in the short 
space of a fortnight in an English winter. A building 
of such a height and size, and for such a strictly 
utilitarian purpose as storing grain, is a difficult 
subject for the designer from the architectural point 
of view, but it will be agreed that in this case, 
judging from Fig. 3, a certain dignity has been 
attained, owing possibly to the suggestion of a Tuscan 
colonnade in the elevation. In the plan of the structure 
nature has been copied, for the arrangement of the 
18 bins comprising the group is that of the space-saving 
honeycomb. This is well seen in Fig. 2, while the 
sloping bottoms visible in Fig. 1 heighten the resem- 
blance to the cell of the bee. The total capacity is 
about 200,000 bushels of wheat and the silos form 
part of the factory of Messrs. The Shredded Wheat 
Company, at Welwyn Garden City. 

The bins, as will be seen from Fig. 1, rest on a base 
| supported by strong concrete columns, this base forming 
|a single chamber. A view of the interior of it is given 
|in Fig. 4. This shows the outlet pipes from the 
bottoms of the bins all converging to the conveyor 
trunk leading to the factory. Another single chamber, 
| of which a view is given in Fig. 5, occupies the space 
over the bins. Down the centre of this runs a belt 
conveyor for distributing the incoming wheat. This 1s 
delivered to any desired bin by an automatic throw-off 
with a portable chute visible at the extreme end of the 
chamber. Covers for two of the bins appear in the 
immediate foreground of the figure. A staircase and 
elevators in a tower at one end of the group as show) 
in Fig. 1, complete the equipment. The system of 
reinforcement in the structure calls for little notice, 
except that as, owing to the system of construction, 
the horizontal members cannot be fitted at a greater 
height than one foot above the concrete level, the 
method of fixing must be simple so that it can be 
rapidly done. A cover of at least 1 in. must be give? 
to the reinforcing bars. ; 

Hitherto the comparative slowness of erection with 
reinforced concrete has militated against its use @ 
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large industrial buildings, the older materials, timber, 
brick, masonry and structural steelwork, being more 
rapidly put together, generally speaking. Many 
expedients to remove this disability of reinforced 
concrete have been tried. Rapid-hardening cement has 
eflected some improvement, and the use of standard 
steel shuttering and special collapsible forms has also 
been attended with some success, but the application 
of all three is, after all, limited ; it is clear, for instance, 
that the erection, stripping and cleaning of the forms 
entails delay. In the case under consideration, the 
80-foot walls of the silo would have involved nearly 
10,000 square yards of shuttering. What was adopted 
and proved a complete success was a girdle of shutter- 
ing, conforming to the outline of the silos, which was 
pt continuously moving upwards as the concrete was 
poured. This ingenious method has been widely used 
i the United States but has hitherto been almost 
unknown in this country. We believe this to be the first 
xample of its use here, at all events, on any large scale. 

The principle and method of application of the 
shuttering is best understood by a reference to Fig. 6. 
The girdle is about 4 ft. in depth, and is in effect 


slung from a structure under the top platform shown | turn every three minutes. 
In turn, hung from it, is a staging for | continuous pouri 


in Fig. 8. 





braced, and has a slight taper vertically, the bottom 
or leaving edge being 4 in. farther from the wall 
than the top edge. The forms are attached to a 
series of screw jacks, and the whole of the shuttering 
system, with the platform, rises slowly as the jacks 
are screwed up. One of these jacks is shown in 
Fig. 9, and several groups of them appear in Fig. 8. 
The jacks bear upon mild-steel tubes embedded in 
the concrete, the tubes being locked by the insertion 
of steel rods in them as the concreting proceeds. Whena 
particular jack is almost screwed out to its limit, it is 
<erewed back, and another length of pipe put in place 
with its internal locking bar. The jack is then screwed up 
to transfer its share of the weight on to the new length. 

It will be clear that not only must the jacks be 
carefully spaced to give a continuous even lift over 
the whole area, but the number of jacks out of action 
for putting in new piping must be watched. With 
careful organisation, the speed of jacking can be arranged 
so as to be closely related to the maximum rate of 
concrete pouring and setting. In this instance, one 
attendant was allotted to every ten jacks, and con- 
tinuous jacking was carried out at the rate of half a 
This permitted almost 
The average rate of working 


inspection, and so forth. The shuttering is very rigidly | was a height of 5 ft. 8 in. in 24 hours, though on one or 








two occasions a height of 6 ft. 6 in. in a 24-hour shift 
was concreted. This appeared to be the practical 
limit of speed with the height of shutter used and the 
time of the year, December, in which the work was 
done. The weather was cold, but continuous concreting 
was found possible during the whole time, the 78 ft. 
net height of the walls being completed in the period 
between December 1 and December 14, 1926. Figs. 6 
and 7 show very clearly the progress made in a week, 
the latter figure being reproduced from a photograph 
taken of the bins when ready for the capping. 

As we have pointed out above, the necessity for 

keeping the shuttering system horizontal is im- 
portant, both in order to prevent damage to one 
side of the work through seizing and to maintain a 
vertical wall. No departure from the true vertical is 
noticeable in the structure described. The surface is 
good, and very little labour is required in rubbing down 
and cement-washing. With care in the construction 
of the shuttering, board marks can be practically 
eliminated. The other prime necessity is that of 
keeping the movement of the shuttering continuous, for 
it is only by this means that it can be kept self-cleansing. 
Variation in the rate of jacking to suit circumstances 
enables this to be effected. The cement used was 
Tunnel medium-setting cement, to the British Standard 
specification. The concrete was made in a }-yard 
mixer discharging into a hopper on the working 
platform. It was poured from this into hand tip carts 
and wheeled to the points desired. The contractors 
for the whole of the reinforced-concrete work were 
Messrs. Peter Lind and Company, 2, Central-buildings, 
Westminster. This firm collaborated with Messrs. 
Thomas Robinson and Sons, Rochdale, in the design, 
the latter firm being the main contractors, and being 
responsible for the layout of the building and the supply 
and installation of all the machinery and plant. 
While the application of this system of rapid erection 
to a large silo is interesting, it will be obvious that its 
use can be very widely extended, and the time required 
to build any structure having vertical walls of con- 
siderable height and surface can be very materially 
reduced. 





TriaL Trip or THE §.S. “ British INpustTRyY.’’— 
Successful trials were carried out at sea on Friday, 
May 27, of the oil-tank steamer British Industry, during 
which a speed of 11 knots was attained. The vessel 
has been built by Messrs. Palmers Shipbuilding and Iron 
Company at their Hebburn Yard, to the order of the 
British Tanker Company, Limited, and is designed to 
carry about 6,300 tons deadweight on a moderate 
draught. She is fitted with triple-expansion engines, 
steam being supplied by two boilers burning oil fuel under 
Howden’s system of forced draught. A short description 
of the vessel will be found on page 637 ante, written on the 
occasion of her launch. 
LauncH OF THE T.S.S. “‘ La Satina.”-—On Tuesday, 
May 31, Messrs. Harland and Wolff, Limited, successfully 
launched from their East Yard the oil tank steamer La 
Salina, which they are building to the order of Messrs. 
Andrew Weir & Co., for the Lago Shipping Company, 
Limited. The main dimensions of the vessel, which is 
the ninth similar tanker to be constructed for the same 
owners, are: length 315 ft., and breadth 50 ft., while the 
gross tonnage is about 2,360. She has a straight stem 
and an elliptical stern, and is rigged as a one-masted 
fore and aft schooner. The propelling machinery con- 
sists of two sets of triple-expansion engines, steam being 
supplied by two single-ended boilers, at a working pres- 
sure of 180 lb. persq. in. The boilers are fitted to burn 
oil fuel on White system under natural draught. 








UNIveRSAL Directory oF RaiLway OFFICIALS.— 
Compiled from official sources under the direction of the 
editor of The Railway Gazette, the thirty-third annual 
edition of The Universal Directory of Railway Officials 
has just been issued by The Directory Publishing Com- 
pany, Limited, 33, Tothill-street, Westminster, London, 
8.W.1. The publication contains a complete list of all 
the chief railway officials of the whole world, together with 
data regarding the undertakings with which they are 
connected ; it is divided into 10 geographical sections 
and concludes with a personal index of railway officials. 
The directory is now so well known that further comment 
is hardly necessary. Its usefulness to engineering firms 
dealing with, or desirous of doing business with, railway 
undertakings in any part of the world, should, however, 
be emphasised. The price is 20s. net. 

LAUNCH OF THE §.S. ‘‘CHarGRES.” The single-screw 
steamer Chargres has recently been successfully launched 
from the Linthouse Yard of Messrs. Alexander Stephen 
and Sons, Limited, Govan, Glasgow. The vessel, which 
has been built to the order of Messrs. Elders and Fyffes, 
Limited, for their passenger and banana-carrying trade 
between the West Indies, Central America and the United 
Kingdom, has the following main dimensions: length, 
400 ft. ; breadth, 51 ft.; and depth, 33 ft., with a gross 
tonnage of about 5,300 tons. There are four holds. with 
orlop, lower and main ’tween decks, all of which are 
insulated and divided into bins for the carriage of fruit, 
which is refrigerated on the cold-air system. The pro- 
pelling machinery, which has also been constructed by 
the builders, consists of triple-expansion engines, steam 
being supplied by four large single-ended boilers working 





on Howden’s forced-draught system. 
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LABOUR NOTES. 


At the request of Mr. J. T. Brownlie, the chairman, 
and Mr. Frank Smith, the secretary, of the Engineering 
Trade Unions’ Joint Negotiating Committee, the negoti- 
ations on the engineering wages question are to be 
resumed on June 14. The decision of the represen- 
tatives of the operatives to ask for a new conference 
is, no doubt, due to the fact that at its meeting in 
Blackpool, the National Committee of the Amalga- 
mated Engineering Union authorised the Executive 
Council of the organisation to continue the negotiations 
and “in the event of any offer resulting from these 
further negotiations ’’ to submit it “‘ to a ballot vote of 
the members.” In the negotiations which were broken 
off, the Engineering and Allied Employers National 
Federation offered (1) an advance of 2s. 6d. a week, 
subject to a reduction of the overtime and nightshift 
rates; or (2) an unconditional advance of 2s. a week 
to plain time workers only, wages generally to remain 
undisturbed for 12 months. The unions rejected both 
of these proposals, but said that they would recommend 
for acceptance an offer of an unconditional advance of 
2s. 6d. to all workers. 


On the recommendation of the Divisional Committee 
in which Barrow-in-Furness is an important centre, 
the National Committee of the Amalgamated Engine- 
ering Union instructed the Executive Council to place 
a resolution on the agenda of the Trade Union Congress 
dealing with the question of trade union re-organisation. 
The resolution is to suggest that a committee of 
inquiry be set up, 50 per cent. of the members being 
chosen from rank and file delegates to Congress, to 
formulate some definite scheme of reducing the numbers 
of unions to one for each industry. 





Another resolution which is, at the request of the 
National Committee, to be placed on the agenda of the 
Trades Union Congress, relates to the question of 
international unity. Its terms are as follows :— 

‘This Congress, believing that the existence of two 
separate Trade Union Internationals is a source of 
weakness to the Trade Union Movement, pledges itself 
to assist in every way possible the setting up of one 
United Trade Union International. The Congress 
protests against the attitude of the International 
Federation of Trade Unions, when dealing with the 
question of a joint conference with the Red International 
of Labour Unions, and instructs the General Coun:ii 
to press forward the demand for a joint world Congress 
of both Internationals and the trade unions which are 
not attached to either.” 

It is worthy of note in this connection that the only 
obstacle to fusion of the Moscow International and the 
Amsterdam International is the refusal of the former to 
accept the constitution of the latter—a constitution to 
which the majority of European trade unions adhere. 


Clause 6 of the Trade Unions and Trade Disputes 
Bill, as amended in Committee of the House of Com- 
mons, reads as follows :— 

6.—(1) It shall not be lawful for any local or other 
public authority to make it a condition of the employ- 
ment or continuance in employment of any person 
that he shall or shall not be a member of a trade union, 
or to impose any condition upon persons employed by 
the authority whereby employees who are or who are 
not members of a trade union are liable to be placed 
in any respect either directly or indirectly under any 
disability or disadvantages as compared with other 
employees. 

(2) It shall not be lawful for any local or other 
public authority to make it a condition of any contract 
made or proposed to be made with the authority, or of 
the consideration or acceptance of any tender in con- 
nection with such a contract, that any person to be 
employed by any party to the contract shall or shall 
not be a member of a trade union. 

(3) Any condition imposed in contravention of this 
section shall be void. 

(4) There shall be added to section five of the Con- 
spiracy and Protection ef Property Act, 1875, the 
following provision, that is to say :— 

“If any person employed by a local or other public 
authority wilfully breaks a contract of service with 
that authority, knowing or having reasonable cause 
to believe that the probable consequence of his so 
doing, either alone or in combination with others, will 
be to hinder or prevent the discharge of the functions 
of the authority, he shall be liable, on summary con- 
viction, to a fine not exceeding 101. or to imprisonment 
for a term not exceeding three months.” 


Clause 7 emerged from the Committee stage in the 
following form :— 


7. Without prejudice to the right of any person 


having a sufficient interest in the relief sought to sue 
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or apply for an injunction to restrain any application 
of the funds of a trade union in contravention of the 
provisions of this Act, an injunction restraining any 
application of the funds of a trade union in contra- 
vention of the provisions of section one of this Act 
may be granted at the suit or upon the application of 
the Attorney-General. 

In the application of this section to Scotland there 
shall be substituted therein for references to an injunc- 
tion references to an interdict, and for the reference to 
the Attorney-General a reference to the Lord Advocate. 





The New York correspondent of the Manchester 
Guardian says that the average income of the American 
wage-earning family is now one-third larger than in 
1914, according to a study by the National Industrial 
Conference Board, a privately endowed organisation 
for economic research. The Board finds that while 
the cost of living is almost 64 per cent. higher than 
before the war, wages are more than twice as large 
and real purchasing power on an average is enhanced 
by 34 per cent. This is due in part to higher wages 
rates, and in part to more steady employment. 


The sub-committee appointed under the National 
Wages Agreements of the National Federated Electrical 
Association and Electrical Trades Union announce 
reductions of wages in the electrical contracting industry 
to come into effect on the second pay day in June and 
to remain until October. The variation in cost of 
living, it is stated, justifies a 27} per cent. reduction in 
the basic rates of wages (April, 1921). Under the 
readjustment, the hourly rate for Grade A is reduced 
from ls. 103d. to 1s. 93?d., that for Grade B from 
ls. 83d. to ls. 7}d., that for Grade C from 1s. 7d. to 
ls. 6}d., and that for Grade D from 1s. 53d. to 1s. 43d. 





According to the official report of the first day’s 
proceedings at last week’s national delegate conference 
of the Miners’ Federation of Great Britain, ‘‘ a report 
was given by the President in regard to the Russian 
miners’ application for membership of the Miners’ 
International Federation. The President pointed out 
that the British representatives were anxious that the 
Russian miners should make application to join the 
International Federation and accept its rules and 
conditions. To this the British representatives would 
give full support.” The report was accepted, it was 
added, “‘ without opposition.” The trouble is, of 
course, that the Russian miners, like the Russian metal 
workers and the All Russian Trade Union itself, will not 
accept the rules and conditions of any of the regular 
Internationals. This resolution, therefore, carries 
matters no further forward. 





On the following day, the conference adopted this 
resolution unanimously :—‘‘ This conference expresses 
its indignation at the action of the colliery-owners, 
who, by the refusal of employment, are discriminating 
against, victimizing, and evicting well-known and 
active members of the federation in every district. It 
further expresses its indignation at the repeated 
refusals of the colliery-owners in Somerset and Kent to 
meet the accredited representatives of the men for the 
purpose of concluding district agreements, and instructs 
the federation executive committee to make further 
efforts to get the coalowners concerned to redeem the 
pledges given to the country by the coalowners during 
the late lock-out.” 








At Geneva last week, the committee of the Inter- 
national Labour Conference, which is dealing with 
minimum wage-fixing machinery, decided by 29 votes 
to 11, that Governments shall be consulted on the 
desirability of drafting a convention. They then 
resolved, also by a majority, that the convention 
should not be restricted to home-workers but should 
also apply to workers in other trades. On both 
questions the employers’ group was in a minority, 
the British employers’ representative declaring that 
they were opposed to any form of machinery, the 
object of which was international regulation of wages. 
The Committee on Freedom of Association decided that 
“freedom of association”? should be understood to 
include the right of workers and employers alike to 
combine in forming any organisation they choose for 
collective defence and promotion of material and 
moral interests, provided that the liberty of individuals 
not to combine be safeguarded. 


On the motion for the adjournment of Parliament 
over the Whitsuntide holiday, an interesting dis- 
cussion took place regarding the Government’s attitude 
towards the Washington Hours’ Convention. In the 
course of it, Mr. Fielden, the member for the Exchange 
Division of Manchester, said that if the Convention were 
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ratified it would meanithat conditions of hours and 
employment in the railway service would again be put 
in the melting pot. That was not desired by the railway 
directors, nor was it desired, he thought, by the leaders 
of the railway trade unions. In March last, a Con- 
ference of the major Powers was held in this country, 
and certain conclusions of the Conference were after- 
wards published by the Minister of Labour. Those 
conclusions stated that it was agreed that the railways 
were covered, and that, in so far as Articles 5 and 6,4 
were not sufficient for the needs of the railways, the 
necessary overtime was permissible under Article 6s. 
After taking the best legal advice obtainable, the railway 
companies had been advised that that deduction was 
incorrect, and that, under the articles referred to, the 
present arrangements of the companies would be 
forbidden. They were advised that the words in the 
articles would prevent the railways in this country 
being carried on as at present, and, therefore, they 
wished to make their protest in the House and to get 
the matter cleared up. j 








Dealing with the Opposition’s argument that the 
Government was in honour bound to ratify the Con- 
vention, Sir A. Steel-Maitland, the Minister of Labour, 
denied that there was any such obligation. What 
the Government’s representative did was, he said, 
to concur in the adoption of a draft Convention for 
submission to his Government. If he did so, there 
never was any obligation on his Government to ratify. 
The Convention had to be drafted, and in the circum- 
stances of international discussion it had to be discussed 
before ratification. He did not believe that those who 
asked us to go ahead so quickly had really the faintest 
realisation of the real, practical difficulties involved. 
He looked on those difficulties as difficulties to be 
faced, but to.pretend that they were not there was no 
help towards getting the Convention ratified. 

The usual view held by other lawyers in this country 
than those quoted by the Opposition was, the Minister 
of Labour went on to say, that, under the British 
legal interpretation of the Convention, taken by itself, 
the present overtime system in force here, whether on 
the railways, in the engineering trade, or in industries 
such as ship-repairing, would be impossible. If that 
were true, some care ought to be taken to see that we 
got a workable instrument if we were going to sign it. 
That was important, because in other countries the 
interpretation was different. Under their interpreta- 
tion, it would be possible for the railways to work 
overtime ; under our legal interpretation it would not 
be possible. If we were to go so gaily ahead as we 
were asked, the result might be that British industry 
would be seriously hampered, while in industry abroad, 
with a quite different interpretation, there would be 
no trouble at all. Therefore, he agreed absolutely 
with what the Earl of Balfour had said, that we wanted 
not merely that the Great Powers should ratify, but 
that all the great industrial Powers should ratify the 
same thing. Therefore there were questions of con- 
sultation with other great industrial Powers, as well 
as of consideration of the precise terms of our own 
legislation. The Convention must be made ship-shape 
before it could be carried out with safety to British 
industries. When that would be completed he could 
not say; but, so far as he was concerned, he did not 
propose that the Government should be stampeded. 


A statement circulated by the National Confederation 
of Employers’ Organisations shows how British 
industry would be affected by ratification of the 
Convention. This statement shows that there is no 
ground for the suggestion that Great Britain, in 
refusing to ratify, has broken its word. The obliga- 
tion of each country which is a member of the Inter- 
national Labour Organisation, is, within 18 months, 
to bring a draft convention before the authority com- 
petent to enact legislation or to take other action. 
If the draft convention fails to obtain the consent of 
this authority—as it did in this country in 1921— 
‘no further obligation shall rest upon the member. 





The statement proceeds to point out that British 
industries work shorter hours and pay higher overtime 
rates than those of any other country in the world, 
and that this pre-eminence has been attained, not by 
legislation, but by voluntary collective agreements 
between the employers and the workers in the various 
industries. The only instance in which the State has 
intervened in regard to hours of work of adult males is 
by the Acts governing underground work in coal mines. 
The advantage of leaving hours questions to be settled 
by voluntary collective agreements “is that they are 
drawn up by the parties who alone have a full know- 
ledge of the practical necessities to be met, and that 
they reach their result while still preserving that 
essential elasticity which is necessary if the require 
ments of the industry are to be safeguarded.” 
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UNIVERSAL HACK-SAW MACHINE. 


BY MESSRS. R. PRICE AND SONS, ENGINEERS, LONDON. 


CONSTRUCTED 
































Fie. 1. Currina Kry-way In Spur WHEEL. 











Fie. 2. Cuttine Discs wirn Cross TRAVERSE. 
































Fie. 3. Currina Kry-way In Enp or SaHart. 


A UNIVERSAL HACK-SAW MACHINE. 


Ir has long been recognised that the mechanically- 
operated hack-saw is an almost indispensible tool, 
though this recognition has accompanied an acceptance 
i some quarters of the impossibility of improving it 
other than in detail, at all events, for light work. 
In the example illustrated in Figs. 1 to 4 above, how- 
ever, radical and very ingenious improvements have 
been made in the machine which, thus re-designed, 
can perform a great variety of operations previously 
done by hand or by other machines. With the 
widely-increased capacity of the universal hack-saw, it 


. 4ppears to be admirably suited to the tool room, or 


those workshops where successive jobs are apt to be 
of different kinds. This, of course, is in addition to all 
the usual operations of the ordinary hack-saw. The 
machine, which is patented in Great Britain, Germany, 
and the United States, is manufactured by Messrs. R. 
Price and Sons, 213, Putney Bridge-road, S.W.15. 
Probably the two more striking of the new features 
are the rotatable table and the horizontal cross traverse. 
le former enables work to be sawn at any angle ; 
the latter permits cuts to be made in succession—e.g., 





Fie. 4. 


in a slotted pipe or on two faces of a piece of work 
without altering the setting of it. The saw is arranged to 
cut either horizontally or at an angle, and means are 
provided to hold it automatically when any desired 
depth has been reached. Its general construction may 
be readily gathered from the figures. Two A-frames 
are connected at the top by a substantial hollow beam, 
and at the bottom by tie rods. At one end the beam 
is circular in cross section, and carries the rotatable 
table ; at the other it is expanded into a flattened 
rectangular section, and is then shaped to form a 
gear box for the drive. The top of the gear box is 
finished with a dovetail bed, upon which is traversed, 
like the cross slide of a lathe, a casting carrying the 
crank disc actuating the saw and the forked arm that 
supports it. This latter terminates in a bearing on 
which is pivoted the slide for the saw frame itself. The 
two weight rods are for regulating the feed pressure. 
When the rod between the frames is loaded as in 
Figs. 1 and 2, the normal pressure due to the frame and 
slide is increased to any extent desired. If a very 
light.cut is wanted, the weights are removed to the rod 
at the end of the curved lever, and the frame and saw 
are balanced as may be necessary to relieve the pressure. 


VicrE Set ror ANGULAR CUTTINGS. 


The rotating table is approximately cubical, and 
each of the four faces parallel to the axis is finished in 
a different manner. In Fig. 1 it will be noticed that 
the upper face carries a swivelling vice, which holds 
the work, the visible side has tapped holes, and the 
lower face has a pair of T slots with a V groove between 
them. The invisible side face is cut with T slots and 
a groove, lying at right angles to those of the lower 
face. The table is furnished with a collar at each 
end. That nearest the small end of the machine has 
a graduated scale for setting against a mark on the 
cross beam, the other is provided with holes into which 
a spring index pin drops to lock the table in position. 
The index pin is attached to what is virtually a long 
nut, which carries the table and runs on a screw 
lying in a groove at the back of the beam. The 
screw is operated by a crank handle, and gives a longi- 
tudinal movement at 54 in. to the table. A further 
internal locking arrangement is provided in the table 
for heavy work. The utility of the table can be 
increased by the addition of the angle bracket seen 
lying on the floor in Figs. 1 and 2, and in position in 
Figs. 3 and 4. 





The drive consists of a plain pulley which, when the 
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saw is idle, runs loose on the shaft in the gear-box. 
To this shaft, which is supported at each end by bushed 
bearings, is keyed a long pinion gearing with a much 
narrower spur wheel, the casing and bearings for which 
form part of the cross-slide previously mentioned. The 
relative widths of the pinion and spur wheel provide a 
traverse of 5} in., which can be made without stopping 
the saw. The pulley is coupled to the pinion shaft by a 
dog clutch. The clutch is engaged by a lateral movement 
of the pulley determined by a spring rod actuated by a 
cam at the end of a shaft running inside the beam. 
The shaft terminates at its other extremity in a small 
lever handle near the table traverse handle. The 
cross slide is moved by a nut and screw in the usual 
manner, the handwheel for which is seen in Figs. 3 
and 4. In these figures also, the slotted crank disc 
for giving a variable stroke to the saw is clearly visible. 

As has already been mentioned, the arm carrying the 
slide for the saw frame is pivoted on the disc crankshaft, 
and has provision for increasing or relieving the feed 
pressure. Its descent, as the saw enters the work can 
be arrested at any point by means of an adjustable stop 
on the vertical rod, which is seen pivoted at its lower 
end on a bracket bolted to the slide casting. Conversely, 
the stop can be set to hold the saw above the work 
from which position it is released, to commence its cut, 
by the trigger device attached to a prolongation of the 
arm and shown in Fig. 1. The machined slide on which 
the saw frame reciprocates can be adjusted in a 
horizontal position or at an angle in either direction by 
means of the screw and slot arrangement visible in all 
the figures. 

An example of the utility of this angular setting is 
seen in Fig. 3. The machine is here shown cutting a 
keyway in the end of a shaft with a short length of 
saw blade, the necessary draw in the keyway being 
obtained by the inclination of the slide. This method of 
keyway cutting can also be employed to make a keyway 
in the middle of a shaft, its length being determined 
beforehand by a couple of drilled holes. In Fig. 1 the 
machine is shown in use cutting a keyway in a spur 
wheel, the thickness of the saw in this case as well 
being the full width of the key. Saws up to 4 in. 
in width can be used. Internal circular holes can 
be cut square by the same method. In Fig. 2 an 
ordinary operation of disc cutting is seen, and in 
this connection it may be mentioned that for similar 
successive cuts a graduated scale on the cross slide 
renders marking off on the work unnecessary. Fig. 4 
shows how the mitres seen on the floor in Fig. 1 may be 
cut by the use of the swivel vice without any setting 
of the work other than clamping it in place. 
Obviously, too, any angle of cut can be obtained as the 
other samples in Fig. 1 near the foot of the frame 
demonstrate. The saw is at present made in the } horse- 
power size, which is that illustrated by the figures. 








THE APPLICATIONS OF ELECTRICITY 
IN WARSHIPS.* 
By Witttam McCLetianp, C.B., O.B.E. 
(Continued from page 685.) 

Many types of electrical heating apparatus are 
being fitted in warships. While electric heating is 
being adopted in surface ships in those cases where 
its superiority is very marked, in submarines general 
use is made of electrical methods. Owing to its 
cleanliness and convenience, electric heating is 
gradually supplanting the old type of stove. A 
standard radiator is used for this purpose, and electric 
fires of the imitation coal-fire type also are fitted in 
principal cabins and ward rooms. 

In the design cf apparatus for heating, cooking 
and baking, two main types of elements have been 
standardised. The first type consists of wire or tape 
wound on a mica former, and is intended for hot-plates, 
urns and kettles. The second type consists of a coil 
of wire supported in a fireclay former, and is a low- 
temperature element for use in ovens and hot-cupboards. 
Manufacturers, however, are permitted to supply 
approved low-temperature elements of their own design 
in lieu of the second type mentioned ; but, as an aid to 
standardisation, such exements must conform to speci- 
fied dimensions and fixing centres. For radiators, a 
luminous type of element is generally required. 

Two sizes of electric hot-cupboards have been 
designed for use in all types of ships. They are 
constructed of aluminium alloy, and are provided 
with lagging 2 in. thick, the elements being mounted 
on the inside wall of the cupboard, and merely 
protected from damage by a perforated shield. The 
design is such that the elements can be readily 
renewed. Electric bread-baking ovens of full-sack 
capacity are being fitted in the latest ships. The 
original electric oven was of half-sack capacity, and 
was tried against a steam-heated oven, the electric 
oven showing marked superiority in the time required 





* Paper read before the Institution of Electrical 
Engineers, March 31, 1927. Abridged. 
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to attain baking temperature, both from the cold 
condition and after the removal of a batch of bread. 
For use in the tropics such quick service is a great 
boon to the men working in the bakery. 

One of the most important parts of any electrical 
installation is the cable system, and this is particularly 
true of warship installations. The total length of 
single conductor in a large warship is of the order 
of 300 miles, and the importance of obtaining cables 
which will satisfactorily withstand the severe conditions 
of naval service needs no emphasis. Single-conductor 
cables are used throughout for the electric light and 
power circuits, but multi-core cables are extensively 
used for the low-power installation and for the control 
of circuit-breakers. One consideration governing the 
type of cable to be adopted is its resistance to fire 
or flame. Lead-sheathed steel-armoured cables, when 
exposed for a few seconds to the intensely hot cordite 
flame, are not superior to lead-covered cables without 
armouring, wire-armoured cables without lead- 
sheathing, or tough-rubber-sheathed cables. With 
the lead sheathing omitted, wire-armoured cables 
are more difficult to install than unarmoured lead- 
sheathed cables. Further, watertightness of glands 
cannot be ensured without much difficulty where 
armoured cables pass through bulkheads. In the 
United States Navy rubber-insulated cables for fixed 
circuits are used, both lead-covered and, where 
additional mechanical protection is necessary, lead- 
covered and armoured, whilst for certain purposes 
they are only taped and braided. In special instances 
cables employing impregnated cambric as the insulating 
material have been used with steel or bronze armouring 
over the lead sheath. 

Rubber-insulated lead-sheathed cables were adopted 
as the standard in the British Navy almost from the 
beginning of naval electrical work. This type of 
cable still forms the bulk of that used in His Majesty’s 
ships. Wire armouring is sometimes used over the 
lead where additional mechanical protection is required, 
e.g., the multi-core cables for circuit-breaker control 
wiring. The important ring main and certain other 
cables which are paper-insulated and lead-sheathed 
are also steel-wire-armoured. In submarines tough- 
rubber-sheathed cables are largely employed on 
account of weight and flexibility in comparison with 
the stiffer lead-sheathed cables. Considering rubber- 
insulated cables as a class, their most serious fault 
for warship work is the inability of the insulation 
satisfactorily to withstand the high temperatures to 
which it may be subjected in service. These tem- 
peratures may reach 170 deg. F. on the lead, with 
an environment of 150 deg. F., and under these 
conditions with varying humidity of atmosphere 
the layer of pure rubber, which it has been the practice 


|to use next to the conductor, becomes plastic, whilst 
|the compound rubber in many instances becomes 


either plastic or hard and brittle, depending on the 
materials used and the conditions of manufacture. 
It is doubtful whether the pure rubber next to the 
conductor is of any real value for cables liable to be 
operated under the conditions mentioned, and if the 
tinning of the conductor is considered insufficient 
to protect it from the compound rubber it might be 
preferable to protect it by means other than a layer 
of pure rubber. Temperature difficulties are accen- 
tuated by the large extent to which grouping and 
banking of cables must necessarily be resorted to 
in order to accommodate the large numbers used in war- 
ships. Undue banking is avoided as far as possible. 
When the ring-main system of distribution was 
adopted in the British Navy, paper-insulated cables 
were employed for the ring main itself and the branch 
cables from it up to the branch circuit breakers. 
Owing to the great importance attached to the ring 
main, it was thought necessary to provide a large 
margin of safety, and consequently the thicknesses 
adopted for the paper insulation and the lead sheathing 
were slightly greater than was customary with commer- 
cial practice. B.E.S.A. standard values have since 
been adopted for these dimensions. These paper- 
insulated cables are lead-sheathed and galvanised-steel- 
wire armoured, and the sectional area of the conductors 
ranges from 1-4 to 0-01 sq. in. It is necessary to use 
an armouring wire slightly smaller than B.E.S.A. 
standards on the largest sizes to facilitate installation 
in the ship. In order to ensure that the compound 
used to impregnate the insulating material shall be 
suitable, it is specified that no bleeding or dripping 
shall occur when a sample of the cable is suspended 
vertically for 24 hours at a temperature of 75 deg. F. 
The viscosity of the impregnating compound is very 
important in warship work where vertical runs in 
warm situations are frequently a necessity. With the 
ordinary commercial types of compound sealing chamber 
for sealing the ends of cables feeding switches or 
circuit breakers from the ring main, the impregnating 
compound tends to leak into the switch or breaker, as 
the case may be, especially if the box is situated below 
the level of the ring main, as is sometimes unavoidable. 
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Instances are also on record where, owing to loss of 
impregnating compound, short-circuits between cores 
have occurred in multi-core, paper-insulated cables run 
vertically. The paper at the top of the run became 
dry and brittle, in which condition vibration caused it 
to flake away sufficiently to allow neighbouring cores 
to make contact. To overcome difficulties of this 
character it is necessary to design sealing arrangements 
capable of remaining oiltight under considerable pres- 
sure. The Admiralty designs will withstand without 
leakage a resin oil pressure of 50 lb. per sq. in. for 
two hours at a temperature of 200 deg. F. The 
introduction of paper-insulated cables for warship 
work, and the precautions taken in connection with 
them, have been fully justified by experience. 

In addition to the fixed cables there is a large amount 
of flexible cable used in warships. This is rubber- 
insulated, but the mechanical protection depends on the 
service for which it is to be used and may be cotton 
braiding, cord braiding, phosphor-bronze braiding, 
tough-rubber sheathing, &c. For certain purposes, 
eg., gun-firing circuits, owing to run-out recoil of 
guns, &c., the conditions are particularly severe and 
considerable trouble has been experienced by breakage 
of the conductors. Tough-rubber-sheathed cables have 
been used in which tinned steel wires have been incor- 
porated in the conductors to secure additional strength 
and also in the sheathing itself for the same purpose, 
but more satisfactory results are being obtained from 
cables in which a canvas reinforcement is embedded in 
the tough-rubber sheathing. 

The method of running and fixing cables and the 
precautions to be observed are closely associated witli 
the cables themselves and in many ways influence their 
design. With the exception of the ring-main cables, 
which are supported on steel or alloy hangers fixed to 
the bulkhea‘d, all other standing cables are secured by 
means of metal clips bolted to the bulkhead or deck. 
or to metallic plating attached to such bulkhead or 
deck. Formerly, the bulkheads were drilled and 
tapped for fixing purposes, and perforated plating was 
employed to a considerable extent in order to reduce 
to a minimum the drilling of bulkheads. With the 
development of satisfactory methods of electric welding 
of studs to steel plates* the drilling objection does not 
apply, and cables are now secured direct to bulkheads 
unless obstructions, temperature of bulkead, or other 
considerations render plating necessary. 

Where cables pass through watertight bulkheads or 
decks, packed glands are employed in order not to 
impair the watertightness. Efficient watertightness is 
extremely difficult to ensure for any length of time with 
a screw-up type of gland employing ordinary soft 
packing. This is due to the softness of the lead covering 
on the cable which flows as the packing is compressed, 
causing a neck to be formed in the cable sheath. High 
and varying temperatures accentuate the trouble. 
Glands in which the packing consists of semi-plastic 
material forced in under pressure are being used with 
some success, more particularly in the multiple form. 
A harder sheathing which will enable all the difficulties 
to be overcome is desirable, but such sheathing must 
not introduce other more serious difficulties such as 
brittleness, increased corrosion, undue toughness, low 
fatigue limit, &c. Plumbing or soldering the lead 
sheating for bulkhead gland joints is not, in general, 
satisfactory in warships, on account of vibration, 
difficulties of renewal, and withdrawal of cables through 
bulkheads. : 

In the British Navy, the earliest insulating materials 
used, apart from cable insulation, were slate, Willesden 
paper, vulcanised fibre, and hard woods such as box- 
wood or lignum vite impregnated with paraffin wax. 
Mica was, of course, used for commutators, but, beyond 
that, its scope was very limited. Slate was superseded 
by a high quality vulcanised fibre owing to the possible 
presence of metallic veins in the former material. 
About 1904, an important departure from previous 
practice was made by the introduction of the skeleton 
frame method of switchgear construction. The elec- 
trical apparatus, instead of being mounted on slabs of 
insulating material, was clamped to steel bars insulated 
by tight wrappings of micanite. The adoption of this 
method was not only not received with much favour by 
manufacturers, but it met with a considerable amount 
of hostility, primarily on account of manufacturing 
difficulties and high costs : it was, however, very satis- 
factory in service, and has been standard practice 1n 
the British Navy for over 20 years. It was eventually 
adopted by most switchgear manufacturers for many 
commercial purposes. Rees 

The main objection found with micanite is the liability 
of the varnish binder to soften at comparatively low 
temperatures. Theintroduction of the pheno-formalde- 
hyde varnishes, generally known as bakelite varnish, 
gave rise to the hope that this defect would be overcome, 





* L.J. Steele and H. Martin: “The ‘ Cye-Are ’ Process 
of Automatic Electric Welding,” Journal I.E.E., 1922, 





vol. 60, page 136. 
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since this type of binder does not again soften after the 
initial baking process. The manufacture of micanite 
with a bakelite binder is, however, a more difficult 
process than with the shellac binder. The bakelite 
varnish has, in fact, been more successful when used 
with paper or with powdered wood and asbestos for 
the production of moulded articles. Many of these 
moulded materials are quite satisfactory for several 
purposes, but it has not been, and is not yet, an easy 
matter to obtain consistent grades of bakelite to with- 
stand the onerous conditions of naval service. The 
conditions of humidity and high temperature are very 
searching for the less satisfactory grades, and cause 
any weakness to be soon displayed. Many other 
insulating materials are used in naval work, such as 
tapes, oils, varnishes, &c., but these are, in the main, 
the same as those used in ordinary commercial work. 

The most important field in which secondary batteries 
are used in warships is in submarines, where the whole 
of the power for underwater propulsion is provided by 
this means. The power required for this purpose, 
the comparatively small space available for the battery, 
the absolute reliability required, and the onerous 
conditions of working make the provision of a reliable 
battery an extremely difficult problem. 

Several methods of operation are thus called for 
which are very disadvantageous. Regular attention 
to individual cells is impossible, and the condition and 
state of charge of the battery have to be judged as 
far as possible from the total battery voltage and 
from the readings of a few “‘ pilot’ cells. It is under- 
stood that in certain foreign submarines, arrangements 
are provided to enable individual cell voltages to be 
measured at a central point; it is doubtful, however, 
whether such a system does not introduce mofe serious 
dangers than those which it would help to obviate. 

During the past twenty years the capacity required 
in a submarine battery has increased very greatly. 
The capacity per cell has also increased, though 
not necessarily in the same ratio. In a modern 
submarine the number of the cells varies in different 
navies according to the voltages used, the capacity of 
the cells ranging from about 2,000 amp.-hours to 
over 10,000 amp.-hours (five-hour rate). The limited 
floor space available has necessitated the adoption of a 
cell of great length, compared with its lateral dimen- 
sions. The cells are totally enclosed except for a 
ventilation hole at the top, which in some batteries is 
connected to a ventilating pipe, and in others is left 
open to the tank, depending on the system of ventila- 
tion used. The plates are supported by the terminal 
lugs from the lids of the containers, and this assists in 
satisfactorily sealing the joint between the lids and the 
containers. 

All navies have experienced difficulty in obtaining 
satisfactory containers. The ordinary types of glass 
or lead-lined wood containers are quite unsuitable, 
and development has been along the lines of a moulded 
material. The earlier types were composed of asbestos 
or similar fibrous substance mixed with a binding 
material of a bituminous nature. These are now 
obsolete. Later types are of a special quality of 
ebonite, and in one case a bakelite product is being 
used successfully. Some difficulty has been experi- 
enced, especially in the earlier types, in so adjusting 
the composition that the containers shall not deform 
when carrying the weight of the plates at temperatures 
up to 140 deg. F. and shall not be brittle at lower tem- 
peratures, these two requirements being antagonistic. 
The necessity for packing the cells very tightly together 
imposes quite rigorous limits of accuracy in the 
manufacture of containers, the tolerance allowed being 
only J;-in. on any of the overall dimensions. 

For some years the capacity/weight ratio has 
remained almost constant, but considerable progress 
has been made in increasing the life. The rapid 
Increase in the capacity-weight ratio, which occurred 
about 1914, resulted in a battery with a very short life, 
due to the shedding of the positive paste and the 
disintegration of the positive grids, a contributory 
cause being the overcharging owing to the desire to 
keep the battery constantly ready for use. The high 
capacity of the space ratio has entailed the use of 
high-density acid. This, however, has not given rise 
to much trouble from sulphation, except in the tropics. 
It is desirable to consider the ventilation separate from 
the cooling, the advantage of separate cell ventilation 
being that the explosive gases are confined to a system 
of piping, and the boards over the top of the battery 
tank need not be made gas-tight, as is necessary in 
tank ventilation. 

The submarine is, in an especial sense, an electrical 
ship, and its entire underwater operation is, with a 
few exceptions, dependent on the secondary battery 
and the electrical installation which it supplies. To 
indicate the amount of electrical machinery and 
“pparatus installed in a submarine, it may be stated 
= the weight is not less than 14 per cent. of the 
incerwater displacement of the ship. Without the 
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tion that it is to-day. Developments have taken 
place in all branches of submarine work, and new 
devices for which accommodation must be found are 
frequently introduced. Displacement, however, has 
not increased at the same rate as the call for space, 
so that conditions in a submarine tend to become 
more and more congested as progress takes place. 

The weight of the battery is about 7 per cent. of 
the underwater displacement of the ship, hence the 
necessity for increasing as much as possible the ratio 
of capacity to weight, without reducing unduly the 
life of the battery. The capacity of the propelling 
motors varies in different navies with different types 
of submarines. A normal electrical output would be 
of the order of 1,400 shaft horse-power to be developed 
on two propellers. Where separate battery-charging 
generators are used, this output would be maintained 
at all speeds of the ship from some intermediate speed 
up to full speed. That is to say, a propelling motor 
would be installed on each shaft to develop 700 brake 
horse-power at all speeds from, say, 250 r.p.m. to, say, 
400 r.p.m. The motor is, therefore, heavier and larger 
than would have been necessary had the full output 
to be given at full speed only. Submarine main pro- 
pelling motors for the larger outputs are usually made 
in the form of double-armature machines, which ar- 
rangement is well suited to the large speed-range 
necessary. For instance, the armatures of the 700 
brake horse-power motor developing full output at 
all speeds from, say, 250 r.p.m. to, say, 400 r.p.m., 
would be supplied at 330 volts. The battery would be 
re-grouped for this voltage, the armatures would be in 
parallel, and speed change would be obtained by field 
regulation. A lower range of speed would be obtained 
by supplying the armatures in parallel at 220 volts, 
and a third range by supplying the armatures in series 
at 220 volts. 

The space available in the after part of a submarine 
will not permit of normal design of motors, which 
consequently are of an unusually small diameter for 
their full-load output. The design has also to incor- 
porate some method of easy access to all the field poles 
and windings. Finally, some method of dissipation of the 
heat from the motors is necessary to prevent excessive 
heating of the after compartments of the submarine 
during prolonged running submerged. This has already 
been satisfactorily accomplished by totally enclosing 
the motors and water-cooling the motor circulating 
air. The efficiency of the electrical machinery and 
arrangements for operating submerged are of great 
importance, since these effect the period during which 
the submarine may cruise under water, for when the 
battery is fully discharged the submarine must come 
to the surface. 

The number of electrically-driven auxiliaries on a 
submarine may be about 60, of capacities of 70 brake 
horse-power down to very small powers. Although the 
auxiliary machinery in a submarine does not differ 
appreciably in character from that of a surface ship, 
the auxiliary load-is proportionately higher, this being 
partly due to increased pumping facilities. Some of 
the pumps have to work against submerged pressure, 
and this tends to become greater owing to the depths 
to which submarines must dive to avoid depth charges 
and other instruments of destruction. 


(To be continued.) 





DEVELOPMENTS IN THERMIONIC 
VALVE DESIGN. 


THREE papers, dealing with various developments in 
the design, manufacture and performance of the 
thermionic valves now so generally employed for 
radio telegraph and telephone purposes, were read at 
the meeting of the Wireless Section of the Institution 
of Electrical Engineers, on Wednesday, May 4. 

In the first of these, Mr. W. J. Picken described the 
various types of valves, in which the anode is cooled 
by the direct application of a cooling medium. This 
design, he said, was rendered possible by making the 
anode form part of the envelope. Valves of this general 
type, which enable considerable power to be handled, 
have been manufactured in various parts of the world 
for approximately four years, the cooling medium being 
water, oil or other liquid, applied directly to the 
anode. In all nine types were dealt with in the paper, 
but it will be sufficient to describe one fully and to 
call attention to the details, in which the others differ 
from it. 

The transmitting valve (C.A.T.1) is shown in Fig. 1. 
Its anode consists of a copper tube 5 cm. in external 
diameter and 23 cm. long. This tube is closed at 
one end, while on to the other is brazed a nickel-iron 
ring, to which a large glass cylinder, 70mm. in dia- 
meter, is sealed. To obtain a good joint between 
the glass and the metal, the ring, whose coefficient of 
expansion is the same as that of glass, is coated with a 
thin film of copper, which causes the glass to stick 
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very closely to the metal.* The cathode and grid are 
placed inside the copper anode, the former being 
made of tungsten wire, 1 mm. in diameter and 400 mm. 
long. This wire is mounted in the form of a W, 
each limb of which is 100 mm. long. The cathode is 
carried on two molybdenum leads and on a central 
support, one end of which is insulated from the 
filament by a silica, steatite or some other heat-resisting 
insulator. The leads carry the current to the cathode, 
which requires about 50 amps at 20 volts. A satis- 
factory seal is obtained by clamping the leads both 
inside and outside to a thimble of nickel-iron or plati- 
num, which is sealed to the glass. 

The grid system is also mounted on the glass 
foot-tube. It consists of a stocking mesh of fine 
tungsten wire, woven on a braiding machine and 
supported by four tungsten rods, the whole being 
carried by four more rods, which are brazed on to a 
clamp. Glass is used to insulate this system from the 
cathode, a long path with a clean surface in vacuo 
giving excellent insulation. The electrical connection 
te the grid is brought out through a seal in the side of 
the glass cylinder. All the parts of the electrodes 
inside the valves are made so that there are no sharp 
points, which might favour discharges. The whole 
of the filament and grid system is sealed into the anode 
and glass cylinder, and precautions are taken during 
manufacture to ensure that the.valve is exhausted 
as completely as possible. 

An approximate figure for the bombardment of the 
anode of the C.A.T.1 valve is 12 kw. at 20,000 volts, 
using full-wave unsmoothed rectification. The grid is 
heated by bombardment at 1-5 kw. and 600 volts. 
The valve is capable of standing a dead-loss test of 
7:5 kw. at 15,000 volts without impairing the vacuum. 
On oscillatory tests it has been taken up to an input 
of 30 kw. at 15,000 volts. The life of the filament is 
the factor, which limits the loading of cooled-anode 
valves; and the practice is to rate them conserva- 
tively. The C.A.T.1 type is therefore rated at 10 to 
15 kw. input. at 10,000 to 12,000 volts, the lower 
input being applicable to wireless telephonic conditions. 

To permit the circulation of a cooling liquid round 
the anode, a jacket with suitable inlet and outlet pipes 
is provided. Sometimes these pipes are fitted with 
internal fins, so as to give the liquid a spiral movement 
If the water is hard it may be necessary to instal a 
softening plant, or the hard water may be used to cool 
the distilled water or oil, whichis circulated through the 
valves. If the water is electrically conductive it may 
be sprayed over the valve or a circuit, in which the 
anode is at earth potential, may be used. 

The C.A.T.5 valve is intended for use on long wave 
lengths. Itis of the same general design as the C.A.T.1, 
but its electrode system is longer and the effective area 
of the cathode is greater. The C.A.T.2 valve is 
designed for employment in short-wave beam stations. 
The filament and grid are mounted on glasswork at 
the opposite ends of the anode and the inter-electrode 
insulation is increased. The C.A.M.1 valve is similar 
in construction to the C.A.T.1, except that its grid is 
wound with a very open spiral of fine molybdenum 
wire to give a low impedance and low amplification 
factor. The C.A.M.2 is used in connection with the 
simplified form of modulation sometimes employed in 
wireless telegraphy. The valve acts as aswitch, which 
opens and closes a circuit through a resistance, which is 
capable of absorbing some considerable fraction of the 
main power of the set. The C.A.M.3 is of the same 
general type as the C.A.M.1, but is capable of handling 
higher powers and of standing a dead-loss of 12 kw. 
in the anode continuously at anode voltages up to 
12,000 volts. The C.A.R.1 rectifying valve is of similar 
construction to the transmitting valve, but with the 
grid omitted. Beyond a certain anode voltage it is 
difficult to restrain the tendency of the filament to 
bow, owing to the absence of a grid, but this can be 
overcome to a very large extent by making the cathode 
and the anode accurately concentric. This is done 
in the C.A.R.2 and C.A.R.3 types of valve. 

In the second part of his paper, Mr. Picken dealt 
with the factors which affect the life of the valve or, 
what is the same thing, the life of the filament. These 
are the diameter and effective area of filament, and the 
total emission which is required from it. Unless the 
filament is very short, when end-cooling becomes 
serious, the life of a filament increases in direct propor- 
tion to the increase of its diameter. The tendency is 
therefore towards the use of filaments taking large 
currents at low voltages. It has been shownt that the 
life and emission vary enormously with small changes 
in the filament voltage, while an important point is that 
in general the cathode of a transmitting valve must 
provide such an emission as will carry the sum of 
highest peak valves of the anode and grid currents 
without saturation. As the total emission must always 





* See ENGINEERING, 1926, vol. cxxi, page 309. 
+ B. S. Gossling and M. Thompson, World Power, 
1925, vol. iii, p. 195 and 333, and vol. iv, p. 147. 
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be sufficient to carry the peak-space current, if there be 
any fluctuation in the filament voltage supply the total 
emission must be sufficient, even at the lowest filament 
volts. A steady filament voltage is therefore an eco- 
nomic necessity. This quantity is, however, frequently 
adjusted to suit the load conditions and the individual 
valve characteristics, without reference to character- 
istic curves. The variation of average grid current is 
an important indication of the correct filament voltage. 
In sets used for wireless telephony it is usual to supply 
the valve filaments with direct-current in order to avoid 
hum. The emission current returns to the negative 
end of the filament and, if the filament polarity is 
never altered, this additional current will cause 
premature fracture at the negative end, as it has been 
found that an increase in filament current of about 
3 per cent. will halve the filament life. In modulator 
valves the additional heating of the filament, due to 


Fig. 1. C.A.T.1 VALVE 


the Glace Bay transatlantic station, Nova Scotia, 
during 1924-26. 

Survivor curves conform to three general types, as 
shown in Fig. 3: The narrow, the wide, and the linear. 
The narrow type would appear to be normal for valves 
used under steady conditions as regards load and 
filament voltage, and at a loading well within the 
capacity of the valve. The linear type results from 
variable conditions, and the wide is probably a com- 
pound of several batches giving narrow curves. 

The second paper, by Messrs. H. Morris-Airey, 
G. Shearing, and H. G. Hughes, was entitled ‘‘ Silica 
Valves in Wireless Telegraphy,” and dealt with the 
principal properties of the silica valves used in 
Admiralty wireless telegraph transmitters. The chief 
points considered were :—Whether silica furnishes a 
thoroughly air-tight envelope, which can be readily 
freed from gas so that a good vacuum is maintained 
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the electrodes and the external connections. The 
basis of the seals used by the Admiralty is a lead plug 
contained in a short length of thick walled silica 
tubing. In the manufacture of the seal, the lead is 
melted in vacuo in the silica tube, so that the two 
adhere and form a vacuum-tight joint. For seals up 
to a rating of 50 amps the necessary conductors are 
embedded in the lead plug; for larger seals the plug 
is modified, as shown in Figs. 4 and 5, respectively, 
The larger seals will carry currents up to 100 amps, 
Overheating of the seals is prevented by a continuous 
supply of cool air. 

The silica envelope consists of a cylindrical body 
with domes welded on to the two ends. The electrode 
seal tubes are fused into these domes in a direction, 
which is usually parallel to the axis of the cylinder, 
This form is convenient for the baking processes 
during evacuation, as the electric oven may be readily 


Fig. 2. 
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lowered over the valve. The metals invariably used 
for the electrodes are tungsten and molybdenum. The 
filament is of tungsten wire, usually in the form of a 
loop, and is maintained in tension either by a spiral 
spring of molybdenum wire, contained in a silica tube 
extending beyond the main body of the valve, or by 
some device such as a central guiding rod of molyb- 
denum. A typical arrangement is shown in Fig. 6. 
The spring is kept away from the portions of the 
valve, which are subjected to high temperatures, in 
order to preserve its temper. The grid is usually a 
framework of molybdenum and a spiral or mesh of 
either tungsten or molybdenum wire. The anode, 
when of the radiation type, is now invariably of cylin- 
drical form and is constructed of molybdenum strip, 
woven basket fashion. This design is cheap and is 
flexible enough to withstand the strains, which may be 
set up on the unyielding silica supports under the 
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the space current, may have an even greater effect. 
It is important, therefore, that the filament polarity 
should be reversed dt frequent regular intervals, Owing 
to the relatively low resistance of cold tungsten, it is 
inadvisable to apply the full potential to the filaments 
of large transmitting valves without preliminary 
warming. If this precaution is not taken the magnetio 
action of the heavy current which will flow, may strain 
the filament. Similar precautions should be taken 
when switching off, so as to prevent strain from differen- 
tial contraction. 

The life expectation of a thermionic valve is usually 
stated as an average, and the “ spread ”’ is considerable 
in all types. With so many variables affecting the life, 
a considerable number of years are required to obtain 
accurate average figures from valves working under 
practical conditions, though commercial wireless 
stations using radiation-cooled valves have been in 
operation in various parts of the world for a time 
sufficient to enable adequate life data concerning 
several types to be collected. Fig. 2, for instance, 
shows a survivor curve of the M.T. 6 valves used at 
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under all conditions of working and storage? Is the 
silica valve economical to produce and repair? Is it 
suitable for transport ? Does the use of silica impose 
any special limitations? The properties of silica, 
which affects its use as a material for high power valves 
are :—Very high softening point, low coefficient of 
thermal expansion, ease of manufacture, ease of 
opening the valve for repair, high insulation, high 
diathermancy, and low dielectric loss at high frequen- 
cies. The first two of these enable the valve to be 
subjected to very high temperatures during manufacture 
without risk of collapse, while the construction of the 
smaller, complicated, parts of the valves can be carried 
out ina way, which is not suitable with glass envelopes. 
High local heating and cooling carry no risk of fracture 
with them, and high diathermancy enables cooling by 
radiation to be adopted. 

A most important constituent of the silica valve is the 
seal, through which electrical contact is made between 





influence of heat. The electrodes are supported by 
silica rods and tubes welded to the envelope or loosely 
fitting into suitable tubular extensions of it. The 
valves are designed, so that the electrode system can 
easily be removed for repair by cutting off one of the 
domes. 

The various types of silica valve, so far standardised, 
fall into two main groups, one of which has envelopes 
about 4 in. in diameter, and the other envelopes of 
about 6 in. in diameter. These are provided with 
anodes which are capable of dissipating energy by 
radiation up to 4 kw. The filaments of the different 
types of small valves, which have been standardised, 
require a power supply varying from 19 amps. at 
12-5 volts to 28 amps. at 17 volts. The larger types 
of valves which have been standardised, are about 
20 in. long, exclusive of seals. The transmitting valves 
in this group have anodes, which are used under oscil- 
lating conditions at an anode power dissipation of 
10 kw. to 15 kw. A typical valve is shown in Fig. 6. 
The rectifying valves in this group have slightly larger 
anodes, which are bombarded to 26 kw. The filaments 
of the larger transmitting valves are of tungsten wire 
1 mm. in diameter, taking about 47 amps. at 26 volts. 
The rectifiers have slightly longer filaments of the 
same wire, taking 47 amps. at 33 volts. < 

In the case of valves with powers exceeding 15 kw., 
provision must be made for cooling by a circulatory 
system. Either the heat energy can be sediated 
through the silica to a jacket containing cooling flui 
or the anode can be cooled directly by designing 1¢ 1" 
the form of a tubular spiral, through which a cooling 
fluid can be forced. The latter arrangement has been 
facilitated by the use of a seal, in which the conductor 
is independent of the lead plug. It also enables the 
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anodes and silica envelopes to be made smaller than 
for corresponding powers in the radiation type of valve. 
For instance, a silica envelope, which contains a 4 kw. 
molybdenum anode, has been used experimentally for a 
40-kw. tubular spiral anode. This type of valve is at 
present in its. development stage. 

The normal anode supply voltage for transmitting 
valves having anodes of a power of 2 kw. to 5 kw., 
is 8,000 volts to 11,000 volts. For the larger vaives a 
supply of 12,000 volts to 14,000 volts is employed. For 
wireless telegraph transmission, the valves are operated 
at full power input with their anodes dissipating from 
50 per cent. to 60 per cent. of the static bombardment 
power, which is applied during evacuation, the valve 
oscillatory efficiency being 65 per cent. to 70 per cent. 
It is known that 90 per cent. of failures are due to 
burnt-out filaments, and the permanence of the silica 
envelope is well illustrated by the small proportion of 
the casualties which are due to softening. 

In the third paper Mr, C. F. Elwell dealt with the 
Holweck demountable valve, the development of which 
is a direct result of the Holweck molecular pump. 
A cross-sectional view of this valve is shownin Fig. 7. 
In practice it is mounted on the top of a Holweck 
molecular pump*, which in turn is connected to a rough 
vacuum pump. Several valves can be operated from 
one pumping system. The valve consists of four 
parts, as shown in Figs. 7 and 8. These are the lower 
glass or quartz insulating piece for connecting the valve 
to the pump; the water-cooled anode, which in the 
case of a 30-kw. valve is about 1} in. in diameter and 
8in. long; the upper glass insulating piece with grid 
connection ; the water-cooled head, carrying the grid 
and filament. The filament in the 30-kw. valve is of 
32-mils. tungsten wire, and consists of two pieces 
in parallel, each 124 in. long, bent in the form of a 
hairpin, the saturation current being about 16 amps. 
The grid is of 16-mils. molybdenum wound on a ?-in. 
diameter with about 3-in. pitch. All the joints are 
ground and put together with a little special vacuum 
grease. The pump quite readily copes with the very 
small leakage. 

The 10-kw. demountable valve employs 6,000 volts 
on the anode and 38 amps. at 17 volts on the fila- 
ments. The filaments are changed after 200 hours to 
300 hours of service at the cost of a few pence. An 
ordinary oil-type backing pump is connected to the 
Holweck pump, upon which stands the Holweck 
valve. No duplicate valve is installed. It does not 
take long to place a whole new head carrying both 
grid and filament in position. 

Three precautions are necessary with demountable 
valve installations. It should be impossible to apply 
the high-tension supply to the anode unless water is 
circulating and both the preliminary vacuum and 
molecular pumps are running. The demountable 
valve requires a pumping system, which can, however, 
be disconnected for short intervals without interrupting 
transmission. On the other hand, it possesses the very 
considerable advantage that the filament can be 
renewed at the cost of a few pence. Many 10-kw. 
and 30-kw. valves of this type are in operation and are 
capable of carrying considerable overloads, as proved by 
tests made at the Eiffel Tower, where a pattern of the 
latter capacity was loaded to 100 kw. This points to 
the feasibility of making single units of much larger size, 
ifnecessary, all that is required being greater refinement 
of the details. 








British Pic-IRon Prices.—It is stated in a recent 
weekly report issued by the London Iron and Steel 
Exchange, Limited, 123, Cannon-street, London, E.C.4, 
that the recent reductions in the quotations for British 
pigiron have put competition from foreign iron out of the 
question in the inland districts. The downward move- 
ment in prices, however, has not been sufficient to give 
the advantage to British irons in those districts to which 
cheap water freight is available. 


Trrats of THE §.S. ‘‘ Hammpoc.’’—Successful trials 
Were carried out on Wednesday, May 25, of the S.S. 
amildoc, which is the fourth of five single-screw 
steamers ordered by Messrs. Paterson Steam Ships, 
Limited, of Fort William, Ontario, Canada, and was 
recently launched from the Southwick shipyard of 
Messrs. Swan, Hunter and Wigham Richardson, Limited. 
The new vessel, which is 253 ft. in length with a raised 
quarter-deck and a sunk forecastle, is specially designed 
for Service on the Canadian lakes, canals, and River 
St. Lawrence. Steam heating and electric lighting are 
htted throughout the living accommodation, which 
comprises a house at the fore end of the ship for the 
“aptain, officers and seamen ; while the engineers, oilers, 
and firemen are housed on either side of the engine and 
oiler casings. The propelling machinery, which is 
‘ituated aft, is of the ordinary inverted marine type, 
> gga being supplied by two single-ended boilers. Both 
e machinery and boilers were supplied by Messrs. 
MacColl and Pollock, Limited, Wreath Quay Engineering 
orks, Sunderland. 





* See ENGINEERING, 1924, vol. cxvii, page 55. 





A FURTHER INVESTIGATION OF 
THE INDENTATION HARDNESS OF 
METALS .* 

By Proressor K. Honpa and K. TakanasI. 


THREE years ago, the authors} read a paper at the 
Spring Meeting of the Iron and Steel Institute on the 
indentation hardness of metals. One of the main 
objects of that paper was to show that the ordinary 
method of measuring the diameter of impression after 
the applied load has been removed was not correct, 
and that the diameter should be measured during the 
application of the load. In the case of soft metals, 
the difference between the respective hardness numbers, 
measured first with the load applied and then without 
it, is zero, or very small ; but in the case of hard metals 
this difference is considerable, the ordinary number 
being always greater than that obtained from measure- 
ments made while the load is being applied. In the 
case of hard quenched steels, the latter number is only 
half as large as the former. The idea that the diameter 
of impression should be measured during the loading 
is also seen to be correct in the case of substances 
which are soft and elastic, such as caoutchouc. For 
this substance the permanent impression is zero, 
and therefore by the usual method of measurement the 
hardness number is infinity, which is absurd; while, 
as a matter of fact, the hardness number measured 
during the application of the load is a definite, small 
number. The present paper is intended to show by 
further experiments the necessity for using the new 
number for Brinell hardness, measured while the load 
is on. 

In our former investigation, the Brinell tester, 
fitted with a depth-gauge, made by the Pittsburgh 
Instrument and Machine Company, was used. To 
confirm our earlier results, the same measurements were 





“ENGINEERING” 


also made with the same machine, but with hard 
balls kindly presented to us by Dr. Hultgren. The 
specimens were cubic in form and measured 2-5 cm. 
along each side ; the load applied was always 3,000 kg. 
and the time of application was 30 seconds. In the case 
of soft metals, H’ (the Brinell number measured when 
the load is on) may be greater, equal to, or less, than H 
(the Brinell number measured when the load is off), 
according to the nature of the substance to be tested ; 
but in the case of carbon steels, the latter number is 
always greater than the former, especially in the case 
of quenched steels, The results obtained generally 
agree with those of our former measurements, the only 
difference being that H’ in this case is less by }, at 
most, than the corresponding value in the former case. 
It may be questioned whether the depth-gauge used 
in the present investigation was correct or worked 
accurately in measuring the depth of the impression 
during loading. To test the first point, the depth- 
gauge was calibrated with gauge-plates and found to 
be correct to within 0-01 mm. To test the second point, 
another depth-gauge, made by the Olsen Company, 
and calibrated here, was attached to the same hardness 
tester in place of the original. The measurements 
of the same steel with the two different gauges gave 
exactly the same depth readings. We also compared 
the depths of impressions made in steels containing 
0-3 and 0-8 per cent. carbon by the depth-gauge and 
by another one of a quite different construction, 
namely, the Martens hardness tester, made by Louis 
Schopper. For loads of from 500 kg. to 2,500 kg., the 
agreement between these two series of observations 
was very close. From the above results we may safely 
conclude that the depth-gauge was quite correct, 
and measured the depth of impression during loading 
accurately. By a rough calculation it can be shown that 
the elastic contraction of the system, consisting of the 
ball and part of the ball-holder, due to loading, was 
too small to affect the observed depth of impression. 
Cause of the Divergence of the two Series of Hardness 
Numbers.—As will be shown below, the main causes 
which produce the large difference between the two 





* Paper presented to the Iron and Stee] Institute, 
London, May 5 and 6, 1927. Abridged. 

+ See Journal of the Iron and Steel Institute, 1924, 
No. I, page 323; and ENGINEERING, 1924, vol, cxvii, 
page 662. 





series of hardness numbers are the elastic recovery, 
not only of the impressed portion, but also of the sur- 
rounding portion, and the piling up of the metal round 
the impression. An investigation made by Lieber* 
showed that the Brinell hardness numbers determined 
first while the load was applied and then when removed, 
that is, H’ and H differed from each other, and that 
in some cases the former was greater than the latter, 
and in other cases the reverse was true. He explained 
these differences by the piling up of the metal round 
the impression as shown in Fig. la, or by its depression 
as shown in Fig. 16. In the former case H was less 
than H’, and in the latter greater. In both cases the 
boundary line of the contact surface did not change 
sensibly on taking off the load. 

We examined with a microscope the deformation of 
the surface of the specimen in the neighbourhood of 
the impression made by the loading, and found that 
in cold-rolled copper it resembled Fig. la, and in 
annealed copper, Fig. 16. It appeared that the defor- 
mation depended rather on the structure than on the 
hardness of the test surface. In the general case of 
harder metals, the form of the surface under loading 
is shown by the full line in Fig. 2. Just outside the 
impression a depression is observable, which in turn 
is surrounded by an elevation; the latter reaches a 
small maximum and then gradually decreases till it 
vanishes. The height of the elevation and the depth 
of the depression depend, of course, on the nature of 
the metal; the elevation may amount to 0:02 mm. to 
0-06 mm., and the depression to still more. The dotted 
line in the figure represents the general form of the 
depression surface of the specimen after unloading. 
ab is the diameter of the circle of contact when the load 
is on; its magnitude does not sensibly differ from a’b’, 
which is the diameter of the impression measured when 
the load is off; from the figure, it is evident that 
H’ is less than H. The case corresponds to that of 
hard metals, such as quenched steels, 

The cause of the great difference between the Brinell 
numbers corresponding to the loaded and unloaded 
state being known, the question arises, which is the more 
correct ? In the case where the impression surface 
is of the form shown in Fig. la, ab is the diameter 
of impression when the load is off, and a’b’ is that of 
the impression calculated from the observed depth of 
impression under loading. Since the elevation round 
the impression is a secondary effect due to the plastic 
flow of the metal caused by the impression, it is not 
reasonable to take ab as the diameter of the impression, 
and a’b’ must be taken as the true diameter. In the 
case where the impression surface is of the form shown 
in Fig. 16, ab is the diameter of impression when the 
load is off. and a’b’ that of the impression calculated 
from the observed depth of impression under loading. 
In this case, the actual depression of the ball is d’, 
and not d; hence, though the contact surface between 
the ball and the specimen is limited to the portion of 
the spherical surface surrounded by the circle ab, 
it is more reasonable to take a’b’ as the diameter 
of impression. A similar remark applies also to the 
general case of the deformation of the surface shown 
in Fig. 2. 

It is plain, therefore, that in every case the Brinell 
number measured during loading must be taken, 
instead of the usual number after unloading. If this 
correction be made, the hardness numbers of quenched 
steels are reduced by nearly 50 per cent. In the 
discussion raised by our former paper, Holz remarked 
that he was so much surprised to find that the Brinell 
number 650 for a quenched steel reduced to 300 when 
the depth of the impression was measured while 
the load was on, that he suspected that the depth- 
gauge used by us was not accurate. Kipling remarked 
that he had observed with a microscope the line of the 
immersion of the Brinell ball int the specimen both 
during loading and after its removal, but had not 
found any appreciable difference. He therefore also 
had some doubt about our observed result for the large 
reduction in the hardness number when measured 
while the load was on. As we have shown above, the 
depth-gauge was very accurate and measured the depth 
of impression during loading satisfactorily. Kipling’s 
observation on the line of immersion of the Brinell ball 
was also correct; but, as explained above, the chief 
cause of the great difference between the two hardness 
numbers of a quenched steel is the combined effect 
of the elastic recovery of the impression and the 
surrounding metal, and the piling up of the metal 
round the impression. 

Comparison between Different Hardness Testers.—The 
Brinell numbers for different metals, obtained with 
different hardness testers, based on different principles, 
were compared to determine whether H or H’ bore 
the simpler relationship to the hardness numbers given 
by the other testers. The machines used were a Brinell 
tester, a Shore scleroscope, an impact hardness tester, 





* P. Lieber, Zeitschrift fiir Metallkunde, 1924, vol. 
xvi, page 128, 
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and a pendulum hardness tester. The specimens used | number, which is measured by the ratio of the total 
were copper, brass, and steels containing 0-1, 0-3, 0-5, | pressure to the contact area, apparently diminishes. 
0-7, and 0-9 per cent. of carbon. The results of the | This does not, however, mean an actual diminution in 
measurements are given in Table III, and the Brinell | the hardness of the metal, but it is due to an imperfec- 
numbers are compared graphically with those given | tion in the Brinell method. In this respect, it is to be 
by the other three machines in Figs. 3,4, and 5. Fig. 3| concluded that a cone is better suited than a ball as the 
makes it evident that the Shore-H’ curve is much | impressing surface. 
simpler than the Shore-H curve. As usual, the impact} It may not be out of place to make some remarks 
hardness number was measured by the energy absorbed | regarding Meyer’s well-known formula : 
to produce a unit volume of indentation. In Fig. 4| P = ad", 
it will be seen that the impact hardness-H’ curve is! where a and n are two constants characteristic of the 
almost linear, but the impact hardness-H curve is not. | metal, and P and d have the same meaning as before. 
A similar remark also applies to the pendulum hardness | This formula holds good in the case where the pressure 
tester, as seen from Fig. 5. | has a moderate value, but fails in the case of pressures 

As the Brinell hardness measured under load, agrees | which are too large or too small. It can be shown that 
better in principle with the results obtained by the | when the load is very small, the load varies as the square 
other types of hardness tester, than does the Brinell| of the diameter of the impression, because for a very 
hardness measured after unloading, it is suggested | small load, h must be proportional to P, which fact is 
that the definition of Brinell hardness should be stated | confirmed by many investigations. But from a 
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as follows :—The hardness is measured by the ratio of | geometrical relationship, we have, if d be the diameter 
the applied load to the surface of the impression under | of the impression, 

the load. Formerly, there was no means of measuring | d* = 40h, 

the diameter of impression under the load, but at the provided h is very small. Hence 

present time there are several types of depth-gauge, | Pc Aca 

by which the depth of impression, and hence its or P pape ¢ 

diameter, can be measured during loading, and the | iki mee in Meyer's founaia. 

new method should be adopted as soon as possible. 





| In the range of pressures usually employed, x is some- 


Tasre IIL. | what greater than 2 and diminishes with a decrease of 

~ | pressure ; it is to be concluded that with diminishing 

Brinell | | pressure, 7 tends towards the theoretical value n = 2. 

Tester. | shore} Im- | Pen- | _ If n were always greater than 2 for very small values 

- Selero-) pact |dulum | of pressure, as was conceived by O’Neill, the hardness 
H’ | Scope.|Tester./Tester. | number would tend towards zero as the pressure was 


‘| ' | indefinitely diminished ; this is, of course, absurd, as 
= a l | | every metal must possess a definite hardness, however 

sag . Re oa es | = | =< | small the pressure may be. From this it also follows 
ines os fae each oe | that n must diminish with decreasing pressure, tending 
——— towards the value 2. Thus, Meyer’s formula holds good 
only for a limited range of pressure, and is an empirical 


gen | formula subject to limitation. An empirical formula is 


| Per cent. | 














f; O-1 | 102 | 112 17 | 176 | 19-0 | valid only within the experimental range, and it may 
id aaa ce i. | rif | = = | ‘@ | deviate from the observed result outside that range. 
“annealed || o-7 | 151 | 182 | 25 | 328 | 26-9 | Hence, within the range we can differentiate or integrate 
{ 0-9 | 167 | 207 | 28 | 396 | 28-0 | this formula, or carry out any other calculations, but 
Carbon steels (| 0-1 | 265 | 400 | 50 | 681 | 58-0 | we cannot go beyond the experimental range. Thus, 
quenched in {| 0-3 | 310 | 500 64 | 830 | 88:5 | the calculation of the maximum hardness or the 
water lL! 0-9 | 370 | 585 88 | 947 | 88-0 | ultimate hardness, as carried out by O’Neill, is not 
| | | | : 
Carbon _ ateel | valid. 
quenched in [ | 
ol ese OH | LOT | 225 | 32 | 419 | 30-5 | Wrreness Apparatus For LonELy Istanps.—In order 


to facilitate matters for the oil prospectors of the Red 


Brinell Hardness at very High Pressures.—The fact Sea Petroleum Company, who are carrying out operations 
in the Farsan Islands, a lonely group in the Red Sea, a 


that the hardness of the metal in the portion surround. Marconi 1}-kw. ship’s transmitter and receiving apparatus 
ing the impression actually increases with the intensity | have been installed. The islands are about 400 miles 
of pressure has already been confirmed by an earlier | north of Aden and the same distance south-east of Port 
experiment carried out by the authors. This increase | Sudan; these being the nearest British territories. The 
is attributed to the hardening of that portion caused | Italian port of Massaua in Erythrea is across the Red 
by cold-working auring the process of compression, | Sea, 200 miles away. Through these ports and the large 
that is, it is due to internal stress. The latter increases | "ber of ships passing up and down the Red Sea, within 


with the degree of cold-working, but as every metal has | W'Teless range, the prospectors will be able to communi- 
° 7 cate with their headquarters, to link up with main 


real oe = point, ap rtges erry and consequently telegraph circuits, and, if necessary, to secure medical 
the hardening due to cold-working, cannot increase | advice and other assistance. The installation will consist 
without limit, but attains a certain asymptotic value as | of astandard Marconi 1}-kw. quenched-spark transmitter, 
a _— - eo Pests ; ———— ouneiey gear, and receiving apparatus 
is conclusion as en confirme y recent | a usec oard ship, 
experiments, though some of the earlier experiments* 
resulted in a slight diminution of hardness in the case 
of heavy loads. According to the authors’ opinion, Earle’s Shipbuildi Agee 4 amaze 
this diminution had no connection with the nature of | FT Sr tio. Caen nsineering Company, Limited, 
z ae . ull, of the C é wake st » Which is 
oe metal, — oon 1. toa prea ies the Brinell method. | cing built to the order of the Canada Starch Company, 
n this method, so long as the impression is small as | Limited, of Montreal. The main dimensions of the 
een a eee age ee ee ee 
‘ ‘ 81 c ed by increasing the | length 253 ft., breadth 43 ft. 3 in. and depth 20 ft. 
total pressure ; but when the diameter of the impression | Accommodation is provided for the owner, captain and 
approaches that of the ball, the increase of the applied officers in the forecastle, while the engineers and firemen 


< . : ;7, | are housed on the quarter deck aft. Seven hatches give 
pressure augments the intensity of pressure roughly in access to the holds which are designed free from all 


proportion. Hence, with deep impressions for “0 | obstructions, four derricks being fitted for the cargo 
equal increment of pressure, the depth of the impression | handling. The propelling machinery, which is situated 
or the contact area increases very rapidly in the latter | aft and is designed for a speed of 10} knots, consists of a 
case as compared with the former, and the hardness | set of triple-expansion surface condensing engines, having 

nate - —_—______—. | cylinders 17 in., 28 in. and 46 in. in diameter, with a 

* H. O'Neill, Journal of the Iron and Steel Institute, | stroke of 33 in. ; all of which, together with the two main 
1923, No. I, page 343. See also ENGINEERING, 1923, | boilers supplying steam at 180 Ib. pressure, are being 
vol, exv, page 646. constructed by the builders. 


LAUNCH oF THE 8.8, ‘* Casco.’’-—On Tuesday, May 17, 
a successful launch took place, from the yard of Messrs. 
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THE GRINDING AND FLOCCULATION 
OF FINE MICA. 


In the mining of mica much of the mineral may be 
spoiled by rumpling and impurities, and there is further 
waste in the sheet manufacture. By grinding and 
further treatment, part of the waste can be utilised, 
and up to 9,000 tons of ground mica are according to 
Investigation Report Serial No. 2798, of the Bureau 
of Mines, now recovered per year in the United States. 
Although a soft mineral, mica is very difficult to 
grind, and dry mica is generally beaten up with 
hammers ; it may be ground wet. Screened and 
classified by air, the coarsely-ground dry mica is used 
in making rolled roofing. The finer particles to be 
dusted on wall paper, are prepared by wet grinding. 
The paper is previously coated with adhesive in the 
desired pattern; the mica particles reflect the light, 
and although the wet powder has to be dried, it is 
thought that the wet process causes the particles to 
cleave rather than to break up, and gives a brighter 
effect. 

The old style of tubs for wet grinding are simply short 
upright cylinders, built up of wooden blocks laid with 
the end grain exposed to abrasion; the stirrer, a wooden 
wheel, fitting loosely into the cylinder, is of the same 
construction. The wheel is mounted on a shaft and 
lowered on to the thick paste of mica and water. To 
grind about 400 lb. of mica requires eight hours. 
These wooden mills of small capacity are giving way to 
steel mills, up to 10 ft. diameter, 3 ft. high, lined at the 
bottom with wood with the end grain exposed, in which 
four wooden rollers, 24 ft. in diameter, with 2-ft. faces, 
revolve at low speed round a central shaft; these 
rollers are adjustable in the vertical to be lowered on 
to the charge. The ground mica is washed out, and 
the slurry is discharged into concrete launders and 
settling tanks. The settled powder is dried on steam 
tables, the’coarse particles being returned to the grinders. 
A good deal of fine mica will not settle and is, or was, lost. 
It was noticed that the settling was more slow in 
concrete tanks than in wooden vats, and it was thought 
that the efflorescence of alkali salts from the concrete 
acted as a deflocculating agent helping to keep the mica 
in suspension, as alkalis do with some clays. On the 
other hand, some exceptionally pure water, considered 
fit for use in storage batteries, had the same undesirable 
effect. In the case of ore slimes, alkalis are generally 
regarded as deflocculating agents, and acids as floccu- 
lating agents, the latter hastening the precipitation of 
fine particles in suspension. 

Experimenting with different electrolytes, the Bureau 
of Mines found that sulphuric acid, potash alum and 
aluminium sulphate, when added in proportions of 
0-25 per cent. (referred to the dry weight of the mica), 


were efficient flocculators without attacking the mica ;- 


with proportions of less than 0-2 per cent. the effect 
was too slow. In ordinary water 90 per cent. of the 
mica would settle in half an hour; the rest would 
remain in suspension far more than 72 hours the exact 
figures depending upon the fineness of grinding. For 
several reasons it would appear advisable to allow the 
suspension first to settle by itself, and to apply the 
electrolyte only to the liquid above the sediment 
turbid with fine particles. When the electrolyte is added 
at once, the volume of the precipitated mass is nearly 
double that of the control sediment, more water being 
retained. 





Unirep Srares Imports or MANGANESE OrReE.—The 
manganese contact of manganese ores imported into the 
United States amounted to 286,564 long tons in 1926, 
and to 347,378 tons in 1926. Out of this latter total, 
130,700 tons were supplied by Brazil and 122,345 tons by 
European Russia. During this same year, British West 
Africa supplied 48,300 tons, India 30,600 tons, and South 
Africa 6,214 tons. Imports from these three British 
dominions during the year 1925 were, respectively, 31,750 
tons, 23,500 tons, and, nil. The above information has 
been supplied to us by the United States Department of 
Commerce. 


TriaL Trip oF THE §.S. “ TrouTPooL.”—Successful 
trials were carried out at sea on May 28 of the steamer 
Troutpool, which has been built by Messrs. Wm. Gray 
and Company, Limited, of West Hartlepool, to the order 
of the Pool Shipping Company, Limited. The vessel, the 
main dimensions of which are—length, 402 ft. ; breadth, 
55 ft., and depth, 28 ft. 9 in., is built to the highest 
class in Lloyds register with long bridge, poop and fore- 
castle, a cellular double bottom, and fore and aft peaks 
fitted for water ballast. Six watertight bulkheads are 
fitted, together with a steel centre line bulkhead and wood 
shifting boards dividing the holds for grain carrying: 
ten steam winches working twelve derricks, being 
supplied for the cargo handling. The officers soe 
modation is arranged in a steel deck house amidships. 
while the engineers are berthed in houses alongside : € 
casing, and the crew in cubicles in the forecastle. = 
propelling machinery, which has been constructed at t " 
Central Marine Engine Works of the builders, consists © 
triple-expansion engines, having cylinders 26 ft., 48 In.» 
and 71 in. in diameter with a stroke of 48 in., the —_— 
being supplied by three boilers working at a pressure 
180 Ib. per sq. in. 
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SYSTEMS OF REMUNERATION. 
By ALEXANDER Ramsay. 


THE main purpose of this article is to give par- 
ticulars of the various accepted systems of wage 
payments. These particulars are in essence a mere 
recital of facts. In view of this, it will be of interest 
by way of introduction, to express brief opinions on 
the relative merits of the various systems and on the 
general wage question. It cannot be denied that 
the basis of payment has been and remains at the 
bottom of a great many of our industrial difficulties. 
Differences of opinion with regard to the division 
of the proceeds of industry have not only caused 
devastating strikes, but have given rise to a new 
political system. 

Through the trade unions, the workers have 
created a vast machinery for the more effective 
pursuit of their claims. But, curiously enough, 
neither their philosophy nor their machinery seems 
to make adequate provision for the other phases of 
our industrial needs, which, in addition to wages, 
embrace such questions as production and costs. 
It is clear, therefore, that those who are accustomed 
to think constructively should take every oppor- 
tunity of demonstrating methods whereby just 
aspirations can be satisfied, suspicion eliminated, 
and yet withal the inevitable balance maintained 
between wages and costs. And the present is a 
most opportune time. 

There is abundant evidence to show that the 
time wage system is inadequate. Its successful 
operation depends on the honesty and goodwill of 
the workmen, or upon the driving power of the 
management. It can be shown, however, that the 
workers as a class have not cultivated any sense of 
responsibility for the efficiency of production. It 
is too much to expect, therefore, that the individual 
will voluntarily accept an obligation his class has 
been taught to deny. Moreover, no matter how 
keen a management, it is impossible to get the best 
results from a body of workpeople who do not feel 
that their personal interests are directly allied 
to their personal efforts. 

The system of straight piecework is just and 
workable. In the present stage of industrial develop- 
ment, it is probably the system best suited to our 
needs. A man enters into a contract to do a certain 
piece of work for a certain price, or to do it in a 
certain time. Other things being equal, his wage 
depends upon the energy or skill which he displays. 
He is induced to exert himself. He knows from hour 
to hour and from day to day what he is earning, so 
that the stimulus remains. Personal advantage is a 
dominating factor in life, and the system of straight 
piecework is the most direct and effective method of 
allying a workman’s efforts to his interests. 

The successful operation of the system presumes 
two things, namely, that piecework prices in the 
first instance should be fair, and that, secondly, 
they should not be broken by the employer merely 
because a man exerts himself and earns high wages. 
If a price is originally fixed on too high a basis, a 
worker may earn a wage which he feels should not 
be exceeded, and yet may not be giving an output 
the reasonable equivalent of his wage. In such a 
case, he is deliberately inefficient and is robbing 
the employer of production. If, on the other hand, 
4 workman by supreme effort or by special skill 
earns a high wage and, in consequence, finds his 
plecework price broken, the employer is robbing the 
worker of the legitimate fruits of his energy or of 
his skill. When such a tendency to take unfair 
advantage exists on either side, the value of the 
system is seriously depreciated, and it may, indeed, 
come to be an actual disadvantage. 

Systems of premium or collective bonus or of 
profit sharing, while having in them much that is 
useful, all suffer more or less from one serious 
disadvantage. They do not link closely enough 
individual effort and individual payment. The 
average workmen does not think far ahead. The 
Prospect of a bonus at the end of a month, in which 
others will share, irrespective of their individual 
contribution to production, has little real appeal. 

nus—in favourable circumstances—at the 
end of a year’s labour may be regarded as an 
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no stimulating effect on the individual output 
during the fifty weeks. 

The result of the Agreement in the Coal Mining 
Industry, which expired in April of last year, should 
teach a powerful lesson in industrial psychology. It 
was in this case provided that the divisible proceeds 
of the industry should be distributed between the 
owners and the miners in certain fixed proportions, 
namely, 87 per cent. to the men and 13 per cent. 
to the owners. Could any arrangement be more 
calculated to dissipate the old wage suspicions and 
grievances ? And yet, what happened? Under 
this arrangement, the miners earned wages with 
which they were dissatisfied, and the owners 
generally speaking made no profit. Instead of 
promoting peace, it not only permitted a strike in 
the industry, but it precipitated a general strike 
in the country. 

The really important consideration is that no 
system of distribution can ever become an effective 
substitute for work. Profits must be made before 
they can be allocated. They can only be earned, 
provided there is a market for the goods. A market 
can be ensured only if the price of the product is 
satisfactory. The price is governed by the cost of 
production. Without doubt, the most satisfactory 
way of ensuring the worker’s contribution towards 
high production and low costs is to pay him well, 
but to make his earnings conditional on the amount 
of work he turns out. Let him appreciate the 
connection between effort and wages from hour to 
hour and day to day, and if he trust his employer, 
he will in most cases exert himself. 

Systems of payment are divided into four main 
classes :-— 

(a) The time wage system. 

(b) Systems of payment for a given output, 7.e., 
payment by results, which operate under a variety 
of forms. 

(c) A method of profit sharing which, supplemen- 
tary to (a) or (5), causes the workers to share in the 
profits of the employer. 

(d) A method of co-partnership which, supplemen- 
tary to (a), (b) or (c), or a combination of these, 


employer’s concern and to take some part, directly 
or indirectly, in the management of the business. 

Time Wage System of Payment.—The time wage 
system is a method under which a man is paid by 
the hour or week, without any more definite guaran- 
tee of output than is secured by the supervision of 
the management. 

System of Straight Piecework.—Under the straight 
piecework system, the worker is paid in exact 
proportion to his effort, and if he increase his 
production he increases his earnings. The system 
is sometimes operated by giving the worker a price 
for a particular piece of work, and sometimes by 
giving him a time for a piece of work. In the 
former method, the cost is the same, whatever may 
be the time rate of the man performing the job. 
In the latter, the cost would vary to the employer, 
according to the time rate of the worker. The 
question of which system is the more advantageous 
is determined largely by circumstances. The 
method of giving a price for a job is the one more 
commonly employed. 

One of the difficulties inherent in the system lies 
in the fact that the majority of employees in a 
factory may be paid by this method and yet a 
number, probably embracing the most skilled work- 
people, cannot, by reason of their peculiar duties, 
have a price or time assigned to them. It is not 
unusual, for example, to find a skilled pattern- 
maker or toolmaker, doing the most skilled work in 
a factory, and receiving less remuneration than a 
semi-skilled machine operator who may be working 
piecework. 

In one factory engaged upon repetition work, the 
situation has been met in the following manner. 
The employees, wherever possible, are put upon 
straight piecework. To meet the case of the 
remainder, a definite percentage of the value of the 
total weekly output is put aside for distribution. 
The time workers, from labourers to superinten- 
dents, are credited with certain units. For instance, 
to each labourer not on piecework may be appor- 
tioned half a unit, toa tool-fitter ? of a unit, to a 


enables the worker to become a shareholder in his | 


The total number of units into the total sum avail- 
able, naturally determines the value of a unit and 
the amount to be given to each time-worker. As the 
employees on straight piecework are paid according 
to the individual output, so in this case those who 
are not on straight piecework are paid according to 
the total weekly output. 

The following table may be interesting as showing 
the bearing which the piecework system may have 
on workers’ wages and on employers’ costs, when 
the establishment charges are taken into con- 
sideration. The establishment charges are assumed 
at 100 per cent. 


Piecework System. 


Standard time, 10 hours. Time rate, ls. per hour. 
Time taken ... 10hours Shours’ 6 hours 
Wages cost . «. 120d. 1 120d. 
Earnings per hour e- 12d. 15d, 20d. 
Increased wage per hour) — 3d, 8d. 
Expenses 12d. per hour 12d. 9- 6d. 7+2d. 
Wages cost plus expense 240d. 216d. 192d. 
Employers’ saving _— 10 per 20 per 
cent. cent. 


The Differential Piece Rate System.—The system 
of differential piecework prices has received a good 
deal of publicity, but so far as is known is little 
operated in this country. It was initiated in the 
United States by the late Dr. Taylor of Scientific 
Management fame. Briefly, it means that the 
more a man produces, the higher becomes his 
piecework price. 

The following table explains the method :— 


Units produced Price paid 
per day. per Unit. 
12 ls. 
14 Is. 3d. 
16 ls. 6d. 


The system is designed to offer encouragement to 
the hard worker and would, if properly operated, 
create a striking discrimination between the good 
and the bad. The fact that it has been so little 
adopted raises a doubt about whether it is suited 
to the traditions and temperament of the British 
workman. 

Halsey Premium Bonus System.—This system is 
in a measure a combination of the time wage and 
piecework systems. Under this method, if a man 
improve on the time given him to do a job, he is 
not paid the whole of the time he saves, but only a 
definite proportion. The proportion may vary, and 
is sometimes a third of the time saved and some- 
times a half. An advantage from the employer’s 
point of view is that he has a measure of insurance 
against prices which may have been fixed too high. 
The saving effected does not all go to the man, but in 
part returns to theemployer. The disadvantage of 
the system lies in the fact that if a man is only 
getting a third of the time he saves, he is inclined 
to feel that there is no inducement to put forth 
his best effort and produce a greater amount. 
Rowan Premium Bonus System.—The Rowan 
system of premium bonus is related to the Halsey 
system. Instead, however, of giving the worker a 
fixed percentage of the time he saves, it adds to the 
actual time taken the percentage by which the 
standard time is reduced. For example, if a man 
were given ten hours to do a job and did it in eight, 
the saving in time would be 20 per cent. of the 
standard time. The man would, therefore, receive 
a bonus of 20 per cent. of the eight hours which he 
actually took to do the job, and would be paid 
9-6 hours. Under the Rowan system, the employer 
has a measure of protection against prices fixed 
unduly high. But the system is more valuable to 
the worker than is the Halsey, on account of the 
fact that in the initial stage of saving he gets a 
bigger proportion of the saving for himself. 

The Priestman-Atkinson System.—The Priestman 
system, which has been the subject of much propa- 
ganda in recent years, is really a variation of the 
piecework system. It might, in fact, be described 
as collective piecework. The principle is based on 
the production per man per hour. If 100 men 
working 100 hours produce 100 articles, and if on 
another occasion this same number of men produce 
120 articles in a similar time, they have increased 
production by 20 per cent. and will receive 20 per 
cent. more wages for the period when the increased 


output was made. 








*xpression of the employer’s generosity, but it has 





foreman 1} units, and to a superintendent 3 units. 





The application of the principle is, of course, 
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not quite so simple. The amount of work turned 
out in the factory is ascertained for a given period. 
This output becomes the standard production. 
When for a similar period the standard is increased 
by a certain percentage, this percentage is added 
to the wages or salary of every one in the employ- 
ment of the company. The standards may be 
taken on a widely different basis, not only in point 
of time, but in tons, gross, gallons, selling price or 
hours, and so on. 

Profit Sharing.—Profit sharing consists in the 
giving to employees a share in the profits of their 
employers in addition to their ordinary wages. 
The bonus consists of a proportion of the net profits 
available, after meeting all liabilities and paying to 
the shareholders the customary interest on their 
capital. The bonus is not usually granted as a 
matter of legal right, and may be continued or 
discontinued at the employers’ discretion. 

The system adopted by Messrs. Rowntree and 
Company, Limited, of York, illustrates the principle. 

(a) Wages and salaries are paid under the usual 
trade union or other agreements. That is to say, 
the wage of labour is met just the same as if there 
were no profit-sharing scheme in operation. 

(5) Shareholders are entitled to 74 per cent. on 
the capital, and the interest is accumulative. The 
capital includes the reserves and other profits which 
have been left in the business. 

(c) Annual provision is made for: (i) A dividends- 
equalisation reserve; (ii) an advertising reserve ; 
(iii) a special reserve. 

When wages, dividend and reserves have been 
provided for, and it is found that there is a divisible 
surplus, such surplus is disposed of in the following 
proportions :—One-half (5/10ths) goes to labour, 
and one-tenth (1/10th) goes to directors, leaving 
four-tenths (4/10ths) for capital. 

The worker’s share of profits is paid into such 
banking account as he may request, or, in the 
absence of such a request, is paid into the York 
Savings Bank. The money is at the disposal of 
the workers, and may be withdrawn when they 
wish. When the directors consider that it would 
be contrary to the interests of the company to pay 
the profits in cash, or in any case if the Profit- 
Sharing Committee so agrees, they may issue shares 
or certificates to the workers instead of cash. Such 
shares are the unconditional property of the workers 
and may be sold if they so desire. 

Profit Sharing in the Coal Industry.—It will be 
remembered that under the National Agreement 
which ended last year, the divisible proceeds of the 
Mining Industry, after the charges on the industry 
had been met, were distributed as between the 
miners and the owners in fixed proportions. The 
report of the Samuel Commission contained another 
proposal which, however, encroached on co-partner- 
ship. The Commissioners suggested that colliery 
undertakings generally should be required to adopt 
schemes “ providing that of all profits hereafter 
distributed above a standard dividend on the 
existing capital, whether the distribution to ordinary 
shareholders took the form of extra dividend or of 
bonus shares, a fixed proportion should be reserved 
as shares to be issued to employees, having regard 
to the service rendered by them.” 

Alternative Schemes of Profit Sharing.—A scheme 
adopted by Messrs. Sir W. G. Armstrong, Whitworth 
and Company, has points of interest. Workers were 
invited to contribute to a deposit fund held by the 
Company. The company paid to them on their 
amount deposited 4 per cent. per annum, plus a 
percentage on the deposit equal to half the difference 
between 4 per cent. and the dividend declared by 
the company on its ordinary shares. 

Hypothetical Shares..—Another method in opera- 
tion is to credit certain employees of the company 
with a number of ordinary shares, upon which they 
receive any dividend that may be declared. They 
have no ownership in the shares and no capital 
rights, and are merely paid the current dividend on 
an assumed ownership. Under the class of hypo- 
thetical shares, but covered by special conditions, 


the benefits of the trust. The system consists in 
the allotment of certificates, the nominal value of 
which is based on the value of services. Special 
allotment is made for special services and helpful 
suggestions. Co-partners may receive further certi- 
ficates each year until they have reached their 
maximum holding, which ranges from 2001. to 3,0001., 
according to their annual earnings. The allocation 
is in the hands of a committee, and appears to be at 
their discretion. When a co-partner ceases to be 
employed by the company, his co-partnership certi- 
ficates are cancelled. 

The co-partners receive dividends on the amount 
of accumulated certificates, just as do the ordinary 
shareholders, but as the certificates contribute no 
capital to the business, they receive on that account 
5 per cent. less than is paid on the ordinary shares. 
Co-partners are enabled to secure, through trustees, 
8 per cent. preferred ordinary shares of the company 
in exchange for the dividends on their certificates. 
Provided they do this and continuously retain such 
shares, they particpate further in the profits of the 
business and receive additional dividends on such 
shares, up to the amount of the dividend paid on the 
ordinary shares. 

On January 1, 1926, the number of workers par- 
ticipating in the profit-sharing scheme was 16,475. 
In the seventeen completed years of the scheme, 
there have been distributed in dividends 1,940,745. 

Inducement to Share Owning.—Certain employers 
have placed a block of capital at the disposal of 
their workpeople, and provide that workers may 
take up numbers of these shares at a substantial 
discount on ruling market prices. If it is necessary 
for the company to purchase the shares in the 
market, the company bears the loss involved in the 
transaction. When the employer is giving an 
advantage over market price, it is not unusual to 
stipulate a period of service and/or that shares so 
obtained shall not be disposed of within a certain 
time. 

Co-Partnership.—The co-partnership system as 
usually operated is in a sense the profit-sharing 
system with important additional provisions, the 
object being to give to the workers not only a 
share in the profits, but to give them an interest 
in the capital, and to the extent at least of their 
holding as shareholders an interest in the control 
of the business. As the question of co-partnership 
is receiving a great deal of attention, not only in 
this country but in the United States, it may be an 
advantage to describe the proposals more fully. 

(1) That the worker shall receive in addition to 
the standard wages of the trade some share in the 
final profit of the business or the economy of produc- 
tion. 
| (2) That the worker shall accumulate his share 
|of profit, or part thereof, in the capital of the 

business. 

(3) That the worker shall acquire some share in 
| the control of the business in one or both of the two 
|following ways :—(a) by acquiring share capital, 
| and thus gaining the ordinary rights and responsi- 
| bilities of a shareholder ; (b) by the formation of a 
|co-partnership committee of workers, having a 
| voice in the internal management. 
| It cannot be said that the notable examples of the 
|application of co-partnership in this country are 
|representative of general industry. Many large 
| producers are applying it, but in most instances it 
|is assured that there will be a profit to distribute, 
| which assurance is, of course, an important factor 
|}in the case. The practice has been largely adopted 
| by the gas companies, some forty of whom apply it. 
| The South Metropolitan Gas Company, for example, 
| provide that, after paying 5 per cent. dividend on 
|the ordinary stock, and 6 per cent. on any new 
| ordinary stock, the surplus profits shall be divided 
|in the proportion of three-fourths to the con- 
sumers by way of reduction in the price of gas, and 
/one-fourth equally between the ordinary stock- 
| holders by way of increased dividend, and to em- 
| ployees of the company by way of a uniform per- 
| centage of bonus on their salaries and wages. One- 

















. | . . . . 
comes the co-partnership scheme of Messrs. Lever | half of this bonus given to the workers is to be in- 


Brothers. The beneficiaries under this scheme 
are described as co-partners. Every employee, 
male or female, who has attained the age of 21 and 
completed one year’s service, may be admitted to 


| vested in the company’s ordinary stock, in the name 
| of trustees, until the amount credited to any worker 
is sufficient to give him a stock certificate in his own 


|name. The remaining half of the bonus must be 








left in the company’s hands to accumulate interest, 
or it may be invested in stock with the trustees, 
or it may (but only under special circumstances) 
be withdrawn by giving a week’s notice. 

Stock Holding by Workers in the United States.— 
The New York Trust Company have just issued a 
return relating to 22 representative corporations 
in which workers own capital to the extent of 9] 
million pounds. Amongst the companies are the 
American Telephone Company, the United Steel 
Corporation, and the Standard Oil Company, 
together with certain railroads and others. The 
Economic Department of the Princeton University 
estimates that the amount of stock held by em- 
ployees in the various concerns throughout the 
United States is not less than 140 million pounds. 
This figure, while probably less than 5 per cent. of 
the total amount of capital employed, indicates 
that in the States the principle is recognised and is 
being practised. ’ 








THE BAVARIAN POWER SCHEME. 
(Concluded from page 693.) 

In the sub-stations, in which the oil switches are 
mounted on the floor level, the cubicle system of en- 
closure has been adopted, while where the switches 
are contained in pits and the risk of explosions 
spreading to the surrounding atmosphere does not 
arise, the open system has been adopted, as shown 
in Fig. 12 on-page 723. Both types are arranged 
so that the high tension switch house, the trans- 
former cubicles and the low-tension switch house 
form three separate units, and special steps have 
been taken to ensure easy accessibility to all 
parts in case of need. The general lay-out adopted 
will be clear from the illustrations, Figs. 11 and 
12 on page 723. These show the sub-station at 
Landshut, which is built on the cubicle system, 
and the sub-station at Wurzburg, where the open 
system is employed. 

We may give some further details of the latter 
of these sub-stations, and these may be taken as 
typical of the lay-out adopted throughout. The 
single story transformer house has seven cubicles, 
each of which is sufficiently large to contain, not 
only a main 16,000 kv.-a. transformer, but an 
auxiliary 2,000 kv.-a. transformer, which is pro- 
vided with + 10, + 5, + 0. — 5 and — 10 per cent. 
tappings, so that low tension pressures can be 
regulated within appropriate limits. Both the 
transformers and oil-switches are mounted above 
oil sumps, the latter being connected to a pipe 
system, which is fixed in the cable subway under 
the service gangway. The pipes are laid so that 
they fall from their highest point in the centre of 
the building towards the side walls. Separate 
sumps collect any oil that may be thrown out when 
an explosion occurs. 

The cooling installation, which is used for treating 
the transformer oil, is very complete. The oil circuit 
comprises the transformer itself, an oil pump and 
the cooling worm. The cooling water flows over 
the cooling worm which is supported in concrete 
channels, the direction of flow of the water being 
opposite to that of the oil. An oil pump with a 
capacity of 3,000 litres per minute is provided for 
each 16,000 kv.-a. transformer. As each trans- 
former contains about 30 tons of oil, complete 
circulation is effected in 10 min., and the temperature 
is thus kept below the limiting figure of 60 deg. C. 
An illustration of a typical cooling installation is 
given in Fig. 13 on page 724. As between 5 and 
35 cubic m. of water per second are required for 
this purpose, the latter amount approximating to the 
daily requirements of a town of 25,000 inhabitants, 
special wells had to be sunk at each sub-station, In 
order that the necessary supply might be obtained. 

The cubicle system of construction, employed 
in connection with the switchgear, necessitates 
the employment of a two-story switch house, into 
the upper part of which the transmission lines 
enter and where also the isolating switches, dupli- 
cate bus-bars and choking coils are housed. In 
the sub-stations, which have been equipped by the 
Siemens-Schuckert Company, the bus-bars consist 
of copper-covered iron pipes, which are susp nded 
by chains from the roof. In the stations which con- 
tain A.E.G. and Bergmann equipment, copper an 
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brass tubes are used as bus-bars, in the latter cases 
being mounted on supports. In the stations equip- 
ped by Brown-Boveri and Company, suspension 
chains are also used, but in this case the bus-bars 
are of copper wire. The isolating switches are 
manually operated and are fixed to an iron frame- 
work in groups, which are separated from each other 
by thin partitions. The general arrangement of 
the equipment in these substations will be clear from 
the illustrations Figs. 14 to 17, on pages 724 and 725. 

The oil switches are operated in the ordinary way 
from the control room. This room contains all the 
apparatus necessary for supervising and operating 
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component, as it is directly proportional to the 
voltage. Assuming that all three phases are 
equally loaded, a current transformer need only be 
placed in one phase, to supply the current compo- 
nent. The accuracy of the measurements thus 
obtained is said to be sufficient for practical purposes. 
As ordinary bushings can be used for this purpose, 
it is claimed that the arrangement has the following 
advantages over the employment of the usual 
instrument transformers: considerable saving in 
space and cost, increased reliability owing to the 
reduction of risk of explosion, and ease of extension. 

The low-tension switch houses do not require 











capacity and inductive load made it necessary that 
the exciting current should be capable of regulation 
over a very wide range,’ in order that the operation 
of the main machine might be stable. For this 
reason, an exciter of the Ossanna type was chosen, 
This enables the voltage to be regulated between 
— 30 and + 270 volts. To avoid disturbances in the 
network, the main machine is not arranged for self- 
starting, but an asynchronous starting motor with 
a capacity of 250 kw. is used to bring it up to 
speed. This can be uncoupled when not in use. 
Accurate paralleling of the machines is effected by 





means of a liquid regulator. 
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the installation. The instruments are, as far as|any mention, but a word may be said about the 
possible, arranged on panels. Incases of emergency | synchronous condensers employed for improving 
the oil-switches can also be operated by hand from | the power factor which are installed at the Nurem- 
the service gangway. Special attention has been paid | berg station. At present two 8,000-kv.-a. syn- 


to the provision of a complete signalling installa- | chronous machines are used for this purpose, and 


called to the bre: 
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Fig. 12 is a section of the Wurzburg sub- 
station, which is built on the hall system, and 
though in general arrangement it is similar to the 
others, it contains some points of difference which 
may be noted here. The main hall is about 45 m. 
long, and is subdivided neither by cubicles nor 
partitions. It contains seven 110,000-volt oil 
switches, which are arranged on each side of a 
central gangway. Each single pole oil switch is 
sunk in a concrete pit, which is of an explosion- 
proof design. The three pits belonging to one switch 
group have a common foundation. The whole of 
the switching mechanism, including the protective 
resistances, is suspended from the switch covers, 
The gases, which collect in the upper part of the 








oil switch during the switching operations, are 
led into the open air through relief pipes. The 
entrance of moisture into the relief pipes and oil 
switches is prevented by non-return flaps. The 
three switch units are coupled together in the 
ordinary way for electric remote-control operation. 
The isolating switches for the two main sets of oil 
switches are arranged on a light iron frame over 
the gangway, the individual phases being separated 
from each other by wide expanded metal partitions. 





These switches, like the isolating and earthing 
switches for the transmission lines, are operated by 


Hon, so that not only is the position of each switch | are connected to the 110,000-volt bus-bars through | hand from the gangways. 

indicated by an appropriate lamp on a diagram | a 16,000-kv.-a. transformer. They are designed to| The lower part of the lattice girders, which carry 
‘in the control room, but the occurrence of any | give a continuous output of 8,000 kv.-a. at a power | the isolating switches and gangways, are employed 
overheating in the transformers is notified both by | factor of unity, when over-excited, the terminal|as switch panels. Each panel carries the motor 
alight and a special acoustic signal. Attention is voltage in this case being 12,000 volts. About half | operating gear for one oil switch group. The pro- 


akage of a conductor in the same way. | this output can be obtained at a power factor of | tective relays, ammeter and other control and sig- 


Interest attaches to a device, which has been | unity when they are under-excited, in which case | nalling apparatus are also placed here. The bus- 
designed by the Siemens-Schuckertwerke, for | the terminal voltage is 10,200 volts. The machines | bars, which consist of copper wire 120 sq. mm. in 
measuring the high-tension power. A diagram of| are of the usual synchronous design, and are con- |eross section, are, as in the other stations, sus- 
of this is given in Fig. 18. The novelty in the | nected to a starting motor through a coupling of | pended from the roof and kept well away from the 
a is that the charging current between | specially strong type, so that in case of need they| walls. The great advantages of this open system 

sur 


aces of the condenser bushings on the lead-in | can be used for driving the converters and supply 
The large 


c ; : : 2 ; 
onductors and earth, is measured as the pressure | either direct or single-phase current. 





of construction are the ease with which the equip- 
ment can be inspected and the reduction of the 
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building costs, owing to the absence of cubicles, 
with their heavy iron doors and partitions. It is 
claimed, in fact, that this design has all the advan- 
tages of the open-air arrangement with none of its 
disadvantages. 

Owing to the size and importance of the Bavarian 
power scheme, all possible precautions have been 
taken to ensure that the operating reliability shall 
be as high as possible. This end has been attained 
mainly by good design, and by attention to such 
points as placing the conductors considerable dis- 
tances apart, and carefully protecting the trans- 
formers by well-known methods. Even so, it is 
impossible entirely to avoid breakdowns in opera- 
tion, though their effects may be limited both in 
time and space. 

The greatest dangers that are to be feared are 
those which arise from earth faults on the network. 
On the Bavarian network the leakage current may 
attain the value of 410 amps., and in order to 
reduce the effect of an earth fault Petersen coils 
have been employed with satisfactory results. These 
coils, which are shown in Fig. 20 on page 726, are 
connected between earth and the neutral point 
on the high-tension side of the transformers and 
generate a lagging compensating current, which is 
approximately equal to the leading leakage current, 
but in phase opposition to it. The leakage current 
is thus compensated down to about 5 to 10 per cent. 
The effective component of the current still remain- 
ing is used to operate the leakage relay. Seven of 
these coils are used altogether on the Bavarian 
network, three of which have a capacity of 80 amps. 
and one a capacity of 66 amps., the remainder being 
designed for 45 amps. For adjustment purposes the 
coils are provided with tappings, so that the rated 
currents of the 80-amp. coils can be reduced to 75, 
70 or 65 amps., that of the 66-amp. coil to 56, 47, 
39 and 33 amps., and that of the 45-amp. coils to 
40 and 35 amps., respectively. The coils are 
designed to withstand the full load current for two 
hours. 

It is stated that, from the point of view of pro- 
tection, these coils have proved themselves highly 
efficient, and that by employing them it has been 
possible to reduce the leakage current to about 4 per 
cent. When a leak occurs the fault arc is extin- 
guished. Excess pressures, such as are caused by 
intermittent faults, are therefore avoided. A 
special advantage of these coils is that, when a 
permanent fault occurs, the supply can be maintained 
sufficiently long to allow arrangements to be made 
for consumers to be supplied by another route. 
When this has been done the faulty circuit can 
be cut out. Earth relays are provided in each 
circuit in connection with the earth coils. These 
relays, however, are not used to trip the oil switch, 
but simply to indicate the presence of a fault. 

The effect of the other faults, whether due to 
excess current, short circuits or earths in the net- 
work, bus-bar short circuits or breakdowns in the 
transformer windings, is limited by the installa- 
tion of a protective system, which has been devised 
jointly by the Allgemeine Elektrizitats Gesell- 
schaft and the Siemens-Schuckertwerke. This 
enables the faulty section to be switched out 
without disturbing the others. The system is 
based on the employment of selective relays, the 
general principles of which are of course well known. 
The Merz-Price system is used as a_ protection 
against bus-bar short circuits, and the same system 
is used for the differential protection of the trans- 
formers. 

As regards the traction supply, the single-phase 
energy, both from the Walchensee station and 
those on the Middle isar, is transmitted at 110,000 
volts to special traction sub-stations, of which 
three, at Murnau, Pasing and Lands-hut are now 
in operation. In these sub-stations the current 
is transformed down from the transmission voltage 
to the trolley wire pressure of 15,000 volts. At 
the Murnau and the Lands-hut sub-stations there 
are two, and at the Pasing sub-station three 
5,000 kv.-a. transformers, all of which were supplied 
by the Siemens-Schuckertwerke. These trans- 
formers are similar in design to those installed 
at the Walchensee station, details of which we 
hope to give later, though their dimensions are 
smaller owing to the lower output. In the 
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same way as mentioned above in connection 
with the transformers for the general supply, 
Special care was taken to make the overall size 
within the loading gauge of the railways, so that 
they could be shipped complete, and so that the 
only erection work required on site was the placing 
M position of high-tension terminals and the con- 
nection of the pipes for the water cooling. On the 
low-tension side, the transformers are provided with 
tapping so that the tension can be varied within 
afew per cent. Fig. 19 on page 726 shows the ex- 
ternal appearance of the tank, the stiffening 
arrangements employed to withstand the short- 
circuit forces being clearly visible. 

The arrangement and construction of the trans- 
mission lines is in general the same as that already 
described in connection with the three-phase system. 

At the beginning of this article it was stated that 
an essential feature of the Bavarian Power Scheme 
‘was the interconnection of all the large generating 
‘stations in the area covered. Arrangements are 
made for distributing the load on the network 
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between these stations, so that the most economic 
employment of the water power available at any 
time is ensured. To effect this, the operating 
department receives daily, advices from each 
power station as to the hydraulic conditions, and 
from the distributing authorities as to the amount 
of power required. This data enables the load on 
each of the water power stations feeding the system 
to be laid down, on the general principle that the 
stations without storage facilities are run at full 
load, while those with reservoirs store their water 
against periods of shortage or exceptional demand. 
To store all the excess water in this way would 
mean the construction of impossibly large dams, 
and a more suitable method of increasing the 
utilisation of the water power stations is to inter- 
connect them with thermal stations, which can be 
used for covering the demand when the hydraulic 
conditions are unfavourable. As very efficient 
thermal power stations are already in existence in 
the area, the Bavarian authorities are making use 
of them in the way mentioned, instead of erecting 
plants of their own. The undertakings which own 
these stations are, therefore, in times of water 
shortage informed how much power they can take 
from the network, and are left to make up the 
deficit from their own plants. As far as possible, 
these periods are fixed at as long intervals apart 
as possible, an arrangement which is facilitated by 
the presence of the large storage reservoir at 
Walchensee. 

These “load despatching’’ arrangements are 
made from the central control room at Karlsfeld, 
over two separate private telephone systems: One 
of these is an ordinary wire system, and the other 
a high-frequency wireless system installed by the 
Telefunken Company. There are two speech zones, 
with exchanges at Karlsfeld and Nuremberg, 
respectively, and from these radio-communication 
can also be established with the corresponding sub- 
stations. 

The central control station is provided with a 
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small plan of the type familiar in this country, 
which shows the run of the 110,000 volt and the 
secondary transmission lines, together with the 
switches, bus-bars and transformers belonging to 
them. The generators and other equipment in the 
power stations feeding the network are also indicated. 
The actual position of every switch is shown by 
lights, which are operated from a special desk by 
the engineer in charge. The board is 6 m. long and 
3 m. high, and contains 2,000 signal lamps. 

We have to thank the officials of the Bayernwerk 
A.G. for providing us with facilities for obtaining 
the information on which this article is based. 





THE Surveyors’ InstirutIon.—The annual country 
meeting of the Surveyors’ Institution will be held at 
Harrogate from June 22 to 25 next. Apart from the 
business meeting, which will be opened by the Mayor of 
Harrogate on June 23, excursions have been arranged 
to a number of places of interest in the neighbourhood, 
including Fountains Abbey, Knaresborough, the City 
of York, Wentworth Woodhouse, the Leeds Corpora- 
tion Washburn Valley afforestation and waterworks 
schemes, and Bolton Abbey. 'The annual country dinner 
will be held on June 23 in Harrogate. Members desirous 
of taking part in the meeting are asked to communicate 
with the secretary as soon as possible, 





LauncH or THE §.S. ‘Irrona.”—On Thursday, 
April 21, Messrs. Workman, Clark and Company, 
Limited, successfully launched from their south yard 
the §S. Iriona, another passenger and fruit-carrying 
steamer for the United Fruit Company of Boston. The 
vessel is fitted with a bridge erection and large deck 
houses amidships for the accommodation of first-class 
passengers, and her main dimensions are: length, 
355 ft.; breadth, 48 ft. ; and depth, 31 ft. 6 in., with a 
gross tonnage of about 4,200 tons. There are three 
*tween decks forward and aft, in addition to holds 
specially arranged for the carriage of fruit, the ventila- 
tion of which is obtained by large cowl ventilators 
delivering fresh air to all the compartments. Pro- 
vision is made for the heating of the air supply in cold 
weather. The propelling machinery, which has been 
constructed by the builders, consists of one set of direct- 
acting inverted four-cylinder triple expansion engines 
of the surface-condensing type, steam being supplied 
by four large cylindrical multitubular boilers working 
under forced draught and burning oil fuel. 
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Civil Engineering Specifications and Quantities. By 
G. 8S. Coteman, D.Sc. (Eng.), A.M.Inst.C.E., and G. M. 
FLoop, B.Sc. (Eng.), A.M.Inst.M. and Cy.E. London: 
Longmans, Green and Company, Limited, 1926, [Price 
10s. 6d. net. ] 

THE authors of this work, associated as director and 
lecturer respectively with the department of 
Municipal and Sanitary engineering at the Univer- 
sity of Manchester, have produced a book which 
should be of service to all having to do with the 
conduct of constructional engineering. To the 
engineer long established and of much experience 
in preparing the documents necessary in framing a 
contract for works to be executed, the drafting of 
these is still a matter needing his most careful 
attention; to such the work under review will be 
of interest. To the young engineer, however, devoid 
of antecedent experience of importance, the lack 
of which is apt to present formidable difficulties, 
this work should be of very great and practical 
service. 

The initial chapters of the book deal with the 
more legal aspects of the duties, authority and liabil- 
ities of the engineer, and with general considerations 
respecting contracts and relative matters, proceeding 
then to enlarge upon the preparation of the various 
parts of a specification, laying particular stress upon 
the General Conditions, which it is urged should be 
drafted under adequate legal guidance. The tech- 
nical part of a specification, relating to materials 
of construction and to workmanship, then, has 
attention, about one-third part of the book being 
devoted to these matters. The treatment is some- 
what unequal, and there may be differences of 


opinion about the propriety of some of the stipula- | 


tions indicated, with omissions respecting classes 
of work not touched upon; this is, however, not 
surprising, having regard to the great variety of the 
work embraced by the term ‘ 


expect a somewhat wider treatment. 

The various schedules required are described, and 
examples given. Instructions follow upon the taking 
off of quantities, abstracting, and preparation of the 
bill of quantities, the duodecimal system of develop- 
ing results being strongly advocated—all this in 
considerable detail. The final chapters relate to 
certification of work for payment and certifying for 
extras and additions, with concluding remarks on 
guarantors, sureties, and arbitrations. The com- 
ments upon what constitute extras, it may be 
noted, are illuminating. As illustrating the atten- 
tion given to the legal questions which may arise, 
it may be said that the authors have given specific 
references to some 160 decisions, with quotations at 
length from about forty such findings. In quoting 
cases the authors do not confine themselves to 
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decisions of the British courts, but cite many cases 
from the courts of America and Canada having a 
bearing upon questions of difficulty. A bibliography 


of English and American authorities is given as an 
appendix. 
The difficulties and disputes indicated as 


liable to arise during the execution of a contract, 
or upon settlement, are somewhat appalling in 
their complexity to the non-legal mind, but this 
book, while not perhaps placing the engineer in a 
position of complete mastery of these difficulties, 
should be of considerable use in making him cogni- 
sant of what to avoid, as without such knowledge 
it is but too easy to get into trouble. In the first 
fifty words of the first chapter there is insistance 
upon the value of reasonableness on the part of 
the engineer in his specified requirements; this 
early statement may suggest the importance very 
properly attached by the writers to this advice. 
Such reasonableness is indeed to be commended with 
respect to all the parties to any contract, for without 
this it would seldom happen that a complicated 
contract could be settled without reference to courts 
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‘civil engineering ”— | 
the title of the book does, however, lead one to} 





of law—a costly, vexatious, and time-wasting proce- 
That difficulties should arise is not to be 
wondered at when it is considered how many 
interests may be affected in the conduct of work, 
apart from the interests of the principals to a 
contract ; but as between principals, if there be a 
genuine desire to reach an equitable settlement, this 
can commonly be effected. 

In the drafting of a specification the position of 
the engineer, acting for the employer, is probably 
weakened by the introduction of clauses of an 
exigent or unreasonable character, as, for instance, 
the requirement that the person tendering shall 
inform himself before signing a contract, as to the 
condition of substrata—knowledge which can only 
be completely ascertained by the actual conduct of 
the work, knowledge which the engineer himself 
lacks in the initial stages of an undertaking. It is 
quite possible so to draft clauses relating to founda- 
tions that, when taken with the bill of quantities, 
the major difficulties of a settlement may be avoided. 
The book is well indexed. 





The Internal Constitution of the Stars. By A. 8S. Epp1ve- 
TON, F.R.S., Plumian Professor of Astronomy in the 
University of Cambridge. Cambridge: The University 
Press, 1926. [Price 25s. net.] 

THE late Lord Kelvin was only prepared to 

concede to the sun an age of some 20 million 

years. This estimate was based upon the hypothesis 
that solar radiation was due entirely to shrinkage, 
the work represented by the falling in of the 
surface towards the centre being liberated as heat. 

He also, it will be remembered, fixed a limit to the 

age of the earth from a study of the temperature 

gradient in, and the conductivity of, the surface 
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layers. This latter estimate, whilst somewhat more 
liberal than the limit deduced on other premises for 
the life of the sun, was regarded by geologists as 
wholly incompatible with the story of the rocks. 
The discovery of radio-activity destroyed the basis 
of Kelvin’s argument in the case of the earth, but 
the sun’s output of energy is far greater than could 
be maintained by an equal weight of any known 
source of radio-activity, and certain stars radiate 
energy 50 or 60 times as fast as the sun. More- 
over, various arguments indicate that stellar 
activities have been maintained for periods which 
are not small in comparison with 10!° years. 

In the fascinating volume just published by the 
Cambridge ‘University Press, Professor A. S. 
Eddington, F.R.S., has brought together the 
evidence and arguments, which have led astronomers 
to the belief that in many stars, temperatures of 
40,000,000 deg. C. are attained, whilst in certain 
cases the constituent mass of the star has a density 
50,000 times as high as that of water, although 
the heaviest of the elements as we know them 
on earth has a specific gravity of only about 22. 
Moreover, the extraordinarily dense matter in 
these ‘“‘ white dwarfs ” behaves as if it were a perfect 
gas. The conclusions as to the character of these 
white dwarfs are, it should be added, exceptionally 
well supported by direct measurement, whilst 
certain of the other startling conclusions, now 
generally accepted by astronomers, are less directly 
attained. The explanation proferred by Professor 
Eddington is that these extraordinary densities are 
due to the fact that the constituent atoms have 
been almost wholly stripped of their electrons, 
leaving the nuclei bare, and these nuclei have a 
diameter which is very small in comparison with 
that of the Neutral Atom. 

The modern view about the constitution of the stars 
originated with Homer Lane, who attempted to de- 
duce the temperature distribution in the sun on the 
hypothesis that heat was transferred from the centre 
to the surface by convection currents. The mechanism 
suggested, however, proved utterly inadequate, and 
the modern view is that the transport of energy from 
the centre to the surface is effected practically wholly 
by radiation which, in the interior of the star, }§ 
of extremely short wave length. This radiation has 
to make its way out through a crowd of molecules 
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{inclusive of electrons), and it does this with a 
success which is surprising, in view of the opacity of 
ordinary matter under terrestrial conditions to 
X-rays of similar frequency. Professor Eddington 
explains this by noting that the absorption of an 
X-ray by an atom involves a corresponding emission 
of an electron. If the electron is not in place, no 
absorption can occur, and in the interior of a star 
the radiation is so intense that,a large proportion 
of the material encountered has already lost 
electrons, and has not had time to replace them 
before encountering another quantum of light. The 
opacity of the atoms to the passage of the radiation 
depends, therefore, on the time they take to 
recapture an electron after ionisation. In terres- 
trial conditions, this time of recovery is not long 
compared with the frequency with which quanta 
are encountered, but in the interior of a star it is 
relatively large. 

The energy radiated off from the stars is so 
extraordinarily large that it can only be derived 
from sub-atomic sources. One suggestion which 
has been made is that the energy in question 
is liberated by the compounding of four protons 
into a Helium nucleus, since the helium atom 
weighs distinctly less than four atoms of hydrogen. 
The energy liberated in such a condensation is 
equal to the loss of mass multiplied by the square 
of the velocity of light. Professor Eddington, 
however, observes that were this the main source 
of the energy radiated, the time scale would be 
rather cramped, being then not more than some 
10!° years, but adds that it cannot definitely be 
said that the suggested source is insufficient. If, 
however, protons and electrons mutually combine 
and destroy each other, as has often been suggested, 
the time scale will suffice for the extremest demands, 
but the matter of the stars will then ultimately 
disappear, and the Universe, instead of merely run- 
ning down to a dead level by the continuous increase 
of its entropy, will disappear like the Cheshire Cat, 
leaving, however, not even a grin behind. 

An exceedingly useful section of Professor 
Eddington’s book is that dealing with the Thermo- 
dynamics of Radiation and the Quantum theory. 
In these, the reader will find collected together the 
more immediately important results so far estab- 
lished.: In this connection it may, perhaps, be 
permissible to point out that Balfour Stewart’s 
proof, that black body radiation is obtained inside an 
enclosure containing any absorber of radiation, breaks 
down in the light of our present knowledge. Were 
absorption only concerned, his law could be dodged 
by constructing an enclosure with perfectly reflecting 
walls and filling it with atoms of Helium. Such 
atoms can only absorb light of definite wave length, 
and could therefore, apart from some Déppler effect, 
do nothing to change the character of the radiation 
originally enclosed: Presumably, the mechanism 
concerned in the absorption of light is in all cases 
the same, and the fact that a solid body apparently 
absorbs light of all wave lengths is probably to be 
attributed to scattering and to the Compton effect, 
radiation, of a wave length unsuitable for absorption 
by the surface molecules, being degraded by internal 
reflections. It may, moreover, be noted that the 
common statement as to the black body character 
of the radiation inside an enclosure fails also in an- 
other way, at least if by black body radiation we 
imply that this radiation includes all wave lengths. 
It would obviously be impossible to introduce 
radiation of wireless frequency into any enclosure 
used in our laboratories, and at the other end of the 
scale, radiation of very short wave lengths will 
penetrate any ordinary walls. No doubt, the 
energy corresponding to these missing parts of the 
full spectrum is small in most ordinary cases, but 
it is conceivable that the foregoing observations 
have a bearing on the fact that in laboratory experi- 
ments Wien’s law begins to fail as the wave lengths 
get larger and larger compared with the size of the 
molecules. 

A very interesting point brought out in Professor 

dington’s discussion is that radiation acts very 
much as if it were a gas having an adiabatic index 


4 , 
of ;. The views now held as to the “corpuscular ” 


nature of radiations renders this concept much more 
intelligible than it would be on the wave theory pure 





and simple. In fact, the Compton effect shows that 
in encounters between quanta and electrons the 
ordinary laws appertaining to molecular collision 
hold with rigour ; and it seems a legitimate exten- 
sion of this view to assume that the same rule 
holds good when light is scattered by ordinary 
molecules. 





Diesel Engines. Marine and Stationary. Described and 
illustrated with numerous formule for their design, 
and instructions for installation and operation. By 
ARTHUR H. GotpineHam. London: E. and F. N. Spon, 
Limited. [Price 21s. net.] 

In the preface of this re-written and enlarged 

“third edition,” the author states that it should 

be welcomed by the student, the draughtsman, the 

consulting engineer, the owner and the prospective 
purchaser. There is little doubt that a book with 
such a title, and written by one whose name is 
already known to those interested in internal-com- 
bustion engine literature, will exercise also a strong 
appeal to those who at this time are being called 
upon to operate, under service conditions, the 
numerous examples of Diesel engine construction 
fitted during recent years to an ever-growing 
number of merchant vessels. It is desirable, there- 
fore, that the book be reviewed from a somewhat 
critical standpoint in the interest of those whose 

present knowledge inhibits them from exercising a 

proper discrimination relative to the technical 

merits of the volume. , 

Of the 250 pages or so, about one-half are devoted 
to a very useful collection of line engravings and 
accompanying descriptive matter illustrating the 
constructional features of some of the leading 
types of British, European and American Diesel 
engines. This section is quite up-to-date, and 
includes abstracts from papers read before profes- 
sional societies as recently as 1926. Care has 
further been taken to avoid the fault of reproducing 
sectional drawings on too small a scale. Many are 
so large as to require the advantage of folded insets, 
thus permitting comfortable enjoyment of the 
smaller details of mechanical construction. This 
part of the work naturally consists mainly of a 
compilation of matter provided by engine builders 
and others, to whom the author expresses his in- 
debtedness in his prefatory remarks. Apart, there- 
fore, from mentioning the fact that the material and 
style in which it has been produced are good, little 
comment in the way of review is necessary. It is 
not quite clear, however, why the author has 
included as an appendix a reprint of the paper on 
‘Diesel Engine Castings,” read in 1920. While 
this particular subject was then admittedly of 
interest to metallurgists and specialists, to students 
and others who are chiefly concerned with engines 
as actually constructed, a far more valuable paper 
to reprint would, we think, have been that by Mr. 
Sulzer before the Institution of Naval Architects 
in 1926 dealing with his experiments determining 
the heat flow in cylinder liners and pistons at 
different periods of the cycle of operation. The 
omission of all reference to Mr. Sulzer’s work is, 
we consider, unfortunate, as it was conducted on 
broad lines of research and is likely to be of value 
for all time. 

The earlier portion of the book, we fear, hardly 
does justice to the author’s reputation as a specialist 
in this branch of engineering. Subjects of import- 
ance are referred to and dismissed in a way which to 
the serious reader must prove somewhat disappoint- 
ing. Again, the diagrams appear to have been 
collected from a number of sources, and there is an 
unfortunate lack of correlation between them. For 
example, the reader will probably wonder why the 
exhaust valve of a four-stroke cycle engine closes in 
Fig. 9 at 10 crank deg. after in-centre, 20 deg. after in 
Fig. 12, 35 deg. after in Fig. 44, and 10 deg. 20 min. 
after in Fig. 45; and why the duration of the 
exhaust period in a two-stroke cycle engine in Fig. 8 
is shown as 120 crank deg., since in Fig. 12 it is 
only for 40 per cent. of stroke and actually 80 crank 
deg., and in Fig. 54, 30 crank deg. No remarks are 
forthcoming throwing light on these discrepancies. 

Again, the student of design will derive little 
guidance on the subject of exhaust ports for 2-cycle 
engines. On page 30 all he is told is that they 
“‘ generally occupy half the circumference of the 
cylinder, and are of such height as to allow proper 





opening and closing by the piston.” The construc- 
tional formule for designers are apparently also 
collected from many sources, and suffer in conse- 
quence. An obvious error occurs in the equation 
for weight of flywheels on page 49, where the last 
denominator should be the cube of engine revo- 
lutions. 

On page 101 we notice that the author is at 
variance with the British Engineering Standards 
Association in connection with the requirements 
for flywheel effect in the running of alternators in 
parallel, as he speaks of 34 electrical degrees instead 
of the 24 specified by the B.E.S.A. It is also stated 
that a mechanical degree is equivalent to an elec- 
trical degree divided by half the number of poles 
of the alternator. The B.E.S.A. specification, how- 
ever, correctly states that a mechanical degree= 
p/2 electrical degrees—which is a very different 
value from that given by the author. These are, 
unfortunately, samples of a looseness of expression 
which will be found to occur too often for the work 
to be received with unquestionable confidence as a 
reliable guide to the important subject with which 
it deals. 





The Theory and Practice of Radio Frequency Measurements, 
By E. B. Moutt1y, M.A., A.M.I.E.E. London : Charles 
Griffin and Co., Ltd. [Price, 25s. net.] 

THE extent to which radio communication was 
being revolutionised during the war by the develop- 
ment of the electrode valve could only be realised 
by the experts who had access to confidential in- 
formation. By the time that the general public 
was presented with broadcasting apparatus, appa- 
rently simple, yet able to perform astounding feats, 
the pre-war electrician was probably almost as much 
puzzled about the real nature of the processes as 
the boy who asked his advice. Numerous papers 
then appeared, some of them coming from countries 
with which communication had been suspended 
and which had worked on independent lines. But 
they largely spoke a language of their own, and pre- 
sumed a great deal of special knowledge when they 
described how the valves would serve as rectifiers 
and generators, and how measurements could be 
taken with the aid of valve amplifiers to which 
thousand-fold magnifications seemed as easy as 
they are to lever systems. 

Mr. Moullin has done well to introduce his 
laboratory manual and textbook for advanced 
students on the theory and practice of radio- 
frequency measurements by a fundamental analysis 
of the physical processes involved, and to open 
his chapter with general explanations and defini- 
tions of the quantities to be measured. His chap- 
ters deal with measurements of potential difference 
and current, of frequency, resistance, capacity, 
and of inductance, with antenna characteristics, 
intensities of radiated fields, and with miscellaneous 
problems. For reasons indicated, the problems 
of resistance, capacity and inductance may not 
always be discussed in the chapters bearing those 
headings. Dull-emitters are not mentioned, but Mr. 
Moullin has taken great pains to facilitate the task of 
the experimenter. His language is concise, almost 
too much so in some places. The subject ex- 
pands daily, and his 276 pages hardly suffice for 
his object. Exact mathematical solutions being 
sometimes too difficult, he gives, if possible, approxi- 
mate formule for laboratory application. His 
own name is coupled with the Moullin thermionic 
voltmeter, which we noticed among the exhibits of 
the Cambridge Instrument Company at the Physical 
Society Exhibition of 1925 (see ENGINEERING, 
January 9, 1925, page 51), and which has become 
an instrument of acknowledged utility and relia- 
bility in a field in which it has few rivals ; further, 
with a shunt temperature compensator for thermo- 
junction ammeters, and with the construction 
of a resistance potential divider of small inductance. 
Mr. Moullin has also proposed a bridge arrange- 
ment for determining the energy of losses in insu- 
lators such as blocks of porcelain or granite, and 
has done original work on measuring the equivalent 
height of an antenna, and in other antenna and 
rectifier researches. The rapid development of 
radio communication makes the task of writers 
on the subject very difficult, and Mr. Moullin may 
be complimented on this result of his efforts. 
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THE SAFETY IN MINES RESEARCH 
BOARD EXPERIMENTAL STATION. 


Tue Safety in Mines Research Board opened, on 
Tuesday last, its new Research Station near Buxton. 
The station is designed and generally equipped so as 
to be available for all research that requires large scale 
operations, and is intended in the first instance to 
be used in the researches now in progress on coal- 
dust explosions, fire-damp explosions, coal-mining 
explosives, and gob fires. By the courtesy of the 
Safety in Mines Research Board we are able to give 
particulars of the layout of the Station and of the 
most important features of its equipment. 

As will be seen by reference to Fig. 1, the arrange- 
ment of the experimental station and the position 


of its buildings have been determined by the position 


of the coal-dust explosion gallery, R, which lies along 


a narrow strip of land that had been levelled, being 


in fact a disused mineral railway track. An adminis- 
trative building A, enquiry office B, garage C, and 


works D, are arranged at the extreme north end of the 


station. The administrative building, A, contains 
accommodation for the technical and administrative 
staff, with wings devoted respectively to an analy- 
tical laboratory and its stores, and to a lecture and 
conference room, with a library. The works build- 
ing, D, is 109 ft. long by 95 ft. wide, with the Station 
light railway running through the centre. It con- 
tains stores for small objects and scientific apparatus 
and for heavy machinery, machine, blacksmiths, 
joiners’ and electricians’ shops, battery and power 
houses, with mess-room, kitchen, lavatory and 
bathroom accommodation, including drying arrange- 
ments for the clothes of outdoor men. A water tower 
EK, tank E?, and oil and petrol store F, are provided. 
In the power house, 40 ft. by 35 ft., are three gene- 
rating sets, each comprising a four-cylinder vertical 
high-speed oil engine, direct-coupled to a shunt- 
wound direct-current generator, having a total out- 
put of 60 kw. at 220 volts. The control switchboard 
consists of three generator panels, battery-charging 
and feeder panels, and a control panel for a Tirrell 
automatic voltage regulator, keeping the voltage 
of the supply nearly constant irrespective of heavy 
load fluctuations. For work in which a constant 
and steady voltage is essential, two sets of 110-volt 
batteries are provided of 290-ampere and 360-ampere- 
hours capacity, arranged to run either in series 
or in parallel. These batteries also supply current 
when the generating plant is shut down. 

In the shops are done repairs to plant and scien- 
tific instruments, and some special apparatus 
is constructed. The blacksmiths’ shop includes 
an oxy-acetylene welding equipment, used prin- 
cipally for modifying and repairing the steel explo- 
sion galleries. Town gas and water are obtained 
from the Buxton Corporation mains, which ter- 
minate nearly ? mile from the station and at a 
level of 250 ft. below it. The water is pumped by 
an electrically driven three-throw pump, installed 


in a concrete pump-house, which delivers through a 


2-in. galvanised pipe to the steel water tank E 
of 3,500 gallons capacity, mounted on a steel struc- 
ture 20 ft. from the ground. A float and switch 
fitted to this tank operate an automatic motor- 
starter and control the water pumping. The gas 
supply passes throuzh a meter in the pump house, 


being brought in by a 2-in. underground main, and | 


distributed to the various buildings by 1}-in. under- 
ground pipes. The current supply from the station 
power house is distributed by over-head mains, con- 
sisting of braided stranded copper conductors, slung 
by raw hide slings on stranded steel wires fixed to 
insulators, which are carried at a mean height of 
20 ft. on wooden poles 100 ft. apart. Supplies are 
available at 110 or 220 volts. 

A siding to the station has been laid down from 
the High Peak line of the L.M.S. Railway, and pro- 
vided with appropriate unloading equipment. A 
3-ft. gauge light railway system (G, Fig. 1) connects 
the siding and unloading dock and the various 
outlying points at the Station. It runs the full 
length of both the 4-ft. gallery and the 7-ft. 6-in. 
gallery described below, and connects with the 
works’ block and the explosives research and gob-fire 
research buildings. Up till now a total length of 
1,350 yards has been laid. The line is operated by 
a 20 h.p. petrol locomotive, with four steel bogies 
fitted with removable steel cradles for handling 





the large gallery sections, and two steel tipping 
wagons, each of 1 cub. yard capacity. The principal 
departments are inter-connected by an automatic 
telephone system, using lead-covered twin conduc- 
tors for internal wiring and bare copper over-head 
conductors between the buildings. 


Coat Dust Exp.iostons PLANT. 


The principal research work on coal dust explo- 
sions will be done in a steel gallery 4 ft. in diameter, 
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Station, but will now have the advantage of better 
instruments under more favourable conditions. 

Four-foot Explosion Gallery.—The 4-ft. gallery 
(Fig. 2 and R, Fig. 1) is about 1,000 ft. long, being 
built up of 40 sections of mild-steel tubing each 
25 ft. long, with walls $ in. thick. Each section is 
built up from three rolled steel plates, bent to 
an are of 120 deg. and electrically butt-welded 
together. Thick flanges are welded to the ends 
of each section, and a steel packing ring and two 
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. Administrative block. 

. Inquiry office. 

‘, Garage. 

. Works block. 

E. Water tower and tank. 

jL. Cooling tank for engines. 

‘, Oil and petrol store. 

+. Light railway—3 ft. gauge. 

. Explosives research laboratory and gun room. 
. Explosives research testing gallery. 
Explosives research observation station. 
Gas holder. 

. Gas meter house. 
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. Coal bunkers. 

. Unloading dock and gantry crane. 

. Siding from L.M.S. Railway. 

P. General service store. 

. Fanhouse. 

. 4 ft. diameter gallery. 

. 7 ft. 6 in. diameter gallery 

. 1 ft. diameter-tube. 

. Instrument cabins. 

. Fire control station for 4 ft. diameter gallery. 
. Fire control station for 7 ft. 6 in. diameter gallery. 
. Gob fire research chamber. 

. Magazine. 

. Heating chamber. 








but another gallery 7 ft. 6 in. in diameter will be avail- 
able for demonstration explosions and other purposes. 

The first problem to be investigated will be the 
possible effect of the presence of small percentages 
of fire damp on the liability to ignition of mixtures 
of coal dust and incombustible dust, present results 
being conflicting. The effect will be studied of small 
openings in the gallery, intended to correspond with 
branch roads underground, on the ease of propaga- 
tion of coal dust explosions. The investigation of 








this subject was begun in 1924 at the Eskmeals | separated from the steel by tarred felt so as to 





Fig. 2. Part oF THE 4-Fr. ExpLosion GALLERY. 


metallic asbestos gaskets are inserted between 
adjacent flanges, so that when bolted together the 
entire tube is air-tight. Each section has been 
tested hydraulically to 500 Ib. per square inch. The 
sections are interchangeable, and the packing rings 
both simplify their removal and permit steel plate 
restrictions for the special sections mentioned below 
to be inserted at any junction. The gallery 1s 
carried about 9 in. above ground level on concrete 
cradles cast to the curvature of the tube, and 
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reduce corrosion. Each section is secured by steel 
straps fastened to rag bolts cemented into solid 
rock, so as to avoid possible distortion by “‘ whip- 
ping ” during an explosion. 

For investigating the effect of openings in the 
gallery on the development of a coal-dust explosion, 
two special sections, one of which is shown in 
Fig. 2, are provided with four equal elliptical 
openings on each side, the total area of the open- 
ings being equal to the cross-section of the gallery. 
The openings can be closed by covers manipulated 
from the outside and secured in position by a 
bridging arm. These special sections can be inserted 


an aperture 1 ft. wide, through which its recording 
instruments can be attached to the gallery. The 
instruments are mounted on stout benches and, as 
shown in Fig. 3, are bolted to angle-iron brackets, 
which are attached by studs to the length of gallery 
exposed within the cabin. The benches and their in- 
struments thus move with the gallery as it expands 
with a rise of temperature, and no strain is thrown 
on any part of the instruments or their connections. 

Each cabin contains a manometer and a junction 
box for receiving and distributing the cables that 
serve the instruments of the gallery. Flame circuit 
breakers are attached on the crown of the gallery 





at any junction along the tube. 


Fie. 3. 


The southern end of the gallery is open, and the 
northern end is fitted with a four-way piece from 
which a fan drift runs at right angles. The drift 
can be closed by a 3-ft. 6-in. disc valve, operated by 
a shaft, the latter moving freely in two bushes, one 
of which is mounted on the fan drift and the other 
on the side plate of the four-way piece. A simple 
arrangement enables the valve to be secured in 
position by a slight turn of the shaft. .The ventilating 
fan installed in the fan-house, shown at Q, Fig. 1, 
can create an air current of 1,200 ft. per minute 
through the gallery in either direction. The gallery 
18 closed by a removable blank at the end of 
an arm of the four-way piece, a ramp built up 
of limestone rock and concrete, faced with timber, 
being erected a few feet behind the gallery as a 
safeguard against damage if the blank were blown 
off during an experiment. The actual overall length 
of the gallery, including the four-way piece and 
packing between the sections, is 1,008 ft. 

_The instrument cabins U, in Fig. 1, which are 
situated on the western side of the gallery at 
intervals of 100 ft., are built of steel plate on angle 
iron frames, and are mounted firmly on concrete 
foundations. They are not fastened to the gallery, 
ut are in close contact with it, and each one has 








in the same transverse vertical plane as the pressure 





InTERIOR OF No. 5 INstRUMENT CABIN. 


tubes of the manometers, the times of fusion being 
recorded on a chronograph in the firing station. 
An account of these instruments is given below. 

7-ft. 6-in. and 1-ft. Explosion Galleries.—The 
7-ft. 6-in. gallery runs parallel with the 4-ft. gallery 
but on a lower level. It has been built up of the 
strongest sections taken from the gallery that was 
used at Eskmeals. Each section is from: 28 ft. to 
30 ft. long, and the total length of the gallery is 
410 ft. Each section is carried on two concrete 
blocks, similar to those used for the 4-ft. gallery. 
The gallery is terminated by a four-way piece bolted 
at one end and is connected with a fan drift. This 
pieceis carried on one concrete block, and is fitted 
with a valve of the same type as in the 4-ft. gallery. 
Fig. 9 shows the gallery and fan-house. 

The 1-ft. explosion gallery (T, Fig. 1) is composed 
of 16 sections, each 18 ft. 9 in. long, bolted together 
to form a continuous tube 300 ft. in length, and sup- 
ported'on concrete blocks like the other galleries. Air- 
tight joints are made with asbestos packing-rings 
bolted firmly together and pressing against 4-in. 
flanges welded to the end of each section. 

Firing Stations.—Separate firing stations, V and 
W in Fig. 1, have been erected in concrete for the 
two large galleries, and fitted with water, gas, and 





power mains. Each building contains an instru- 
ment control panel, a recording chronograph and 
a@ manometer calibration apparatus, and has a 
dark room for developing photographic pressure 
records. An electrically driven siren on the roof 
of the station, and a flagstaff on high ground imme- 
diately behind, enable warning to be given of experi- 
ments in progress. The firing station for the 
7-ft. 6-in. gallery is about 30 yards to the west of it. 

Ventilating Fans.—The galleries are provided with 
fans both for clearing them of fumes, dust and soot 
after a coal-dust explosion, and for producing a 
current of air in either direction when required. 

For the 4-ft. gallery, a 30-in. Keith fan is pro- 
vided, fitted with a sheet-steel housing, having a 
flanged outlet 30 in. by 24 in. and a tapering 
chimney 12 ft. long. The inlet is of 36 in. diameter. 
The fan has two dampers operated by one lever, 
and by a single movement of the lever one damper 
at once closes the fan drift and opens an inlet 
to the air. A second damper closes the chimney 
and opens a bye-pass through which air is 
passed into the gallery. In this way the direction 
of air current can be quickly reversed. The im- 
peller of the fan is mounted direct on the shaft 
extension of a 20 h.p. variable speed shunt-wound 
motor, the speed of which can be regulated by field 
control up to 600 r.p.m. when operating on a 220- 
volt D.C. supply circuit. 

For the 7-ft. 6-in. gallery a single-inlet Sirocco fan 
6 ft. in diameter is provided, with a capacity of 
120,000 cub. ft. per minute at 800 r.p.m. 

Both fans are housed in one building, Q (Fig. 1, 
shown also in Fig. 5), erected midway between the 
two galleries, with the fan drifts leading out from 
opposite sides of the house. 

Pulverising Plant.—The pulveriser previously 
used at the Eskmeals Station is of standard type, 
in which small coal is fed by hand into a hopper 
fitted with an adjustable delivery plate, and passes 
into a steel-lined pulverising chamber, fitted with 
twelve beaters, which rotate at high speed about 
a central shaft. The fine dust so produced is pro- 
jected upwards by a fan mounted on the extremity 
of the central shaft, and passes through a duct 
into a cyclone collector fitted with closely woven 
air release bags. By adjusting the air inlet ports and 
the rate of coal feed from the hopper, the fineness 
of the dust delivered can be varied so as to 
compensate for the widely different friabilities of 
various coals. In practice at least 85 per cent. of 
the dust passes through a 200-mesh sieve (I.M.M. 
Standard). 

The pulveriser house, L in Fig. 1, adjoins the un- 
loading gantry N, provided near the coal bunkers 
M, in the neighbourhood of the railway siding O, 
and to avoid filling the pulveriser house with very 
fine coal dust the upper part of the collector is 
placed in a ventilated wooden cage above the level 
of the roof of the pulveriser house. The dust re- 
tained by the air release bags thus falls or is shaken 
down into a conical collector, from which it is drawn 
off and weighed into cylindrical air-tight con- 
tainers. 


Coat Dust ExpLosion INSTRUMENTS. 


In order to discover how coal-dust explosions are 
developed, the quantities which have to be measured 
are the rates at which flame is propagated and 
pressure developed and the maximum pressure 
attained. The two latter are obtained with the help 
of pressure recorders, and the speed of the flame 
is deduced from the intervals between its arrival 
at successive circuit breakers along the gallery, 
where it interrupts electric circuits by melting 
fuse-wires. As stated previously, these instruments 
are placed at intervals of 100 ft., and the exact 
speed of the pressure recorders and the epochs at 
which the cannon shot is fired and the flame passes 
each instrument station, are registered on a chrono- 
graph of special design. 

Pressure Recorders.—The type of manometer 
adopted is the standard instrument in use at the 
Experimental Mine of the United States Bureau 
of Mines. A general view of it is given in Fig. 7, 
and sections are shown in Figs. 4, 5 and 6. It 
operates in effect by giving a continuous photo- 
graphic record of the minute displacements which 
changes of pressure cause in a diaphragm within 





the instrument. By reducing to a minimum both 
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the weight of the moving parts and the extent of 
their displacement under pressure, the instrument 
has been made capable of following, with considerable 
accuracy, the rapid changes of pressure that occur 
during coal-dust explosions. 

The pressure-receiving diaphragm A (Fig. 4) is a 
cast-steel plate, clamped tightly between the two 
parts B and C (Figs. 4 and 5), of the pressure head, 
to which the pressure in the gallery is communicated 
through a short tube. The displacements of the 
centre of this diaphragm are transmitted by a short 
steel rod to a T-shaped pivoted lever D (Fig. 4), 
which carries a small concave stainless-steel mirror 
E (Fig. 4), the rod being kept constantly up to its 
work at each end by a stiff triangular spring F 
(Fig. 5). These displacements are taken up by a 








terminals through the gear-wheel, and the interval 
between these makes and breaks, which are regis- 
tered on a chronograph in the firing station, enables 
the speed of the drum at the moment when it received 
the pressure record to be determined. 

A calibration chart is plotted for each manometer 
from results obtained by subjecting it to a series 
of known pressures, both positive and negative. 
In this way, the deflections observed during experi- 
ments can be translated directly into pressures, 

The same instrument serves to register the passage 
of flame along the gallery. For this purpose it is 
provided with a tube closed at one end near the 
face of the drum H by a short-focus lens L, and 
connected at the other end to a hollow plug screwed 





into the wall of the gallery and closed-by a window 
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stiffness and consequently small deflection of 
diaphragms that can resist the pressures caused by 
some coal dust explosions, and the time abscissx 
because the speed of the manometer drum is 
relatively slow in order to avoid overlapping of the 
record. In a violent explosion, for instance, the 
pressure may rise from zero to a maximum in a 
few thousandths of a second, and the rise is 
represented by an abscissa of only a fraction of a 
millimetre. 

To read the charts with the order of accuracy that 
is necessary, a special instrument, shown in Fig. 10, 
Plate XXXVI, has been devised. It consists of a 
drum, rather larger in circumferenc2 than the mano- 
meter drums, on to which the chart can be clipped 
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beam of light, which the mirror focuses on to a 
sensitised recording surface. This beam proceeds 
from an incandescent electric lamp down a tube G 
(Figs. 4 and 5), with regard to which the mirror 
lever D is so arranged that it causes the spot of 
light to move from side to side in a horizontal 
plane when variations in pressure cause the centre 
of the diaphragm to move backwards and forwards. 
The relative lengths of the mirror lever and of the 
path of the reflected beam are such that the move- 
ment of the reflected image magnifies that of the 
diaphragm 150-fold. By interposing between the 
lamp and the mirror a diaphragm pierced with a 
fine orifice, the image is reduced in size to little 
more than a point, and gives very sharp definition 
of the pressure records. 

The sensitised paper is held by clips N on to a 
revolving drum H rotated at constant speed by an 
electric motor through a worm and gear drive, 
which operates when the light-tight housing I (Fig. 5) 
of the drum is pushed home on its guides. The drum 
and its accessories thus form a readily detachable 
unit, and, when the drura housing is not in use or is 
being removed, the narrow slit through which the 
reflected beam of light passes can be closed by a 
sliding shutter to avoid fogging the sensitised paper. 

To measure the peripheral speed of the drum, 
as is necessary for translating distances on the 
chart into times, two insulated terminals J, sur- 
mounting the gear box, are each connected to a flat 
brass spring K (Fig. 4), the tip of which makes 
contact with the smooth face of the gear-wheel. 
Two insulating strips of ébonite, let into the face of 
the gear-wheel on the path of one of the springs 
at points diametrically opposite to each other, 
serve, at every half revolution of the drum, to inter- 
rupt a weak current, which passes between the 
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tightly. The drum can be rotated freely about a 


Fig.5. 
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or disc M (Fig. 5) of thick glass. Flame passing the 
window is registered on the sensitised paper as a 
black patch, the length and general appearance 
of which is a guide to the duration and intensity 
of the flame. The occurrence of a succession of 
patches indicates that the explosion has entered 
on a vibratory phase, the periodicity of which 
can be calculated. 

Record Measuring Instrument.—The chart deve- 
loped on the sensitised paper is a time-pressure 
graph, the pressure ordinates of which are evaluated 
by the help of the calibration chart, and the time 
abscisse by the speed of the manometer drum as 
determined by the chronograph. Both quantities 
are small; the pressure ordinates because of the 





MANOMETER FOR RECORDING CoAL-Dust EXPLOSION PRESSURES. 


horizontal axis, but cannot move laterally. One 
end of the drum is graduated into 200 divisions, 
read against a fixed pointer, and gearing enables it 
to be read on a micrometer head to one-fiftieth of a 
drum division, a low-power reading microscope 
fitted with cross-wires serving to read a vernier to 
one-twentieth of a millimetre. Readings are made 
separately for each salient point of the record. 
Zero time is usually the moment of firing the 
cannon shot that causes ignition. It may be 
defined by means of the circuit-breaker next to be 
described. 

Flame Circuit-Breaker—The thin tin fuse-wires 
presented to the explosion flame at each instrument 
station along the gallery, are carried in flame circult- 
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breakers, the construction of which will be evident 
from Figs. 28 and 29. The fuse wire is held across 
the path of the flame by two terminals, carried by 
stout steel rods, which project 3 in. into the gallery, 
and at their upper ends continue the circuit that 
passes through a water-tight electrical wall-plug C 
when the latter is connected by a twin cable to a 
source of current in the instrument cabin. The 
rods pass through insulating sleeves in a bronze 
plug A, on which the wall-plug is fitted, and the 
plug is screwed with a strong square thread into a 
bronze plate B, which is bolted on to the gallery. 
The packing D and washer E are of copper-asbestos. 
The wall plug is protected by a weather-proof cap 
when not in use. 

Experience has shown that the shock wave 
produced by the cannon shot, which precedes the 
flame of the coal-dust explosion, never breaks the 
fuse wires, but invariably breaks strips of tin foil 
if they are substituted for the wires broadside-on 
to the wave. Before each series of experiments, a 
blank experiment is therefore made with tin foil 
instead of wire between the terminals of the circuit- 
breakers, the interval between the firing of the shot 
and the rupture of the tin-foil strips being registered 
onthe chronograph. At the latter instant the corre- 
sponding manometer, which is affected simultan- 
eously by the passage of the shock wave past the 
instrument station, shows a sudden deflection from 
the zero line of pressure, and the interval between 
firing the shot and the passage of the shock wave 
thus enables the chart for each manometer to be 
referred to the time of firing the shot as zero. 

Chronograph.—The design of the chronograph, 
by which the minute intervals of time are 
measured, will be evident from the general view, 
Fig. 11, Plate XXXVI, and details, Figs. 12 to 27, 
Plate XXXVII, with little explanation. The 
instrument consists of a long cylinder or drum A 
(Fig. 12) revolving round a horizontal axis B (Figs. 
12 and 13) and normally driven at uniform speed 
by an electric motor through gearing. The records 
are made on smooth smoked paper secured round the 
surface of the drum. A bar fixed parallel to the 
axis of the drum, carries twelve Deprez indicators C 
(Fig. 12), consisting of small electro-magnets which, 
when energised by a weak current, hold down light 
aluminium styles with their tips resting on the 
smoked surface. When the current to an indicator 
is interrupted, the style is so moved by a weak control 
spring that the tip of the style shifts in a direction 
perpendicular to the direction of rotation of the 
drum, and marks the smoked surface. One such 
indicator is connected in series with an electrically- 
controlled tuning fork, and marks fiftieths of a second 
on the smoked surface. Another forms part of the 
ignition circuit, and registers the instant at which 
the cannon-shot is fired. The others, actuated by 
the currents through the circuit-breakers, register 
the speeds at which the manometer drums revolve 
and the instants at which the wires of the circuit- 
breakers are fused. 

To obtain a more open reading on the charts, with 
corresponding accuracy of measurement, an arrange- 
ment is provided whereby the styles make helical 
traces on the smoked surface. For this purpose, 
a worm D (Figs. 13 and 15) is provided on the 
end of the drum axis, engaging with a gear- 
wheel E, which is normally free to revolve on its 
own axis, but can be locked by an electro- 
magnet of which it forms the armature. When the 
chronograph drum revolves, each style traces one 
circle round the smoked surface so long as the gear 
Wheel can revolve freely, but when the electro- 
magnet of the gear wheel is energised, the gear 
wheel is locked to the worm, causing it to move 
laterally in its bearings from left to right, as it 
Tevolves, and thus producing a helical trace from 
each style in contact with it. The length of the helix 
can be varied to suit the conditions of the experi- 
ment by changing the worm and the gear wheel. 

The instant of firing the cannon can be marked 
on each circuit-breaker record by rotating the 
bar that carries the indicators C, so as to remove 
the styles from contact with the smoked surface, 
pushing the drum back to its normal zero position, 
and lowering the styles again into contact. If the 
electro-magnetic clutch is then locked; and the 


style of the ignition-circuit indicator again rests 
on the mark indicating the rupture of this circuit, 
the drum is locked in position, and the styles of 
the ten circuit-breaker indicators are depressed by 
hand to make the cannon-firing or zero marks. 

The measurements are read off the chart on the 
drum under the cross-wires of a reading microscope 
(see Fig. 12), which slides in a planed bed parallel 
to the drum axis, the drum being revolved by 


and fitted with a vernier reading to one-tenth of 
a degree. As the angular distance corresponding 
to the intervals between the tuning-fork time-marks 
(0-02 sec.) is small, the time-scale is usually measured 
in groups of 10 or 20 consecutive periods. 

Electrical Connections.—The sixteen electric cir- 
cuits used in operating the instruments in the gallery 
are controlled from a panel in the firing station. 
This station is connected by telephone with each 
of the instrument cabins, which also intercommuni- 
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cate with each other. The arrangements for the 
shot-firing circuit require each person engaged on 
the gallery to insert a plug in the panel at the 
firing station before the circuit is completed, 
thus preventing any explosion until all are at a 
safe distance from the gallery. 
OTHER EXPLOSIONS. 

Fire-Damp Explosions.—In addition to its use 
for coal-dust explosions, the 7 ft. 6 in. gallery and the 
1-ft. gallery (S and T, Fig. 1) are used for researches 
on fire-damp explosions, complementary to those 
that are being carried out on a smaller scale in the 
Board’s laboratories at Sheffield. The main re- 
searches at present in progress in the 7 ft. 6 in. gallery 
are on the forward projection of flame in such ex- 
plosions, and in the 1 ft. gallery on the effect of 
restrictions in the path of the flame on its speed of 
propagation. 

The 7 ft. 6 in. gallery is being used for the former 
work. A 30-ft. length of it, closed at one end and 
shut off at the other end by a sliding shutter, is 
filled with the explosive mixture of fire-damp and 
air, and when, by electrically-controlled mechanical 
devices, the shutter is raised and the mixture is 
placed in unrestricted communication with the 
rest of the gallery, an electric spark automatically 
passes at the closed end. The distance to which 
the flame travels is measured by the burning of 
thin sticks of cordite fixed inside the gallery at 
10-ft. intervals. The sliding shutter is of 4-in. 
mild steel, and is lifted in about 2 seconds by two 
120-lb. weights attached to steel wire ropes passing 
over pulleys, its release being controlled by an 
electro-magnet operating a system of levers. The 
section is by-passed throughout its length with a 
3-in. pipe, connected to a small circulating fan, by 
which the contents are mixed. The fire-damp is 


hand. The end of the drum is graduated in degrees, 


of 3,000 cub. ft. and 2,500 cub. ft., respectively, 
arranged to be used separately or together, and the 
homogeneity of the explosive mixture is determined 
by analysis. A 2-in. by-pass runs through the 
whole length of the 1-ft. gallery, also connected 
with a circulating fan. The firing station for the 
7-ft. 6-in. gallery is seen at W (Fig. 1). 

Mining Explosives.—A laboratory and gun-room 
for research on coal-mining explosives is provided 
at H, and a gallery and observation station for the 
same purpose at I and J (Fig. 1). The laboratory 
is used for studying, by photographic methods, 
the flame and pressure waves sent out by an 
explosive, and the gallery for testing the igniting 
power of explosives under different conditions of 
detonation, the explosives being fired directly 
into explosive mixtures of firedamp and air. The 
camera is of the ‘“ wave-speed” type,* with an 
effective time of exposure of the order of one 
hundred-thousandth of a second, and is used for 
photographing either the flame direct, the striae 
or schlieren by a modification of Tépler’s method, 
or the products of detonation. The explosion gallery 
is 6 ft. in diameter and is made in two sections, 
each 30 ft. long, mounted on concrete blocks. The 
observation station J is about 60 ft. away. The 
arrangements for providing explosive gaseous mix- 
tures are similar to those employed with other 
researches. Magazines are provided at Y (Fig. 1). 


Gos Fires. 

Researches are in progress on the explosions 

that may occur in sealing off a gob fire, either 
through an accumulation of firedamp or by the 
distillation of inflammable gas from the coal. The 
object of the contemplated experiments is to 
determine the conditions for producing and igniting 
an explosive mixture in a chamber containing coal 
behind a stopping, and to study methods of sealing 
off a gob fire that are most likely to avoid these 
conditions. For these purposes, a building X (Fig. 1) 
has been constructed with a central chamber 30 ft. 
square by 8 ft. high, simulating a mine goaf, 
surrounded by an air passage 6 ft. wide by © 7ft. 
high, which communicates with the goaf chamber 
by three doorways each 6 ft. square. A centri- 
fugal fan, delivering 10,000 cub. ft. per minute 
against a pressure of l-in. water, is provided at 
one corner, and two control cabins are built 
against the outer wall of the air-course for with- 
drawing samples of air and for taking temperature 
readings. 
The goaf chamber, exposed to high temperatures 
and possible violence through explosion, is built 
of concrete made with limestone aggregate, as used 
for lime-kilns, with a flooring of fireproof bricks. 
The walls are 12 in. thick, and the roof, which 
varies from 9 in. thick at the centre to 5 in. at the 
edges, is reinforced with short steel girders and 
expanded metal. As additional supports, four 
pillars are provided, each 1 ft. suare, built up of 
two steel joists strapped together and faced with 
concrete. To relieve explosion pressures, four open- 
ings, each 8 ft. square, are provided at the corners 
of the roof and sealed with sheets of waterproof 
asbestos roofing ,, in. thick, which break under a 
pressure of a few pounds per square inch. Steel 
sliding doors are provided in the openings from the 
goaf chamber to the air course, fitting as nearly as 
possible air tight, and arranged to be movable at 
a known speed by a hand-wheel outside. Fire- 
damp can be forced into the goaf chamber through 
diffusion boxes of wire gauze and asbestos wool, 
to simulate the rapid emission of the gas from 
strata next to the fire. The outer wall and roof 
of the air course round the goaf chamber are of 
concrete 4 in. thick, and a hinged door, containing 
two wicket doors, is placed in the air-course be- 
tween two of the goaf-chamber doorways to allow 
the initial distribution of air to be varied. Control 
can also be exercised over the direction of air 
movement by means of two ventilating doors. 
Sampling pipes and thermo-couples are provided 
in a number of positions, enabling the progress of 
the fire to be followed. 


OPENING CEREMONY. 


A large gathering of visitors attended the open- 
ing of the station, inspected its buildings and 














drum rotated by hand, the styles can be made to 
Te-traverse their original helices; and when the 





supplied from calibrated gas-holders K (Fig. 1), 





* See ENGINEERING, January 14, 1927, page 58. 
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equipment, and witnessed an explosion in the 7 ft. 
6 in. gallery. The opening ceremony, under the 
chairmanship of Col. G. R. Lane Fox, M.P., Secre- 
tary for Mines, was performed by Viscount Chelms- 
ford, chairman of the Miners’ Welfare Committee, 
and short addresses were given by Mr. H. Eustace 
Mitton (in the absence through illness of Mr. Evan 
Williams, President of the Mining Association of 
Great Britain), Mr. Herbert Smith, President of 
the Miners’ Federation of Great Britain, Sir 
Edward Troup, Chairman of the Safety in Mines 
Research Board, and Professor R. V. Wheeler, 
Director of the Board’s Research Stations. Par- 
ticular attention was attracted by the absence of 
ornament in the design and furnishing of the 
buildings, which nevertheless present a pleasing 
and dignified appearance owing to the excellent 
taste displayed in their lines and proportions. This 
is the more remarkable because, for mechanical 
reasons, they have had to be built with flat roofs, 
the winter gales, at the elevated situation of the 
station, sometimes attaining+ exceptionally high 
velocities. The construction has also had to be 
particularly strong, the roofs having sometimes to 
carry 3 or 4 ft. of snow. The buildings are of 
concrete throughout, with steel reinforcement where 
necessary. Evidence of care, as well as economy, 
in carrying out the work appears in the fact that 
the entire station, with its equipment, has been 
planned and, with the exception of two buildings, 
constructed by the Board’s own staff. 

For the information of visitors an extremely clear 
detailed and illustrated description of the station 
has been published [Paper No. 34. H.M. Stationery 
Office. 6d. net], to which readers who desire 
further particulars than are contained in our account 


may be referred. 








THE CONVERSAZIONE OF THE 
INSTITUTION OF CIVIL ENGINEERS. 


THE annual conversazione of the Institution of 
Civil Engineers was held in the Institution build- 
ings on the evening of the 15th inst., when the 
guests were received by Mr. Frederick Palmer, 
C.LE., the President, Mrs. Palmer, and members of 
the Council. 

As in former years, a small exhibition of apparatus 
of scientific and technical interest was arranged in 
the Library, very wide interest being taken in a 
bed designed to promote sleep, exhibited by Sir 
Alfred Yarrow. The design of the bed is based 
on the fact that Sir Alfred found that the move- 
ments of a train were conducive to sleep, and those 
movements are simulated by the mechanism of the 
bed. Essentially, the bed is of the usual wooden- 
frame type, but is supported on springs, and given 
the required movement through a link mechanism 
driven by an electric motor. Sir Alfred found that 
a constant movement was likely to produce nausea, 
and the amplitmde of the motion of the bed has 
accordingly been arranged to vary gradually through- 
out a cycle. This is effected by having two eccen- 
trics, which are driven from the motor through two 
gear wheels, one having a tooth less than the other, 
so as to give a gradual angular advance of one 
eccentric with respect to the second throughout a 
complete cycle of 360 deg. A crossbar connecting 
the ends of the two eccentric rods, is coupled at its 
centre to a rocking lever, and this, in turn, imparts 
a reciprocating motion to the frame of the bed. 
When the centre lines of the two eccentrics are 
parallel, and both centres lie on the same side of 
the axis of rotation, the centre of the crossbar will 
have a maximum movment, and 180 deg. later, 
when the centre lines are again parallel, but the 
centres are on opposite sides, the centre of the bar 
will be stationary. Apart from the cyclic varia- 
tion in the amplitude of the motion, the maximum 
amplitude can be regulated by sliding the rocking 
lever through the lower end of a rod, which moves 
vertically through a fixed guide, and is connected 
to the bed frame at the top. The mechanism of 
the bed, which was designed by Mr. Hyde, of the 
National Physical Laboratory, is designed to elimi- 
nate any possibility of creaking. Fabric hinges are 
employed throughout, and all the revolving portions 
of the transmission are automatically lubricated. 

Several of the exhibits have already been 








described in our columns, as they were shown at 
the conversazione of the Royal Society held on 
May 11. Of these, Professor B. P. Haigh’s and Mr. 
F. W. Thorne’s model illustrating the Reynold’s 
theory of lubrication was referred to on page 585 
of our issue for May 13 last. Sir Robert Hadfield’s 
exhibit, illustrating the special properties and 
applications of ferrous alloys, was described on 
the same page, and the National Physical Labora- 
tory exhibit of pure specimens of various metals, 
apparatus for gas analysis by the aid of high- 
frequency oscillations, and other appliances, were 
described in our issue for May 20, on page 616. 
A further exhibit, by Dr. E. H. Rayner, of the 
National Physical Laboratory, which was also 
shown at the Royal Society conversazione, attracted 
great attention. This consisted of a model in which 
a black ellipse, representing the area of totality in the 
coming eclipse, is drawn across the map of England 
at the correct proportional speed. This exhibit was 
accompanied by stationary models of the shadow 
cone of the moon, as described on page 585 ante. 

Among the remaining exhibits, a model designed 
to demonstrate wave motion, shown by Mr. T. B. 
Vinycomb, was particularly attractive. This con- 
sisted of a number of parallel wooden laths mounted 
a short distance apart on a central wire, which was 
supported at intervals. Two closely-wound springs 
passed through holes in all the laths on each side of 
the central wire, and the lath at one end was given 
a slow oscillating motion from a crank and connect- 
ing-rod mechanism by a small electric motor. The 
surfaces of the laths then reproduced a wave motion 
in a very interesting manner, the last lath being 
provided with a pair of air damping blades to limit 
the amplitude. 

Mr. L. Andrews showed a laboratory. elutriator 
for obtaining a rapid approximate classification of 
ground material. With the ordinary standard 
gravity elutriator, the process of separation of the 
different-sized particles is so slow that the apport 
is of little value in commercial grinding, where it, 
desirable to check the work being done as soon as 
possible after its performance to avoid the con- 
tinuance of incorrect grinding. With the new rapid 
kinetic elutriator exhibited, it is possible to obtain 
a classification within an hour sufficiently accurate 
for most commercial purposes. The apparatus, 
shown in operation at the conversazione, is on 
the same general principles as the larger elutriators 
made by Messrs. Kinetic Elutriators, Limited, the 
particles of ground material having a relatively 
high velocity imparted to them by a stream of water 
and being passed through a vortex chamber, where 
the particles automatically arrange themselves in 
two separate streams carrying coarse and fine 
particles, respectively. 

Although primarily intended for road surfacing, 
the Rubberphalte road blocks, shown by Mr. H. D. 
Rice, appeared eminently suitable for gangways in 
machine shops. The correct surfacing of the latter 
offers very corisiderable difficulty, as the material 
selected should not be affected by oil, and should 
be warm to the feet. It should also be free from 
any liability to splinter, and a most important 
consideration is that it should never become slippery. 
Rubberphalte appears to fulfil all these conditions, 
and it has the additional advantage of being cheaper 
than wood-block paving. We understand that a 
portion of roadway in London was laid with this 
material on a concrete foundation some 19 months 
ago, and has been continually under test for that 
period. Although over nine million tons of traffic 
have passed over it, no appreciable signs of wear are 
evident, and the non-skid properties of the surface 
have been fully retained. The material tends to 
silence the traffic, and has a specific gravity of 
rather over 2, so that there is no danger of its being 
lifted by percolating water. 

Among other interesting models exhibited, was one 
showing the new Underground Station at Picca- 
dilly Circus, shown by Mr. H. J. B. Harding, attract- 
ing particular attention. This model might well be 
placed on view at the station itself on completion, 
as it would not only form a useful guide to the 
ramifications of the latest London catacomb, but 
would serve to keep before the public the excep- 
tional difficulties with which the engineers are faced 
in modernising existing tube approaches. 





THE LATE MR. G. MIDGLEY TAYLOR. 


THE news of the death of Mr. Gotfred Midgley 
Taylor, at his home, 47, Hornton Court, Kensington, 
W.8, on June 11 last, will be received with regret by a 
wide circle in the profession. Mr. Taylor, who had 
been for many years a partner in the firm of. Messrs. 
John Taylor and Sons, Caxton House, 8.W.1, was 
born on December 16, 1861, and was the son of the 
late Mr. John Taylor, M.Inst.C.E., who was engineer 
to the Lambeth and New River Waterworks Companies, 
and many other water undertakings. Mr. ‘Midgley 
Taylor received his technical education in the Applied 
Sciences Department of King’s College, London, which 
institution he entered in 1878; much of his time was 
devoted to mathematics and chemistry. His first 
engineering experience was gained as resident engineer 
in charge of the construction and erection of pumping 
machinery, engine houses, filter beds, and other works 
for the Lambeth Waterworks Company, at Surbiton 
and West Molesey. He followed up this experience 
by assisting his father and elder brother, Mr. E. 
Brough Taylor, in their Westminster office at 27, 
Great George-street. During his early years at Great 
George-street, Mr. Midgley Taylor made use of his 
chemical training, and had an extensive laboratory 
fitted. up in the office in which he carried out all his 
own analyses of samples of water. In 1884, the 
young engineer became a partner in the firm of Messrs. 
John Taylor and Sons. A few years after his father’s 
death, in 1890, he and his brother entered into partner- 
ship with the late Mr. W. Santo Crimp, M.Inst.C.E., 
and it was at this stage of his career that Mr. Midgley 
Taylor began to specialise in sewerage and sewage- 
purification works. 

In conjunction with his partners, he became engaged 
on work connected with various drainage undertakings, 
and was appointed consulting engineer for drainage 
and water schemes at Manchester, Bristol, West 
Bromwich, Shrewsbury, and other towns. After Mr. 
Santo Crimp’s death, in 1901, he became one of the 
recognised authorities on sewage purification in this 
country, and, in the years which followed, he carried 
out a large number of works and advised many local 
authorities both at home and abroad. He was con- 
sulting engineer to the Glasgow Corporation during 
the construction of the main-drainage system, which 
was carried out at a cost of over 2 million pounds 
sterling. In this connection it is interesting to recall 
that a paper entitled ‘‘ The Main Drainage of Glasgow,” 
by Messrs. A. B. McDonald and G. Midgley Taylor, 
was read on March 19, 1912, before the Institution 
of Civil Engineers. Telford Premiums were after- 
wards granted to the joint authors for their communi- 
cation. A few brief details of this important drainage 
undertaking, taken from Messrs. McDonald and 
Taylor’s contribution, will no doubt be of interest to 
our readers. They state that, for drainage purposes, 
the city and the surrounding districts are divided into 
three separate areas. The sewage purification works 
of these areas are situated at Dalmarnock, Dalmuir, 
and Shieldhall. The Dalmarnock station was opened 
in May, 1894, and the Dalmuir works came into being 
as a result of the Act of 1896. The Shieldhall station 
was put into service in May, 1910. Great difficulties 
were encountered in the construction of the works, as 
the invert level of the sewers was found, in many 
places, to overlie coal workings of unrecorded date. 
This necessitated an. unexpected amount of special 
construction in cast-iron segments, instead of ordinary 
brickwork, and involved the use of pneumatic pressure 
over a considerable extent of the larger sewers. The 
construction of the pump room at the Shieldhall 
works was also rendered very difficult by reason of 
the large volumes of subsoil water met with. 

In 1908, Mr. Midgley Taylor visited New Zealand 
and reported on the drainage of the City of Auckland. 
His report was adopted in entirety, and the scheme 
proposed by him was successfully carried out by the 
City Engineer. He also visited Singapore and Port 
Elizabeth, South Africa, to advise on drainage matters, 
and twice visited India to report to the Municipality 
of Bombay on the drainage of that'city. Just prior 
to the European War, he spent several months in St. 
Petersburg, where he drew up a complete scheme 
for the water supply and drainage of that city and 
its suburbs. During the past 20 years, Mr. Midgley 
Taylor was a recognised authority on the question of 
borough extension, and most of the leading borough 
authorities in this country, who had extension schemes 
before the Local Government Board, the Ministry of 
Health, and Parliament, came to him for advice on 
the engineering principles relating to the proposals. 
He had a very high reputation as an expert witness 
before Parliamentary Committees, and was engaged in 
many controversies relating to water and borough 
extension schemes. He became an associate member 
of the Institution of Civil Engineers on April 5, 155’, 
and a full member on February 8, 1898. He was also @ 
fellow of the Royal Sanitary Institute. 
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THE CANADIAN PACIFIC RAILWAY COMPANY'S LINER “EMPRESS OF AUSTRALIA.” 





THE CANADIAN PACIFIC RAILWAY 
COMPANY’S LINER ‘“ EMPRESS OF 
AUSTRALIA.”’ 


THE progressive spirit of the Canadian Pacific Rail- 
way Company is well shown in the extensive altera- 
tions carried out in the liner Empress of Australia, 
which, with completely new machinery installed, 
arrived at Southampton from the Clyde on June 12, 
to take up service on the North Atlantic route and to 
be employed in tourist traffic during the winter season. 
The vessel is of much interest, both from the point of 
view of the travelling public and from that of the engi- 
neer. She was ordered from the Vulcan Works at Stettin 
by the Hamburg-Amerika Line for its South American 
Service, and was launched in 1913, being named the 
Tirpitz. Completed only in 1921, she formed part 
of the British Reparation tonnage, and was purchased 
from the British Government by Messrs. Canadian Paci- 
fic Steamships, Limited, when she was given her present 
name. After the ship was taken over, the boilers, of a 
modified Yarrow type, were fitted for oil-burning and 
Some other alterations made. In June, 1922, the 
Empress of Australia completed steam trials, and 


thereafter was employed on the Pacific service, a 
notable incident in her career there being the part 
Played in the rescue of the sufferers from the Japanese 
earthquake of September, 1923. 

T he recent re-conditioning is, in the main, due to the 
failure of the original machinery to fulfil performance 
expeccations, and has resulted in a considerable reduc- 
tion in fuel consumption, together with an increase of 


Speed, under service conditions, of 3 knots. The hull, 
M general, remains as originally constructed. The 
disaster of the Titanic was fresh in the designers’ minds 
when the ship was built, and with a cellular double 
bottom extending for almost the full length and a very 
Complete system of water-tight sub-division, the safety 





Fie. 1. Vessetn LEAVING THE CLYDE. 


requirements are fully met. As will be seen from the 
photograph we reproduce above, the ship is of the 
shelter-deck type, with an exceptionally long upper 
promenade deck under the boat deck. The accommo- 
dation is of the most luxurious kind, and while a portion 
of it has been re-arranged to meet the growing popu- 
larity of the tourist third cabin system, the desire to 
preserve the handsome public rooms untouched led to 
the adoption of a method, probably unique, of in- 
stalling the new boilers, details of which we hope to 
give in our next issue, with particulars of the new 
machinery. 

The passenger accommodation of the vessel is 
planned on six decks, of which the lowest one is 
chiefly occupied by the passenger staff. The first- 
class dining saloon extends the full width of the ship 
on C deck, and the lounge, drawing and smoking rooms 
are on B deck. These rooms are all most tastefully 
decorated in correct period styles. A swimming bath 
and gymnasium are also provided for the first-class 
passengers, of whom 400 are carried. The state rooms 
are spacious and each is fitted with a supply of hot and 
cold water. There are no upper berths, as all first- 
class cabins have bedsteads. There are several suites, 
of which two have large windows in the ship’s side, an 
arrangement probably singular to this vessel. Excel- 
lent as the first-class accommodation is, however, it 
does not mark a great advance on current practice. 
The third-class tourist accommodation, on the other 
hand, which, as on the railways, has ousted the second 
class, is very different from what is generally associated 
with the term third class. The number of tourists 
provided for is 144. The dining saloon on C deck, 
with the smoking room and lounge on B deck, are 
excellent in all their appointments, and the state 
rooms, though they have berths instead of bedsteads, 
are very well fitted. It is not so very many years 
since first-class passengers were carried with much 





less comfort, and the Canadian Pacific Railway Com- 
pany should be able to secure a large portion of the 
tourist traffic from the way in which it caters for them. 
The ordinary third-class passengers, for 632 of whom 
accommodation is provided, are quartered in simpler, 
though well-found, surroundings. A crew of about 
500 is carried, so that with a full ship the total com- 
plement approaches 1,700. 

The ship is 615 ft. overall, by 75 ft. broad, with a 
depth, to the upper deck, of 46 ft. 3 in., and a gross 
tonnage of 21,850. The propelling machinery com- 
prises six double-ended boilers and one single-ended 
one with a working pressure of 220 lbs. per square inch, 
and two sets of triple-expansion Parson’s type turbines, 
one set on each shaft, driving the propellers through 
single-reduction gearing. The H.P., I.P. and L.P. 
turbines all have separate pinions. The total shaft 
horse-power, with propeller revolutions of 125 per 
minute, is 20,000, but an overload of 21,000 shaft 
horse-power may be obtained. The astern turbines 
are compound, and develop 14,000 shaft horse-power. 
A general view of the two sets of turbines in the 
erecting shop of the makers, Messrs. The Fairfield Ship- 
building and Engineering Company, Limited, Govan, is 
given in Fig. 2, on page 736, from which it will be seen 
that the main bearings and gear case are carried down on 
strong cast-iron bases, so that only a flat seat is required 


on the tank top. (To be continued.) 








LauncH oF THE §.S. ‘“ BEaconsTREET.’’—Messrs. 
Palmers Shipbuilding and Iron Company, Limited, 
successfully launched on Tuesday, May 31, from their 
Jarrow yard, the oil tank steamer Beaconstreet, which 
they are building to the order of the Beacon Oil Com- 
pany of America. The new vessel, which is constructed 
on the bracketless system of framing, is designed to carry 
over 11,000 tons deadweight, and is to be fitted with 
triple-expansion engines. 
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LETTER TO THE EDITOR. 


EXTRA HIGH-PRESSURE 
RECIPROCATING ENGINES. 


To THE EpitToR OF ENGINEERING. 

Str,—We have been hearing a good deal of late 
about the use of steam at extra high-pressure, and in 
this connection generally think of a steam turbine, 
but a reciprocating engine should be much more 
efficient, especially for the lower powers and when 
exhausting against a considerable back pressure. 

I should be glad, if any of your readers could say 
what is the highest steam pressure and steam tempera- 
ture which is being successfully used under everyday 
conditions of continuous operation in a reciprocating 
engine of any size, say not less than 100 h.p. 

Yours truly, 
M.I.Mecu.E. 





June 14, 1927. 





ENGINEERING TRAINING AND 
EDUCATION. 


Royal Aeronautical Society—The Edward Busk 
Memorial Prize is awarded annually to the author of 
the best paper received by the Royal Aeronautical 
Society on some subject of a technical nature con- 
nected with aeroplanes or seaplanes. The value of 
the prize is 20 guineas. The closing date for entries is 
September 30 next, and the final date for the receipt 
of papers, December 31. Further particulars may 
be obtained from the secretary of the Society 7, 
Albemarle-street, London, W.1. The Society’s exami- 
nation for candidates, not otherwise qualified for 
associate fellowship, will be held during the third week 
in September, provided that a sufficient number of 
entriés is received. Intending carididates should 
forward their entry forms as soon as possible; the 
closing date is August 20 next. 





3-IN. CAST-STEEL CABLE CHAIN. 


Tue forging of iron chains is an ancient industry, 
and few changes have been brought about in recent 
years in the methods of manufacture employed. The 
life of a chain depends primarily, of course, on the 
skill of the welder, but, apart from this, the softness 
of the iron is a factor of considerable importance in 
the subsequent behaviour of a large chain when in 
service, Proposals have consequently been made 
from time to time, to manufacture steel chains in the 
foundry, by casting. The British Admiralty has taken 
a keen interest in these proposals, and various firms 
have conducted experiments in this direction. In 
view of these facts, it is interesting to learn that Messrs. 
William Beardmore and Company, Limited, have 
produced, at their Parkhead Works, a finished cast- 
steel chain, which has successfully passed the rigid 
test requirements laid down. The specification 
called for a 12}-fathom, 3-in., cast-steel, stud-link 
chain, with the necessary shackle. A testing length 
was to be selected by the inspector, anywhere along 
the length of the finished chain, and subjected to 
severe shock and tensile tests. Two single links were 
each to withstand, without sign of fracture, 15 blows 
from a l-ton tup, delivered from heights varying 
between 10 ft. and 20 ft. A three-link sample, taken 
from the test length, was to withstand a proof load 
of 204 tons, without showing signs of fracture; the 
overall elongation at this load was not to exceed 1 in. 
The sample was then to be subjected to further loading 
until fracture occurred, and the breaking load was 
not to be less than 306 tons. Finally, the whole chain 
was to withstand a proof load of 204 tons. The high 
standard required may be gauged from the fact that 
the corresponding limits of tests for standard 3 in., 
wrought-iron cable chains are as follow: proof load, 
145-8 tons; breaking load, 218-7 tons; and no tup test. 

The test results obtained by the Admiralty on 
the chain made by Messrs, Beardmore are of exceptional 
interest to steel makers. ‘The material had a tensile 
strength of 36-5 tons per square inch, and an elongation 
of 25 per cent. ; a 180-deg. bending test also gave good 
results. Each of the single links chosen withstood 
the tup test without signs of fracture, and the total 
elongation obtained as a result of the 15 blows, was 
2} in. in each case. Proof and breaking loads were 
applied to the 3-link sample selected, and to the com- 
pleted chain, at Lloyds’ Proving House, Netherton. 
When subjected to the proof load of 204 tons, the 
three-link sample did not fracture and the total elon- 
gation was only }3 in. The load was then increased to 
306 tons, and still no fracture occurred; the total 
elongation, at this load, was 2in. A further increase 
to 385 tons produced no fracture. A final loading to 
400 tons, the maximum testing capacity of the machine, 
did not bring about breakage of the chain, and the total 
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elongation was then 6} in. The proof load, laid down 
by the Admiralty, namely, 204 tons, was then applied 
to the chain as a whole ; there were no signs of fracture 
and the total extension, at this load, was 15} in., 
measured on a length of 73 ft. The chain is at present 
in service and, in view of the excellent test results 
obtained, Messrs. Beardmore have every reason to 
be quite confident that it will give a good account of 
itself. 
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ContTracts.—Messrs. Allen-Liversidge, Limited, Vic- 
toria Station House, Westminster, S.W.1, have secured 
an order from the Tramways Department of the London 
County Council for a further twelve of their Pontelec 
electric rail grinders.—Messrs. The Affiliated Engineering 
Companies, Limited, Montreal, Canada, have secured 
the contract to install, at Quebec, for Messrs. The Anglo 
Canadian Pulp and Paper Mills, Limited, three 1,250-h.p. 
Taylor stoker fired B. & W. boilers, complete with super- 
heaters and air preheaters, soot blowers, ash-handling 
equipment, ete.—Two further contracts have been 
placed with Messrs. The Metropolitan-Vickers Electrical 
Company, Limited, by the Liverpool Corporation, cover- 
ing the transformers and switchgear for the extensions 
in Lister Drive power station, and for the reconstruction 
of three sub-stations. The transformer contracts cover 
the supply of eight 10,000 kv.-a., 3-phase, core-type units 
for new feeders from Lister Drive, two of which are 
designed for 6,300/33,000 volts operation, and the other 
six for 6,300/22,000 volts.—An order has been placed with 
Messrs. Worthington-Simpson, Limited, Queen’s Hou:e, 
Kingsway, London, W.C.2, bv the Reading Waterworks, 
for one 9-in., single-stage, high-lift centrifugal pump, 
capable of delivering 2,000,000 gallons of water per day 
of 24-hours, against a head of 170 feet. The pump will 
run at a speed of 150 r.p.m., and will be driven by a 








140 b.h.p. Crompton auto-synchronous motor. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel_—The downward movement in blast- 
furnace coke recently reported is still in evidence. 
Compared with the official rates of 21s. and 22s. pre- 
vailing about a month ago, sales have this week been 
effected at 12s, 6d. per ton, which is ls. 3d. per ton 
below the price obtaining before last year’s coal stoppage, 
and only 6d. per ton above that ruling pre-war. At 
to-day’s level, production is declared to be unremune- 
rative. The slump has not attracted any considerable 
volume of business from pig-iroéri producers, most of 
whom are awaiting more séttled conditions. Iron 
prices have eased, and there is a tendéicy towards more 
modified quotations in soft basic steel. Hard and acid 
qualities largely maintain their previous level, at which 
the margin of profit is low, having regard to production 
costs. Difficulty is being experienced in disposing of 
current output. In some instances, stocks are accumu- 
lating, with prospect of output being restricted unless an 
early buying movement develops. Quotations are on the 
following basis: acid billets, 11/. per ton; hard basic, 
81. 12s. 6d. to 91. 2s. 6d. ; medium 8l, 2s, 6d. ; soft basic, 
71. ; Lincolnshire foundry iron, 75s. ; Derbyshire foundry 
iron, 72s. 6d.; Crown bars, 10s. ; steel hoops, 
1l1/. 10s. The heavy engineering departments are only 
moderately active. Rolling mills are not operating much 
above half capacity, though better business is being done 
in various classes. of ship steel and forgings. Wire rod 
manufacturers are feeling keenly the force of foreign 
competition. Foreign imports, which have risen steadily 
over a considerable period, are now practically equal to 
British exports. Local mills, in common with those in 
other districts, are short of work. Improvement is noted 
in certain kinds of tools. The absence of purchases from 
Russia has hit file makers, who, however, are receiving 
better attention from home engineers, and are increasing 
their outputs. A Spanish concern is installing a modern 
electric furnace to produce fine steel of the class hitherto 
supplied by Sheffield makers. 

South Yorkshire Coal Trade.—Widespread complaints 
are heard of the unsatisfactory character of prevailing 
conditions. The gross demand at district collieries is 
much below productive capacity. Short-time working is 
common, there is considerable idleness among operatives, 
and still more partial employment. Despite the recent 
diminution in the rate of output, many collieries are 
carrying heavy stocks. House coal is largely stagnant. 
Consumption has fallen to a minimum, and few users 
ean be persuaded to cater for the winter. Business in 
industrial fuel is hampered by the numerous offers of 
special lots. The heavy trades are buying cautiously, and, 
on export account, while inquiries are more numerous 
only a small proportion of these is materialising in actual 
contracts, most of them being at cut rates. Quotations : 
Best branch handpicked, 27s. 6d. to 28s. 6d.;~ best 
house coal, 21s. to 22s. 6d. ; seréened house éoal, 19s. to 
21s. ; sereened house nuts, 16s. to 17s. 6d.; Yorkshire 
hards, 16s. to 17s.; Derbyshire hards, 16s. to 17s. ; 
rough slacks, 10s. 6d. to lls. 6d. ; nutty slacks, 8s. to 9s. ; 
smalls, 38. to 5s. 6d. : 





NOTES FROM THE SOUTH-WEST. 


CarpiFrF, Wednesday. 

The Coal Trade.—A more hopeful view is being taken 
of the possible effects of the French coal import decree, 
so far as it concerns the Welsh coal trade, than was the 
case a couple of weeks ago. Licences, it is stated, are 
being freely granted for private consumers, and licences 
are also being given to the railways and public services, 
but the monthly contract quantities in the latter cases 
have been cut down by about 30 per cent. to 40 per cent. 
It is, however, hoped that as the surplus production of 
the French mines is absorbed the necessity of reducing 
foreign supplies for the Government railways and public 
services will gradually be removed. The various organi- 
sations connected with the coal trade are, however, giving 
serious consideration to the whole question, and negotia- 
tions are still proceeding in France with a view to securing 
the withdrawal of the decree or of at least minimising the 
hardship likely to be caused in the event of a drastic 
application of the licensing system. In the meantime, 
the general demand for Welsh coal is poor and insufli- 
cient to absorb available supplies, despite lessened pro- 
duction caused by temporary stoppages at the pits due 
to the lack of trade. Prices are very irregular with 
quotations more or less nominal, as buyers in a firm 
position can usually secure their requirements of large 
at discounts. Best Admiralty large is round 22s., with 
Monmouthshires from 17s. 6d. to 19s. and dry large from 
18s. to 21s. Smalls, however, are in comparatively fair 
demand, and, with supplies somewhat restricted, values 
are maintained on the basis of 14s. to 14s. 6d. for the 
best bunker descriptions and from 12s. up for other 
classes, though, when bought in conjunction with large, 
these figures can be discounted by about 3d. per ton. 
Shipments of coal as cargo foreign in the past week 
totalled 421,140 tons, of which 269,750 tons were 
despatched from Cardiff, 74,550 tons from Newport, 
38,580 tons from Swansea, 36,190 tons from Port Talbot, 
and 2,070 tons from Llanelly. 

Iron and Steel.—A curtailment of output by the closing 
of mills has steadied prices, which are on the basis of 
19s. to 19s. 3d. per standard box for Welsh tinplates. 
Exports of iron and steel goods in the past week totalled 
19,212 tons, compared with 18,914 tons in the preceding 
week, shipments of black-plates and sheets being increasc( 
from 1,431 tons to 4,390 tons, while those of tinplat: 3 
and terne-plates were reduced from 9,152 tons to 8,539 
tons, galvanised sheets from 3,793 tons to 3,558 tons, 
and other iron and steel goods from 4,583 tons to 2,729 





tons. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Conditions in the Cleveland 
pig-iron trade are still far from satisfactory. While 
sales show some little improvement, they are still 
insufficient to absorb fully the moderate parcels available 
for the open market after iron producers have made 
provision for their own steelworks. A few more parcels 
are selling to local firms, and rather larger supplies are 
being taken by consumers in Scotland, but export trade 
is still very quiet. One or two inquiries from abroad have, 
however, been received. No 1 quality is 72s. 6d. ; 
No. 3 g.m.b., 70s.; No. 4 foundry, 69s.; and No. 4 
forge, 68s. 6d. 


Hematite.—There is just a little more activity in east 
coast hematite iron. Output has shrunk to a level that 
inspires hope of stocks being reduced. Further small 
business with Italy is reported ; moderate contracts are 
understood to have been arranged with firms in South 
Wales, and consumers in the Sheffield district are 
buying a few parcels. Makers, however, are still keen 
sellers, and they offer mixed numbers freely at 78s. 


Importation of Ferro-manganese.—A cargo of a few 
hundred tons of ferro-manganese has arrived here from 
Sunda. This is the first import of that commodity to 
this district ; local consumers have, up to the present, 
been fully supplied by manufacturers here, who have 
hitherto frustrated foreigners’ attempts to enter by selling 
on as low terms as those asked by producers abroad. 
Ferro-manganese is quoted at 121, 


Manufactured Iron and Steel.—Production of manu- 
factured iron and steel continues heavy, but new business 
is difficult to put through. Consumers of semi-finished 
steel are understood to have large quantities of Continental 
material in stock, and are not disposed to commit them- 
selves further at present. Some little improvement in 
inquiries for finished steel is reported, but sales are still on 
a very disappointing scale. Prices are steady. Common 
iron bars are 111. 5s. ; best bars, 117. 15s. ; best: best bars 
12/. 5s. ; iron rivets, 12/. 5s.,; steel rivets, 12/.; packing 
(parallel), 82.; packing (tapered), 11/.; steel billets 
(soft), 71. 12s. 6d. ; steel billets (medium), 81. 2s. 6d. 
steel billets (hard), 8/. 12s. 6d.; steel ship plates, 
81. 28. 6d, ; steel angles, 7/. 12s. 6d. ; steel joists, 7/7. 12s.6d. ; 
heavy steel rails, 81. 10s.; black sheets, 107. 15s.; and 
galvanised corrugated sheets, 141. 15s. 


Imports of Iron and Steel.—Statistics issued this week 
give the imports, to the Tees, of iron and steel from Hol- 
land, Belgium, France, Norway, Sweden, India, Germany, 
and coastwise, for the seven months ending May 31 last, 
together with the figures for the same months a year ago, 
and for the corresponding pre-war period of 1913-14. 
Pig iron brought in to the end of last month, amounted to 
80,944 tons, as against 37,935 tons a year ago, and 181] 
tons in the pre-war period, ; crude sheet bars, billets, 
blooms and slabs unshipped in the past seven months 
reached 132,123 tons, as against 76,012 tons a year ago, 
and 27,413 tons in the pre-war period ; and imports of 
plates, bars, angles, rails, sheets and joists, to the end 
of last month, totalled 35,522 tons, as against 8,458 tons 
a year ago, and 15,124 tons in the pre-war period. 





LauncH oF THE §.S. “ Srr Desmonp O’CaALLAGHAN.” 
—On Tuesday, May 31, Messrs. Henry Robb, Limited, 
successfully launched from their Victoria Shipyard, 
Leith, the twin-screw steamer Sir Desmond O’Callaghan, 
which has been constructed by them to the order of the 
War Department and is to be employed in special service 
as a tender and tug. The vessel, which is very highly 
finished and equipped with steam windlass, steam steering 
gear, electric light, &c., is provided with a powerful 
steam winding engine of special design for towing targets 
used in gunnery practice. The propelling machinery 
consists of two sets of triple-expansion engines, and is 
being supplied by Messrs, Plenty and Son, of Newbury. 





LAUNCH OF THE M.S. “ Irap¥.’”-—On Thursday, June 2, 
Messrs. William Beardmore and Company, Limited, 
launched from their naval construction works at Dalmuir, 
the Itapé, the first of three motor-ships which they have 
on hand for the Companhia Nacional de Navegacao Cos- 
teira, Rio de Janeiro. The principal dimensions of the 
vessel. which is being built under special survey and 
classed at Lloyds 100 Al, are: length, 370 ft. ; breadth, 
52 ft.; and depth, 26 ft. 9 in.; the gross tonnage being 


about 5,000 tons and the deadweight capacity 3,800 tons. 
She has been built with a straight stem and elliptical 
stern, and is to be rigged as a fore and aft schooner with 
two pole masts. There is a long forecastle,, combined 
poop and bridge decks with upper promenade and boat 
deck above, while the upper and main decks run all fore 
and aft, and the lower deck fore and aft of the machinery 
Space. Accommodation is provided for a total of 275 


Passengers on the upper, promenade and main decks, 
together with three dining saloons, two smoking rooms, 
&music room and a veranda cafe. Five cargo holds are 
Provided, served by seven hatches, and ten hydraulic 
eee. supplied by Messrs. Brown Brothers and Company 
simited, of Edinburgh, are fitted for cargo handling. 
Tovision is made for the carriage of a considerable 
’mount of refrigerated cargo, in addition to refrigerated 
chambers for the ship’s stores. The propelling machinery 
fonsists of two Beardmore-Tosi four cycle, single-acting, 
8ix-cylinder motors, developing a total of 3,600 brake 
ore when supercharged; these are designed 
© give the ship a speed of 14} knots on her trials. The 
auxiliaries are a combination of steam and electrically- 
po aan units, the latter deriving current from steam- 
riven generators, 


NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—There is practically no difference 
in the state of affairs in the Scottish steel trade this 
week. Fresh business is still at a premium, and inquiries 
are exceedingly scarce. Some of the steel works are 
still fairly well employed, but the outlook for all of them 
is not too promising. The annual stoppage for holidays 
is now within sight, and, unless bookings improve before 
then, the stoppage may be longer than usual. Not only 
is the home trade quiet but export orders are very few 
in number and also-of small tonnage. One or two more 
shipbuilding contracts are reported, but even these will 
not make much difference in the demand. In. the black 
sheet trade there are quite a number of orders on hand 
and prices remain firm. It is thought that some of the 
mérchants are in the position to place more orders for 
export lots, but are holding back in the hope of, getting 
better tetms. Overall quotations are unchanged and 
are as follows :—Boiler plates, 11/. per ton; ship plates, 
8/. 2s. 6d. per ton; sections, 7]. 12s, 6d. per ton; and 
sheets, under }, to $ in., 107. to 12/. per ton, all delivered 
Glasgow stations. Export sheets (GAL. cor., 24 b.g.). 
are priced at 15l. to 16/. per ton, f.o.b. Glasgow. 


Malleable Iron Trade.—No change of any kind has 
taken place in the West of Scotland malleable iron trade 
since last report. There is very little tonnage on offer 
either in the way of bar iron or re-rolled steel bars, 
and most of the works are very quiet. The price for 
“Crown ”’ bars is 101. 15s. per ton, and for re-rolled steel 
bars, 8/. 2s. 6d. per ton, both delivered Glasgow stations. 


Scottish Pig-Iron Trade.—The poor demand which is 
experienced for Scottish pig-iron is, if anything, more 
pronounced this week. The consumption of both 
hematite and foundry grades is gradually getting less, 
and stocks are accumulating on makers’ hands. Export 
lots are difficult to pick up, and it is doubtful if easier 
quotations would give any stimulus to buying. The 
current quotations are easier this week and are Is. 
per ton down as follow :—Hematite, 83s. per ton, 
delivered at the steel works; foundry iron, No. 1, 
86s. 6d. per ton, and No. 3, 81s. 6d. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, June 11, only amounted to 602 tons. 
Of that total, 217 tons went overseas and 385 tons coast- 
wise. During the corresponding week of last year the 
figures were 1,161 tons overseas and 160 tons coastwise, 
making a total shipment of 1,321 tons. : 





LONG-DISTANCE GAS TRANSMISSION IN SAXONY.— 
Some interesting data regarding the long-distance trans- 
mission of gas in East Saxony were communicated to us 
recently by the Department of Overseas Trade. In 
East Saxony, small gas works are being shut down more 
and more, and the areas supplied by them incorporated 
within the districts served by large gas works. It is 
being increasingly recognised that the interests of the 
principles of heating are better served by confining 
production to a few main centres. To this recognition 
is due, largely, the founding of the company known as the 
Gasversorgung Ostachsen A.G., or “‘ Gosag,’’ in Dresden. 
This concern was founded in 1922 to undertake the 
uniform provision of gas for East Saxony from one 
central plant, namely, the large gas works in Heidenau, 
a town near Pirna on the Elbe, a short distance south-east 
of Dresden. Upon its formation, the new company took 
over the plant at Heidenau, formerly owned by the 
Thiiringer Gesellschaft, and immediately carried out a 
series of extensions. At the present time, 100 communi- 
ties, including 17 towns, are served by the Gosag, the 
population of the area, thus supplied, being in the neigh- 
bourhood of 200,000. The pipe lines of the- company 
have a total length of over 500 miles and the system is 
said to be one of the largest of its kind im Germany. 





ariges | 
STANDARD SPECIFICATIONS FOR Piston Rino$.—-Three 
revised specifications which have recently been issued by 
the British Engineering Standards Association are of 
special interest to automobile engineers and designers 
These deal respectively with narrow type concentric piston 
rings (No. 5023 (1927) ), wide type concentric piston rings 
(No. 5003 (1927) ), and cast-iron piston ring pots, both 
sand cast and chill cast (No. 5004 (1927) ). - All apply to 
automobiles and motor-cycles only. The first two, 
being similar in arrangement, may be reviewed together. 
They both contain’ 13 clauses, preceded by a foreword 
stating the principal revisions embodied in the new issues. 
The riominal free gap is now taken as three and a half 
times the minimum thickness of the ring for the purpose 
of calculating the cylinder wall pressures and the diametral 
loads required to close the gaps. Minimum and maximum 
En values (Nominal Young’s Modulus) of 13} x 10% and 
154 x 106 lb. per square inch, respectivély, have now been 
adopted. The minimum and maximum cylinder-wall 
pressures, based on a nominal free gap of three and 
a half times the minimum thickness of the rings, 
have been added to the table of dimensions. In 
other respects the 13 explanatory clauses of the two 
present issues are similar to those of the previous 
editions. The other revised specification, that for 
cast-iron piston ring pots, No. 5004 (1927) contains 
one or two amplifications. A clause dealing with 
freedom from defects has been added, as a guide to 
the inspector, as well as ‘an alternative method of 
providing samples for chemical analysis ; and the chemical 
composition has been modified to bring it into line with 
fodern practice. Copies of these revised specifications 
may be obtained from the Publications Department, 
B:E:S-A;, ~28, Victoria-street, Westminster, London, 
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NOTICES OF MEETINGS. 





Tue INstTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTtLaAnp.—Joint Summer Meeting with the North- 
East Coast Institution of Engineers and Shipbuilders. 
Monday, June 20, to Wednesday, June 22, at 39, Elm- 
bank-crescent, Glasgow. Monday, June 2), Conversa- 
zione. Tuesday, June 21. ‘“ Historical References to the 
Progress in the Use of High-Pressure Steam,” by Mr. J. 
Mollison. ‘ The Trade Value of Simplification and Stan- 
dardisation in the Details of Ships and their Machinery,” 
by Mr. C. Le Maistre. Wednesday, June 22. ‘“‘ Economy 
in Shipbuilding: Some Lines of Progress,” by Mr. John 
McGovern. ‘Motor Yachts and Motor Yachting on 
the Clyde,” by Mr. F. L. MacLaren. 


Tue INsTITUTION OF WELDING ENGINEERS.—Wednes- 
day, June 22, at 8 p.m., at the Engineers’ Club, Coventry- 
street, W.1. ‘The Red-Shortness of Weld Metal,” by 
Mr. A. H. Goodger. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries, Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The South African Railways and Harbours are 
inviting tenders, to be presented by August 4, for the 
supply and delivery of 13 suburban coaches 3-ft. 6-in. 
gauge. Local representation is practically essential. 
(Ref. No. AX 4795).—The Posts and Telegraphs 
Department, Melbourne, is calling for tenders, to be 
presented by August 16, for automatic telephone ex- 
change equipment. (Schedule No. C 213). (Ref. No. 
BX 3566).—-The Tramways Department of the Wellington 
City Corporation is inviting tenders, to be presented by 
August 18, for the supply and delivery at the wharf, 
Wellington, of one electrically operated tramcar tra- 
verser for use at the tramway workshops, Kilbirnie. 
Local representation in New Zealand is essential. (Ref- 
No. AX 4801). 





Personat.—Mr. F. W. Davies, having relinquished 
his position as manager to Messrs. T. W. Broadbent, 
Limited, Huddersfield, has established himself at the 
Electrical Maintenance Works, Colne-road, Huddersfield, 
where, in addition to ordinary business, he intends to 
carry on a general consulting practice.—Mr. F. Dawson, 
recently engineer to Messrs. J. Rolland and Company, 
Abbey House, London, 8.W.1, has now joined Messrs. 
John A. Smeeton, Limited, 15, Victoria-street, West- 
minster, S.W.1, who are the sole agents in this country 
for Messrs. Demag A.G. of Duisburg.—We are in- 
formed that Mr. G. Parker Pearson, A.M.Inst.C.E., of 
Dallas-chambers, Chippenham, has entered into partner- 
ship with Mr. H. Ross Hooper, M.Inst.C.E., who has 
consequently resigned his appointment a3 engineering 
inspector on the staff of the Ministry of Health.— 
Messrs. The Automatic and Electric Furnaces, Limited, 
173-175, Farringdon-road, E.C.1, have entered into an 
agreement with Messrs. G. Blundell and Company, of 
Yokohama, for the sale of their Wild-Barfield electric 
furnaces in Japan.—The address of the County of 
London Electric Supply Company, Limited, has been 
changed from Moorgate-court, Moorgate-place, E.C.2, 
to County House, 46-47, New Broad-street, E.C.2.— 
Following upon the resignation of Mr. F. C. McQuown, 
joint manager and secretary of the County of London 
Electric Supply Company, Limited, Mr. H. W. Sprunt, 
M.1.E.E., M.I.Mech.E., has been appointed commercial 
manager, and Mr. J. C. Dalton has been appointed 
secretary of the company. 





SranDaRD SPECIFICATIONS FOR EvecTricaL INstTRU- 
MENTS.—With a view to bringing the series of speci- 
fications dealing with electrical instruments into line 
with changes in the last seven years, two revisions, 
No. 81 (1927) for instrument transformers, and No. 90 
(1927) for graphic (recording) ammeters, voltmeters and 
wattmeters, have recently been issued by the British 
Engineering Standards Association. The former pub- 
lication opens with a section of definitions covering the 
types of transformers, the rated primary and secondary 
currents or voltages, and the rated burdens, &c. This 
is followed by the specification proper, containing five 
clauses dealing with standard frequency, limits of tem- 
perature rise, and various tests, &c. Two further 
groups, of five clauses each follow; these deal respec- 
tively with current and voltage transformers, each type 
being graded into four classes according to the use to 
which it will be put, and the limits of error of each class 
are laid down. In conclusion, there are seven useful 
appendices covering such points as, selection, conditions 
affecting the construction and use of transformers, 
terminal: markings and the method of measuring tem- 
perature rise. The other publication No. 90 (1927), which 
is @ companion specification to No. 89 (1927), contains 
30 clauses in the specification proper, special attention 
being paid to the clock or other driving mechanism, 

n-to-paper friction, methods of testing for accuracy, 
imits of error, &c.; the allowances to be made as the 
result of external magnetic fields and the temperature of 
the surrounding air, &c., are clearly defined. At the 
beginning of the issue there are six definitions of effective 
range, scale division, error in indication, &c. Five 
appendices are included at the end dealing with the 
accuracy of various types of instruments, driving 
mechanism, diagrams of connections, &c. Copies of 
these revised specifications may be obtained from the 
Publications Department, B.E.S.A., 28, Victoria-street, 
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Fig. 15. SECTION A.B. 
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ELECTRICAL TRANSMISSION 
PROBLEMS. 

In replying to the discussion, which took place on 
the paper he presented at the recent Annual Con- 
vention of the Incorporated Municipal Electrical 
Association, Mr. Thomas Roles pointed out that 
modern electrical development in this country had 
been based on coal conservation, and that what was 
now required was a closer consideration of the equally 
important problem of capital conservation. The 
justice of this contention stands out in greater clarity 
when we come to consider the economics of electricity 
supply as a whole and do not limit our purview, as 
is too often done, simply to those factors, which are 
contained within the walls of the power station. 
Unfortunatey, the argument that generating costs 
are not everything was so often used last year with 
the ulterior object of defeating a certain Government 
measure that its essential truth has tended to become 
obscured. A further factor is that, quite inde- 
pendently, there has been a concentration on the 
economics of generation and a neglect of those 
equally important problems, which can be conveni- 
ently grouped under the heading of transmission and 
distribution. But as Mr. I. V. Robinson correctly 
remarked at the meeting to which we have just 
referred, the ultimate criterion of performance is cost 
to the consumer, and, in our opinion, every method 
whereby that cost can be reduced must be rigour- 
ously investigated, and none must be favoured at the 
expense of others. In this article we propose to 
discuss some problems, that await solution in the 
field of transmission the attractiveness of which 
is no less than those which are now being 
tackled in the boiler-house and the turbine-room, 
and whose elucidation will be as valuable as those 
connected with the transformation of the heat energy 
in coal into a form, which can easily be transmitted 
and utilised in a variety of ways, both in the factory 





and the home. Before doing so, however, we may 








call attention quite briefly to one or two matters 
which, though not strictly of an engineering 
character, play a considerable part in the economics 
of transmission and distribution. These matters, 
we may mention in passing, were debated at some 
length in the discussion on a paper by Mr. W. C. 
Bexon, an account of which we gave on page 678 
of our issue of the 3rd inst. 

In brief, the two economic questions which, in the 
field of transmission and distribution, seem now to he 
exercising the minds of electrical engineers are the 
obtaining of wayleaves and the regulations of the 
Electricity Commissioners which govern the erection 


3 of overhead lines. With regard to the first, once 


it be conceded that no landowner should have 


34] an absolute veto, which will prevent transmission 


lines passing over his property, there seems every 
argument in favour of a simplification of the proce- 
dure that has to be followed before the necessary 
concession can be obtained and of a standardi- 
sation, both with regard to the legal processes 
and to the charges imposed for the right of use. 
Again, the favoured position of the Post Office, 
especially when they are in the position of second 
comers on the scene, is a matter for discussion and, 
if necessary, for decision by a legal tribunal. Finally, 
there is some weight in the argument that the 
severity of the Commissioners’ regulations needs 
abatement in more than one direction, especially as 
this can in most cases be done without involving 
greater risk to the public and with advantage from 
the point of view of cost. It is such factors as these 
which are delaying electrical development on the 
lines, which, we are told ad nauseam, is usual in other 
countries. As Captain J. M. Donaldson has pointed 
out, however, they are matters for administrative 
rather than legislative action, and we hope therefore 
that all the authorities concerned will come together 
and hammer out solutions which will facilitate 
progress on the right lines. 

Stated broadly, it is.clear that the problem is 
how can the best results be obtained with the least 
possible expenditure on technical equipment. We 
have seen that the Central Electricity Board propose 
to reduce the outlay on generating plant by schemes 
of interconnection. Opponents of that policy 
argue that its advantages are greatly overrated, 
since the time of the peak load in all districts will be 
approximately coincident. Even so, the amount of 
spare plant can be reduced, because the chance 
of failure occurring in more than one station 
simultaneously is remote. Recent events on the 
Mississippi too have shown that interconnection has 
saved the situation by enabling a supply to be 
given in the flooded areas, even when the local 
stations were entirely out of action. The article 
on the Bavarian Power Scheme, which we conclude 
on another page of this issue, also indicates the 
value of interconnection in rendering possible the 
utilisation of the varied power resources of a country 
in the most economical way. 

These are economic questions. From the 
technical standpoint, the ultimate achievement of 
cheap electricity, combined with the most efficient 
utilisation both of our capital and of our fuel, is 
beset with a number of interesting problems, which 
have their root in the necessity of increasing the 
transmission pressure, both as the load to be 
carried grows and the distances that have to be 
traversed become longer. In this country, com- 
pared with some others, the distances involved are, 
and will remain, short. On the other hand, the 
country, through which the lines must pass is 
thickly populated, and a considerable use of under- 
ground cable, instead of the cheaper and more 
easily operated overhead lines, will therefore be 
essential. As we showed in the article which 
appeared on page 110 of our issue for January 28, 
last, there are still difficulties in operating cables 
at a pressure exceeding 33 kv., and, although 
many suggestions have been made whereby these 
might be overcome, no generally acceptable solution 
has yet been reached. It would not, in fact, be too 
much to say that a great deal of careful work, 
directed both to the examination of the materials 
used and to the improvement of the processes 
employed in manufacture, will have to be performed 
before much real progress can be made. 

The question of the design of satisfactory cables 
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for pressures greater than 33 kv. is, therefore, one of 
immediate interest to British electrical engineers. As 
regards overhead transmission, on the other hand, 
they can wait and perhaps benefit by the experience, 
which is being obtained in other countries, where 
pressures of 100 kv. are usual, lines are being 
operated at 220 kv., and pressures as high as 
350 kv. are shortly to be employed. It will, however, 
be of rather more than academic interest to them 
to learn that there is a limitation, even to the use 
of overhead lines, if the methods general up to now 
continue to be employed ; and it may therefore be 
valuable to summarise the results of work, which 
has recently been done in the United States, with 
a view to discovering whether the pressure at 
which electricity can be economically transmitted, 
cannot still further be raised. 

As is well known, though it is quite feasible to 
transmit large amounts of power over a single circuit 
for distences of about 100 miles, increasing that 
distance to 500 miles causes the voltage conditions 
to become so erratic that it would be impossible 
to operate the line, owing to the surges that would 
pass backwards and forwards along it. This state 
of things becomes the more important the longer 
the distance over which it is desired to transmit 
power, since the rule of 1,000 volts per mile of 
transmission, which has been generally applied in 
such work, does not give satisfactory results for 
distances much over 200 miles. On purely electri- 
cal grounds, it would seem that the maximum 
distance to which power could be transmitted at 
220 kv. and 60 cycles is 350 miles. It has therefore 
been suggested that on longer lines it might be 
desirable to transmit at a lower frequency, on 
account of the limitations imposed by reaction and 
susceptance. These conclusions indeed received 
practical confirmation on the Big Creek system in 
California, where on one occasion a transmission 
line loaded up to its limit caused the breakers to 
operate owing to its instability. 

This problem is obviously one of great importance 
in the United States, and has therefore been care- 
fully investigated by a number of engineers. This 
investigation may be said to start with the staten. ent 
by Mr. F. G. Baum that the fundamental principle 
of economical long distance transmission of power is 
to supply the line at each point with the reactive 
kilo-volt amperage required for transmitting the 
power over the line at that point, irrespective of 
whether power is taken in or given out at such 
point and in incorporating in the devices used for 
that purpose such characteristics as will enable the 
reactive power required for stability under all 
‘conditions of operation to be provided. By 
following out this principle, it is claimed, the whole 
transmission line acquires the transmission charac- 
teristics of one of its parts, and the distance over 
which power may be transmitted becomes purely 
an economic problem. The principle is applied in 
practice by sub-dividing the line into two or more 
sections of equal length and maintaining the voltages 
constant at the end of each section. The amount 
of power that may be transmitted over the whole 
line is then limited only by the power that may be 
transmitted over the most heavily loaded section 
without the risk of instability. Actually, the 
voltage is maintained constant by connecting a 
number of automatically regulated synchronous 
condensers to the line at intermediate points, 
thus transforming one long line into a series of 
short ones, in each of which the factors that cause 
instability can be readily controlled. It is also 
possible, and this is most important, to tap the line 
at intermediate points without the risk of excessive 
voltage rises occurring, if the load is suddenly 
removed. This is due to the stabilising effect of 
the synchronous condensers, this effect being 
independent of the total length of the transmission 
line. 

The economic side of this arrangement is, according 
to Mr. Charles L. Fortescue, satisfactory enough. 
He states that on a 400 mile line, using the Baum 
principle, the amount of power that can be trans- 
mitted can be increased from 106,000 kw. to 


300,000 kw., with an increase of approximately 
13 per cent. in the cost, and that if a system is 
properly laid out and due regard has been given to 





insuring stability, it should give service which will 
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compare favourably as regards reliability with 
existing distributing systems. In this way the 
best lay-out for any voltage can be obtained. 
It will also be possible to realise the advantages 
obtainable by raising the voltage, without at the same 
time experiencing the disadvantages which have 
up to the present limited this course being fully 
adopted. 

This short survey will, we think, bear out our 
contention that transmission line problems are as 
inherently interesting and demand the same 
detailed investigation as do those to be found in the 
boiler house and turbine room. They are indeed 
closely analogous. Even the question of material 
comes in. For instance, much careful work has 
been, and is being, directed to the discovery of an 
insulator, which shall successfully withstand the 
pressures we have been discussing. It is important, 
therefore, that this community of interests should 
be recognised, for only in this way can the best 
results be achieved, whether they may be con- 
sidered from the coal or the capital conservation 
point of view. 








OIL FUEL FOR DOMESTIC HEATING. 


Ir is probable that during the course of the coal 
strike last year a certain number of householders 
in this country had in mind the possibility of using 
oil fuel for domestic heating, although, as far as 
we are aware, it was not actually employed for this 
purpose to any appreciable extent, and is hardly 
likely to be when ample supplies of coal and coke 
are available at a reasonable cost. Apart from the 
question of cost, however, oil has certain advantages 
over solid fuel for heating those houses provided 
with a central heating installation, and of these we 
may mention the relief from the uncertainties of 
coal supply, reduction in the labour involved in 
attending to the furnace, and greater cleanliness ; 
moreover, it is a comparatively simple matter to 
fit oil-fired heating boilers with automatic apparatus 
for maintaining the house at a constant temperature. 

In those parts of the United States where the 
climatic conditions render the question of domestic 
heating one of considerable importance, and where 
the disparity between the costs of solid and liquid 
fuels is less than is the case in this country, the use 
of oil for this purpose is extending. To enable 
prospective users to discriminate between the 
various systems available, a number of tests have 
been carried out by the United States Department 
of Agriculture, and a report* by Mr. Arthur H. 
Senner, based on these tests, has recently been 
issued by the Department. The two fuels used 
in the tests were a furnace oil having a specific 
gravity of 38-62 deg. Baumé, a flash-point (open 
test) of 160 deg. F., and a calorific value of 
135,776 B.Th.U.’s per U.S. gallon; and a fuel-oil 
distillate for which the corresponding figures were 
33-05 deg. Baumé, flash-point 202 deg. F., and 
calorific value 139,485 B.Th.U.’s per U.S. gallon. 
The costs of the furnace oil and distillate oil, in 
1,000-gallon lots, at Washington, D.C., are given 
as 10 cents and 8 cents per gallon respectively. 
The investigations show, however, that in firing the 
small boilers, such as are used in the heating instal- 
lations of an average dwelling-house, from 150 U.S. 
gallons to 175 U.S. gallons of oil fuel are about 
equivalent to one short ton of coal, and from this a 
rough comparison of the fuel costs in any country 
can be made. 

Several examples of two main types of burners, 
viz., the vaporising and atomising types, were 
tested, the former being, of course, the simplest 
and least expensive, but: having the drawback of 
being suitable only for the higher-priced fuels and 
of being relatively less efficient than those of the 
atomising type. The latter, on the other hand, are 
usually more costly to install and to maintain, 
requiring a more elaborate equipment, but, since 
they are capable of burning cheaper fuels at a 
higher efficiency, are generally to be recommended. 
A supply of gas or electricity is, however, generally 
required with these burners for ignition purposes. 





* United States Department of Agriculture. Depart- 
ment Circular 405. The Domestic Oil Burner, by 
Arthur H. Senner. Washington: Government Printing 
Office. [Price, 10 cents.] 








In starting up a burner of the vaporising type 
having a gravity feed, a plate is heated by means of 
a wick saturated with oil and ignited by a torch, 
the temperature of the ignition plate being subse- 
quently kept sufficiently high to ignite the oil by 
the heat of combustion. The house temperature is 
regulated by varying the supply of oil to the burner, 
or the burner may be operated with a constant oil 
supply and shut down and re-started at intervals. 
In the latter case, however, the ignition plate has 
generally to be re-heated each time the burner is 
started up, although in some automatically con- 
trolled systems using this type of burner a con- 
tinuously burning gas flame is used both to heat the 
plate and as a pilot light for igniting the oil. With 
burners of the atomising type, ignition is effected by 
introducing a flame or electric spark into a region 
filled with an intimate mixture of oil and air in 
suitable proportions. The spark, in some cases, is 
maintained continuously for the whole time that 
the burner is in operation. 

It will be obvious that with oil-fired heating 
boilers some form of automatic regulation is highly 
desirable if the possibility of overheating is to be 
avoided. With a coal-fired furnace, if the dampers 
were left open inadvertently the rapid combustion 
would only continue until the fuel on the grate had 
been burnt out, whereas with oil firing it would 
continue as long as the fuel supply lasted. Although 
automatic control has been applied in some cases to 
burners of the gravity-feed vaporising type, it has 
generally been more successful with those of the 
power-atomising type. The control may be effected 
by a thermostat located in a suitable position in a 
living room, but other controls on the boiler, operated 
by the water temperature or steam pressure, are 
also employed. Their object is, of course, to keep 
the pressure or temperature at the boiler within 
safe limits regardless of the actual temperature 
in the rooms. Precautions must also be taken to 
ensure the supply of oil to the burner being cut off 
if ignition should fail, and this may be effected by 
providing a receptacle to catch the unburnt oil, 
the weight of which, when sufficient has collected, 
tripping the mechanism and cutting off the supply, 
or breaking the power circuit operating the atomiser. 
In some forms of emergency control, a thermostat, 
normally heated by the pilot light or placed in the 
chimney where it is heated by the waste gases, is 
employed and used to cut off the oil or power if 
the pilot light is extinguished or the chimney cools 
down. 

Of the various heating systems in use, the hot- 
water system appears to be the most satisfactory 
with oil firing, owing to the fact that the heat- 
storage capacity is relatively large and the burner 
can thus be inoperative for longer periods than is 
possible with other systems. Vapour, vacuum and 
steam-heating systems follow in order of merit, while 
the hot-air furnaces, of which a large number are 
used in the United States for domestic heating, 
present the greatest difficulties in the application 
of oil firing. In these installations, warm air is 
supplied from the furnace to various parts of the 
house through ducts, and even with coal firing some 
trouble is experienced from the leakage of products _ 
of combustion from the fire-box to the air heating 
spaces in the furnace and thence through the ducts 
to the rooms. The trouble appears to be somewhat 
intensified with oil firing, owing possibly to the high 
temperature and intermittent character of thes 
heating which have a tendency to open the joints. 
It can, however, be avoided if proper care be taken 
in the installation, and, according to the report, 
welded joints have been found most effective for 
the purpose. As might be expected, the efficiency 
of the installation is materially improved by 
employing a blower to circulate the air, instead of 
depending upon convection as is commonly done. 
In general, however, the thermal efficiency of 4 
warm-air installation is lower than that of a hot- 
water or steam-heating plant, although many of 
the former are giving satisfactory results with oil 
firing. 

It will be obvious, of course, that the overall 
efficiency of a steam or hot-water heating installa- 
tion will be greatly affected by the design of the 
boiler, which must be of ample capacity as well as 
of a form suitable to the particular burner used. 

























he 





JENS 17 198%) 


_E NG INEERIN G. 





739 











The report points out that few of the boilers intended 
for coal firing are suitable for burning oil efficiently. 
In general, the combustion space or heating surface 
are inadequate for the latter fuel, although improve- 
ments can sometimes be effected by the use of 
refractory brickwork or by adding sections to 
increase the heating surface. 

The direct impingement of the flame on the water- 
cooled surfaces of the boiler should, of course, be 
avoided, and in order to prevent this, in one case, 
the flame is projected downwards on to a bed of 
refractory material from which the products of 
combustion are deflected on to the heating surfaces ; 
in another case, a refractory body is supported 
immediately above the burner on columns of the 
same material, so that the flame, which is directed 
upwards, first impinges on the refractory body, the 
gases afterwards escaping between the columns at 
the sides and thence passing over the heating 
surfaces. 

In conclusion, it may be remarked that while the 
use of oil fuel for heating an average-sized house 
offers certain advantages from the points of view 
of convenience, comfort and cleanliness, but little 
can be said in its favour on purely economic grounds. 
The first-cost of an installation, including a power 
atomising burner with thermostatic control and the 
necessary storage tank, is very considerable and the 
fuel cost alone, even in the United States, would 
probably be higher than that for a coal-fired instal- 
lation of equal capacity. In some cases, of course, 
a saving may result from the fact that the oil-fired 
installation requires less attention, and this, in 
conjunction with the above mentioned advantages, 
probably accounts for the fact that the use of such 
installations is extending in America. 





A HUNDRED YEARS OF ELECTRICAL 
ENGINEERING. 


In connection with the centenary celebrations 
of University College, London, Dr. J. A. Fleming, 
professor of electrical engineering at the college 
from 1885 to 1926, gave an address on Tuesday 
last, entitled ““A Hundred Years of Electrical 
Engineering.” The chair was taken by Mr. Roger 
T. Smith, himself an old student of the college, who 
referred in his opening remarks to the important 
part taken by Dr. Fleming in electrical developments 
extending over nearly halfa century. Many of these 
developments had their first inception in the college 
laboratories. He said that Dr. Fleming’s name 
would always be associated in particular with the rec- 
tifying thermionic valve, his insistence on a national 
standard laboratory, which resulted in the inception 
of the National Physical Laboratory, his true inter- 
pretation of the capacity effect in transmission 
cables, and his paper, read in 1892, which settled the 
then controversial question as to whether an open 
or closed magnetic circuit should be employed in 
transformers. 

In his address, Dr. Fleming gave a most interesting 
review of electrical development in the period 
mentioned, which dates back to a time when the 
foundation stone of the whole science of electrical 
engineering had just been laid by William Sturgeon, 
who made the first electro-magnet in 1825. The 
address was most comprehensive, and embraced 
the fields of power generation, telegraphy, telephony, 
and wireless, and Dr. Fleming was able to show that 
old students of University College had taken an 
Important part in each of these developments. 
He mentioned that the true inventor of the telephone 
was Alexander Graham Bell, whose father was, at 
one time, lecturer in elocution at the college. The 
Son matriculated in 1867, and soon after went with 
his father to Canada, where the Bell receiver was 
developed. In describing the development of trans- 
Atlantic cable telegraphy, Dr. Fleming instanced 
another old student of the college, Mr. Alexander 
Muirhead, who was responsible for the introduction 
of dupicx working, enabling two messages to be 
transmiited simultaneously. Again, in discussing 
transformers, the lecturer referred briefly to his own 
work, conducted at the college, into the iron losses, 
and paid a warm tribute to Sir Robert Hadfield’s 
discovery of a low-carbon steel, with high silicon 
content, for the cores, which rendered the construc- 


After referring to the crippling effect of the so- 
called Facilitating Act of 1882, Dr. Fleming mentioned 
the names of several old students of the college who 
had taken a prominent part in the rapid develop- 
ment of lighting schemes, following the re-modelling 
of the Act. He referred to the work of Sir Alexander 
Kennedy, in particular, and mentioned that 
Mr. Roger Smith and two other students of the 
college had occupied the position of President of the 
Institution of Electrical Engineers. The address 
closed with a brief résumé of the developments in 
wireless communication. In dealing with the 
latter, Dr. Fleming gave an interesting account of 
the discgvery of the rectifying valve, mentioning 
that while he was working with one of the old 
Edison filament lamps, in which the filament was 
made from carbonised bamboo, he noticed that 
when a filament was broken on one side, there was a 
break, consisting of a clear line, in the deposit of 
carbon on the inside of the bulb. As this line was 
directly behind the unbroken filament, he deduced 
the fact that the carbon must be shot off in straight 
lines. Investigating the matter further, he intro- 
duced a metal cylinder inside the bulb and surround- 
ing the filament, and found that this cylinder became 
negatively electrified. Since the flow of current 
was thus shown to be only in one direction, he was 
led to the employment of the valve formed in this 
way as a detector in wireless telegraphy. 





THE INSTITUTION OF GAS 
ENGINEERS. 


THE Institution of Gas Engineers held its annual 
general meeting this week in the rooms of the 
Institution of Electrical Engineers, under the presi- 
dency of Mr. John Wilkinson, engineer and manager 
of the Nottingham Corporation Gas Department. 
Morning and afternoon sessions were held on Tues- 
day, Wednesday and Thursday. To-day the Institu- 
tion is paying a visit to Nottingham. On Thursday 
morning, the President presented the H. E. Jones 
Gold Medal of the Institution to Mr. C. H. Rutter, 
M.Inst.C.E., for his paper on the Development and 
Reconstruction of the Portslade (Brighton) Gasworks, 
of which we published an abstract on page 392 of our 
issue of September 24, 1926, in connection with our 
report of the annual meeting of last year. Diplomas 
awarded under the education scheme of the Institu- 
tion were then presented, and Mr. John E. Simmance, 
M.I.Mech.E., was elected an honorary member ; the 
dignity of honorary membership was also conferred 
upon the presidents of the gas associations of the 
United States, Belgium, Canada, France, Germany, 
Italy, Norway, Sweden and Switzerland. The 
President then delivered his address. 


PRESIDENTIAL ADDRESS. 
Last year’s meeting having fallen in the period 
of coal stoppage, Mr. Wilkinson commented in his 
introduction upon the successful way in which the 
gas industry had been able to maintain an adequate 
gas supply for all purposes throughout last year. 
The task had thrown a heavy responsibility upon 


staffs and the workmen. 
advised by their leaders, and Mr. Wilkinson attri- 


which, during the past decade, had never attempted 
to enforce unfair wages or conditions of service, 


time in seasonal trades, but it was surely not im- 
possible to ease the burden on the mine-worker 
during the summer period. A longer working day 


With regard to coal prices, Mr. Wilkinson remarked 
that those responsible for the control of the industry 
should resist the dictum that, as gas had so largely 
displaced coal for domestic purposes, the price of 
gas coal should be increased proportionately to 
the loss sustained by the coal industry owing to 
the reduced trade in house coal. It was perhaps 
remarkable that the gas industry, originally 
formed for the production of gas for lighting, 
had not, in the 110 years of its existence, seen 
any radical alteration in the method of dealing 
with the raw material—carbonisation of coal in 
a closed vessel. There had, of course, been: 
substantial improvements, and coke, tar and chemi- 
cal products had become almost as important as gas. 
He would not say whether or not the increase in 
gaseous thermal efficiency was satisfactory. That 
increase had been obtained by carbonising at 
higher temperatures, but there was a temperature limit 
for horizontal retorts, and the retort should not 
be utilised too much for cracking ; the tar should 
be dealt with in an ancillary plant. The chances of 
catalytic processes inside the retort were remote, and 
for straight coal gas for town supplies the horizontal 
retort remained the most suitable form of plant. 
But it was, of course, not absolutely necessary to 
make straight coal gas for town supply ; steaming 
in vertical retorts gave higher thermal efficiency. 

The gas industry had up to the present supplied 
all domestic and some industrial users with 
coke; but coke-oven managers, who had so far 
produced mainly dense hard coke for metallurgists, 
were now attempting to capture a portion of the 
gas-coke trade. The public preferred coke from 
vertical retorts; domestic coke, made at higher 
temperatures in horizontal retorts, justified com- 
plaints about too great a density and too small a 
proportion of volatile matter. On the other hand, 
vertical retort tar did contain a high percentage 
of acids, which would be detrimental to neighbour- 
ing streams when the tar was used for road dressing, 
and it was doubtful whether vertical retort creosote 
was very suitable as a wood preservative. That point 
should be cleared up. 

Low-temperature carbonisation processes, Mr. 
Wilkinson proceeded, were springing up in all 
directions like mushrooms ; what the future might 
hold in store, nobody could say—oil might prove 
to be the deciding factor—but there was no low- 
temperature process in operation so far which would 
give the same financial results to the gas industry 
as the modern gas-works carbonising plants. The 
position with respect to gas from coke ovens was 
entirely different. Years ago the gas produced in 
coke ovens had varied in quality from hour to hour ; 
at present the Sheffield Company was developing 
coke-oven gas for town supply on a large scale, and 
had been supplying it for some years at exceedingly 
low prices. The price was not everything, of course ; 
reliability of supply was equally essential, and Mr. 
Wilkinson was convinced that the full utilisation of 
the surplus coke-oven gas could only be satisfactory 
to consumers if handled by the gas undertakings. 
Referring briefly to the noteworthy work of the 


gas engineers, he stated, and special acknowledgment | research committees of the Institution, he said that 
should be made of the able assistance given by the | One could not help feeling somewhat uneasy about 
The men had been wisely the judgment of the future ; would it not be proved 


in the next twenty or thirty years that the gas 


buted the attitude adopted largely to the decision | engineers of to-day knew very little about the 
of the Joint Industrial Council of the gas industry | carbonisation and treatment of coal for town gas 


production ? 
Concluding, the President urged the necessity of 


and had always given the benefit of any doubt to the | putting the same energy into the sales depart- 
more needy party. The gas industry was naturally |ment as was put into works practice. 
interested in the economic status of both the mine | necessary to concentrate on efficient service to 
workers and the colliery proprietors. In his|the consumer and propaganda, and to eradicate 
opinion, the chief cause of the discontent of mine | all individual cases of neglect and indifference such 
workers was their inability to earn full wages during | a8 were brought before the recent conference 
the summer months, when the fuel demand was | arranged by the British Commercial Gas Association 
reduced. It might not be possible to eliminate short | and the Institution. 


It was 


+ Epvcation SCHEME. 
The annual report of the Advisory Committee 


might be arranged for the winter and a shorter one | on Education, presented, as last year, by its chair- 
for the summer, with adjustment of the basic rate |man, Mr. F. W. Goodenough, was able to record 
of pay. The adoption of the suggestion that recruit- | satisfactory progress. Altogether211 candidates(110 
ing of new labour for service in the coal industry | internal and 101 external) had entered for examina- 
should be suspended for a period, would also be a | tions in 1927, compared with 162 in 1926 and 108 in 





step in the right direction. 
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is made in the education scheme between 
Gas Engineering and Gas Supply—had, however, 
again been disappointing; there were no entries 
for the diploma, and only 18 for the higher grade, 
against 59 for the ordinary grade. It was further 
disappointing that, of the thirty technical institutes 
of the country having approved schemes, only 14 
had presented candidates for the examinations. The 
number of technical institutes interested had been 
increased by two, the Wigan and District Mining 
and Technical College, and Southampton Uni- 
versity College having had their schemes of educa- 
tion approved by the committee. Southampton 
was the only institution of this kind south. of the 
London-Bristol line. The inception of a Teachers’ 
Training College was, on the other hand, a valuable 
development. This had been arranged through the 
good offices of the Board of Education, which 
would pay the travelling expenses of all recognised 
teachers attending the course to be held in the 
week, July 16 to 22. The committee was also 
indebted in other ways to the Board of Educa- 
tion which had placed expert knowledge unre- 
servedly at its disposal. Considerable discussion 
had taken place during the past months on 
the provisions of the scheme relating to the edu- 
cation and examination of isolated students. A 
conference held in March had been followed by 
further discussions between the committee, the 
Board of Examiners, representatives of the Junior 
Gas Associations of the United Kingdom and other 
bodies, and proposals for a revised syllabus had 
been drawn up. 

Mr. Goodenough outlined these proposals as 
embodied in a further report. One of the more 
important points was the creation of district 
education committees for the purpose of arousing 
interest in the scheme and of providing greater 
facilities to enable the students, especially those 
living in scattered localities at considerable distance 
from technica! colleges, to pursue their studies 
without undue fatigue and loss of time and money. 
Secondary schools were, to a certain extent, to be 
considered equivalent to technical colleges, especiall 
with regard to general science, and considerable lati- 
tude was to be given to the examiners. They had 
recognised, for instance, that the gasfitters’ course 
had been too elaborate and scientific. A great deal 
depended upon the employers, and it was interest- 
ing to note that in the printing trade in London 
1,250 students were given a whole day off every 
week for their studies. 

Mr. Goodenough took particular care to impress 
upon :nembers their duties with respect to the educa- 
tion scheme, and the prolonged discussion of the re- 
port proved that members shared his views. Mr. H. D. 
Madden, of Cardiff, chairman of the examining body 
assured members that they were very sympathetic to 
the student ; they accepted evidence of understand- 
ing and knowledge, and did not insist upon answers 
to numerous questions. Mr. W. Clark Jackson, 
of Neath, raised the question whether the regulations 
of the Ministry of Health did not interfere with 
financial and time assistance of students by munici- 
pal bodies. He was told that this was not the case, 
but Mr. Wilkinson informed him that the point would 
be inquired into. Another member, asking about the 
position of students from Australia, was told by Mr. 
Goodenough that such students had been passed. 


Gas Fires. 


Two reports were presented, the first on Tuesday 
morning, the second in the afternoon session, by the 
Research Sub-Committee, of which Professor Arthur 
Smithells, F.R.S., director of the Salter’s Institute, 
is chairman. Professor J. W. Cobb introduced the 
reports, and Mr. James Wood, M.Sc., then gave par- 
ticulars of the experiments which he had been con- 
ducting, in collaboration with Mr. G. B. Howarth, 
M.Sc., at the Meadow Lane Corporation Gas Works, 
Leeds. The first report concerned the examination 
of the products of combustion from typical gas 
appliances, and dealt with gas fires, old and 
modern, with special regard to the production of 
carbon monoxide and the influence of rate of gas 
supply, degree of aeration, and the construction of 
the stoves and radiants. The introduction into the 
flame of any solid bodies like the radiants, Professor 
Cobb pointed out, speeded up the combustion, but 





it also disturbed and modified the proportion of 
CO formed. That proportion was always very 
small, though larger than Dr. E..W. Smith had 
found about 1909, as they had ascertained by their 
improved methods of analysis, now possible with 
the aid of iodine pentoxide. The gas stove certainly 
gave less CO than any solid coal fire gave ; it did not 
vitiate the air, as it was always used in conjunction 
with a flue and contributed to the ventilation of 
the room. 

The gas-fires used, Mr. Wood explained, were 
installed in an ordinary house; they were of two 
types, and were both used with normal, low and high 
aeration, and with exchangeable radiants. The A 
radiants were modern ; the B radiants were of the 
pre-war type and consisted of straight fire-clay 
tubes, 8} in. long, perforated in herring-bone fashion 
with diagonal slots, and covered internally with 
studs. The A radiants were bent over near the top, 
and did not need the separate top blocks used with 
the B type. From the smaller bore of the B type 
and the greater penetration of the flames into them, 
one might have expected a greater production of CO, 
but that was not observed ; the A type gave rela- 
tively high CO values, probably owing to the bent- 
over portion, and they were possibly too large; the 
proper shape of radiants required further investiga- 
tion. The CO estimates in the report indicated the 
amount of CO produced per 10,000 parts of gas 
burned. The gas was of 470 B.Th.U., and 2,000 
units per radiant per hour were regarded as the 
normal rate of combustion. Increased primary 
aeration diminished the production of CO, the 
maximum of which had amounted to 80 parts per 
10,000. Thermally, the loss arising from the in- 
complete combustion of the gas to CO was negligi- 
ble, but all fires should communicate with efficient 
flues; the appearance of a CO flame above the 
radiant did not indicate an excess production of this 
gas. In reply to questions, Mr. Wood added that 
the study of gas cookers, &c., was to be taken up, 
and that the amount of CO originally in the gas 
did not affect the final CO value. The absence of 
CO was not necessarily an indication of the best 
thermal effect. 


CARBONISATION STUDIES. 


The second report, read by Dr. A. Parker, was 
likewise a continuation of last year’s work. It 
dealt partly with investigations upon which 
Professor Cobb had touched in his recent Royal 
Institution lectures on the properties of coke.* 
Last year’s experiments had mainly concerned 
the influence of the size of the coal particles upon 
the products of carbonisation at 980 deg. C.; this 
year the temperature was lower, viz. 915 deg. C. 
Nottinghamshire coal was again used, because 
full-scale working data were available for this 
fuel. The retort (a tubular casting 8 in. in dia- 
meter, 44 ft. long, 4 in. wall thickness of cronite, 
an alloy of nickel, chromium, tungsten and iron, 
in the proportions 67 : 16°5 : 12-5 : 2:2) was centrally 
supported in a fireclay retort, leaving an annular 
space of 1} in., in which the thermocouples were 
placed. In the early stages of carbonisation, the 
rate of gas production was found to be greater 
with larger coal particles (1} in. and } in.) than 
with the smaller particles (10-mesh and 30-mesh 
grades); but this difference diminished as the 
carbonisation proceeded and finally the small coal 
gave more gas than the larger pieces. The smaller 
coal also yielded gas of a higher thermal value 
(75-8 therms instead of 72-3 therms), with less tar 
and a more uniform coke. 

When mixtures of different sizes of coal were 
carbonised, the rates of gas production were less 
in the early stages than when the constituent 
grades were carbonised separately, but these 
differences vanished as time progressed. The 
lowering of the temperature, from 980 deg. to 
915 deg., reduced the total volume of gas by 
22 per cent. in the first five minutes, but only by 
7 per cent. in 24 hours. Mixing coals of highly- 
caking character with coke breeze had, in several 
gas works, been found to increase the rate of gas 
production. The Nottinghamshire coal not being 
of highly caking quality, their own experiments 
were not conclusive on this point, but the disad- 





* See ENGINEERING, May 20, page 621, ante. 





vantages they had observed, as, for example, the 
smaller yields of tar from the mixture, more than 
counterbalanced the advantages expected. With 
regard to the influence of inorganic compounds, 
particularly calcium carbonate, iron oxide and 
sodium carbonate, we may refer our readers to the 
lectures by Professor Cobb above referred to. Dr. 
Parker stated that the admixture of calcium, iron 
and sodium compounds raised the thermal value of 
the gas by 5, 2 andl 2 per cent., respectively. 
The addition of soda reduced the sulphuretted 
hydrogen found in the crude gas, though accumu- 
lating the sulphur in the coke, but steaming 
the coal in the retort did not appear to liberate 
this sulphur as sulphuretted hydrogen; that 
would be an important point. The nitrogen 
remaining in the coke was lower when the 
coal had been treated with calcium or iron com- 
pounds ; sodium carbonate made little change in 
that respect. With regard to the activity of the 
cokes, the addition of calcium, iron and sodium raised 
this activity in the order stated. Whilst, however, 
lime and iron oxide lowered the ignition temperature 
of coke, sodium carbonate raised the ignition 
temperature very considerably, but only in the 
laboratory experiments. In actual retort practice, 
this peculiarity, like several others, disappeared ; 
the sodium coke then gave a lower ignition 
temperature. The reason was probably that the 
laboratory cokes were simply cooled, whilst the 
works coke was quenched. Professor Cobb had 
pointed out in his introduction that many differ- 
ences observed with intermittent operation in the 

laboratory were smoothed out in works practice. 
The discussion on the report was mainly apprecia- 
tive, but Mr. T. Glover questioned the value of 
the experiments with alkalis, &c., which could 
not, of course, be introduced into the retorts, 
as they would destroy the refractories. The 
influence of the size of coal particles was mainly a 
question of heat transmission and penetration by 
conduction, radiation and convection. Dr. Parker 
admitted this, and he also agreed with Mr. F. G. 
Shaw that sulphur compounds other than sul- 
phuretted hydrogen might play a part. Their 
methods, however, did not enable them to study 
compounds, present only in very small proportions. 
(To be continued.) ,, 





LABOUR NOTES. 


THE financial report of the Amalgamated Engi- 
neering Union for the first quarter of the current 
year states that the General Fund increased from 
177,3221. 48. 6d. to 203,934I. 10s. 8d., and the Superan- 
nuation Reserve Fund decreased from 1,529,293/. 15s. 2d. 
to 1,527,121. 8s, 3d. The levy of 1s. per quarter for 
the payment of extra superannuation benefit yielded 
only 6,547/. 9s. 11d., whereas the actual amount paid 
out in extra superannuation benefit was 22,828/. 14s. 3d. 
The five principal benefits—excluding the extra super- 
annuation payments—cost 117,713]. 15s. 9d., or 
15s. 9$d. per paying member, and arrears of contribu- 
tions decreased by 14,0691. 10s. 04d. In the opinion 
of Mr. Smethurst, the general secretary, these results 
reflect “‘ great credit upon the work of the Union, and 
should give food for thought to those who are at the 
present time attempting to disintegrate our move- 
ment.” The figures given do not include payments 
made in connection with State Unemployment Benefit 
or State Health Insurance Benefit. 





An editorial note in the June issue of the A.H.U. 
Monthly Report states that from the formation of the 
Union, on July 1, 1920, till December 31, 1926, the 
benefits paid amounted to 7,072,5641. 11s. 9d. These 
figures also are exclusive of payments made in connec- 
tion with State Unemployment Benefit and State 
Health Insurance. State Unemployment Benefits 
paid through the medium of the Union in 1926 amounted 
to 892,8947. 3s. 2d., and State Health Insurance 
Benefits to 184,705/. 0s. 10d. 





In the official organ of the Amalgamated Engineering 
Union, a ‘member expresses the opinion that the intro- 
duction by the present Government of the contributory 
pension scheme, coupled with the existing State 
Insurance arrangement with its increased workers 
contributions, aims a blow at unions which have friendly 
society sides. A stage has been reached, he say’. !” 


which the State is in serious competition with the 
trade unions for the spare coppers of the worker. The 
short-time member, employed four days a wech» hg 


° ° . an’ 
now faced, he says, with a serious economic pro 
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as out of his average earnings of 2/. per week he has 
to pay about 3s, 2d. in Trade Union and State Insurance 
contributions, “If compulsory State Insurance has 
come to stay, then I feel compelled to state,” he 
declares, ‘‘ that the Union which refuses or neglects to 
remodel its constitution and rules to suit the economic 
circumstances of its members is doomed.” 





“ Quite a large share of the responsibility for the 
Trade Union decline can be laid,” the writer goes on to 
say, “ at the door of a few Labour politicians who have 
become so intoxicated with the immediate prospect 
of ‘office’ that they openly condemn Trade Union 
action in favour of political action. Indeed, Mr. 
Philip Snowden is reported to have stated at a public 
meeting recently, that Trade Unionism on _ present 
lines was useless, Isit to be wondered at,’’ this member 
of the A.E.U. asks, “‘ that in face of such statements 
and advice from the political side of our movement, 
Trade Union propagandists are finding it increasingly 
difficult to swell the ranks ? If, as some of our politicians 
propound, the only thing necessary to secure our 
emancipation is a cross upon a ballot paper, then the 
non-unionist might well ask the question, why pay 
2s, per week to a trade union ?” 





In May, the home branch membership of the Amal- 
gamated Engineering Union increased from 195,742 
to 196,128—and the colonial branch membership 
from 27,270 to 27,332. The number of members 
drawing sick benefit decreased by 315 to 5,351, the 
number of members drawing superannuation benefit 
increased by 49 to 9,591, and the number of members 
drawing donation benefit decreased by 383 to 5,556. 
The total number of unemployed members was 14,914, 
or, reckoned in the usual way, 7-09 per cent. 





On Friday last week, the Shipbuilding Employers’ 
Federation discussed the wages question with the 
representatives of six of the craft unions which are not 
units of the Federation of Engineering and Shipbuilding 
Trades. The increase proposed by these organisations 
is 10s, per week for time workers and 15 per cent. for 
pieceworkers, After hearing statements in support of 
the application by representatives of the Boilermakers’ 
Society, the Shipconstructors and Shipwrights’ 
Association, the Amalgamated Society of Woodworkers, 
the United Operative Plumbers’ Society, the Electrical 
Trades Union and the National Society of Painters, 
the employers intimated that they would consider the 
arguments put forward, in conjunction with those 
submitted by the Federated Trades and communi- 
cate their decision at a further conference. The 
Belfast District Committee of the Federated Trades 
has made a similar application to the Belfast employers. 





Discussing various questions arising out of the Trade 
Unions and Trade Disputes Bill, Mr. Appleton, the 
secretary of the General Federation of Trade Unions, 
says that under the terms of the measure, it will be 
very difficult to say when any sympathetic strike falls 
within the illegal category, or when such a strike becomes 
in the sense of the proposed legislation, a general strike. 
In view of the tendency on the part of some individuals 
and some courts of law to hold all sympathetic strikes 
illegal, the ambiguity of the proposed legislation is, he 
thinks, deplorable. A sympathetic strike is not at 
the present time, he points out, illegal; neither is it 
necessarily, he argues, anti-social or anti-moral. ‘“‘ The 
General Federation of Trade Unions—which has a 
well-developed and clearly-defined sense of industrial 
responsibility—has never declared,” Mr. Appleton 
claims, “‘ against the principle or the value of a sym- 
pathetic strike. The essence of its declarations on this 
subject has been that the terms of its contract with 
its affiliated unions and the nature of their contribu- 
tions do not permit it to pay Federation benefit to 
sympathetic strikers. But every member of the 
Federation knows that there are occasions when even 
the most righteous strike would fail, should the Execu- 
tive of the fighting union be unable to secure the active 
assistance and co-operation of the men in other trade 
unions who repair their machinery, produce their raw 
material, or transport their products.” 





The annual report of the General Federation of 
Trade Unions states that the number of affiliated 
Societies has decreased since last year from 116 to 111, 
and the aggregate membership from 735,468 to 
732,725. The reserve fund has increased from 
175,2951. 7s, 9d. to 217,7851. 98. 2d. Alluding to the 
decline in membership, Mr. Appleton says :—‘ Where 
organisations are voluntary and understandings imper- 
fect, nicmbership is certain to fluctuate. Long continued 
unemployment and miscarriage of policies inevitably 
reduce the numbers on a trade union’s books, and just 
as hard times give excuses, or, perhaps, even create 
hecessities, for the non-payment of individual member’s 








contributions, so they similarly affect the paying 
capacity of the trade union affiliated to a general 
organisation. The Federation, along with the individual 
unions and other general organisations, has suffered 
through the adverse industrial circumstances of the 
past eight years; but one thing may be truthfully said 
about its membership returns—they represent the 
existing facts; they are in no sense cooked to deceive, 
and they are much higher than they were in the days 
when enthusiasm for federation was assumed to be 
universal,” 





At Geneva on Thursday last week, Mr. Wolfe, the 
British Government delegate to the International 
Labour Conference, rebuked the workers’ delegates who, 
for the most part had concentrated their criticisms on 
attacks on the British Government for delaying ratifi- 
cation of the Eight Hours’ Convention. Such unin- 
structed and violent criticism from foreign delegates, 
always directed to one particular Government, could 
not fail in the end, he declared, to provoke a feeling 
which would far from lead to ultimate ratification. 
He assured the Conference that the British Government 
was pursuing, with the greatest possible seriousness, 
the policy outlined by Lord Balfour and re-affirmed 
by Sir Arthur Steel Maitland. 





According to the correspondent of the Manchester 
Guardian, Mr. Wolfe’s speech seemed to confirm an 
assertion made on the previous day by the Belgian 
workers’ delegate, M. Martens, to the effect that there 
was a secret clause in the London Agreement under 
which the Governments represented bound themselves 
to communicate to each other a list of industries in 
which it was necessary to work a 56-hour week. Ratifi- 
cation was to depend, it was alleged, on agreement 
about this list. The correspondent says that Mr. 
Wolfe made no effort to deny “‘ the revelation,’’ but 
protested against “this breach of trust” by the 
Belgian delegate. 





In the course of a speech delivered on the following 
day, M. Albert, Thomas, dealing with the same subject, 
said the British declarations on the necessity of securing 
agreement between various countries concerning the 
detailed application of the Convention were somewhat 
frightening. The act of ratification was, to a certain 
extent, an act of. confidence. No State could be 
absolutely certain beforehand of the completely 
uniform interpretation of the Convention. The danger 
of non-application of the ratified conventions by other 
States might be a legitimate argument for delaying 
ratification, but he insisted that those Governments 
which demanded some revision of adopted conventions 
should _make opén proposals. The International 
Labour Organisation could not remain in the present 
state of semi-darkness, which, if continued, might 
paralyse and finally kill the organisation. 





The Ministry of Labour states that on June 7, 1927, 
the number of unemployed persons on the registers of 
the Employment Exchanges in Great Britain was 
1,089,700, of whom 886,700 were men, 28,600 boys, 
147,300 women, and 27,100 girls. Of the total number, 
637,400 were wholly unemployed, 385,200 temporarily 
stopped, and 67,100 normally in casual employment. 
On May 30, 1927, the number of unemployed persons 
was 985,513, of whom 799,046 were men, 27,609 boys, 
131,496 women, and 27,362 girls; and on May 23, 
1927, it was 978,176, of whom 786,263 were men, 
28,128 boys, 134,813 women, and 28,972 girls. On 
June 7, 1926, it was 1,609,119, of whom 1,207,864 were 
men, 45,326 boys, 308,915 women, and 47,014 girls. 





On Monday, the House of Commons, sitting in 
Committee, resumed its consideration of the Trade 
Unions and Trade Disputes Bill. Clause 8 emerged 
in the following form :— 

8.—(1) This Act may be cited as the Trade Unions 
and Trade Disputes Act, 1927, and shall be construed 
as one with the Trade Union Acts, 1871, to 1917, 
and this Act and the Trade Union Acts, 1871, to 1917, 
may be cited together as the Trade Union Acts, 1871, 
to 1927. 

(2) In this Act the expression “ strike”’ means the 
cessation of work by a body of persons employed 
acting in combination, or a concerted refusal, or a 
refusal under a common understanding of any number 
of persons who are, or have been employed, to continue 
to work or to accept employment, and the expression 
“lock-out ” means the, closing of a place of employ- 
ment or the suspension of work, or the refusal by an 
employer to continue to employ any number of persons 
employed by him in consequence of a dispute, done 
with a view to compelling those persons, or to aid 
another employer in compelling persons employed by 
him, to accept terms or conditions of or affecting 
employment. 


(3) This Act shall not extend to Northern Ireland. 
(4) The enactments mentioned in the Second 
Schedule to this Act, are hereby repealed to the extent 

specified in the third column of that schedule. 





Sir Leslie Scott, the Unionist member for the 
Exchange Division of Liverpool, moved, on Tuesday, 
the following new clause :— 

(1) The provisions in the Schedule to this Act shall 
apply to any trade dispute in any essential service 
as defined by this Act, and to any dispute in any other 
industry, trade, or service which may be declared by 
Order in Council by reason of any real or apprehended 
national emergency to be subject to the provisions of 
the Schedule. 

(2) Essential service shall mean any industries, 
trades, or services essential to the life of the com- 
munity, viz., coal-mining, -transportation, supply of 
light, power or water, and any public health service. 

(3) So long as the provisions of Part IV, of the 
Railways Act, 1921, or any Act amending the same 
continue in operation, transportation by railways 
shall not be an essential service to which the provisions 
of the Schedule shall be applicable. 





Sir Arthur Steel Maitland, the Minister of Labour, 
speaking towards the close of an interesting discussion, 
declined to accept the proposal, pointing out that the 
present task of the Government was limited to dealing 
with the provocative attack made on the community 
last year. He offered, however, to set up a Commission 
of Inquiry, to devise possible improvements in the 
existing conciliation machinery. The investigation 
would, presumably, it was indicated, embrace all 
existing conciliation machinery, including.the Whitley 
Councils. Mr. J. H. Thomas declared that no trade 
unionist would be allowed by his union to serve on the 
Commission unless the Trade Unions and Trade Dis- 
putes Bill were withdrawn. Satisfied with the promise 
of an inquiry, however, Sir Leslie Scott and those 
associated with him in its promotion, withdrew the 
amendment. The Bill’s two schedules were ultimately 
adopted, and the Committee stage came to a close. 





At Tuesday’s Conference in London on the wages 
question, the Engineering and Allied Employers’ 
National Federation repeated the offers made on May 19, 
viz., an advance of 2s. 6d. per week to all workpeople, 
subject to conditions in regard to overtime and night- 
shift rates, or, alternatively, that 2s. be added to the 
weekly war bonus of plain time workers. The repre- 
sentatives of the trade unions decided that they could 
not submit to the membership the proposal of a 2s. 6d. 
advance to all workmen with conditions in regard to 
overtime and night-shift rates, but that they were 
prepared to submit the alternative offer of an advance 
of 2s. a week to plain time workers, without conditions 
in regard to overtime and night-shift rates, but without 
a recommendation for acceptance. The employers 
accepted the decision. A joint ballot paper is to be 
issued, and the advance, if accepted, will take affect 
on the first pay-day in August. 





THE SALVING OF THE EX-GERMAN 
BATTLE-CRUISERS ‘‘ MOLTKE ” 
AND ‘“ SEYDLITZ.”’ 

THE raising of the Italian battleship Leonardo da 
Vinci, which capsized at Taranto in six fathoms of 
water as the result of a magazine explosion during the 
war, was rightly considered to be an exceptional piece 
of work, but would seem to have been eclipsed by the 
successful handling of the much more difficult problem 
presented by the sunken ex-German battle-cruiser Moltke 
in Scapa Flow. The Moltke has a displacement of 
23,000 tons against the 22,830 tons of the Leonardo 
da Vinci. This is a relatively small difference, but 
when it is realised that the latter vessel lay in 36 ft. 
of water in a tideless sea, while the Moltke was at 
a depth of 72 ft. in waters with a large range of tide 
and swift currents, the operations being frequently 
interrupted by heavy weather, the basis of com- 
parison shrinks almost to nothing. The Moltke lay 
upside down off the western shore of Cava Island, with 
her bows considerably higher than the stern, and 
with a list of some 16} degrees to port. The masts 
and funnels had broken off and lay with their stays 
and gear underneath the vessel, while some of the 
after gun turrets had been damaged and the bridge 
was crushed down to the deck level on the port side. 
The ship had been in this situation since June 21, 1919, 
when, setting international law at defiance, the 
surrendered German fleet was scuttled. It may be 
here mentioned, as the fact seems to be very little 
known, that the terms of the Armistice gave Great 
Britain no right to place men on the surrendered 
ships, or to regulate routine or discipline aboard. 





The Moltke has an overall length of 610 ft. with 
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Fig.9. "MOLT KE, LOOKING FORWARD. 
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a beam of 96 ft. 9 in., and a maximum draught of 28 ft. | 
A photograph of her as she lay at her anchorage in 
Scapa Flow is reproduced in Fig. 1, Plate XX XVIII, 
the remaining figures on that Plate, as well as Figs. 9 to 
12, annexed, showing the means employed to raise her. 
The armour consists of a belt of 11 in. in thickness 
for about two-thirds of her length amidships. with a 
4 in. belt at the ends. There are two protective decks 
amidships, both 3 in. thick, the lower one curved, the 
upper one flat. This protection does not extend to 
the ends. The turret bases and turrets are 10} in. 
and 8 in. thick, respectively, the funnel mantlets 6 in., 
and the batteries 4 in. There are ten 1l-in. guns, 
arranged in pairs in the turrets, of which the 
two amidships are considerably off the centre line 
of the ship. There are twelve 6-in. guns and twelve 
24-pounders. Four submerged torpedo tubes, 20 in. 
in diameter, complete the armament. The machinery 
consists of 24 Thornycroft-Schulz boilers which supplied 
steam to the Parsons turbines driving four propellers. 
The total horse-power at 27 knots was 70,000. As 
already stated, the ship had completely capsized on 
sinking, probably due to unequal flooding. It is not 
yet precisely known how the flooding was effected, 
but in the engine rooms the condenser doors were 
found to have been removed, which would indicate 
that the circulating water suction valves had been 
opened. 

The wreck was purchased from the British Govern- 
ment just as it lay on the sea bottom, by Messrs. Cox 
and Danks, Limited, 168, Regent-street, London, W.1. 
This firm commenced salvage operations in September, 
1926, but the severity of the following winter and 
of the spring of 1927 adversely affected the speed 
of the work, and it was not until low tide on 
Thursday, June 9, that the ship left the bottom. 
Clearly the only method of raising the vessel was by 
rendering the hull watertight, and driving out the 
water through the deck openings. This involved as a 
preliminary the locating of the several watertight 
bulkheads, a matter of considerable difficulty seeing 
that no plans were available. The first air lock 
constructed on that portion of the ship, i.e., the 
bows, which was accessible at low tide, proved to have 
entered the ship seme 50 ft. from the forward boiler- 
room bulkhead. This made it a matter of some diffi- 
culty for the divers to reach the bulkhead. They had 
further to find their way to the after boiler-room bulk- | 
head in order to establish its position, as another air | 
lock was found necessary in the engine-room, the fore- 
and-aft inclination of the vessel being such that the 
water level of the after part would have to be much 
lower than that of the forward section. These two air 
locks may be seen, in many of the figures 01 Plates 
XXXVIII and XX XIX, though perhaps the best idea 
of the first one is given in Fig. 11. An old horizontal | 
boiler was made use of. Its relation to the centre 
line of the ship may be gauged by the fact that the 
light-coloured object in the left-hand corner of the | 
figure is the starboard docking keel. This air lock | 
was removed later, and that shown in Fig. 2 substi- | 
tuted. The white line in this figure indicates the 
position of the forward boiler-room bulkhead, and the | 
docking keel is seen near the foot of the ladder. The | 
second air lock is clearly shown in Figs. 5 to 8, Plate | 
XXXIX. 

The diagram, Fig. 9, annexed, approximately repre- | 
sents how the after part of the ship was resting on the | 
sea bottom, the degree of list, and, by a dotted line, the | 
position of the after amidships turret. The primary | 
difficulty in the flotation of the vessel lay in the elevated | 
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position of the bows. Any increase in buoyancy of 
this part tended to depress the stern, and the pumping 
in of more air merely aggravated this trouble. Further, 
increased elevation was accompanied by an increased 
list, which at one time reached 25 deg. The conditions 
required for success were the correction of this list and 
the employment of a lifting force at the stern. To cor- 
rect the list the ex-German floating dock (which had been 
Cut in two to facilitate the handling of the retrieved des- 
troyers) was first placed on the port, or depressed side, of 
the ship, somewhat nearer the quarters than amidships. 





Figs. 5, 7 and 10 show these docks, the history of which is 
outlined in ENGINEERING, vol. cxix, page 743. Deferring 
for the moment a more detailed description, it may be 
said that’ they were fully equipped with air-compressing 
plant, and the necessary air was piped to the wreck 
through flexible hose. They were also fitted with alto- 
gether 24 cables, on which a strain could be put by 
winches, and which passed over pulleys at the edge of the 
dock in the manner shown in Fig. 5. These cables were 
passed round the after amidship turret of the Moltke, and 
attached to other places on the deck of the vessel, so 
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that when tightened at low tide, the buoyancy of the 
docks provided a turning moment of 2,400 tons as 
the tide rose. 

The matter was, however, not quite so straightforward 
as this. If the forepart beyond the forward boiler 
room bulkhead had been entirely cut off, the operation 
would have been greatly simplified. As it was there 
were openings, quite out of reach of the divers, through 
which the air escaped from the boiler room. It was 
therefore difficult to prevent the accumulation of air 
in the peak, and a valve had to be fitted to release 
it when the elevation and list became too great. Nor 
was there freedom from trouble with the cables. These 
were 9-in. steel cables, and a large number parted, 
some having been cut clean in two by the edges of the 
damaged turret. The fitting of the second air lock 
just aft of the after boiler room bulkhead allowed 
the water to be expelled from the after part of the 
vessel, but the leverage of the more buoyant bows 
still defeated all efforts to correct the list. A load 
consisting of the forward end of one of the salved 
destroyers was next placed on the starboard, or elevated, 
side of the bottom of the wreck, to which it was lashed 
in the manner shown in Figs. 6, 8 and 10. In that part 
of the destroyer between the two air locks, several 
watertight bulkheads still remained (see Fig. 3) and 
the hull was filled with water in the holds so formed. 
There was thus a total deadweight of 500 tons, of 
which 200 tons were of water, giving a turning moment 
to the wreck in the same direction as that from 
the pull of the cables on the docks. Incidentally, the 
destroyer formed a very useful gangway between the 
air locks enabling access to be had to them at ak 
states of the tide. 

In spite of this added moment the list still remained 
obstinate though it showed improvement at times. A 
third expedient was therefore adopted. The tanks and 
bunkers in the wings of the ship in the boiler rooms 
were made airtight and 1,000 tons of water were pumped 
into those on the starboard side, while those on the 
port side were filled with air. The net result was a 
torque composed of three elements, the buoyancy 
of the dock, the weighting of the starboard bunkers, 
and the weight of the destroyer; and, as their total 
effect was at first somewhat in doubt, a fourth device 
was added as a standby. This consisted of a pontoon, 
formed from another section of the dock, which was 
brought round to the starboard side, and is visible at 
the right hand of Fig. 2. Arrangements were made 





to pass twelve cables from this right over the destroyer 
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and down to the deck of the ship on the port side. 
As the weight of the pontoon was 800 tons, a further 
considerable turning moment was thus available. It 
was, however, not needed. 

There appeared to be a movement of air longitu- 
dinally in spite of all that was done to make the 
bulkheads air tight, while there was a more stable 
component tending to maintain the list, perhaps due 
to air pockets in the angle made by the inverted curved 
armoured deck, or to the embedding of tke turrets 
and superstructure in the sea bottom, or a combination 
of both. Control of the longitudinal air flow, which, 
as already stated, affected the list also, was to some 
extent obtained by an outlet valve forward, and 
the list, under the twisting moments employed, 
was gradually reduced to the negligible amount of 
2} deg. With the hull thus levelled transversely, 
the load of the destroyer was no longer necessary and 
it was removed. The inclination towards the stern 
however, remained, and, as before, the bows rose out 
of the water. This was corrected by opening the out- 
let valve, while the compressors were all concentrated 
on the after compartment, with the result that the 
stern rose somewhat unexpectedly on Thursday, June 9, 
exposing the propellers for the first time. Fig. 12 
shows the vessel at this stage. The two centre pro- 
pellers with the two rudders between them are readily 
made out in spite of their covering of seaweed ; of the 
wing propeller visible near the floating dock only the 

remains. The other wing propeller is intact. 
The elevation of the stern resulted in a flow of air 
from the bows aft, so that the original conditions 
were reversed as regards trim. There was, however, 
now more space inside the ship, and the communi- 
cations between the two ends were more easily 
got at and plugged. A further admission of air 
to the bows resulted in practically levelling longitu- 
dinally the ship, which was now well afloat. The 
operation of towing the ship ashore for breaking up 
was then commenced, and in spite of some minor mis- 
haps from projecting parts fouling the bottom of the 
sea, good progress is being made, about a third of the 
mile-long journey to Cava beach, visible in the back- 
ground of Fig. 10, beyond the sunken Hindenburg, 
having been covered up till the evening of June 13. 

The above is a short outline of the principles adopted 
in the operation, but nothing has been said of the diffi- 
culties that were constantly occurring, and in which, 
from the nature of the case neither theory nor precedent 
was of much assistance. Many perplexing points re- 
quired decision and many trying situations arose. The 
optimism and courage of Mr. E. F. Cox, who superin- 
tended the work, however, kept it going, and are justified 
by the successful issue of this unique piece of salvage 
work, on which he is to be deservedly congratulated. 

A few particulars of the docks may be added. Each 
a is 110 ft. long, and 20 ft. deep, the width from 
ront to back being 114 ft., of which 18 ft. are occupied 
by the superstructures at the back, containing the 
several power houses, workshops, stores and offices. 
Of the machinery it may be said that remarkable inge- 
nuity has been displayed in adapting engines, motors 
and the like to purposes other than that for which they 
were intended. 

As regards the hauling winches, each dock has 
twelve of these, though of the total of 24, only 20 were 
used in the final operations. They are hand-operated, 
10-ton winches of simple design, hand operation 
giving the most sensitive control in a situation where 
the exact tension is important. Fig. 4 shows several 
of these winches with the 100 ton, 6 sheave purchase 
blocks, the falls of which are attached to the winch 
barrels. The 9-inch steel cables from the lower blocks 
pass over cast steel pulleys 4 ft. in diameter at the edge 
of the docks. These are best seen in Fig. 5. The air 
supplies are carefully planned. The incoming air is 
filtered through cotton wool, and a high pressure 
reservoir, operating through a reducing valve, provides 
a stand-by, giving time for the men to abandon ship 
should the compressors break down. A somewhat 
similar emergency reservoir is provided for the divers’ 
boat. The large electrically operated crane at the edge 
of each dock, conspicuous in Figs. 5 and 7, was found 
very useful in the: rapic handling of the heavy steel 
cables. 

The remaining illustrations,'Figs. 3, 13 to 16, page 743, 
show the commencement of the salvage operations on 
the battle-cruiser Seydlitz. This vessel is generally very 
similar to the Moltke, though she is rather longer and 
narrower, the length being 656 ft. and the beam 93 ft.4 in. 
The displacement is 25,000 tons. The armour and guns 
are almost identical with the Moltke, and, except for a 
raised forecastle, the appearance is also much the same. 
There are, however, only three propellers and the 
indicated horse-power is 63,000. The Seydlitz lies 
on her side, and as the depth of water is about the 
same as that surrounding the Moltke, a considerable 
portion of one side is exposed even at high tide. A 
small ex-German floating dock has been brought along- 
side, and from it the photograph from which Fig. 13 is 





reproduced, was taken. In it the circulating water inlets 
are easily identified ; further in the background is the 
docking keel, with the rolling or bilge keel above it. 

It is intended to remove as much of the heavy armour of 
this ship as possible with a view to lightening her before 
any large scale operations are undertaken. For this 
purpose a derrick with a hand winch, has been erected 
as shown in Fig. 14. The wedged shaped mass between 
the two standing men is one of the armour plates 
lifted along one edge A nearer view of this is given in 
Fig. 15, in which its relation to the 6-in. battery is 
indicated. Fig. 16 gives a still closer view and illustrates 
very well the method adopted for wedging up the plates 
for the purposes of slinging. This armour, as in the 
Moltke, is 11 in. thick amidships. The lighter plates 
are being cut with the oxy-acetylene flame. The 
oxygen is manufactured by the firm at Lyness on the 
island of Hoy, at which place Messrs. Cox and Danks 
have a well-found works with a camp for the men 
engaged in the operations. The power plant of the 
workshops there affords an illustration of the practical 
engineering methods of the firm, as steam is supplied 
to a portion of the plant from a 200 h.p. marine boiler 
formerly on the floating dock. This boiler is situated 
in a raised boiler house with feed tanks below, and the 
complete erection including the boiler-house with the 
boiler and feed tanks in place, was cut out of the dock 
and transported as a whole ashore, being skidded into its 
place on the site, a remarkable performance which was 
accomplished without a hitch. 





LAUNCH OF A S.iipinc Carsson.—On Thursday, 
June 2, Messrs. Swan, Hunter and Wigham Richardson, 
Limited, launched from their Wallsend shipyard a 
sliding caisson for H.M. Dockyard at Devonport. The 
caisson, which is flat sided and built of steel, is 126 ft. 
long, 20 ft. 6 in. broad, and 55 ft. deep. Watertight 
compartments are provided, and are so arranged that 
perfect control is ensured when the caisson is being 
operated to fill or open the entrance of the dock. Steel 
pitch chains, worked by an electric winch, are provided 
for moving the caisson into or out of its chamber; and 
a pair of electrically driven double-acting pumps are 
fitted, capable of delivering 30,000 gallons of. water per 
hour against a head of 40 ft. On the top deck are 
installed railway lines and tracks for motor lorries.and 
similar vehicles, 





FRENCH PULVERISED-FUEL BorteR Puants.—In a 
report presented recently to the engineering committee 
of the Société Industrielle du Nord de la France, M. 
Orengo stated that the development of pulverised-fuel 
firing for boiler plants had been very rapid in France. At 
the present time, some 200 boilers, having a total heating 
surface of 1,936,800 sq. ft. were equipped with pulverised 
coal installations. The heating surface of the smallest 
of these boilers was 1,600 sq. ft., and of the largest 
26,900 sq. ft.; in the case of more than half of them, 
however, it was in the neighbourhood of 5,380 sq. ft. 'The 
quantity of pulverised fuel consumed in these plants was 
approximately 1,000 tons per hour. In view of these 
figures, it was interesting to record that few tests had been 
carried out with this method of firing, prior to 1919, and 
that the first industrial pulverised-fuel plants had been 
put into service during 1925. 





BuILDING DEVELOPMENT AND ROAD IMPROVEMENT. 
—Many misgivings have been caused by the _ill- 
considered building development which has sometimes 
taken place along the main roads of the country. Where 
the road followed a winding course between hedgerows, 
which barely afforded space for the traffic of yesterday, 
two rows of villas have been allowed to spring up a few 
feet behind the hedgerows, precluding the future straight - 
ening of the road, the widening of the carriageway or the 
formation of footways. In some instances, after the 
lapse of a few years, it became necessary, at heavy ex- 
pense, to buy the shallow forecourts or even demolish 
the buildings, in order to effect essential road-improve- 
ments ; in other cases the highway has become so cramped 
as to make it necessary to construct a new parallel road 
or byepass. To encourage the application of reasonable 
foresight in such matters, and to obviate wasteful 
expenditure, provisions were included in two recent 
Acts—the Roads Improvement Act, 1925, and the Public 
Health Act, 1925—enabling local authorities to prescribe 
building-lines and improvement-lines along their roads. 
By availing themselves of these powers local adminis- 
trators can now safeguard the future widening and 
re-alignment of their highways, without being put to 
the immediate expense of costly road-works, which can 
be deferred to a more convenient season. To mark his 
sense of the importance and urgency of this procedure, the 
Minister of Transport made it known that he would 
consider applications from County Councils for 50 per 
cent. grants towards the salaries of the staff specially 
appointed for the survey of the roads as a preliminary 
to fixing building-lines or improvement-lines. It is 
satisfactory to record that many Councils have already 
taken advantage of this offer and availed themselves of 
the assistance. No less than 21 County Councils (20 in 
England and 1 in Wales) have already made application 
for these grants, or intimated their intention of doing so. 
Prudent local authorities will realise that there is no 
economy in postponing action until building develop- 
ment becomes imminent ; the earlier the stage at which 
the prescription of building-lines and improvement-lines 
is undertaken, the less likelihood is there of serious 
claims for compensation. 





ALLOYS OF IRON RESEARCH.* 


INTRODUCTORY. 
By Wa ter Rosennat, B.A., D.Sc., F.R.S. 

TxE group of papers presented herewith constitutes 
Part V. to VII inclusive of the series on “ Alloys of 
Iron Research.” Parts I, II, and III were presented 
to this Institute in May, 1924, and appear in No. Ii 
of the Journal for that year,f a further paper of the 
series, dealing with the influence of nitrogen on iron- 
chromium alloys,t constituting Part IV was presented 
to the Institute by Mr. F. Adcock for the Autumn 
Meeting of 1926. In addition, a short paper dealing 
with a slightly subsidiary subject (“The Production 
of Crucibles of Pure Fused Magnesia by a Special 
Process’) was presented by Mr. F. S. Tritton to the 
Royal Society.§ In the introductory paper referred to 
as Part I above, the general aim and scope of the investi- 
gation was set forth, so that it is only necessary to say 
here that the present papers represent further stages 
in the systematic attack on the study of the alloys 
of iron with certain other elements. The purpose is 
to study these alloy systems in the state of the highest 
possible purity, the absence of carbon being regarded 
as particularly important. The “ purity” of metals 
and alloys is, however, a relative term, and the question 
presents itself repeatedly, in the course of an investi- 
gation of this kind, how far the endeavour to secure 
purity should be pushed. Recent advances in the 
knowledge of the effect of apparently slight impurities 
on metals and on alloy systems suggest that the detailed 
study of materials of very high purity may lead to the 
discovery of-important facts and of interesting pro- 
perties. The results of the present research themselves 
strongly support the same conclusion. For instance, 
it was thought in the earlier stages of the work that the 
effect of gaseous impurities need not perhaps, be con- 
sidered in the same light as solid impurities. The use 
of nitrogen as a neutral atmosphere was found, so 
far as existing experimental evidence goes, to have little 
or no effect on high-purity iron. It was, however, dis- 
covered at a later stage of the work that in the case of 
chromium and its alloys, nitrogen exerts a marked 
effect of a very interesting and important kind, and 
this effect has already been described in some detail. 
Such a discovery, however, while interesting and poten- 
tially valuable in itself, constitutes a serious obstacle 
to the progress of the work on the iron-chromium 
system of alloys, upon which—after the effect had been 
discovered—a substantially fresh beginning had to be 
made. In order to avoid the risk of similar difficulties, 
and of possibly undetected error, in future work on that 
system and also on the iron-manganese and iron-silicon 
systems, it has therefore been found necessary to 
prepare the elements manganese, chromium, and 
silicon in the highest state of purity which can be 
reasonably attained. In the course of such work it 
would become evident what conditions it would be 
necessary to fulfil in order to avoid contamination during 
the study of the alloys. This applies not only to the 
question of the atmosphere to which the alloys can be 
safely exposed, but also to the refractories with which 
they come into contact. Both problems have presented 
serious difficulties, which have, however, been largely, 
if not entirely, overcome. One particularly interesting 
fact has emerged: in the case of the iron-manganese 
alloys it has been found that conditions which allow 
of either pure iron or pure manganese being melted 
without contamination are insufficient to preserve the 
purity of some of the iron-manganese alloys, which, 
in their action upon refractories particularly, appear 
to be considerably more active than the pure metals. 

The three papers of the present group (Parts V, VI, 
and VII) accordingly deal with the production and, to 
a lesser extent, with the properties of chromium, 
manganese, and silicon in a state of high purity. The 
work itself, however, has been carried much further, 
and the study of the various alloy systems, at least as 
regards iron-chromium and iron-manganese, has made 
considerable progress. It will be seen that the standard 
of purity aimed at is, relatively, very high, and this 
involves experimental difficulties and an expenditure 
of time which increase rapidly as the degree of purity 18 
raised. The standard aimed at is, however, in the 
writer’s opinion, fully justified by the facts which 





* Communication from the National Physical Labora- 
tory, Teddington, being part of “ Alloys of Iron 
Research,” read before the Iron and Steel Institute, 
London, on May 5, 1927. Abridged. 

+ “Ferrous Alloys Research,” Journal of the Iron and 


Steel Institute, 1924, No. II, pages 85-128; “‘ Part I, 
Introductery,” by W. Rosenhain ; “ Part IL, ie = 
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Oxygen,” by F. 8. Tritton and D. Hanson ; ; 
The Estimation of Oxygen in Pure Iron,” by T. © 
Rooney. See also ENGINEERING, 1924, vol. cxvill, 
page 366. ¥ 

{F. Adcock, Journal of the Iron and Steel Institute, 
1926, No. II. pages 117-126, and EncrngERine, 1926, 
vol, cxxii, 308. ; 2 

§ F. S. Tritton, Proceedings of the Royal Society, 1925, 
A, vol. cvii, pages 287-290. 
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have already emerged in the course of the research 
itself. Any lowering of that standard for the purpose 
of accelerating the work would tend to reduce very 
seriously the value of the results obtained. These, it 
must be borne in mind, are intended to serve as funda- 
mental data, and it would be unsatisfactory and, 
ultimately, wasteful to sacrifice reliability in work of 
this kind for the sake of earlier publication. 

Another paper, presented by Dr. Houghton for the 
present meeting of the Iron and Steel Institute, forms 
Part VILI of the series, and deals with the iron-phos- 
phorus system. It constitutes the completion, under 
more satisfactory experimental conditions, of an investi- 
gation which had been begun some years ago. Phos- 
phorus being readily obtainable in a state of high 
purity, and the production of pure iron free from all 
foreign substances except small amounts of oxygen 
having already been accomplished, progress with the 
study of the iron-phosphorus system has heen possible 
without the special initial difficulties which have 
attended the study of the other alloy systems under 
investigation. As has already been pointed out in 
Part I of the series, although the individual papers 
are presented in the names of those of the writer’s 
colleagues who have been principally concerned with 
that section of the work, it must be understood that the 
whole of this reszarch is the product of organised 
“team work” in which a number of scientific investi- 
gators and associated workers have co-operated, 
members of the staffs of other Departments of the 
National Physical Laboratory being included in many 
instances. 





PART V.—PREPARATION OF PURE CHROMIUM. 
By F. Apcock, B.Se., M.B.E. 


THE object of this research was to produce pure 
chromium in order to investigate subsequently the 
properties of the pure metal and certain of its alloys. 
The method of preparation adopted in preliminary 
experiments was that of electro-deposition, and various 
electrolytes containing chromium were used. Solutions 
of chromic acid with small additions of chromium 
sulphate were satisfactory, but later it was found 
possible to substitute sulphuric acid for the chromium 
sulphate. The replacement of the chromium sulphate 
—a salt of somewhat variable composition—by analy- 
tically pure sulphuric acid ensured the constancy and 
purity of the bath, and ultimately a solution containing 
300 grm. of chromic acid and 10 grm. of sulphuric 
acid per litre was adopted. 

Early experiments failed because the so-called pure 

chromic acid of commerce was found to contain over 
10 per cent. SOq radical. Solutions made with the 
commercial product invariably start well, but always 
lose their reddish colour very quickly during electrolysis, 
and the resulting deep brown (almost black) solution 
has such a high resistance that it is impossible to 
maintain the desired current without overheating the 
cell. That the excess of sulphate in the bath is the 
disturbing factor is confirmed by the similar unsatis- 
factory behaviour of an electrolyte made up with 30 per 
cent. pure chromic acid, and 5 per cent. sulphuric 
acid. The resistance of this solution rises to treble its 
original value after a twelve-hour run, and analysis 
suggests that some of the chromium has been reduced 
from the hexavalent to the trivalent state. 
_ It is possible that some of the troubles experienced 
in chromium plating may be due to impure chromic 
acid used in making up the electrolyte, but in a plating 
bath the deterioration of the solution would be more 
gradual. Chromic acid, as nearly as possible analyti- 
cally pure, has subsequently been used in these experi- 
ments, both for preparing the electrolyte and for 
making additions to baths in operation. ‘This material 
is purple rather than red in colour, and is less deliques- 
cent than the commercial variety. Some difficulty 
was experienced in ebtaining supplies of chromic acid 
free from sulphates. Barium salts were used in the 
production of this chromic acid in order to remove sul- 
phate, and it is curious to note that one sample of 
the product was found to contain small amounts 
of both sulphate and barium. 

Anodes of “thermit” chromium were employed 
at the beginning of the experiments, but had soon to 
be abandoned owing to their detrimental effect on 
the electrolyte. Even under the most favourable con- 
ditions the amount of metal deposited in the electro- 
lytic cell is much less than that dissolved from the 
chromium anodes. Not only is the amount of chro- 
mium in solution rapidly increased from this cause, 
but & more serious trouble is that the solution becomes 
partially reduced. In the absence of any reoxidising 
eeawtce the solution becomes dark coloured, and its 
ne resistance prevents the operation of the cell. 

t should be noted that the chromium anodes were only 
tried With an electrolyte made up with commercial 
chromic acid, and better results would probably have 
omg obtained with the pure electrolyte. In any case, 

© use of chromium anodes is hardly desirable in a 


process for the making of the pure metal, as there: is 
no certainty that none of the impurities contained in 
them might be deposited at the cathode. The com- 
mercial metal carries up to 3 per cent. of impurities, 
the accumulation of which in the bath would become a 
disturbing factor. 

Ultimately lead anodes were adopted, as they possess 
the valuable property of re-oxidising and restoring 
to its original condition the electrolyte, which becomes 
dark and poorly conducting owing to a partial reduction 
at the cathode. Also, with lead anodes the only 
materials continually added to the bath are analytically 
pure chromic acid and distilled water, consequently 
there is little danger from accumulating impurities. 
Moreover, lead is only slightly attacked by the solution, 
and does not contaminate the chromium deposit. 

An electrolyte containing } per cent. chromium 
sulphate proved successful when used in a small cell 
working on 30 amp., but the larger cells made later 
were found to work better when the percentage of 
chromium sulphate was slightly increased. Inciden- 
tally, no difference could be detected in the behaviour of 
a bath made up with chromium sulphate and one made 
up with an equivalent amount of sulphuric acid. 
In practice, frequent additions of chromic acid have 
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to be made to the bath to compensate for the chromium 
deposited—a process which resolves itself into the 
maintenance of the electrolyte at the correct level. 
and at a density of 1-185 as indicated by a hydrometer. 
After a cell has been in operation for long periods a 
cautious addition of sulphuric acid is made in order to 
restore the sulphate, which is gradually lost when the 
deposit is removed from the bath. Allowing the 
cathode to drain into the bath for some time after its 
removal helps to minimise this gradual loss of sulphate. 
Unfortunately, attempts to estimate the SO, radical 
by the usual barium chloride method, give low and 
fluctuating results, owing, no doubt, to the fact that 
the SO, radical is involved with the more complicated 
salts of chromium and is only partially precipitated 
as sulphate under the conditions of analysis. 

Three types of apparatus for preparing chromium 
have been developed, all making use of the above- 
mentioned electrolyte and of lead anodes. Tin is used 
as the cathode metal in the first method, while steel 
is successfully employed for this purpose in the two later 
types. 

WWPirst Apparatus. Lead Anode—Porous Cell—Tin 
Cathode.—A general view of the assembled apparatus 
is shown diagrammatically in Fig. 2. The large outer 
vessel of lead acts both as the container of the electro- 
lyte and as the anode of the cell, while the lateral 
wooden supports enable the cathode to be maintained 
in a central position with respect to the anode vessel. 
A porous cell surrounds the cathode, and filtered elec- 
trolyte is circulated between the anode and cathode 
compartments. In view of the amount of electrical 
energy dissipated as heat during the operation of 
the cell, and the importance of controlling the tempera- 





ture of the electrolyte, both the anode and cathode 


are water-cooled. The cylindrical anode vessel has 
an internal diameter of 8 in. and a height of 11 in., 
and embedded in its walls is a helix of copper tubing 
through which cooling water can be passed. Electrical 
connection is effected by means of a heavy brass bar 
cast in the base of the vessel. As lead is slightly 
attacked by the electrolyte, a generous thickness of 
metal is provided between the inner surface of the vessel 
and the buried copper tube and contact bar. This 
method of ensuring a long life for this part of the appara- 
tus implies a considerable weight of lead. A yellowish- 
brown coating is formed on the interior of the lead con- 
tainer as a result of the action of the electrolyte, and 
in course of time a certain amount of granular deposit 
accumulates at the bottom of the anode compattment. 

Tin is used in the construction of the cathode, as 
this metal is only very slightly attacked by the chromic 
acid solution. As in the case of the anode, it is essential 
to provide water-cooling, and the cathode was con- 
structed by casting tin around a helix of mild steel 
tubing. When the electrolytic cell is in use, the 
cathode is held in the desired position by the wooden 
supports, and clamps are arranged to facilitate its 
removal and replacement. Substantial electrical con- 
nections are indispensable. The metallic deposit on the 
cathode immediately after starting up the cell is 
smooth and mirror-like, but after a run of several hours 
most of the deposited metal is represented by large 
“trees,” some of which may be nearly an inch in length. 
Although these tree-like structures are often quite 
massive, their attachment to the cathode is so pre- 
carious that most of them become detached when they 
attain a certain size and collect at the bottom of the 
porous vessel. The large space in the porous pot 
beneath the cathode provides storage room for the 
detached “ trees’ of chromium metal and enables the 
dismantling of the cel! to be deferred until a good 
yield has accumulated. The interior of the bottom 
portion of the porous vessel is glazed, partly to facilitate 
the removal of the deposited metal and partly to guard 
against any risk of a short circuit caused by a continuous 
mass of chromium growing through the porous cell 
wall and making contact with the anode beneath. 

The difficulty of circulating continuously such a 
corrosive liquid as chromic acid solution is overcome 
by the employment of pumps of the air-life type. Two 
such pumps are incorporated with the apparatus ; 
they offer the advantage of the absence of moving 
mechanical] parts, and they only bring the electrolyte 
into contact with glass. A small supply of compressed 
air is required to work these pumps, and is conveniently 
produced by means of a water-blast pump. During 
the operation of the cell a certain amount of the more 
finely divided sediment is carried over by the circulating 
pumps from the anode compartment, and it is important 
that this should be prevented from mixing with the 
deposited chromium. The necessary filtering operation 
is performed by a layer of asbestos carried in a Biichner 
funnel, which then delivers the liquid via a small central 
hole in the cathode into the porous cell. An overflow 
hole in the side of the porous pot allows any excess of 
liquid inside to drain back to the outer compartment, 
and naturally determines the height of the electrolyte 
around the cathode. 

While most of the electro-deposited metal appears 
as readily detachable trees, a rough and coherent deposit 
gradually accumulates on the cathode. After seven 
or eight days’ operation, this deposit, which attains a 
thickness of about } in., can be removed by gentle 
hammering. Under normal working conditions, an 
e.m.f. of 13 volts is required for this cell, but much of the 
electrical energy is apparently dissipated in the walls 
of the porous pot. During a trial in which the porous 
pot was removed and the level of the electrolyte stood 
at the usual height, it was found that a little more than 
half the above voltage was required to pass the working 
current of 250 amp. Had it been possible tu provide a 
vessel of greater porosity a great deal of electrical 
energy would have been saved. 

The whole cell is practically closed at the top by two 
slabs of slate, which fit closely round the pumps and 
the cathode when these are in position. A quantity of 
electrolyte always tends to escape from the small 
openings in the form of a fine spray, so that it is 
necessary to cover them by small pieces of lead or glass. 
When the cell is properly closed very little loss of water 
or electrolyte occurs, and it is only necessary to replenish 
from time to time with a strong solution of chromic acid, 
to compensate for the chromium deposited. One 
fortunate feature of the cell is that the decrease in 
resistance due to tree-like growths which enlarge the 
cathode is more or less balanced by an increase in 
resistance caused by the slight fall in the level of the 
electrolyte. While the conditions for depositing the 
metal were not always ideal, this balancing action 
enabled the cell to be run overnight without any danger 
of the current rising unduly. In spite of water-cooling, 
the temperature of the hottest part of the liquid in 
the cathode compartment generally rises from 45 deg. 





to 50 deg. C., but, as would be expected from the 
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relatively large anode area, the rise in temperature is 
much less in the anode division of the cell. 

The yields of chromium metal for a series of daily 
runs were as follows :— 


On Ist day the yield was 200 grm. 
& ‘ 


” ” ” ” 


» Std 55 »» 360 ,, 
» 4th ,, ” 280 ,, 
» Sth ,, ” 250 ,, 
» 6th os = 340 ,, 
ss 7a re ie 362 ., 
», 8th e Pe 360 ,, 
pa +» Be 276 ,, (short run) 
Total 2,848 ” 


At the end of these runs a further 300 grm. of metal 
were removed from the cathode in the form of a 
coherent deposit. An analysis of chromium deposited 
on a tin cathode gave the following results :—- 


Lead | Tron ) , ‘ 
Tin Nil Aluminium j +race on o grim. 
Sulphur “™* Hydrogen i. : 

Carbon J Oxygen } Not estimated. 


The following data are taken from a typical run 


made with a tin cathode :— 


Volts ... 13-5 

Amperes 245 

Time _.<. oak sae ... 22 hours. 

Temperature of cathode com- 45 deg. C. approx. 
partment 

Yield of chromium 362 grm. 

Ampere-hours... 5,390 


Yield per ampere-hour 
Kilowatt-hours = 
Yield per kilowatt-hour 
Cathode area vee 
Cathode current density 
Anode area ‘ oe 
Anode current density 


0-067 grm.chromium 
72-8 


5 grm. chromium 

300 sq. cm. approx. 
82 amp. per sq. dm. 
1,500 sq. cm, approx. 
16 amp. per sq. dm. 


Although the dendritic form of chromium which is 
deposited on the tin cathode (see Fig. 8) appears suitable 
as regards purity and has been used successfully in 
making up alloys, yet it presents a very serious dis- 
advantage in that it cannot be melted alone in the 
high-frequency induction furnace. Apparently, the 
individual pieces of metal are so small that it is 
impossible to obtain adequate electrical coupling 
between the inductor coil and the metallic charge in the 
crucible. The fact that platinum powder can easily 
be melted in the same furnace suggests that in the case 
of the chromium a minute non-conducting film prevents 
electrical contact between the fragments of the charge. 
As the high-frequency induction furnace seems to offer 
the only means of reaching the high temperature 
required for the melting operation (over 1,600 deg. C.) 
under conditions likely to preserve the purity of the 
metal, the production of electrolytic metal in a form 
suitable for this melting process was considered essen- 
tial. This has been accomplished by making use of the 
apparatus described below. 

Second Apparatus. Lead Anodes—Square Steel Bar 
Cathudes.—The apparatus is shown diagrammatically 
in Fig. 4. It consists of two separate cell units dipping 
into the electrolyte contained in a large glass tank. 
Each cell is within a cylindrical sheet lead anode which 
is attached to a slate slab laid across the top of the 
glass tank. These lead cylinders are about 3 in. in 
diameter by 10 in. in immersed depth. They are 
open at the bottom and cut away at the top, so as to 
permit of the easy circulation and consequent renewal 
of the electrolyte inside. A silver steel bar, } in. 
square by 13 in. long, forms the cathode of each cell, 
and is held centrally with respect to the lead cylinder. 
In order to obtain sufficient cooling, the glass tank 
which contains the electrolyte is placed in a slightly 
larger vessel, through which water circulates. While 
this method of cooling suffices when two cell units are 
in operation, the results are unsatisfactory when a third 
cell is introduced. 

The design of this apparatus was the outcome of 
some experiments with cells fitted with cathodes of 
sheet iron. It was found in those experiments that the 
chief difficulty lay, not in obtaining a good deposit, but 
in removing the deposit from the cathode. The iron 
cathode could be bent double, yet the chromium 
deposit merely cracked and continued to adhere firmly 
to the iron. Further, such fragments of chromium 
as could be removed were liable to contamination by 
small fragments of steel. As the steel sheet cathodes 
proved unsuccessful, cathodes formed with cylindrical 
steel bars were next adopted, but difficulty was again 
experienced in detaching the deposited metal.. Finally, 
the square-sectioned steel bar was employed in the hope 
that the corners would cause weakness in the deposit, 
and so permit of its ready removal. This hope has 
been largely fulfilled, but a certain amount of trouble 
still arises from the obstinate adhesion of patches of 
the chromium deposit. Owing to these rough patches, 
it has been found expedient to renew the cathode bars 
after a few runs each of about twenty-four hours’ dura- 
tion. The square sectioned steel bar cathodes can be 


used almost indefinitely, if slightly oxidised ‘before each 
run, by heating in air until the blue temper colour 
appears. Some chromium deposited on oxidised steel 
cathodes has, however, been found to contain 0-93 per 
cent. iron, but this impurity is no doubt confined to 
the inner surface of the deposit, and could be removed 
by a slight pickling process if desired. As, however, 
the material was required for making up iron-chromium 
alloys this was not done. 

Very compact deposits are readily obtainable on 
these stecl cathodes when lower voltages and current 
densities are employed, but such deposits adhere 
so firmly to the cathodes that they cannot be removed 
without risk of contamination. The efficiency of the 
bath also falls off rapidly at low voltages. The follow- 
ing is a typical analysis of chromium deposited on 
oxidised steel cathodes :— 


Silicon ... Trace Hydrogen Not 
Sulphur. 0-004 per cent. Oxygen determined 
Phosphorus Nil 

Nickel ... Trace 

Iron -- 0-03 per cent. 

Lead . Nil 

Carbon . Under 0-01 per cent. 


Fug.4.DIAGRAM OF THE SECOND APPARATUS. 
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A, Glass tank containing electrolyte. 

. Outer metal tank containing cooling water. 
C. Slate slabs supporting anodes and cathodes. 

. Square steel bar cathodes. 

E. Cylindrical anodes of sheet lead. 

. Lead strips covering openings at mouth of tank 


The following data are taken from a typical run with 
the second apparatus :— 


Two }-in. square steel 
bars immersed 10 in. 
Two 3-in. hollow cylin- 
ders immersed 10 in. 


Cathodes 


Anodes 


Volts 4-5, falling to 4-0— 


Mean value = 4-25 
Amperes 49, rising to 55— 

Mean value = 52 
Time bee be ee. 21 hours. 
Temperature of bath 30 deg. C. approx. 
Yield of chromium 105 grm. 
Ampere-hours 1,092 


Yield per ampere-hour 
Kilowatt-hours ... = 
Yield per kilowatt-hour 
Cathode area... oe 
Cathode current density 
Anode area Kae ste 
Anode current density ... 

Third Apparatus. Lead Anode—Rotating Cylindrical 
Steel Cathode.—Fig. 6 yives a diagrammatic represen- 
tation of the essential part of the third apparatus. 
The water-cooled lead vessel used in the first apparatus 
(see Fig. 2 fur details) is utilised as the anode and for 
holding the electrolyte. The cathode of the cell is 
a vertical 3-in. diameter steel tube, closed at the bottom 
end and dipping beneath the surface of the electrolyte 
to a depth of about 74 in. This tube, supported by a 
thrust bearing and aligned by plain bearings near its 
upper end, carries a bevel wheel, which is depicted in 
Fig. 6. By means of this bevel wheel and suitable 
gearing, &c., the cathode can be set in rotation, the 
power being supplied by a small electric motor fixed 
to the base of the apparatus. 

As in the second apparatus, the nature of the 
deposited metal and the degree of adhesion to the 
cathode largely depend on the voltage used. The 
rotating cathode has the advantage, however, that 
with suitable voltage regulation the deposit can be 
removed without great difficulty, and yet has no 
undue tendency to form dendritic excrescences. 


0-096 grm. 

4-64 

22-6 grm. 

130 sq. cm. approx. 
40 amp. per sq. dm. 


1,200 sq. cm. approx. 
4-3 amp. per sq. dm. 





Although the deposit cannot usually be entirely 
removed from the cathode after a single run of twenty- 








four hours’ duration, such portions as remain attached 
always come away readily after some later run, as 
@ result, no doubt, of the strain set up in them by 
the superimposed deposits of metal. The cathode is 
not deliberately oxidised before each run as it was 
in the second apparatus, so that there is little danger 
of contaminating the deposit withiron. It is inadvisable 
to rotate the cathode at more than 30 r.p.m., as 
higher speeds stir up the brownish deposit (chiefly 
lead chromate) which is always present at the bottom 
of the anode vessel. Although this granular deposit 
was suspected as a likely source of contamination 
of the chromium, no lead has been found on analysing 
the washed electro-deposited metal. 

An analysis of chromium deposited on a rotating 
steel cathode gave :— 


Sulphur 

Lead Absent on Hydrogen \ ,- : 
Aluminium 10 grm. Oxygen } Not estimated, 
Iron 


Fig.6. DIAGRAM OF THE THIRD 
APPARATUS. 
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. Pipes for circulating cooling-water through cathode. 
. Electrical connections. 

Clamp for fixing inner steel tube of cathode. 
Rotable steel tube cathode. 

Lead vessel; anode and container of electrolyte. 
Slate covers to anode vessel. 

. Electrolyte. 

. Bearings for rotating cathode. 

. Bevel wheel attached to rotating cathode. 


GAS SAW 


The following data are taken from a typical run 
with the rotating steel cathode apparatus :— 


Volts 5-2 

Amperes 140 

Time: .. aoa = 30 hours. 
Temperature of bath 20 deg. C. approx. 
Speed of rotation of cathode 30 r.p.m. 

Yield of chromium ... 500 grm. approx. 
Ampere-hours... 4,200 


Yield per ampere-hour 
Kilowatt-hours 


0-12 grm, approx. 
a 21-8 
Yield per kilowatt-hour 


23 grm. approx. 


Cathode area ... te 500 sq. cm. 
Cathode current density 28 amp. per sq. dm. 
Anode area 1,950 sq. cm. 


Anode current ‘density 7-2 amp. per sq. dm. 


A comparison of the three types of apparatus shows 
that the first produces, at the expense of excessive 
electrical energy, chromium of high purity, but in 
a form unsuitable for later melting operations. Perhaps 
the simplest means of obtaining moderate quantities 
of chromium in a compact form is by the use of the 
second apparatus. The electrical energy consumption 
is about one-quarter of that required in the first 
type, and the metal is obtained fairly pure. It is 
necessary, however, either to sacrifice a number of 
steel cathode bars or to oxidise their surfaces before 
use, and the latter procedure slightly contaminates 
the deposit with iron. The third apparatus proved 
successful for production on a larger scale, as the 
essential features of compactness, purity, and case 
of removal of the deposit from the cathode, are all 
maintained. The electrical energy consumption 18 
comparable with that required in the second apparatus, 
and the mechanically raised cathode not only facilitates 
the removal of the deposited metal, but also a:sists 
greatly in the preservation of the sulphate content 
of the electrolyte by allowing all washings from the 
cathode to drain into the bath. 2 

Electro-deposited chromium contains hydrogen, an 
a large quantity of this gas is liberated when rs 
metal is heated to 600 deg. C. As a sample of carefully 
dried chromium lost 0-1 per cent. of its weight when 
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heated to 900 deg. C. under vacuum conditions, it is 
presumed that the electro-deposited metal contains 
about this percentage of hydrogen, but, owing to 
the construction of the vacuum pumps used in the 
experiment, the gas was not collected and analysed. 
Microscopic examination always reveals a considerable 
quantity of oxide in metal made by melting electro- 
deposited chromium in vacuo. This phenomenon was 
at first attributed to: the poorness of the vacuum 
maintained during the melting operations, but when 
large capacity mercury diffusion pumps were used 
to evacuate the melting chamber the oxide still made 
its appearance. Ultimately the cathode chromium 
itself was suspected as a source of oxygen, in spite 
of the fact that no oxide is visible when a polished 
section of the metal (as deposited) is examined under 
the microscope. 

If, during the process of deposition, an appreciable 
quantity of electrolyte became trapped in the material, 
the presence of oxygen would be explained. Some 
well-washed deposited metal was crushed in a steel 
mortar, a process which would certainly release 
a portion of any such trapped chromic acid. On 
treating the resulting powder with a small quantity 
of water there was, however, no indication of the 
red colour of chromic acid. The electro-deposited 
metal dissolves in dilute acid without leaving any 
residue—a fact which suggests that oxygen is not 
present as chromic oxide (Cr,0,), since this material 
is usually very insoluble. This evidence cannot, 
however, be regarded as decisive, as the chromic 





Fria. 8. Exrectro-DEpositED CHROMIUM. 
<2 


oxide might exist in a very finely divided state, or 
even in solid solution in the metal (invisible under the 
microscope), and in that state it would in all probability 
be soluble in dilute acids. 

An attempt was made to ascertain the source of 
oxygen by heating a sample of the electro-deposited 
metal to 800 deg. C. for a short time, and allowing 
it to cool in a clear silica tube which was continually 
evacuated by means of a mercury diffusion pump. 
Pressures as low as 0-002 mm. were maintained 
throughout most of the heating period, although 
this involved very slow heating in the early stages, 
owing to the great evolution of hydrogen from the 
metal. Under these conditions, any appreciable 
amount of oxide in the product must be regarded as 
originating in the metal itself, and could not be derived 
from imperfect vacuum conditions. Actually, this 
heat-treated metal contains 1-31 per cent. of insoluble 
material (when treated with dilute acid), and portions 
subjected to two further identical heat treatments 
show no decisive increase in the quantity of the 
insoluble residue. The residue extracted from another 
sample of chromium gave on analysis Cr,0;, 1-68; 
Si0., 0-01; Fe,04, 0-004 per cent.; Cu, trace; and 
Al, nil. The insoluble material is, therefore, almost 
entirely produced during the first vacuum heat treat- 


ment of the chromium, and consists essentially of | 


Cr,0;, and it seems definitely established that the 
electro-deposited metal contains oxygen in some 
form from which insoluble Cr,0, is produced during 
vacuum heat treatment. 

The possibility of decreasing the oxygen content of 
the metal by varying the conditions of deposition 
has not been investigated, but efforts have been made 
to remove the oxygen either before or after the melting 
of the metal. It has been customary to melt chromium 
or chromium-rich alloys in crucibles of pure alumina, 
as these are only slightly attacked. In the hope that 
any chromic oxide present in the metal would form 
a calcium chromate slag in the presence of lime, some 
electro-deposited metal was melted in a lime crucible, 
the operation being conducted in vacuo, but, on micro- 
examination, the product still showed the presence of 
® large amount of oxide. The oxygen has been 
Successfully removed by treatment of the electro- 
deposited metal in the solid state with hydrogen at 


gas is required (20 cub. ft. to 30 cub. ft. per hour), 
and it is desirable to purify and circulate the hydrogen 
repeatedly in the apparatus, instead of continually 
supplying fresh gas. 

Fragments of chromium which have received this 
hydrogen treatment present a lustrous appearance, give 
no indication of insoluble oxide when treated with 
dilute acid and, presumably, can be regarded as a close 
approach to chemically pure chromium. Under 
microscopic examination only a few cavities are visible 
in a polished section of the metal. Owing to the 
extraordinary passivity of this material, however, it is 
almost impossible to etch the sample so as to show the 
crystal boundaries, without considerable pitting and 
staining of the surface. Fig. 10 indicates the result 
of several attempts to etch a piece of hydrogen-treated 
electro-chromium. Although considerable experience 
had previously been gained in the etching of passive 
chromium and chromium alloys, the only known method 
which is effective in this case consists in plunging the 
specimen preheated to 300 deg. C. approximately, into a 
boiling dilute solution of sulphuric acid. 

Chromium in the liquid state is able to dissolve a 
considerable amount of its oxide, which is for the 
most part rejected by the metal on cooling. Although 
chromium free from oxide can be obtained by the 
hydrogen treatment of electrolytic metal, yet it has 
not so far been possible to melt any chromium, either 
under vacuum conditions or in hydrogen, without the 
formation of some oxide. The interior of an alumina 








1,500 deg. C. to 1,600 deg. C. A rapid stream of | 


crucible after being used for melting chromium is 
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Fie. 10. Exectro-DrrosITED CHROMIUM 
AFTER TREATMENT WITH HyYDROGEN. 
EtcHED. X 200. (REDUCED TO 3.) 


reddish-pink in appearance, and the separate grains of 
alumina when viewed through a lens resemble miniature 
rubies. This reaction between the melt and the 
crucible may be responsible for the formation of the 
oxide found in the metal after meiting. 
The Brinell hardness figures for various samples of 
chromium are given below : 
Electro-chromium as deposited ... 600 to 650 approx. 
Electro-chromium heated to 900 
deg. C. in vacuo ... “ee aus 
Electro-chromium treated with 
hydrogen at 1,500 deg. to 1,600 
deg. C. to remove oxide (con- 
tains some cavities) ae 
Electro-chromium treated with 
hydrogen to remove oxide and 
then melted (contains small 
amount of oxide) wae ae 4 ‘a 
Commercial “ thermit ” chromium 130 to 170 Pe 
Owing to the brittle nature of the unmelted electro- 
chromium, only very approximate results were obtain- 
able for this material. The above figures indicate that 
the great hardness of chromium, as at present usually 
produced by electro-deposition, is not an inherent 
property of the metal, but is due to a special condition, 
possibly associated with the presence of hydrogen. 
When the bulk of the hydrogen is removed, the hardness 
is considerably diminished, but the crystalline form, 
and possibly the presence of oxygen, still maintain a 
much higher hardness than that of the fully annealed 
and deoxidised metal. The lower hardness of the 
metal when freed from hydrogen and oxygen suggests 
that, ultimately, pure chromium may prove to be soft 
and ductile. A similar conclusion is indicated in a 
recent paper by Van Arkel.* The metal was examined 
spectroscopically by Dr. G. Barr and H. R. Sullivan, 
and although special search was made for likely 
contaminating elements, such as iron, lead, barium, 
and manganese, no impurities were found, It is 
not, however, certain that the last traces of non- 
metallic impurities, such as nitrogen, &c., were absent, 
as these are not indicated by the spectrograph. 


(To be continued.) 


200 to 250 2 


70 to 90 ia 





* Van Arkel, “ Afscheiding van Metalen uit de Gas- 
phase,” Chemisch Weekblad, 1927, vol xxiv, No. 8. 





CATALOGUES. 


Electrical Cooking Appliances.—The General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, have issued a new catalogue of ovens and boiling 
pots for large-scale cooking, including a number of ovens 
in one range with separate control. . 


Revolution Counter.—An instrument of watch size for 
indicating the revolutions of shafts, &c., is illustrated in 
a circular received from Messrs. Charles Churchill and 
Company, Limited, 9, Leonard-street, Finsbury, London, 
E.C.2. It is made by the Brown and Sharpe Manufac- 
turing Company. 

Steam Fittings —A complete list of valves, gauges, 
syphons and other steam and water fittings for engines 
and boilers, is given in a catalogue issued by Messrs. W. N. 
Baines and Company, Limited, Rotherham. The fittings 
are made almost entirely in high-quality bronze, although 
they can be supplied in cast-steel or special metals, if 
necessary. 


Railway Signals.—A description of the <n 
installation on the Harrow-Rickmansworth-Watfor 
line of the Metropolitan Railway, and a catalogue of 
mechanical point connections made to the Railway 
Engineers Signal Committee standards, are to hand from 
the Westinghouse Brake and Saxby Signal Company, 
Limited, 82, York-road, King’s Cross, London, N.1. 


Jointing Material—A_ resilient jointing material 
manufactured by the Cork Manufacturing Company, 
Limited, South Chingford, London, E.4, and sold under 
the name Langite, is dealt with in a catalogue to hand 
from the firm, This material, it is stated, resists oils, 
benzol, petrol, &c., and is supplied cut to shape or in the 
usual sections, sheets and rings. 


Fibre Gears.—Toothed gears made from compressed 
fibre and supplied finished or in blanks, sold under the 
name Fenlin, are illustrated in a catalogue received from 
Messrs. Alfred Wiseman, Limited, Glover-street, Birming- 
ham. Two kinds of gears are made, one of solid fibre 
and the other having steel-plate laminations incorporated 
with the fibre, the steel extending to the teeth. 


Furnace-Cement.—Particulars of Flexo cement for bond- 
ing fire bricks in furnaces are given in a pamphlet issued 
by the makers, Messrs. Thomas and Bishop, Limited, 
223, County-buildings, Corporation-street, Birmingham. 
The pamphlet contains notes of general value on the 
construction of furnaces and kilns for pottery, glass, 
enamelled goods, &c., as well as of metallurgical furnaces. 


Grinding Machines.—Two catalogues of grinding 
machines made at their works at Broadheath, Manchester, 
are to hand from the Churchi!l Machine Tool Company, 
Limited. One catalogue describes the universal and 
turret-universal types for tools and general work, and 
the other deals with the application of a large variety 
of grinding machines to locomotive construction and 
repair work. 


Pulleys.—Wrought-iron pulleys, in a full range of sizes 
up to 20 ft. in diameter and 40 in. width, are illustrated 
in a catalogue issued by Messrs. Douglas, Lawson and 
Company, Limited, Birstall, near Leeds. The types 
dealt with include whole, split, fast, loose and cone 
pulleys. Cast-iron pulleys of small diameters are also 
shown, and the text of the catalogue is printed in Spanish 
and Portuguese, as well as in English. 


Stress Recorder.—Messrs. Cooke, Troughton and Simms, 
Limited, York, have issued a circular illustrating and 
explaining the Fereday-Palmer stress recorder as applied 
to recording the stresses on steel bridges produced by 
moving loads, and on the hulls of ships during launching 
and by wave-action on the hull at sea. The German 
State Railway authorities have awarded first prize for 
this instrument after tests made in open competition. 


Sugar-Mill Machinery.—We have received from Messrs. 
Mirrlees, Watson and Company, Limited, Scotland-street, 
Glasgow, several catalogues dealing with sugar-cane 
crushing mills, including an edition printed in Spanish. 
The plant includes heavy three-roll mills for breaking, 
tearing up and pressing the sugar canes to extract the 
juice, and the gearing and engines for driving the mills. 
The improvements in machinery installed by the firm, 
it is stated, have increased the production in one factory 
from one ton of sugar from 14 tons of canes to one ton 
of sugar from less than 9 tons of canes. 


Conveying Plant.—The latest of the occasional letters 
issued by Messrs. Henry Simon Limited, 20, Mount-street, 
Manchester, gives general accounts of contracts they 
have recently made to supply a conveying plant for 
loading ships with phosphate of lime on the island of 
Nauru, in the Southern Pacific; a granary at Santos, 
Brazil; and grain-conveying plant at Avonmouth. The 
Nauru plant will include a conveyor 2,000 ft. in length, 
from the phosphate deposit to a bin of 12,000 tons 
capacity, from which other conveyors carry the material to 
the holds of the ships moored 200 ft. from the shore. 


Electrical Machinery.—We have received a further 
batch of new catalogues from the Westinghouse Electriv 
and Manufacturing Company, East Pittsburgh, Pa., 
U.S.A., dealing with the following products: Motor 
coaches with petrol-electric drive; electric air heaters ; 
electric furnaces ; mechanical stokers for billet heating ; 
loom motors and control gear; a dual-frequency super- 
calender drive; a turbo-generator for lighting the 
mechanical equipment at oil and gas wells; railway 
motors of 25 h.p. and 35 h.p.; railway motor covers, 
axle-shields, armatures, armature shafts and axle bearings ; 
starters for synchronous motors; control and reset 
switches ; safety connectors; and static condensers for 
power-factor correction. In all cases full technical and 
commercial] particulars are given, 
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SCREW-CUTTING LATHE. 


CONSTRUCTED BY MESSRS. TANGYES, LIMITED, ENGINEERS, BIRMINGHAM. 
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18-INCH SLIDING, SURFACING AND 
SCREW-CUTTING LATHE. 


Wuite the lathe which we illustrate in Figs. 1 to 3, 
above, is generally similar to the well-known high- 
speed machines made by the manufacturers, Messrs, 
Tangyes, Limited, Birmingham, it embodies a number 
of special features. The bed, which is of box section 
with square sides, is 31 ft. long, by 27 in. wide, and 
has three box standards forming intermediate supports, 
as shown in Fig. 1. Work up to a length of 23} ft. 
can be carried between the centres, and a gap is pro- 
vided for face-plate work. The gap is 20 in. wide, 
and will take work up to 58 in. in diameter, the swing 
over the saddle being 28 in. A half-gap piece is pro- 
vided. There are two saddles, each having a compound 
rest with a swivelling slide. Each saddle is provided 
with the usual motions for cross feeding, sliding, and 
screw-cutting, and, in addition, both are provided 
with a taper-turning motion. These motions, with 
the exception of that for taver turning, are obtained 
in the usual way by a front feed shaft and gearing, 
there being a separate lead sc-ew for the screw-cutting 
motion. The nuts for engaging the screw are of the 
double type, and the saddle aprons are made with 
double walls for supporting the gearing on both sides. 
A lock-nut is provided on each saddle for locking it 
in any position along the bed, together with the usual 
hand traverse. The rack for the hand and power 
traverses is clearly visible in Fig. 1, and it will be 
noticed that reduction gearing, engaging with this 
rack, is provided for traversing the tail stock. The 
latter is provided with a steel spindle, 5 in. in diameter, 
the longtitudinal adjustment being effected by a hand- 
wheel and revolving nut engaging with the spindle 
screw. 

The feed shaft and lead screws are driven through 











Fig. 1. 


a four-speed gear-box bolted on the front of the bed, 
as shown in Fig. 1, the primary shaft in the box being 
driven through change wheels off the fast headstock. 
With this arrangement it is possible to obtain four 
different pitches in screw cutting and four different 
rates of feed on the traverses, without altering the 
change wheels. The usual reverse is provided by wheels 
in the fast headstock. The ratios of the gears in the 
box are 1, 2, 3 and 4 to 1, so that with equal change 
wheels, pitches can be cut of 1, 4, 4 or }, and feeds 
obtained of 6, 12, 18 and 24 revolutions per inch of 
traverse. Twelve change wheels are provided, giving 
a very wide range of screw-cutting, sliding, and surfacing 
motions. The lead screw and feed shaft are inter- 
locked in the feed-box, and the sliding and screw-cutting 
actions are interlocked in the saddle, so that it is 
impossible to engage the lead screw when the feed 
shaft is in action, or vice versa. 

Turning now to the headstock, shown in detail in 
Figs. 2 and 3, it will be seen that a ring wheel I is 
bolted to the back of the faceplate, and that a steel 
pinion H, sliding on a shaft carried in the front portion 
of the headstock, engages with the wheel I. A 
second wheel G, on the pinion shaft, engages with a 
wheel F, which forms part of a sleeve keyed to the 
main spindle, and the latter may either be driven 
direct, by engaging the dog clutch J with the wheel F, 
or through the train of gears referred to. The lathe 
is driven by a 20-h.p. motor coupled by spur gearing 
to the backshaft shown at the top of Fig. 2. A 
single wheel A on this shaft engages with a wheel B, 
which, in common with the wheel D, is mounted on an 
intermediate shaft, as shown in Fig. 3. The arrange- 
ment gives four different spindle speeds, which are 
obtained as follows. Assuming the clutch J to be in 
engagement with the wheel F, the first speed is obtained 
by sliding the wheel C into engagement with B. The 


——— 














“ENGINEERING” 


wheel E will then be out of contact with D, and the 
drive will be through the wheels A, B and C. The 
second speed is given by bringing the wheel E into 
contact with D, giving a drive through the wheels 
A, B, D and E. The two further speeds are obtained 
by utilising these two variations in combination with 
the wheels on the front shaft already referred to. 
Interlocking arrangements are provided which render 
it impossible to engage two opposed gear trains at the 
same time. To ensure that the wheel H is not in 
engagement with the ring on the faceplate while the 
dog clutch J is closed, the handwheel M, shown in 
Fig. 3, which controls the movement of the pinion, is 
connected through a shaft O to a small toothed segment, 
shown above the wheel in this figure. A second segment 
engaging with this, is attached to the lever by which 
the clutch is engaged, and the movement of the lever 
is thus prevented until the spur pinion is out of engage- 
ment with the ring. To prevent the wheels B and D 
being in partial engagement at the same time, the 
shaft on which they are carried is mounted on eccentrics, 
and the wheels C and E cannot be moved laterally 
until the wheels B and D are entirely out of engagement. 
The lever for throwing the wheels out of gear is shown 
at N in Fig. 3, and the lever for moving the wheels 
C and E is shown at K in the same figure. 

The fast-headstock spindle is of high-carbon steel, 
and runs in phosphor-bronze bearings lubricated by 
oil rings. The front bearing is 8 in. in diameter by 
12 in. long, and the back bearing 4} in. in diameter 
by 7} in. long. By means of the variable-speed 
motor, in conjunction with the gear changes described, 
the spindle speed can be varied between 2-5 and 240 
r.p.m. The driving shaft also runs in ring-oiled phos- 
phor bronze bearings. The end thrust on the spindle 
is taken on a ball-thrust bearing. Taper turning 15 
effected by connecting the rack pinion for the sliding 
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motion with the surfacing screw on the saddle, through 
a system of change wheels. A set of twenty-two 
change wheels is provided for this purpose, giving a 
range of tapers from 0-1 to 0-004 in., on the diameter 
of the work, per inch of traverse of the saddle. The 
machine is supplied complete with sud pump and trays, 
the latter being arranged to go underneath the bed 
between the standards. The sud pipes are of steel, and 
are of the telescopic type, to slide with the saddle. The 
driving motor has a speed range of 300 to 900 r.p.m. 
The machine occupies a floor space of 39 ft. by 7 ft., 
and weighs 21 tons complete with the motor. 





THE APPLICATIONS OF ELECTRICITY 
IN WARSHIPS.* 
By Wit1t1am McCieELxanpD, C.B., O.B.E. 
(Concluded from page 717.) 

ExvectrricaL distribution in a submarine differs from 
that in a surface ship because the number of water- 
tight compartments is comparatively fewer, and there 
is a far greater ratio of heavy to light wiring. Distri- 
bution is effected on the ring-main principle. Pressures 
of 120 to 230 volts, according to the type and nation- 
ality of the submarine, are used. In consequence of 
these low pressures the currents to be dealt with are 
very high, and even a number of large cables per pole 
may be required for portions of the ring-main system. 
To minimise the difficulties of installation and to reduce 
weight, power cables are usually tough-rubber-sheathed. 
A number of cables, such as those supplying navigating 
and certain other lights and services, have to be taken 
outside the pressure hull of the submarine, and special 
designs of glands and fittings have to be used to with- 
stand high water pressures during submergence. 

The high pressures and frequencies employed in 
wireless transmission introduce special problems when 
used in ships. Examples are the special arrangements 
necessary for running the aerial feed between the trans- 
mitting office, situated below the upper deck, and the 
aerial system, and the precautions necessary to prevent 
the occurrence of fires aloft or damage to wire stays, 
shrouds, etc., as a result of brushing or sparking when 
transmission is taking place. The former involves the 
fitting of aerial trunks between decks, and the latter 
the very thorough bonding and earthing—via the 
lighting conductor—of all isolated metal work on 
masts and yards, and the ends of wire stays and 
shrouds. 

There is a large amount of electrical apparatus in a 
warship which cannot conveniently be supplied direct 
from the lighting and power circuits. Some of this 
requires alternating current and some direct current. 
The supply pressure may be anything up to 100 volts, 
depending on the nature of the apparatus, but by far 
the greater part is supplied at 22 volts direct current. 
The power taken by individual instruments and 
apparatus of this type is small, and in consequence 
such apparatus is known throughout the Service as 
“low power” to distinguish it from the main power 
and lighting equipment or gear fed from the ship’s 
mains, which is usually known as “‘ high power.” The 
following apparatus is supplied from the low-power 
system at 22 volts:—(1) Fire and torpedo control 
circuits; (2) Telephone circuits; (3) Miscellaneous 
low-power circuits such as bells and gongs, buzzers, 
rattlers, turbine and telegraph direction tell-tales, etc. ; 
and (4) Gun and torpedo firing circuits. 

A number of motor-generators fed from the ship’s 
main distribution system generate current at about 
22 volts which is fed via various control apparatus and 
switches to distributing panels supplying circuits 
grouped in accordance with the above classification. 
Whilst it is customary under running conditions—and 
is, in fact, necessary in the case of the firing circuits 
(which are single-wire earth-return circuits)—to supply 
the four different classifications given from their own 
separate generators as far as possible, switching 
arrangements are provided to enable a supply to be 
obtained from one or more alternative generators, 
and in some cases any generator can feed any group 
normally run independently. As a further safeguard, 
secondary batteries are provided which, under normal 
conditions, are floating in parallel with their associated 
generators, but can take over the load in the event of 
damage to or failure of the motor-generators. In the 
largest ships the capacity of these batteries may be 
some 500 amp.-hours at the five-hour rate. 

Examples of low-power apparatus which are not 
supplied from the 22-volt installation referred to above 
but have their own motor-generator or motor-gene- 
rators are :—(1) Hummers; (2) Bearing indicators for 
guns and searchlights ; (3) Turret danger signals ; and 
(4) Gyro-compass and repeater circuits. 

The complex electrical apparatus for controlling a 
warship’s armament is of great variety and confi- 








* Paper read before the Institution of Electrical 
Engineers, March 31, 1927. Abridged. 











dential in all navies, and its correct functioning is vital. 
The control of searchlights, guns and torpedoes in 
general involves the same problem, i.e., the directing 
of the searchlight beam, the axis of the gun or the 
torpedo, in definite relation in space to the axis of a 
sighting telescope, in the centre of the field of view 
of which is kept the target, which may be many miles 
away and moving rapidly in a direction not accurately 
known. This target may be invisible in the operating 
position ; it may even be invisible from the sighting 
position as well, many cases of ‘indirect fire’? having 
taken place in the late war. 

Advantage is taken of the indirect connection 
between the different weapons and the distant telescopes 
to introduce the various connections necessary, so that 
the distantly operated indicator shows the corrected 
reading, and not the actual direction of telescopes. 
The type of instrument most largely used for indicating 
the desired direction in space is a simple step-by-step 
motor, with an unwound armature, in the stator of 
which a rotating field is produced by means of a 
commutator type of transmitter supplied with direct 
current. The rotor moves in steps of 15 deg., so that 
it has to be geared down considerably to obtain the 
accuracy required. 

One of the difficulties of this scheme arises from the 
need for considerable torque in the indicator, whereas 
in the usual type, when the indicator takes up its final 
position the torque falls to zero. Thus there is some 
want of definition within a few electrical degrees, which 
increases with the friction or load against which the 
instrument works. Another complication arises owing 
to the high speed of working which is sometimes 
necessary. This requires a high ratio of torque to 
inertia of moving parts in order to avoid missing step, 
a condition rendered doubly difficult of attainment at 
speed, due to the inductance of the motor windings. 
Special devices are also necessary to ensure that 
instruments switched over in emergency to a stand-by 
transmitter take up immediately the correct indication 
without involving delay in “lining up.” Further, the 
low pressure used, viz., 22 volts, leads to some difficulty 
with varying voltage-drop in short and long circuits, the 
torque varying almost as the square of the pressure. 
The reduction in static torque due to line resistance 
is compensated for to some extent by improvement in 
the time constant of the circuit, which helps to maintain 
the torque when operating at high speed. Thus in the 
design of the apparently simple type of apparatus 
referred to, many factors have to be considered and 
many precautions taken in order to secure satisfactory 
operation. The ideal aimed at by all navies is that the 
heaviest turret may be moved automatically to follow 
the directing telescope. This involves many difficul- 
ties. The problem is rendered still more intricate from 
the fact that a ship is not as a rule a steady platform, 
but is in continuous irregular motion due to the action 
of the sea, whereas the gun or searchlight should, for a 
given period, be kept stationary in space. For the 
searchlights and certain other purposes, where the 
accuracy required is not quite so high as for the guns, 
another method of indicating coincidence of the actual 
and desired directions is employed which works on the 
Wheatstone bridge principle. In addition to control 
for elevation and training, numerous step-by-step 
indicators are employed for the passing of orders, 
ranges, and other information. 

The electrical firing of the guns, which is a necessity 
under modern conditions, would be less complicated if 
the gun could be kept stationary in space for an appre- 
ciable time irrespective of the rolling and pitching of 
the ship. The projectile is required to leave the gun 
with a definite velocity within an interval of time 
after the closing of the firing circuits, so short that the 
direction of the gun will not have altered perceptibly. 
The following sequence of events has to happen in 
this short space of time after the closing of the electrical 
circuit :—(1) Current grows to value required to heat 
the fusible bridge and the surrounding pad of inflam- 
mable material to the ignition point; (2) Pad com- 
municates flame to the explosive charge in the firing 
tube; (3) Jet of flame burns through cover of main 
charge and ignites primer; (4) Primer communicates 
flame to main charge, which commences to explode ; 
(5) As soon as pressure in gun is high enough, projectile 
begins to move; (6) Projectile travels along the bore, 
attaining the desired velocity as it leaves the muzzle, 
the charge continuing to burn during this period, thus 
maintaining the pressure. The first event is the only 
one with which the electrical engineer is concerned, and 
it is his business to make the time required for it as 
short and uniform as possible. This is done by making 
the time-constants of the various gun circuits as nearly 
as possible of the same low value, the fusible bridges 
as nearly as possible identical, andthe design such that 
a short-circuit across the fired tube cannot occur. The 
ignition of the pad surrounding the fuse actually occurs 
a few thousandths of a second after closing the circuit. 
In order to make these firing circuits safe from any 
risk of inadvertent operation due to accidental “‘ earths” 





they are usually made single-pole with an “earth” 
return. This also has the advantage of simplifying 
the circuits. The same voltage is used as for the control 
circuits, 

A most elaborate system of auxiliary apparatus, 
mostly electrically operated, into which the gyroscope 
enters to a large extent, is usually provided to assist 
the gunnery officers to make good practice, but, with 
all this gear, to place shells consistently on a rapidly- 
moving target several miles away and subtending 
perhaps a fraction of a degree of angle is no easy matter 
even if the gun platform is steady, which is usually 
not the case. 

Telephonic communication is provided between all 
important stations and, in addition, between offices, 
cabins and other compartments where necessary to 
facilitate the routine work of the ship. Communication 
between two positions may be through an exchange 
or direct. Direct telephones are employed for those 
stations between which communication must be 
possible at all times and with the least possible delay 
or likelihood of interruption. In a large modern war- 
ship there may be anything up to 700 telephones, of 
which some 370 are on the various exchanges with 
‘trunk line’ connections. ‘All telephones are supplied 
from the low-power board. Two wires per instrument 
are now generally used, and in order to prevent com- 
munication noises being heard in the receivers, as well 
as to obviate cross-talking, inductive coils known as 
“line coils” are included in the supply to each pair 
of telephones. The line coils also serve as relay coils. 
Non-inductive shunts, or condensers, provide a path 
for the oscillating currents. Calling up is done by 
means of buzzer and lamp or, in noisy situations, by 
bell. The instruments themselves are of robust design. 
Special loud-speaking telephones have been developed 
for use in particularly noisy compartments or for 
‘** broadcasting ’”’ purposes. 

In the British Navy the geared turbine drive is normal 
for large warships, whilst in the United States Navy 
the electric drive has been adopted for all capital ships 
and has been installed in the two aircraft carriers of 
33,000 tons standard displacement sanctioned by the 
Washington Treaty. The United States Naval Autho- 
rities have proved the success and reliability of the 
electric drive on a large scale, and all electrical engineers 
must offer their congratulations on this progressive 
development. Whatever advantages electric propulsion 
brings in its train, the method is, first and foremost, 
a speed-reduction device. For warships of large shaft 
horse-power, the steam turbine and ordinary propeller 
form the most satisfactory combination for propulsion, 
but since, for efficiency, the turbine speed should be 
high and the propeller speed low, some form of speed- 
reducing link between the two is necessary. The 
problem, therefore, resolves itself into a question of 
which method of speed reduction offers the most 
advantages and the fewest disadvantages. The chief 
considerations are those of flexibility, weight, space 
and economy. The geared turbine drive certainly 
lacks flexibility. The gearing requires the highest 
degree of skill and accuracy in manufacture and instal- 
lation, and even then, owing to its rigidity of connec- 
tion, it may suffer damage through shock, vibration, 
or other cause. On the other hand, in the electric 
drive the turbine and propeller have no such physical 
connection, the power being transmitted through the 
air-gaps of both motor and generator. Moreover, the 
generating units and driving motors may be widely 
separated. 

The economy of an electric drive can be made to 
approximate to that of a geared drive. There is a 
double loss in the generator and motor, but this loss is, 
in part, compensated for by the large speed reduction 
ratio possible, the elimination of reversing turbines, the 
use of shorter steam pipes, reduced lengths of shafting, 
etc. At full power the efficiency of turbo-electric 
transmission is usually somewhat lower than that of a 
geared turbine drive. At lower powers, such as are 
required for cruising, the efficiency of the electric 
drive is usually higher than that of the geared turbine 
because of the ability to shut down part of the generat- 
ing machinery and auxiliaries while keeping all shafts 
running. It is usual to arrange for at least two different 
groupings of the plant in order to obtain maximum 
economy at certain speeds of the ship, intermediate 
speeds being obtained by simple manipulation of the 
steam valves. The ability to drive all propellers at low 
speed from one generating unit only, appears to be an 
advantage from the military standpoint as well as 
from that of economy. Considering a four-shaft scheme 
using two motors on each shaft and four generators, in 
the event of three of the generators and a motor on 
each shaft being damaged the ship could still run on all 
four shafts and steam at about 60 per cent. of full speed. 
This advantage is somewhat reduced in recent designs, 
where naval architects have adopted two shafts only 
for larger ships. 

Convenience of operation is often claimed for the 
geared turbine drive, but this claim may with equal 
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justification be applied to the electric drive. Whilst in 
thefelectric method the operations to be carried out 
are more complicated than the opening or closing of a 
steam valve, all these operations may be done auto- 
matically, the operator merely having to turn a hand 
wheel. 

On the score of weight, space and cost, the electric 
drive is at some disadvantage. The author has found 
that in several cases where a steam turbine-electric 
drive has been considered, the weight of the machinery 
is from 10 per cent. to 15 per cent. in excess of that of a 
geared steam-turbine drive designed generally for 
similar conditions. This additional weight and space 
becomes increasingly important as the shaft horse- 
power is raised without a corresponding increase in 
the displacement, and for this reason the electric 
drive is practically ruled out for such ships as light 
cruisers and destroyers. 

That many difficulties are possible with mechanical 
gearing is indicated in the paper read by Sir Charles 
Parsons, Mr. 8. 8. Cook, and Mr. H. M. Duncan before 
the Institution of Naval Architects on March 22, 1923.* 
Such difficulties have not been experienced with the 
single-reduction gearing installed in British warships, 
but the subsequent discussion showed that differences 
of opinion existed at that time as to the cause of the 
troubles which had been experienced with mechanical 
gearing in the mercantile marine, and as to the remedies 
necessary. Designers of marine steam turbines, gear 
specialists, and metallurgists have not been idle. 
Deep study and extensive experiments have been 
carried out, with the result that many of the difficulties 
are being overcome in modern mercantile marine gear 
equipments. Again, the progress which has been made 
bythe metallurgistsin the provision of materials suitable 
for higher steam pressures and temperatures has led 
to the use of higher pressures and superheat with 
marine reversing turbines. Such high-temperature 
steam plant, together with the high efficiency and 
reliability of modern single-reduction gearing, have 
produced a geared turbine equipment that for cost, 
weight, space, and efficiency forms a propulsion system 
of a high order. It is probably correct to say, however, 


that the very satisfactory and reliable operation of | 


electric transmission in ships of the United State Navy 
and elsewhere, and the possibility which then existed 
of the use of higher steam temperatures with non- 
reversing turbines such as are used for the electric 
-drive, have tended to accelerate the development of 
the application of higher temperatures in reversing 
turbines such as are used for the geared drive. 

In the author’s opinion, therefore, the various 
advocates of the electric drive have tended to perform 
a very useful and important service, even though their 
advocacy has not yet resulted in the adoption of 
electric propulsion in large measure by British marine 
shipbuilders ; whilst the United States Naval Authorities 
in their electrically driven ships have secured a flexi- 
bility in design, a satisfactory and reliable transmission, 
and a highly economical and efficient cruising speed. 

The references which have been made to the advances 
in the geared turbine form of propulsion have not been 
put forward to act as a brake on the wheel of electrical 
development. On the contrary, the object is to 


acknowledge freely progress in this country in directions | 
other than electrical, and to urge that the fullest use | 
of science and skill must continue to be made by | 


electrical engineers, in conjunction with marine 
engineers, if the well-established and efficient mecha- 
nical transmission is to be more than equalled in regard 
to (a) full speed of the ship, (6) weight, (c) space 
occupied, and (d) cost. 

Much has been written on the relative advantages 
and disadvantages of the electrically-driven ship 
compared with ships vsing a direct drive or mechanical 
gearing. The number of even reasonably accurate 
comparisons has been few, often being made between 
equipments of very different age, and working under 
conditions that have rendered the comparisons value- 
less. True comparisons of performance of propulsive 
equipments of naval ships of different designs in 
different countries are, indeed, most difficult to obtain. 

The arguments in favour of electric drive are that 
it is very economical in both the running cost and 
upkeep. Compared witli, recent geared turbine 
practice, there is, however, no economy at full speed 
and but moderate economy at cruising speeds, while 
the cost of repairs of single-reduction gearing is also 
very low. While with the electric drive the full 
power is available for astern running the power 
provided with geared drive is quite sufficient. The 


absence of a reversing turbine, in the case of an electric | 


drive, increases the efficiency and avoids losses in 
the astern stages, but the careful design and operation 


of geared installations has made these differences | 


small, 
the avoidance of the high temperatures generated by 
the reversal of the main turbine, thus reducing the 


* ENGINEERING, vol. cxv, p. 408, March 30th, 1923. 


The advantage of electric drive in assisting | 


| risk of damage by overheating or stripping, is now 


relatively small. The electric drive permits the use 
of single-cylinder turbines, and thus improves the 
design and efficiency, but the improvement is slight. 
| The main advantage of electric drive is its flexibility 
in operation, while in addition only short main shafts 
and main steam pipes are required. It is also possible 
within limits to place the main turbines where most 
convenient. While with the electric drive the best 
possible speeds may be chosen for both turbines and 
propellers, the position is no better thar with double- 
reduction gearing, for the propeller speed for large 
powers cannot always be made as low as is desirable 
for efficiency, owing to the prohibitive size and weight 
of propelling motors. The ease of control from any 
position obtainable with the electric drive is not of 
great importance, but the avoidance of shocks on 
the main turbines transmitted from the propellers 
is an advantage. The difficulties due to racing of 
mechanically-geared turbines in warships are small, 
and their absence with the electric drive cannot be 
claimed as an advantage. 
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| One argument against the electric drive is that the 
;equipment is more expensive, heavier and more 
| bulky. This is generally correct, though it may be 
| possible to use spaces in the ship to better advantage. 
| Other arguments in the same sense are that the control 
| apparatus is complicated and that a specially trained 
| operating staff is necessary. But while not so simple 
in layout, the operation of electrical equipment can 
| be made almost identical, and the gear is robust 
}and reliable. Competent engineers who have had a 
|course of instruction should be able to operate the 
plant satisfactorily. The electrical equipment is also 
said to be adversely affected by salt-laden atmosphere, 
but no difficulty is apprehended where totally enclosed 
plant, using cooled re-circulated air, is adopted. 
Personal contact with live parts at dangerously high 
| voltages is not possible except deliberately or care- 
| lessly, and danger from violent arcing can be overcome 
by the use of safety devices. 


than with geared drive, in some other respects it 
|is less, since there is no rigidly aligned gearing 
| which might be strained by heavy explosion, and the 
length of steam pipes is less. Large air trunks for 
ventilation purposes are not necessary, as is some- 
times contended, and experience in the United States 
Navy controverts the argument that special attention 
would be required for maintaining the electrical 
equipment in the sea atmosphere when not in use. 
Finally, the argument that the electric drive could 
not possibly be used for all classes of ships, and that 


interchange of personnel during war would be difficult, | 


is sound, as the electric drive could not normally be 


| employed for cruisers and destroyers, These arguments | 


{do not apply to merchant ships, where other con- 
siderations, such as cargo space, are supreme. For 
cargo vessels the Diesel-electric drive is making a 
place for itself in the field of electric propulsion, 
and the number of merchant ships, and possibly 
certain types of auxiliary warships, using this form 
of drive seems likely to increase in the coming years. 
The author was informed recently that 8.S. San 
Benito, a British-built turbine-electric ship of 3,000 
| shaft horse-power, has run regularly on a scheduled 
service to the tropics since 1921, covering over 300,000 
miles, and has never been laid up for electrical repairs. 
|In H.M.S. Adventure, an auxiliary ship of approxi- 
| mately 8,000 tons displacement, Diesel-electric pro- 
| pelling machinery for cruising speeds has been installed. 





The power developed on each shaft is approximately 
2,100 shaft horse-power at a propeller speed of 160 
r.p.m. <A three-phase alternating-current system is 
adopted, the pressure being 1,100 volts between 
phases. Two three-phase high-speed induction motors 
are used as the propelling motors, one for the port 
;and one for the starboard side of the ship. Each 
motor is normally supplied from its own alternator, 
which is direct coupled to a Diesel engine. The two 
alternators do not run in parallel. Under emergency 
conditions, however, it is possible to run both motors 
from one alternator, or the port motor from the 
starboard alternator, or vice versa. The motors have 
wound rotors, and are brought up to speed by the 
use of reactance-resistance starters. Special provision 
is made for over-excitation of the alternators by the 
use of a novel type of automatic booster to meet the 
conditions of temporary or periodic overload due to 
heavy weather or similar causes. The control of the 
motors and alternators is carried out by oil-break 
switches, with operating mechanism on the control 
platform in the Diesel-engine room. The control and 





Fig. 6. AUXILIARY DIESEL-ELECTRIC EQUIPMENT (N H.M.S. ADVENTURE. 
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operation of the plant has been so arranged that the 
whole sequence of operation is carried out by means 
of a single hand wheel for each side of the ship, the 
usual protective devices being fitted. The paralleling 
of the alternators is prevented by mechanical 
interlocks. A diagram of the equipment is given in 
Fig. 6. 

There remain a number of miscellaneous applications 
which, although not large in themselves, are none the 
less important. Included in this category are Réntgen- 
ray apparatus, electrically-driven domestic machinery 
such as kneading machines, mincers and laundry 
machines, electric torches and portable accumulator 
hand lamps, electrically-driven printing machines, &c., 
as well as electric starting and lighting sets at 
12 volts, on the general lines of motor-car starting 





* . | 
Though the risk of | 
damage in action may in some respects be greater | 


jand lighting equipment which are employed in the 
|}motor boats of the fleet. 





| THe Mrininc Institutr oF ScotLanp.—The forty- 
| ninth annual report of the Council of the Mining Institute 
| of Scotland shows that, in April last, the members on the 
| roll numbered 682—a net decline of 29 compared with the 
| figure for the previous year. Five meetings of the Council 
jand three general meetings took place during the year 
j}and, among the communications received, that by 
| Dr. A, Freeland Fergus on ‘‘ Miner’s Nystagmus,”’ gave 

rise to a most interesting and valuable discussion. The 
| Institute completes its 50th year on January 29, 1928 
| and it is hoped to celebrate fittingly the Jubilee of the 
| organisation in the course of the current session. 


| Trrat Trip or THE 8.8. ‘ Toronpoc.’—On Friday, 
| May 13, successful trials were run off the Tyne, of the 
single-screw steamer ‘Torondoc, the third of the five 
| vessels which Messrs. Swan, Hunter and Wigham 
| Richardson, Limited, are building for Messrs. Taterson 
| Steam Ships, Limited, Fort William, Ontario, for service 
| on the Canadian lakes and canals, and which was recently 
}launched at Wallsend. The new vessel, which has a 
| raised quarter deck and a sunk forecastle, is 243 ft. long, 
land is fitted with seven large cargo hatches served by 
winches installed by Messrs. Harfield and Company, 
Limited, of Blaydon-on-Tyne. Accommodation for the 
captain, officers and seamen is provided for in a deck- 
house forward, while the engineers, oilers and firemen 
are housed on either side of the engine and boiler casings. 
The propelling machinery, which is situated aft, and 
drives a single propeller, is of the inverted marine type 
with three cranks, steam being supplied by two single- 
ended boilers, all of which were constructed by the 
builers at their Neptune works, Walker-on-Tyne. 
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THE CAKING POWER OF COAL. 


In the blending and preparation of coal, its caking 
power is a very important property, for which up till 
now no really satisfactory method of measurement 
has been worked out. Most systems depend in 
principle on mixing a ground sample with various 
proportions of inert material, carbonising the mixtures 
in a given time—usually seven minutes—and taking 
as an index of caking power the maximum proportion 
of inert material that allowed the carbonised mixture 
to support a given compressive stress, usually only a 
small fraction—perhaps 1 or 0-1 per cent.—of what 
coke has to support in practice. Such a method is, 
necessarily, in the highest degree empirical, and in 
recent years some investigators have preferred to 
observe and grade their coal by the curve in which the 
percentage of coal in each mixture is plotted against 
its strength when carbonised. A report by Dr. J. T. 
Burdekin has just been published among the Survey 
Papers of the Fuel Research Division of the Depart- 
ment of Scientific and Industrial Research, in which 
curves of this kind have been prepared under various 
conditions, and some interesting results have appeared.* 

The inert material used was anthracite previously 
calcined at 1,000 deg. C., such as is used commercially 
in the manufacture of carbon electrodes, which, when 
heated by itself, did not form a coherent coke. This 
material and the coal samples were ground to pass a 
60-mesh and remain on a 90-mesh I.M.M. sieve, and 
quantities of 2 grammes each were prepared of the 
pure coal and of mixtures, varying by 10 per cent. 
steps, from 90 per cent. to 10 per cent. of coal. Each 
sample or mixture was carbonised in cylindrical silica 
crucibles under a 10 grm. silica piston and, covered 
with a silica cover, was carbonised in an electric 
muffle at such a rate as to reach 900 deg. C. in 7 minutes. 
The coke so produced was then crushed in a steelyard 
testing machine graduated in pounds up to 150 lb. 

Some 20 samples from seams in various parts of the 
country were so examined, and in every instance the 
maximum resistance was found in some mixture; in 
some instances more than one such maximum. Such 
results did little to elucidate the value of the coals 
for coke making, and it was thought that they might 
have been due to the high rate of carbonisation, 
30 to 50 times as great or more as is used in coke 
ovens, whereby the coal was relieved of the reduction 
in caking power produced by prolonged exposure to 
relatively moderate temperatures. 

Accordingly, a much slower rate of carbonisation was 
adopted, and a number of coals so treated showed an 
uninterrupted, though not proportionate, fall in 
strength as the percentage of coal decreased. Some 
coals, however, still did not exhibit this unbroken fall, 
but gave peaks at some point or points corresponding 
with definite percentages. Accordingly, a third series 
of tests was run in which the carbonising process was 
prolonged somewhat longer, and in these only one 
coal failed to show the continuous fall of strength 
as the percentage of coal decreased. In no series, 
however, was the rate of carbonisation as slow as that 
which occurs in coke ovens. The grading of the coals 
on the basis of these curves showed fair correspondence 
with that obtained by observing the relative swelling 
in the Gray-King assay, and with the ratings of the 
coals at the coke ovens. 

It was concluded accordingly that different coals 
may contain different amounts of binding material, 
each with a different power of resistance to decomposi- 
tion by heat, so that its effect in the manufacture of 
coke is affected materially by the time for which it 
is exposed to heat. The results were considered, 
moreover, to justify the conclusion that the caking 
power of a coal can be estimated with a considerable 
degree of certainty from the caking power curve 
obtained at a slow rate of heating. For a quantitative 
measure of this power, either the area which the curve 
encloses within the axes of co-ordinates is suggested, 


or else the distance from the origin at which it cuts 
the x-axis, that is, the percentage of coal at which 
coherence ceases. 





‘Lavnen or a Liresoat.—The Shipyard Company, 
Limited, of Bangor, near Belfast, have recently launched 
the self-righting lifeboat Frances Maud Foy. The vessel is 
the invention of an Australian, Mr. W. C. Foy, and con- 
Sists essentially of a boat inside a second boat. When 
the outer hull is heeled over to an angle which would be 
dangerous in the case of an ordinary boat, the inner 
canoe releases itself and swings round to a level position. 
The vessel is 26 ft. long, 8 ft. 6 in. broad, and has a 
depth of 4 ft. 3 in.; she is fitted with a 10 h.p. engine 
and also carries a sail and a full complement of oars. 
-assengers to the number of 40 may be carried. After 
the launch of the lifeboat, successful trials were carried 
out in the vicinity of Bangor. 





_* Fuel Research: Physical and Chemical Survzy of the 
National Coal Resources, No. 8. H.M. Stationery Office. 
8. net, 














COMBINED CUFF AND MUSHROOM 
VALVE FOR INTERNAL - COMBUS- 
TION ENGINES. 


Many successful stationary engines have been 
designed to run on paraffin, but except during the war 
period, this fuel has found very little favour for use on 
motor vehicles. It is essential that the fuel should be 
maintained in a volatilised condition until it enters the 
cylinder, as otherwise liquid paraffin will work past 
the piston rings and dilute the lubricating oil in the 
crank-case to a dangerous extent. This condition is 
by no means easy to fulfil if considerable flexibility is 
required, as in the case of an engine for a car or cycle, 
but it is claimed that the arrangement of valves illus- 
trated in the annexed figure leads to the required result. 
The gear illustrated has been designed by Mr. M. Schulp 
17, Ingestre-street, Stafford, and we are informed that 
it has been applied successfully to both a stationary and 
a motor-cycle engine. In the former case, the engine 
has been in use for seven years, during the whole of 
which time it has worked satisfactorily, and the wear 
on the cuff valve has not been noticeable. 
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As will be clear from the illustration, the design 
embodies an ordinary overhead mushroom valve 
surrounded by a cuff valve. The two annular spaces 
surrounding the latter constitute the ports, the upper 
being the inlet, and the lower the exhaust port. As 
shown in the figure, the inlet port is open, and it may be 
assumed that the piston is drawing in the charge. On 
the completion of the induction stroke, the mushroom 
valve is closed, and both valves remain stationary until 
the firing stroke. During this stroke, the cuff valve is 
lifted slowly to uncover the exhaust port, while the 
mushroom valve remains in position. At the point of 
release, the mushroom valve is opened and exhaust 
occurs, after which the cuff valve is dropped sharply 
to uncover the induction ports. A single spring 
serves for both valves, the cuff valve being ope- 
rated by the lower of the two levers, which is 
forked and bears on two projections on the hollow 
valve spindle. 

The special valve arrangement described is used in 
conjunction with an ordinary carburettor, and the 
engine is started up on petrol. After changing over on 
to paraffin, condensation is prevented by the fact that 
the charge passes through the interior of the cuff valve 
and round the head of the mushroom valve, both of 
which will be heated up by the exhaust gases. Incident- 
ally, the cooling action of the new charge on the two 
valves tends to prevent them attaining an excessive 
temperature. The general arrangement of the gear 
permits of the use of a mushroom valve of large 
diameter, and as this can be placed centrally in the 
head of the cylinder, a symmetrical casting is 
practicable. As a final point, a detachable head is 
hardly necessary, as the two valves with their 
seatings can be removed as one unit, leaving an 
opening of sufficient size to decarbonise the com- 
bustion space. 








BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 1882 
and 1890, preliminary inquiries have recently been 
conducted by Board of Trade officials into a number 
ofexplosions. Of some of these we give brief summaries 

low :— 

Rupture of Winch Pipe on Board a Steam Trawler.— 
An inquiry held recently dealt with the bursting of a 
wrought-iron winch steam pipe on board the steam 
trawler T.R. 26, while the vessel was in Inverness Dock. 
The vessel was built in 1917, but was laid up near 
Inverness from 1920 until August, 1926, when it was 
taken over by a Grimsby fishery company. The 
mishap occurred on August 28, 1926, soon after steam 
had been turned on to the pipe prior to the departure 
of the vessel. The pipe was split along a length of 
about 5 in., thus allowing steam to escape into the 
bunker. The original thickness of the pipe was , in. ; 
corrosion had, however, reduced this to a maximum 
thickness of #4 in. Failure was, therefore, inevitable. 

Explosion from the Boiler of a Steam Drifter.—A 
mishap, which occurred on August 29, 1926, on board 
the steam drifter Jburn, while the vessel was on the 
fishing grounds in the North Sea, was investigated 
recently. A stopper rod fitted to a defective tube of 
the boiler, which was of the marine multitubular 
type, broke when one of the nuts was being tightened 
in order to counteract a slight leak from the washer. 
The rod has been in position for five days; it was 
violently blown into the engine-room permitting 
the leakage from the defective tube to start afresh. 
The broken rod was 1} in. in diameter, and was of 
good quality iron; it had, however, been weakened 
by an initial partial fracture covering about a quarter 
of the sectional area, This flaw was located in the 
screwed portion of the rod, and had escaped detection. 

Explosion of a Steam-heated Cast-iron Plate.—The 
rupture of a steam-heated, cast-iron, drying plate in 
the electro-plating room of a Manchester factory, 
formed the subject of a recent inquiry. The vessel 
consisted of a rectangular, hollow, cast-iron plate 
3 ft. 8 in. in length, 2 ft. in breadth, and 3 in. in depth. 
The two flat surfaces, which were less than }-in. 
thick, were supported by 15 cast-iron stays. Inlet 
steam, at 1101b. per square inch pressure, was regulated 
by means of a screw-down valve, and a lever safety- 
valve, which lifted at 7 lb. per square inch pressure, 
was fitted to the plate near the outlet end. A violent 
explosion occured on September 9, 1926, shortly after 
steam had been admitted to the plate. The vessel was 
fractured into a number of pieces, several of which 
were projected a distance of 10 ft. The varying 
pressures and temperatures, to which the vessel had 
been subjected throughout a period extending over at 
least 20 years, had produced fatigue in the material 
around the edges, causing it to fail ultimately, under 
the usual working conditions. Many of the stays cast 
solid with the body were found to be broken, and in 
some cases the fractures had been of long standing. 
A repeated and regular water-hammer action inside the 
plate was also a contributory cause of its failure. 

Explosion from a Stop-valve Chest on Board S.S. 
‘* Tudorstar.’’—An inquiry held recently had reference 
to an explosion from the intermediate stop-valve chest 
on the main engines of the S.S. Tudorstar, which 
accident occurred on March 23, 1926, when the vessel 
was at Campana, while steam was being admitted 
to warm the main engines up prior to leaving the berth. 
The chest which failed was made of cast iron, and 
consisted of a combined throttle and stop-valve, 
the fulcrum of the lever operating the valve being 
cast on the cover. The explosion was not of a very 
violent nature. The valve chest failed along the top 
of the casting, which formed the stuffing box, and 
the cover fractured in two places. No part of the 
casting was entirely displaced, but a considerable 
amount of steam and water escaped into the engine 
room. The vessel was built in 1899, and the original 
arrangement of steam pipes was altered in 1913 to 
permit of the use of superheated steam. In 1920, 
this was discontinued, and a fresh connection made in 
order to revert to the use of saturated steam. This 
connection permitted of an accumulation of water in 
the pipe lines, and no provision was made for draining 
the system. Water-hammer actions could, therefore, 
be set up when the stop valves were opened, and, in 
this instance, it resulted in the chest being fractured. 
Proper provision for draining the pipes has now been 
made, and no further trouble should arise. 








Tria Trip oF THE §.S. “ ANGLO-AUSTRALIAN.”’— 
Successful sea trials were carried out on Wednesday, 
May 4, of the 8.8. Anglo-Australian, during which an 
average speed of 12 knots was attained. A description 
of the vessel, which has been built by Messrs. Short 
Brothers, Limited, of Pallion, Sunderland, to the order 
of Messrs. Lowther Latta and Company, Limited, for 
the Nitrate Producers’ Steamship Company, Limited, 
of London, will be found on page 365 ante, written on 
the occasion of her launch. 
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‘* ENGINEERING’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 
rllustrated, 

Where inventions are communic ited from abroad, the Names, §c., 
of the communicators are given in italtes. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification ts, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “ Sealed ”’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
ive notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


262,167. F. Ryder, Manchester, and Pluperfect 
Refrigeration Company, Limited, Manchester. 
Air and Gas Compressor Valves. (4 Figs.) August 
22, 1925.—The invention relates to valves for air and 
gas compressors. According to the invention, a series of 
axially disposed through passage-ways is provided in the 
cylinder head, and each passage-way is fitted with a ball 
valve adapted to close a seating located near the in- 
side face of the cylinder head, so that when the valve 
is closed at the end of the compression stroke, practically 
the whole of the passage-way is cut off from the interior 
of the cylinder. A is the cylinder, B the cylinder head 
forming with a cover 61 a valve box, which is elastically 
held in place by a spring C. The cylinder head is fitted 
with a series of axial passage-ways, each provided with a 
valve seating located at the end of the passageway 














(262, /67) 


nearest the inner facing of the cylinder head, this seating 
being controlled by a ball valve usually fitted with a 
spring and a stop to limit its axial movement. The 
passage-ways are formed in a series of screwed sleeves 
el, each of which fits a screwed hole formed in the 
cylinder head B, the holes being circularly arranged. A 
seating e? is formed at the lower end of the screwed 
sleeve. Each seating is adapted to.be closed by a ball F. 
The sleeve is provided with a locating shoulder e3 and its 
upper end is internally screwed in order to take a stop 
G, the lower end of which limits the upward movement of 
the ball. A spring H is fitted, carrying a pressure plate 
hi, which bears against the ball F and presses the latter 
on to its seat. The sleeve is provided with a series of 
ports e5, through which, when the valve is opened, the 
gas passes into the valve box, whence it passes to the 
delivery pipe. (Accepted December 15, 1926.) 

262,884. A.M.A.C., Limited, Perry Barr, Bir- 
mingham, E. Sanderson, Perry Barr, Birming- 
ham, and W. N. G. Phillips, Perry Barr, 
Birmingham. Carburettors. (1 Fig.) June 16, 
1926.—The invention relates to carburettors of the kind 
having in the main air passage a restriction (such as a 
choke tube) whose cross-sectional area is unaffected by the 
movements of the throttle, the fuel nozzle opening into a 





branch passage which delivers mixture into the restric- 
tion, and draws all its air from the main air passage 
through an opening on the inlet side of the restriction. 
According to the invention, in a carburettor of the kind 
referred to, the fuel nozzle 5 penetrates the bottom of a 
cup 4, which projects into the restricted portion of the 
main air passage, and the branch air passage 7 enters the 
cup 4 above the nozzle 5. (Accepted December 12, 1926.) 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 
262,875. R. Price, Putney, London. Machine 


has for its object to provide a machine for hack sawing, 
key-way cutting and allied purposes in which the position, 
direction and depth of cut can be pre-arranged and the 
machine left to complete the operation with practically 
no attention. According to the invention, a machine is 
provided in which a reciprocating saw-holder 5 adapted to 
operate horizontally or at any desired position of angu- 
larity and having means to terminate the cut auto- 
matically at a predetermined depth, is capable of being 
traversed with its operating mechanism across the 
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machine for the purpose of bringing the saw into vertical 
alignment with the position in the work at which a cut is 
required. In the preferred form of construction, the 
machine comprises in combination with a tool-holder 5 
mounted for adjustment in the manner described, a 
work holder or table 2, capable of rotation and longi- 
tudinal adjustment on an axis parallel to the plane of 
reciprocation of the tool, thus enabling cuts to be made 
at various angles in various parts of the work. Adjust- 
ment of the direction of the cut in relation to the longitudi- 
nal axis of the work may be obtained by adjustment of the 
work about the vertical axis. (Sealed.) 


MOTOR ROAD VEHICLES. 


262,236. Dennis Brothers, Limited, Guildford, 
and C. R. Charles, Guildford. Brakes. (3 Figs.) 
November 4, 1925.—The invention relates to brakes for 
motor road vehicles of the internal-expanding type. 
According to this invention, the brake embodies a pair 
of drums side by side, each having a radial flange, the 
flanges lying side by side and being independently 
attached to a rotating carrier which overhangs one of 
the brake drums. The two brake drums 3 and 4 are 
provided at their adjacent edges with radial flanges 
5 and 6 respectively, spaced apart from one another, 
and the carrier 7 extending from the wheel hub 8, is 
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(262, 236.) 


formed with a flanged portion 9 to lie alongside the flange 
on one of the drums. The two brake drums are secured 
to the carrier in the following manner. The carrier 7 is 
in the form of a spider, and to its flange 9 the adjacent 
drum flange 6 is clamped directly by bolts 11 (Fig. 3), the 
nuts for which are accommodated in recesses in the 
flange 5 of the companiondrum 3. The flange 5 on the drum 
3 is spaced away from the carrier flange 9 and from the 
flange 6 on the adjacent drum 4, by shouldered pillars 14 
(Fig. 2) which are located in and extend through recesses 
in the adjacent drum flange 6. The drum flange 5 is 
then clamped in position by bolts 16 passing through 
the shouldered spacing pillars 14. (Accepted December 15, 
1926.) 
STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


262,944. H. Towers, Wavertree, Liverpool, and 
J. Forster, Warrington. Furnace Bridges. (2 F273.) 
December 18, 1925.—The invention relates to furnace 





Tool. (5 Figs.) September 21, 1925.—The invention 








a hollow baffle 1, comprising a dished front plate 9 
of semi-circular or arched form and a perforated back 
plate 8 secured to the back thereof, is mounted on a 
perforated bottom plate 2, supported on the masonry 3 
of the fire bridge. A recess is provided in the top of 
the masonry 3 of the bridge below the perforated portion 
of the bottom plate 2. This recess communicates with 
an opening 6, which is left in the front of the masonry 
of the fire bridge, to allow the access of air to the under 


























side of the perforated part of the bottom plate. The 
hollow baffle is constructed and arranged so that it 
reaches close up to the top of the furnace barrel 4, leaving 
only a narrow space between the two at the top, but 
a wider space towards the sides of the tube. This has 
the effect of deflecting the flames and hot gases passing 
over the bridge towards the sides of the furnace tube, 
thus ensuring a more even distribution of the heat 
over the bridge, and a better heating of the water at 
the sides of the furnace. (Accepted December 30, 1926.) 


MISCELLANEOUS. 


262,252. Ransomes and Rapier, Limited, Ipswich 
and P. D. Ionides, Ipswich. Concrete Mixing 
Machines. (5 Figs.) November 23, 1925.—The inven- 
tion relates to apparatus for charging concrete mixing 
machines of the kind in which the concrete is mixed in 
batches. Acéording to the invention, the filling skip or 
hopper is normally independent of the machine, but so 
constructed that it can co-operate with the main mixing 
apparatus, so as to discharge its contents into the 
mixing drum, only during the period that such dis- 
charging operation takes place. Each skip comprises 
a normally horizontal tray A and a chute A! inclined 
upwards. Extending laterally across the forward end 
of the chute Al, but beneath the chute is a bar B, the 
ends of which carry members B}, constituting trunnions 
adapted to engage with suitable jaws such as those shown 
at C in Fig. 3, on aconcrete mixing apparatus D mounted 
on the jib D1 of a crane and having a rotary mixing drum 
E. The tray A is provided with a tank F, having a 
discharge pipe Fl extending along the chute A! to a 
point adjacent to the discharge end,{so that as the skip 








(262, 2528.) —— 


is tilted to discharge its contents into the mixing drum, 
the correct amount of water is also automatically dis- 
charged. The rear end of the tray A of the skip is 
provided with a ring G, to which a lifting rope H may be 
attached for the purpose of tipping the skip when it is 
to be discharged. In operation the device may be used 
in the following manner :—After the skip has been filled 
the trunnions B! are brought into engagement with the 
jaws C (for example, by the crane D1 being moved up to 
the skip), whereupon the lifting rope H is hooked on to 
the ring G, so that the apparatus occupies the position 
shown in full lines in Fig. 3. If now the lifting rope H 
is wound in, the rear end of the skip is raised until the 
skip occupies the position shown in dotted lines in Fig. 3, 
thus discharging the contents of the skip and also the 
correct quantity of water from the tank F, where such 1s 
provided, into the mixing drum E. After the skip has 
been lowered, it can be disconnected from the jaws 

and the mixing drum can then be moved to the position 
in which the concrete is to be discharged therefrom, after 
which the concrete mixer can be brought into engagement 
with another loaded skip. (Accepted December 15, 1926.) 





bridges of steam generators. According to the invention 
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THE COAL-TREATMENT LABORA- 
TORY; BIRMINGHAM UNIVERSITY. 


ENGINEERS may justifiably congratulate them- 
selves on the fact that during recent years they 
have considerably reduced the amount of fuel it 
is necessary to consume, in order to generate 1 h.p. 
Widespread researches have enabled economies to 
be made, both in the boiler-house and in the turbine- 
room, the results of which are directly reproducible 
in technical statistics and indirectly in the balance 
sheets. To take one example, Mr. Thomas Roles, 
in his recent paper before the Incorporated Muni- 
cipal Electrical Association,* showed that the 
amount of water evaporated per square foot of 
heating surface per hour had increased from three 
in 1900 to twelve in the present year. Finality, 
however, has not yet been reached, and boilers are 
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preparation of coal for the market is therefore 
likely to become an increasingly important branch 
of mining practice. This preparation will include all 
the operations, such as grading, cleaning and classi- 
fication, for rendering the raw product as suitable 
as possible for the purpose for which it is intended 
to use it. Though there is, perhaps, some general 
lack of appreciation, both among coal getters and 
coal users of the importance of these matters, we 
are glad to say that that attitude is not universal. 
As a proof of this we may instance the contribution 
of 10,0007. by the Central Committee of the Miners’ 
Welfare Fund to the erection and equipment of a 
coal treatment laboratory at the University of 
Birmingham, and the generosity of the manufac- 
turers of the plant installed in the laboratory 
in bearing a proportion of its cost. The laboratory 


itself is under the direction of Professor K. Neville 
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now being built, in which the amount of water 
evaporated will be as high as 69 lb. per hour per 
square foot. That so high a degree of success has 
been reached is a tribute to the work of the boiler 
designers, but to attain it demands that unremitting 
care be paid to the details of the combustion pro- 
cesses and, especially, that every effort be made to 
obtain coal of as high a quality as possible. As 
is well known, coal as it comes from the mine is 
essentially a raw material. It contains a greater 
or less proportion of dirt, whose thermal value, 
apart from other disadvantages, is negligible. 
Even when the dirt is removed, the suitability of 
& particular grade for the work we have just 
mentioned is a matter for investigation, and, of 
course, is different for the various grades. This is 
8o generally recognised that it is not surprising to 
find consumers showing a growing tendency to 
purchase fuel on the results of analyses and object- 
ing, not unnaturally, to paying for the carriage of 
useless, and even harmful, waste matter. The 





*See page 668, ante. 





Moss, O.B.E. (the head of the Mining Department 
in the University), who was responsible for its 
design and erection. His research assistant, who 
is more immediately in charge of the equipment 
we are about to describe, is Mr. A. N. Harrison 
Slade. We are indebted to both these gentlemen 
for the facilities accorded to us in the preparation 
of this description. It will be convenient first to 
give an indication of the work it is proposed to do 
in the laboratory, then to deal with its general 
arrangement, and finally to describe the equip- 
ment, which is installed in it. It may be added 
that the laboratory is to be visited by members 
of the Institution of Mechanical Engineers during 
the summer meeting in Birmingham next week. 

As regards the work, it is proposed to do, a 
scheme was presented in considerable detail by 
Professor Moss, in a paper which he read a short 
time ago before the Institution of Mining Engineers.* 
In this communication he called attention to the 





* Transactions of the Institution of Mining Engineers, 
vol. lxx, page 178. 


necessity of bearing in mind that the primary 
objects in view in deciding on the equipment of the 
laboratory were the technical training of students, 
and the widening of opportunities for research. 
To begin with, the relative claims of a series of 
problems for treatment were considered. These 
included carbonisation, gasification, liquefaction, 
coal-screening and washing, briquetting, pulverisa- 
tion and colloidalising with oil. Some of these 
were ruled out, either because work on them was 
being done elsewehere, the cost of the equipment 
was excessive, or the chance of obtaining com- 
mercial results was too remote. Finally, it was 
decided to restrict the scope of the treatment to 
screening, cleaning and washing processes, and to 
briquetting, pulverising, and colloidalising with 
oil. Up till the present, plant for the last of these 








purposes has not been installed; the remainder, 
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as the details we give below show, are being investi- 
gated with satisfactory results. In fact, a wide 
range of important experimental work is being 
performed on a subject, which is both of scientific 
interest and practical value. 

A general idea of the method of carrying out the 
work will be facilitated by reference to the plan of 
the laboratory given in Fig. 1, which shows the 
lay out of the plant, and Fig. 2, which indicates 
the direction of flow of the various classes of fuel. 
The coal, which is all under 2} in. when received, is 
first placed in a concrete hopper with a capacity of 
10 tons, in an excavation under the screen building. 
From here samples can be withdrawn for analysis 
in the laboratory and sampling rooms, which form 
an annexe to the main building. Coal for treat- 
ment is taken by way of a vertical elevator to 
screens, which separate it into seven sizes and 
deposit it in the appropriate bunkers, each of which 
has a capacity of 2 tons. The contents of these 
bunkers can be withdrawn on to a 12-in. belt 
conveyor, which runs along one side of the building. 
This conveyor, as shown on the diagram, feeds a 
Baum washer, a pneumatic separator, a briquetting 








machine and the pulverising plant. A roof con- 
veyor, for supplying a Draper washer, the Baum 
washer, and a concentrating table, is also provided. 
Coal between 2 in. and # in. in size will be treated 
in the Baum washer and then delivered by a drag- 
link conveyor to storage bins. Screenings below 
% in. will be cleaned by the wet process, either in 
the Draper washer or on the H.H. concentrator 
table, or will be submitted to dry treatment in either 
the pneumatic plant or a spiral separator. The 
exact processes to which coal of the various sizes 
will be subjected, is clearly indicated in Fig. 2. 
It will be noticed that after the separating and 
cleaning processes have been completed, the coal 
passes either to the briquetting plant or the pul- 
verised fuel equipnent. After treatment in the 
latter it will be either fed into a boiler or con- 
verted into colloidal fuel, when the plant for the 
latter purpose is installed. The Jay-out is such that 
the fuel follows an ordered progress through the 
different classes of equipment. This well devised 
scheme has enabled a considerable amount of 
plant to be concentrated in a. comparatively 
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small space and has thus added to the efficiency 
of the operations. After this brief description 
of the objects of the laboratory and the methods, 
by which it is proposed to attain them, we may pass 
to details of the various parts of the equipment 
illustrated on this and the following pages, and on 
Plates XL to XLIII, with our issue of this week. 

The screening and disintegrating plant is housed 
in a separate building, as shown in Fig. 1, and is 
supplied by means of the coal handling equipment, 
shown intheannexed drawings, Figs.3and4. Aswill 
be seen, this comprises a hopper, which can be fed 
from the roadway level, whence the coal to be tested 
passes through an automatic feeder on to a vertical 
elevator. This delivers it on to a Hum-mer screen- 
ing plant, either direct or through a disintegrator. 
The latter reduces the sizes of the coal, so that 
intergrown material can be subsequently eliminated. 
The Hum-mer screen has a double screening surface, 
one mesh being superimposed above the other, as 
described on page 690 of our issue of December 3, 
1926. Seven sizes of coal are required for test 
purposes and, as the vibratory screen has two 
interchangeable screening surfaces, two products 
and one undersize are produced at each pass. It is 
therefore necessary to submit the coal to three 
distinct operations, changing the mesh each time. 
In the first pass 3 in. and } in. mesh cloths are used, 
the oversize from each being delivered to their 
respective storage bunkers underneath. For the 
next pass 4 in. and y in. meshes are substituted 
and finally a mesh cloth having %-in holes is used. 
At each pass the oversize from each surface is 
delivered to a separate bunker beneath the screen 
house, while the undersize is passed to a return 
chute communicating with the elevator, which 
raises it for re-screening, after the screening sur- 
faces have been changed. 

The Hum-mer screen itself is of the vibratory 
pattern, with the vibrator directly above the screen- 
ing surface, but not in contact with the material. 
The vibrator is enclosed in a dust-proof housing 
and consists of a solenoid which is operated by a 
15-cycle current. Each vibration is ended by 
the sieve being brought to a sudden stop by the 
striking plates, thus developing a jar, which is 
most effective in forcing the material through the 
screen cloth, every square inch of which is vibrated 
at the rate of about 1,800 times per minute. Great 
care is taken to keep the wire mesh cloth under 
sufficient tension. This tension can be easily adjusted 
for the different meshes. The vibrator was sup- 
plied by Messrs. International Combustion, Limited. 

The washing plant for the coarse coal is of the 
British Baum type and was supplied by Messrs. 
Simon-Carves, Limited, of Manchester. Views of 
this equipment are given in Fig. 11, Plate XL, and 
Fig. 13, Plate XLII, and its details together with 
those of the elevating plant and bunkers, which 
are complementary to it, will be clear from 
Figs. 5 and 10, Plate XL. The unit consists of 
a feeding elevator, which raises the coal from the 
yard level and tips it into the washer box. The 
latter is of the standard type and has a capacity 
of from 5 to 7 tons per hour. The washer consists 
essentially of a box of the pneumatic pulsation 
type, de-watering sieves, which grade the product 
into nuts, slack and slurry, and circulating pump 
and a settling tank for the used water. 

The operation of the box is as follows. Com- 
pressed air enters through air valves and passes 
to an air chamber, whilst the piston is over the 
valve ports. When the piston is at the opposite 
end of its stroke, the ports are open and the air can 
pass direct to the atmosphere. This constant 
operation of the valve gives the water in the washing 
chamber the necessary pulsating motion. The 
raw coal, after entering the washing chambers, 
is deposited on the bed in the first sections of the 
box. The heavy dirt, collecting on the bed, is 
removed continuously through a gate and passes 
down a chute into elevator buckets. Coal containing 
middles or lighter dirt overflows into the second 
part of the washer box, this dirt being removed in 
a similar way. The finest dirt, which collects on 
the final beds, passes through perforations to the 
bottom of the box, whence it is removed by worm 
conveyors. The washed coal from the second 
compartment overflows through an outlet and 


passes to the bunkers. Intergrown material can be 
extracted separately and collected in a dirt elevator, 
from which it can, if necessary, be passed through 
a breaker and after disintegration be returned to the 
washer box for further treatment. The washing 
water after passing the outlet, can be extracted 
at the screens and collected in the conical settling 
tank, Fig. 7, Plate XL, where the slurry settles out. 
The water, after cleaning, is run back into the wash 
boxes. Only one circulating pump is required for 
the whole installation, and this is made of ample 
size to prevent choking. The washed coal is separ- 
ated into nuts, fines and slurry on the classifying 
screens. These discharge into the large coal bunker, 
and the smalls, or fine coal, which is to be de- 
watered on the sieves, is discharged into the fine 
coal bunker. A drag-link conveyor removes the 
washed product into three other bunkers at yard 
level, for convenience in handling. The water drain- 
ing from the sieves flows into the sump, from which 
it is lifted by the centrifugal pump to the settling 
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in a tank, from which it is pumped by a centrifugal 
pump and delivered to an overhead cistern. This 
cistern is arranged to provide a constant head of 
water above the separators. 

As regards the separator itself, the unwashed coal 
is fed into the head, the actual washer comprising 
a cast-iron vertical tube (Fig. 21) with removable 
washing cones, each of which is designed to treat 
a definite-sized product. The water enters near 
the centre of the tube, and its flow can be con- 
trolled very exactly by a special form of inlet cock 
A, which is graduated in gallons per second and 
constructed to give equal increments of flow for 
each division of the graduations. This regulation 
is essential to enable the apparatus to treat different 
classes of coal, and to ensure that the degree of 
separation for each class shall be adjusted to a 
nicety. The actual velocity is regulated to a speed, 
which is sufficient to convey the coal particles over 
the sill B, and at the same time to allow the heavier 





particles of shale to fall to the bottom. The shale 






















































































tank, which is 8 ft. in diameter. A clarification 
curtain is fitted in the tank to assist the settling of 
the slurry, which is again passed to the slurry de- 
watering sieve. This washery can deal with coal 
from 2 in. downwards. 

The other washer is of the Draper type,* and was 
supplied by Messrs. Sheppard and Sons, Limited, 
of Bridgend. An illustration of this is given in 
Fig. 22, page 756. This particular plant is a one-unit 
separator with a capacity of 5 tons per hour for coal 
between 24 and 2 in., and of from 2 tons to ? ton for 
sizes between % in. and yy in. A feed elevator 
raises the unwashed coal to a chute, whence it is 
delivered to the top of a separator. The coal to be 
treated is first screened into sizes suitable for 
washing, each size being washed separately. An 
upward current of water is regulated by a valve, so 
that the lighter particles, that is, the coal, are carried 
across the outlet on to the draining screen, and the 
heavier particles, namely, the shale, fall to the bottom 
of the separator and are discharged through a valve. 
The refuse elevator raises the refuse above the water 
level in the separator and discharges it into the 
tram. The washed coal passes over the draining 
screen to a point outside the building. The water 
percolates through the screen mesh and is collected 








* See ENGINEERING, vol. cxiii., page 684. 
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is discharged from the separator through the star 
valve D, is collected in the worm conveyor C, and 
finally discharged above the water level in the 
separators by the refuse elevator. A sampling valve 
E is provided, so that a sample of the refuse may be 
taken, while the plant is in operation, and this, in 
combination with the regulating valve gives, it is 
claimed, complete control over the washing process. 
A balance pipe is provided to act as an air balance 
in the event of a choke taking place in the washing 
tube. 

A description may next be given of the H.H. 
universal concentrator table which was supplied 
by Messrs. Hugh Wood and Company, Limited, 
of Newcastle-upon-Tyne. This is of a type simi- 
lar to that installed in many collieries as will 
be seen-from the illustration, Fig. 23. A special 
feature of its design is that it can clean small 
coal of sizes under # in. The tables employed 
have a riffled surface and the mixed raw coal, and 
water is fed on to them at one corner at the back, 
the table being meanwhile jigged at the rate of 
about 240 per min. ‘The dirt is retained by the 
riffles and carried by the movement of the table to 
one end, while the coal is floated over the rifiles 
and discharged along the front edge of the table. 
As the material travels down the incline, therefore, 
a density separation takes place, the coal arriving 4 
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the front edge in well-defined bands, which can 


easily be separated into collecting drainage troughs. 
These are arranged in separate units, so that the 
deliveries from each particular part of the table can 
be sampled and tested independently of each 
other. 

The drive is very simple, being effected by an 
unbalanced weighted pulley running on a fixed 
shaft. This shaft is rigid with the table top, and 
the latter is supported by, and jigs on, spring legs, 
which are made of strips of hickory. The jigging 
motion is assisted in one direction by adjustable 
coiled springs, and retarded in the other direc- 
tion. The assisted stroke is abruptly terminated 
by a bumping post, which ensures the constant 
movement of the material in the riffles and along the 
table. The stroke can be adjusted, as necessary, by 
altering the tension of the springs. Water is fed 
onto the table at three points, with the coal at the 
feed end, in the middle and at the dirt end. The table 
will deal with a maximum of 9 tons per hour. 

Since the view, reproduced in Fig. 23, was 
taken, a gangway has been’ installed over the 
feed end of the table, in order to facilitate the 
feeding of the coal into the mixing box. The 
object of the latter is to enable coals, which do not 
easily mix with water, to be treated. This mixer 
simply consists of a set of revolving paddles which 
churn up the mixture of coal and water before it is 
fed on to the table. The table will be provided 
with a dewatering trough divided into two adjust- 
able portions used for the reception of the cleaned 
coal and water. A similar dewatering trough is 
also being provided at the dirt end. The separa- 
tion of the- various classes of material is very 
thorough, a factor which is of considerable import- 
ance in the special conditions under which this 
machine is being used. The arrangement is that 
the lightest coal comes off the table immediately 
opposite the feed and is delivered into one trough, 
the other trough being filled with the heavier coal 
according to weight. In this way it is possible to ob- 
tain a separate collection of intermediate grades, so 
that material with, say, an ash content of 20 to 30 
per cent. is neither associated with the better coal, 
nor with the dirt. The slope of the table, which 
must be varied in accordance with the particu- 
lar size of coal under treatment, can be altered 
by a wedge bar, which is operated by a hand 
wheel and screw. The table and mixing box are 
driven from a countershaft, which in turn is operated 
by a 2 h.p. motor. 

Two other types of separator are installed in the 
laboratory. The first of these is illustrated in Fig. 14, 
Plate XLII, and is of the Birtley pneumatic type. 
It was supplied by the Birtley Iron Company, of 
Birtley, Co. Durham, and comprises a feed elevator, 
separator tables, and dust extraction plant. The 
table consists of an inclined deck, which is 
perforated with holes and provided with riffles. It 
is subjected to an oscillatory movement with a 
slight upward cast towards the end of the forward 
stroke. The raw coal is delivered to the back 
left-hand corner of the deck, and is immediately 
stratified by the combined action of the jig motion 
and a carefully regulated air blast, which is forced 
through the perforations by a fan. The result of 
this operation is that the coal is carried over the 
rifles and is discharged from the left front of the 
table, while the refuse is carried to the extreme end 
of the riffles. An intermediate product is collected 
and returned to the feed for re-treatment. ‘This 
circulation of the middlings is adopted to avoid con- 
stant adjustment of the cutter plates.. The stream 
of refuse naturally varies in width according to 
the quality of the coal treated and, if the middling 
product were not re-circulated, the cutter plate 
Separating the coal from the refuse would need 

uent adjustment. The table is built so that 
one deck can be taken out and another substituted, 
according to the size of material under treatment. 
In addition, the quantity of air can be regulated, and 
the elevation can also be adjusted laterally and longi- 
tudinally. The whole plant is enclosed in a dust- 
Proof casing, to which dust extraction equipment 
8 fitted, the air being filtered through a number 
of fabric bags before being discharged to the 
stmosphere. Dust deposited on the inner surfaces 
of the bags falls into a sealed hopper. The bag 








filter consists of 63 bags, 6 in. in diameter and 6 ft. 
long, having a total filtering area of 462 sq. ft. 
The fan supplying air to the separator has a 
maximum capacity of 3,000 cub. ft. per min., at 
34 in. water gauge. The elevator, fan and separator 
are driven by a 10-h.p. three-phase, 220-volt, 
30-cycle motor. 

The third type of separator is on the spiral prin- 
ciple, and is now in course of construction. It is 
being supplied by Messrs. Hugh Wood and Com- 
pany, Limited. Its special feature is that the 
effective widths and frictional resistance of the 
separating threads of the spiral can be altered by 
throwing wing pieces, at the edge of the threads, 
in and out, by hand, to correspond with the 
various types of coal dealt with. The machine 
consists of a ventral post round which is a series 
of spiral chutes. The bulk coal slides down these 
chutes and maintains a fixed path, so long as the 
friction. of the coal on the separating thread is 
balanced by the centrifugal force. As the velocity 
increases however, the centrifugal forces tend to 
overcome the friction, and the coal is sooner or 
later carried over to the edge of the spiral and falls 
into the flanged coal thread, while the stone, 
having a higher coefficient of friction, remains on 
the separating threads and is delivered separately 
at the bottom. The machine thus works by 
gravity, the only power required being that neces- 
sary to elevate the coal to the top of the separator, 
and to operate whatever belts it is necessary to 
instal to remove the products. Such separators 
will deal with from 7 to 8 tons of coal per hour 
if sized above 1 in., and rather less for smaller 
sizes. They will deal with coal from 4 in. to 2 in. 
in size. <A description of this type of separator 
was given in ENGINEERING, vol. cxiii, page 359. 

The coal dealt with in laboratory, after under- 
going one or more of the treatments which we have 
just described, is either passed to the pulverising 
plant or to the briquetting machine. The latter is 
designed to produce rectangular briquettes from 
coal of } in. and downwards, and is illustrated in 
Figs. 24 to 26, page 757. This briquetting machine, 
which was manufactured by Messrs. Yeadon, Son and 
Company, of Leeds, was specially designed to meet 
the particular requirements of the Coal Treatment 
Laboratory. Any quantity of material from 2 cwt. 
up to several tons can be dealt with, and it will be 
employed both with various classes of coal and 
different types of binder. The coal and binding 
material are intimately mixed on a concrete floor, 
whence they are loaded into a small elevator. 
This elevator discharges into a vertical heater, 
where steam is passed through the mixture to soften 
the binder, and the semi-plastic material is then fed 
to the press. The steam enters the heater through a 
set of nozzles, temperature control being maintained 
by the aid of a pyrometer. An essential feature of 
the briquetting machine proper is the horizontal 
mould plate, which is fitted with six renewable 
moulds of phosphor bronze. These moulds are 
fed by means of a special stirring plough from the 
horizontal cooling mill, which is fixed between 
the vertical heater and the machine itself. The 
mould plate is rotated one-sixth of a revolution at 
a time. The rams of the press are worked by a 
long crank-operated lever, clearly visible in Figs. 24 
and 26, and the pressures actually imposed on 
the briquettes can be varied up to a maximum of 
2 tons per square inch by a suitable adjustment of 
the connecting rod to the compressing lever on the 
machine. This enables coherence tests to be per- 
formed, and the best pressures for any sample of raw 
material to be ascertained. The pressure employed 
is indicated ona gauge. The output of the machine 
is 1 ton per hour, and the plant is driven by a 15-h.p. 
electric motor. The briquettes thus produced 
measure 4 in. by 4 in. by 3 in., and are automatically 
pushed from the machine on to a belt conveyor, 
where they are cooled down sufficiently to allow 
them to be stacked. 

The alternative method of dealing with the 
fuel is in the pulverised fuel plant and boiler, 
the general layout of which will be clear from 
the illustrations reproduced as Fig. 12, Plate XLI, 
and Figs. 16 to 18, Plate XLIII). The coal, which 
is to be used in this plant, is delivered into the 
hod of a bucket elevator at the yard level, and 





thence passes into a hopper, which is placed imme- 
diately above a Randolph coal drier. This drier 
is of standard pattern, and is heated by the waste 
heat gases from the boiler, which are forced through 
it by a fan. A series of baffles is employed to 
split the coal up into several streams, so that 
thorough drying is assured. After passing through 
the drier, the waste heat gases are again introduced 
into the flue and drawn by a Sirocco induced 
draught fan into the chimney. Any fine coal or 
other solid matter, which may have been carried 
over, is trapped in an easily-accessible grit collector 
box outside the boiler-house. This drier will reduce 
the moisture content in the coal from 18 per cent. 
to 5 per cent. or less. 

The coal from the drier passes down a chute into 
the mill. The flow through this chute can be 
controlled by a hand-operated shutter, and it also 
contains a cascader three-step electro-magnetic 
separator, so that any tramp iron is prevented 
from entering the mill. The mill itself is of 
the Fuller-Lehigh screen type, in which the 
degree of fineness is controlled by the mesh of 
the particular screen fitted. It is provided with 
an adjustable screw feed to regulate the supply, 
and has a capacity of $ ton per hour. As the coal 
is discharged from this feeder, it falls into the pul- 
verising zone, where it is crushed by rotating balls, 
which press against a solid stationary ring. The 
balls themselves are propelled by pushers, which 
are attached to the mill shaft. After pulverisa- 
tion, the fuel is discharged into a hopper. Thence 
a supply is given to a Fuller-Kinyon fuel pump, 
which is driven from the mill shaft. This pump 
delivers its output into a 2-in. pipe. The necessary 
air for this purpose is supplied by a Broom and Wade 
compressor. This air first passes through an adjust- 
able reducing valve to the air ring of the fuel 
pump, where it meets the powdered fuel, and tran- 
sports it in a semi-fluid form to the storage hopper. 
The air pressure can be varied to suit different 
conditions. The hopper is cone shaped, so that an 
easy flow of coal is ensured, and it has a capacity 
sufficient for an eight-hour test on the boiler 
described below. 

Immediately below this bunker is an automatic 
weighing machine, by Messrs. W. and T. Avery, 
Limited, an illustration of which is given in 
Fig. 15, Plate XLII. This machine is of the 
enclosed type, and is fitted with a counter, 
which enables the number of weighings made 
up to a million, to be automatically recorded. 
It operates on the well-known gravity principle, 
by which the power required to operate the feed 
valves is derived from.the deadweights, which are 
suspended at one end of the even-armed weigh 
beam, the weigh-hopper being supported at the 
other end of the beam. The supply of fuel is 
automatically cut off when the correct weight has 
passed to the weigh-hopper, and the machine will 
continue to operate, so long as there is a supply 
of fuel in the bin, and the feed to the combustion 
chamber is maintained. As the weighing machine 
is directly above the feeders, there are no interme- 
diate losses, and the coal consumption can therefore 
be determined very accurately. This possesses 
several advantages over the arrangement originally 
adopted, wherein the coal was weighed before being 
passed through the pump. 

Turning to the boiler, the combustion chamber is 
built with solid fire-brick walls, an air passage being 
provided in the wall at the rear of the furnace. 
Two burners are fitted; a vertical burner for low 
volatile coals, and a horizontal burner for higher 
volatile and more easily ignitable coals. Both 
burners can, however, be used simultaneously if 
desired. The screw feeders to both burners can 
deal, if necessary, with powdered fuel of high 
moisture content, and, actually, fuels containing 
8 or9 per cent. of moisture have been fired with 
satisfactory results. Both feeder screws are driven 
from one motor through independent clutches, the 
control levers for which can be operated from the 
firing floor level. Primary air is supplied by a 
Sturtevant blower, and can be regulated by a con- 
veniently placed valve, also on the firing floor level. 
Secondary air is admitted at the rear of the combus- 
tion chamber through a hollow wall, and is regulated 
by adjustable ports on either side of the boiler. 
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For lighting-up purposes a removable oil burner is 
fitted in the side of the combustion chamber, and 
is operated by a hand pump attached to an oil tank 
conveniently near the burner controls. 

The boiler, as well as the pulverising plant we 
have just been describing, was supplied by Messrs. 
Babcock and Wilcox, Limited, and has a heating 
surface of 193 sq. ft. It is of the firm’s well-known 
cross-type water-tube design, and comprises five sec- 
tions, each having four tubes 4 in. in diameter and 6 ft. 
long, the drum being 36 in. in diameter. The coal 
consumption is 180 lb. per hour. The boiler brick- 
work setting is by Messrs. Windsors, Limited, and 
a special Liptak suspended arch is fitted, so 
that the whole installation may be aptly described 
as a representative modern pulverised fuel steam 
plant, examples of which are, of course, being 
installed in increasing numbers. 

As might be expected, seeing the purpose for 
which the plant is to be used, a very complete 
system of measuring instruments has been provided, 
and close attention has been paid to the centralisa- 
tion of all controls, an arrangement which is, of 
course, often claimed as being among the leading 
advantages of pulverised fuel firing. As already 
indicated, the various parts of the plant are elec- 
trically operated, the motors for this purpose having 
been supplied by the British Thomson-Houston 
Company, Limited. The switchgear and starters 
for all these motors are systematically arranged on 
the floor level in close proximity to the other 
controls. The instrument board is fixed alongside 
these control panels and carries the following 
instruments :—A pyrometer by the Foster Instru- 
ment Company, of Letchworth, for measuring the 
inlet temperature to the drier, as well as the feed 
water and flue gas temperatures ; a Kent steam flow 
recorder; a draught gauge, supplied by Messrs. 
Alexander Wright; and a duplex mono-recorder, 
which indicates both the combustible gases and the 
CO, percentage. There is also a Kent water meter 
for metering the feed water, an optical pyrometer 
for reading the furnace temperature, and a water 
gauge for measuring the pressure of air passing 
to the burners. In this way it is possible to obtain 
a complete control of the furnace and drier tempera- 
tures, so that combustion conditions and boiler 
output may be constantly maintained. At the 
same time, complete data may be collected for an 
exhaustive series of tests on the utilisation of 
pulverised fuel under a boiler of modern design. 


Work on these lines is now being conducted in the | tests, and such general analytical work as is specially 
laboratory, and the results obtained should be of | applicable to fuel technology. The workshop is | supplied through Messrs. International Combustion, 
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Fie. 22. Draper Coat WASHER. 























Fie. 23. Toe H.H. Typz Universat ConcENTRATOR TABLE. 


great value to all those concerned in the generation | furnished with the necessary machinery and tools: 


of power on economic and efficient lines. | for maintaining the mechanical portions of the plant 
A necessary corollary to coal treatment, as | in running order, and for executing any repairs that 
such, is the accurate correlation of the results|may be necessary as quickly as possible. ‘his 
obtained. For this purpose a sampling room, | enables the laboratory to be operated as a self- 
workshop and coal analysis laboratory are provided | contained unit. 
in a separate building, the relative position of which| The sampling room contains two examples of 
in relation to the main plant is shown in Fig. 1. | automatic grinding machinery, which are speciaily 
The laboratory contains the usual chemical reagents | useful in the rapid and accurate production of 








for coal and ash analysis, small scale float-and-sink samples for treatment in the laboratory. Theve is 
‘also a Tyler Rotap testing sieve, which has been 
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Fig. 2. 
SIDE ELEVATION 


(134.H) 











Fie. 26. BriquETTING MACHINE. 


Limited, This comprises a set of thirteen sieves | The motion thus obtained is an exact reproduction 
With openings from 0-0029 in. to 0-263 in. These | of the circular and tapping motion imparted in 
are clamped in the machine and are shaken by | hand sieving. A time switch is included in the 
& mechanism worked by a small electric motor. | motor circuit so that the operation can be adjusted 








Fig. 25. 
ELEVATION 
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to last any desired length of time, and thus equality 
of treatment between the various samples is 
ensured in @ way which is not possible with manual 
methods. The screens are made with openings 
that increase in the Rittinger ratio of the square 
root of 2, the base being 0-0029 in., the open- 
ing in a 200-mesh (0-0021 in. diameter wire). 
With the openings increasing in this ratio the 
area of each sieve in the scale is exactly double 
that of the next finer size and half that of the next 
coarser. Special plotting forms are used to present 
the screening data in graphical form, the lines being 
spaced in the same ratio as that used for the mesh 
openings of the sieves. Cumulative logarithmic 
plotting paper is also used. 

Another interesting piece of apparatus in this 
laboratory is a procelain ball mill. This was made 
by Messrs. Hind and Lund, Limited, of Preston, and 
is illustrated in Figs. 19 and 20, Plate XLIII. It 
comprises a cylindrical porcelain drum which con- 
tains balls of the same material. This porcelain 
drum is carried in a frame which is rotated by a 
small motor. The jars are of special hard porcelain 
and the balls inside them occupy 50 per cent. of 
the gross capacity. The lid is clamped in position 
by fittings and a cross bar with pressure screw. 

At the beginning of this article we called attention 
to the reduction in the fuel consumption per horse- 
power generated, which has been achieved by the 
unremitting work of engineers and other investi- 
gators. That still more could be done in this 
direction if our knowledge of the properties and 
capabilities of the fuel we use were greater, and the 
pre-treatment of that coal were directed to obtaining 
the most economic product, is clear. It is satisfactory 
to know that the necessity for this has received such 
recognition that it has been possible, as a direct result 
to establish the Coal Treatment Laboratory, which 
we have just described, at the Birmingham Univer- 
sity. It may confidently be expected that the work 
carried on there will enable improvements of im- 
portance to be made. 








TRIAL Trip or THE 8.8. “ SuREwatTeR.”—On Tuesday, 
May 31, successful sea trials were carried out of the steel 
screw steamer Surewater, during which a mean speed of 
9? knots was attained. A description of the vessel, 
which has been built by Messrs. The Cowpen Dry Docks 
and Shipbuilding Company, Limited, _— to the order 
of Messrs. Water Transports, Limited, Montreal, Canada, 
will be found on page 584 ante, written on the occasion 
of her launch, 
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THE INSTITUTION OF ELECTRICAL 
ENGINEERS : SUMMER MEETING. 


THE summer meeting of the Institution of Elec- 
trical Engineers, which was held last week at 
Newcastle-on-Tyne, by invitation of the North- 
Eastern Centre, is virtually a postponement of a 
function, which should have taken place in the same 
city twelve months ago. Owing to the coal dispute, 
however, it was found both more convenient and 
more politic to cancel that gathering, a course, 
which it may be recalled, was also followed in 1921 
for a similar reason. Events showed, however, 
that no harm was done by the delay. Though 
the number attending, about 300, was not quite so 
large as it was two years ago at Birmingham, 
keen interest was shown in the various technical 


features of the programme and full advantage | 


erected in 1919, is 416 ft. long, and forms the 
principal erecting and armature winding shop. In 
1924, a special annexe to the main building was 
built and equipped for testing new designs and 
performing general experimental work. This shop 
has its own condensing plant and switchgear, so 
that sets with outputs up to 1,000 kw. can be tested 
in it. In the same year, two new shops were built, 
one of which is devoted to the manufacture of trans- 
formers, an activity in which, it is interesting to 
note, the firm was engaged in its early years. Mention 
must also be made of the new balancing house, in 
which the largest alternator rotors can be run up 
to 33 per cent. overspeed and balanced. Provision 
is also made here for running the largest turbine 
shafts and discs up to 50 per cent. overspeed. In 
addition, there are several experimental shops and 


was taken of the hospitality of the civic and laboratories, as well as a welfare department and 


educational authorities, not to speak of that of 
the various manufacturing concerns, who threw | 
their works open to inspection. Perhaps this | 
energy may be partly ascribed to the weather | 
which, though sunny, amply justified the north | 
country’s reputation for keenness. It was un- 
doubtedly in larger degree due to the high instruc- | 
tional value of the visits. A point in this con- | 
nection, which is worth noting, is that some of 
the visits were not entirely of an electrical char- | 
acter. This seems to indicate that electrical | 
engineers are interested not only in the produc- | 
tion of electricity and electrical apparatus, but in | 
the processes in which both are applied. This | 
introductory paragraph may fittingly close with a | 
tribute to the work done by the hosts, the com- 
mittee of the North Eastern centre, and especially 
by their chairman, Mr. J. Rosen, and their honorary 
secretary, Mr. P. F. Allan. Long distances had 
to be covered, and other detailed arrangements 
had to be made, in order that comfort might be 
assured and time saved. Both these essentials 
necessitated meticulous organisation, and it is grati- 
fying to be able to record that the results were 
entirely successful. From both the points of view of 
engineering interest and social intercourse, the meet- 
ing well maintained the standard of earlier years. 

Regarded from the engineering point of view, 
Newcastle-on-Tyne is a town of great historic 
interest. It is the centre of a district, which is 
renowned for the winning and export of coal. 
As a naturally corollary its activities include naval 
and mercantile shipbuilding and the production of 
iron and steel. Its neighbourhood is the most 
highly electrically developed of any in the country, 
and it has the distinction of being the first place 
where Swan, who was born at Sunderland, gave a 
public exhibition on a large scale of electric incan- 
descent lighting. It is hardly necessary to add that 
it is the birthplace of the use of steam for traction 
purposes, work with which the names of William 
Hedley, Timothy Hackworth and George Stephen- 
son will always be associated. Further, it has seen 
the innovation and rise of the steam turbine ; and it 
may be added its suburban lines were among the first 
in the country to be converted to electric traction. 

The first day of the meeting, Tuesday, June 14, 
was devoted to visits to the works of Messrs. C. A. 
Parsons and Company, Limited, at Heaton, and 
of Messrs. A. Reyrolle and Company, Limited, at 
Hebburn. The party was divided, one-half visiting 
the first-named firm’s factory in the morning, and 
the other in the afternoon, and the second reversing 
the process. 

The turbines and other products of the Messrs. 
C. A. Parsons and Company are too well-known to 
require detailed description in ENGrngERING. It 
may be recalled, however, that the Heaton factory 
was established in 1889, and was at first used for the 
construction of both land and marine type turbines. 
Since 1898 the latter class of plant has been built at 
Wallsend. The Heaton works now cover an area of 
18 acres and employ more than 1,200 men. The 
original shop, which has been extended twice, is 350 
ft. long, and is devoted to small machine work, the 
construction of turbine valve and governing gear, 
and to the erection of small turbo-generating sets. 
The principal shops, which are devoted to heavy 
machine work, general fitting, and the erection of 
the complete plants consist of four bays, three of 





|a works school for apprentices. 

As regards the development of the steam turbine, 
with which these works have been so intimately 
associated, it is only necessary to say that while, in 
1889, only sizes up to 100 E.H.P. were being built, 
this had risen to 33,000 E.H.P. in 1913. This set 
was supplied to the order of the Commonwealth 
Edison Company, of Chicago, and was fully 
described in our issue of October 17, 1913. It is 
important to note that the speed of this set was 
only 750 r.p.m., especially as since that time the 
power output at a given speed has been increased 
to more than five times what it was in 1913. In 
the latter year, an output of 4,000 E.H.P. was 
considered very large for a speed of 3,000 r.p.m., 
while at the present time, sets with an output of 
over 28,000 h.p. and running at that speed are under 
construction. Other features in the development of 
the design include a decrease in the steam rate and 
an increase in the steam pressure, both of which, in 
their relation to the Parsons turbine, were fully 
discussed in the description of the 50,000-kw. set 
for Chicago, which we published on page 283 of our 
issue of March 5, 1926. 

Among the plant in course of erection on the 
occasion of this visit, mention may be made of a 
12,000-kw. single-cylinder reaction turbo-alternator, 
with a divided flow exhaust, and of a turbo-blower 
with an output of 50,000 cub. ft. of free air per min- 
ute at a pressure of 18-lb. gauge. A 31,250-kv.-a. 
turbo-alternator, which is being wound for a ter- 
minal pressure of 33,000 volts, also attracted 
attention. This is intended for the Brimsdown 
station of the North Metropolitan Electric Power 
Company, and in its way, is as interesting a departure 
as the movement towards higher pressures and 
temperatures at the other end of the set. For the 
time being, in this country at least, it will obviate 
the use of transformers between the generators and 
the transmission lines and the opinion has been ex- 
pressed that such machines will become usual as the 
demand for electricity becomes greater. The speed 
of the set is 3,000 r.p.m., and no insulation within 
the alternator is exposed to a greater pressure than 
10,000 volts. 

Finally, it is worth noting that the works are 
almost a self-contained unit, nearly all the material 
and parts required, even micanite, being made 
within them. The sole important exception is castings 
weighing over 3 tons. 

The second works visited represent, in their own 
sphere, advances comparable to those made by 
Messrs. Parsons. The ironclad switchgear manu- 
factured at the Hebburn works of Messrs. A. Reyrolle 
and Company, Limited, is essentially a Tyneside pro- 
duction, though it was evolved and at first made in a 
small workshop in London. In 1901, a factory was, 
however, built on the present site, and by 1922 had 
grown until it occupied some 150,000 ft. of floor 
space. Since then, an additional 4} acres has been 
laid out some distance from the original site to 
house all the machine tool operations, except the 
minor services, incidental to the assembly of the 
apparatus. The combined factory is now capable 
of an output of 210,000 kw. of equipment per 
annum, and employs some 2,000 workpeople. 

An inspection of the factory, such as was possible 
on the occasion of this visit, provided an interesting 
illustration of the claims advanced for the metal-clad 
type switchgear, which it is worth recalling is an 





which are 385 ft. long. The fourth, which was 





essentially English production. Equipment of this 





design is in use at present on voltages up to 50,000 
volts, and is built in various sizes up to 1,500,000 
kv.-a. breaking capacity. As is well known, its essen- 
tial features are that all the conductors, including 
the bus-bars, are adequately insulated and “com. 
pletely enclosed in earthed metal casings and that 
the spaces between them and the inside walls are 
completely filled with solid insulating compound. 
The switchgear is made up in self-contained units, 
which are capable of being built together into 
complete switchboards. Each unit comprises such 
essential accessories as current and potential trans. 
formers, compound-filled -dividing boxes for the 
incoming and outgoing cables and all necessary 
means of isolation. A full range of interlocks is 
provided, and great care is taken to prevent acci- 
dental contact with the live parts. The hot gases 
generated in the circuit-breaker are confined within 
very heavy enclosures, so that an explosive mixture 
cannot be formed with the surrounding air. 

An interesting demonstration, given during the 
visit, was a comparison of the spark, which occurs 
when a metal-clad self-aligning plug-and-socket and 
tumbler switch are respectively used to break a 
circuit. The results were very much in favour of 
the former. The horizontal space occupied at the 
back of the control board by the wing for the 
various supervisory and instrument circuits has 
been reduced in the latest designs by the use of 
sheet-iron wings, standing out at right angles to the 
back of the board. When the amount of wiring is 
very great, two of these ‘‘ cubicles ” are placed back 
to back with a gangway between them. A large 
amount of work for the London Power Company 
is going through the shops, which seems to indicate 
that a long-awaited re-organisation is at last under 
way. 

The remaining events of the day included a 
luncheon at the Grand Assembly Rooms, Barras 
Bridge, at which Dr. W. H. Eccles, F.R.S., pre- 
sided, and a civic reception by the Lord Mayor 
(Councillor A. W. Lambert, M.C.) and the Lady 
Mayoress of Newcastle. This latter function pro- 
vided a more favourable opportunity for intercourse 
between the members than was perhaps furnished 
by the technical visits. 

On Wednesday morning, June 15, a visit was 
paid to the North Tees power station of the New- 
castle-upon-Tyne Electric Supply Company, Limited 
and its associated companies. These undertakings 
are, of course, the principal public suppliers of 
electric power on the North-East Coast and their 
activities cover an area of 1,600 sq. miles. The 
system as a whole is of interest, in that 200,000,000 
kw.-h. of the total 900,000,000 kw.-h. generated are 
supplied from the waste heat plants, which are in 
operation at various collieries and iron and steel 
works. The total number of stations running in 
parallel is 34, of which 20 are owned or operated by 
the main concern. The maximum demand is 175,000 
kw. and the connected load is nearly 500,000 kw., 
the number of consumers supplied direct or through 
bulk supply systems being over 100,000. The 
number of collieries supplied is 180, and there is 
a large and rapidly growing domestic load. The 
sub-stations in operation number 626, and the route 
length of the overhead and underground lines is 
1,550 miles, of which 60 miles operate at 60,000 
volts and 400 miles at 20,000 volts. 

The main generating stations of the Company 
are at Carville and Dunston, on the Tyne near 
Newcastle, and at North Tees, on the opposite side 
from Middlesborough of the river bearing that name. 
According to the latest returns of the Electricity 
Commissioners the first of these stations generated 
250,445,030 kw.-h. during the year ended March 31, 
1926, with an average fuel consumption of 1-69 
Ib. per kw.-h. and a thermal efficiency of 18-95 
per cent. Its maximum load was 54,000 kw., and 
its annual load factor 52-9 per cent. At Dunston 
160,036,681 kw.-h. were generated with an average 
fuel consumption of 1-92 Ib. per kw.-h. and a thermal 
efficiency of 16-97 per cent. The maximum 
load was 70,000 kw. and the annual load factor 
31-2 per cent. At this station 31,738,904 kw.-h. 
are, in addition, generated by waste heat. At 
North Tees the output was 167,194,850 kw.-b» 
with an average fuel consumption of 1-51 Ib. pet 








kilowatt-hour, and a thermal efficiency of 18-75 pet 
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cent. The maximum load on the generators was | obtained from exhaust steam turbo-generators at 
40,500 kw., and the annual load factor 47-1 per cent. | the Horden and Shotton pits of the company and 
Historically, North Tees is interesting as being | from the network of the Cleveland and Durham 


the first station, in which a boiler pressure of 475 lbs. 
per square inch and a steam temperature of 700 


Electric Power Company. 
One of the more interesting features of the 


deg. F. were adopted in this country, while the | colliery are the two 1,500 h.p. winding engines which 


re-heating of the steam, the use of air pre-heaters, 
instead of economisers, and the system of multi- 
stage feed water heating are other distinguishing 
features. 
interesting to note that the station was desizned 





are installed, the electrical equipment for which was 
manufactured by the Metropolitan Vickers Electrical 
Company, Limited. They are fitted with Wein type 


In view of the figures quoted above, it is | liquid control and oil-immersed reversing switches. 
| The drum is of the cylindro-conical type 10 ft. 


for an overall thermal efficiency of 21 per cent. in| to 20 ft. in diameter with five scrolls on the cone. 


routine operation, to attain which it would be 
necessary to produce a kilowatt-hour for 16,271 
B.Th.U. as average working practice. This ideal 
has not yet been attained, owing to the continued 
depression on the North-East coast. At Carville 
B, the pressure is 275 lb. per square inch, and the 
total temperature 700 deg. F. 

As we gave a very full description of the first 
portion of the North Tees station in our issues of 
June 13 and July 11, 1924, its features need only be 
summarised here. The steam raising equipment 
consists of ten boilers, five of which are provided 
with air-heaters. The normal evaporative capacity 
of each boiler is 42,000 lb. per hour. Each genera- 
ting set consists of a two-cylinder Rateau turbine 
with one Curtis wheel coupled to two 10,000 kw. 
turbo-alternators, the speed of the set being 2,400 
r.p.m. Steam is bled at three places, at pressures 
of 60, 17 and 5 lb. per square inch, respectively, 
for feed heating, the feed water being raised to a 
temperature of 300 deg. F., while the steam is 
re-heated to 500 deg. F. The condenser has a 
cooling surface of 25,000 sq. ft. The generator 
pressure is 11,500 volts and the sets are controlled 
by armoured switchgear. The station auxiliaries 
are electrically driven, current for this purpose 
being supplied through three tanks of three single- 
phase transformers, the capacity of each tank 
being 1,800 kv.-a. Steam turbine driven feed pumps 
are provided as a stand by. The coal and ashes 
on the site are handled by two 27} ton battery 
locomotives and a 300-ton belt conveyor. 

Since the date of our description the plant has 
been extended by the erection of a second generating 
station, known as North Tees B, on the same site. 
This station contains one 20,000 kw. turbine 
similar to that in the A station and two 25,000 kw. 
sets, all of which generate current at 11,000 volts. 
and 40 periods. The latter sets are of the usual 
Parsons’ design with one alternator, the low- 
pressure cylinder being of the double flow type 
with twin condensers. The speed is 2,400 r.p.m. 
The steam is not re-heated before entering the low- 
pressure cylinder. The boiler house contains eight 
boilers, each with an evaporative capacity of 
75,000 lb. per hour. The pressure is 475 lb. per 
square inch and the temperature 750 deg. F. Air 
heaters are used instead of economisers and the 
feed water is heated by bled steam. Each boiler 
has its own chimney and works under both forced 
and induced draught. Air cooling on the closed 
circuit system is provided on the alternators. The 
four circulating water pumps are common to both 
stations and each has an output of 1,560,000 gallons 
per hour, while the switchgear, which is of the 
armour-clad type, is contained in a separate common 
switch house. 

In general, the energy is supplied from the 
station direct to the feeders at the generator pres- 
sure, but there are also two step-up sub-stations, 
which raise the pressure to 20,000 and 66,000 volts 
Tespectively for long-distance transmission. The 
distribution of the load on the southern portion 
of the system is supervised from a special control 
toom. The cable network on the south of the Tees 
18 supplied through twenty cables, which are laid 
in a trench dredged in the river bed at a depth of 
30 ft. below low water. 

After lunch at the power station, by invitation 
of the Power Company, the party was divided into 
two sections, the larger of which proceeded to 
Durham, where they visited the Cathedral, the 
Old Monastery and the Library, and were enter- 
tained to tea at the Deanery. The second party 
visited the pithead of the Blackshall Colliery of 
Messrs. Horden Collieries, Limited. This colliery 
18 electrically equipped throughout, power being 





It is operated through Citroen gearing and braked 
by compressed air at 80 lb. per square inch. The 
winding rope is of patent flattened strand and is 
6} in. in circumference. 

The total load on the winder is 12 tons 12 cwt. 
The other electrically operated equipment includes 
air compressors, fans, pumps and screens, as well as 
motors for operating the plant in the fitting shop, 
saw mill and washery. There are two systems of 
endless rope main haulages, and one main and tail 
haulage, the latter being driven by a 300 h.p. motor. 

On Thursday morning the party was again 
divided into two sections, one of which visited 
the Elswick works of Messrs. Sir W. G. Armstrong 
Whitworth and Company, Limited, and the other 
the Ford Potteries of Messrs. C. T. Maling and 
Company, Limited. The latter factory was also 
open to inspection during the afternoon for visitors 
who had spent the morning at the Elswick works 
and wished to visit the pottery in addition. 

The Elswick works have a long and interesting 
connection with engineering development. They 
were founded in 1847 by a small company, which 
was started to manufacture hydraulic cranes under 
the patents of Mr. W. G. (afterwards Lord) 
Armstrong. As a result of experiences obtained 
during the Crimean War this celebrated engineer 
turned his attention to the design of artillery 
in the production of which he was assisted by 
Mr. George Rendel and Captain (afterwards 
Sir Andrew) Noble. Gun manufacture naturally 
led to the construction of warships and, beginning 
with the gunboat Staunch in 1868, many famous 
ships have been launched from the Walker or 
Elswick yards of the firm. This branch was 
successively under the management of Mr. (after- 
wards Sir William) White, Mr. (afterwards Sir 
Philip) Watts, and Mr. (afterwards Sir Eustace) 
d’Eyncourt, all of whom subsequently became 
chief constructor to the Navy. The last-named 
returned to Armstrong’s in 1923. Ships are, 
however, no longer built at Elswick, the Arm- 
strong yard below the bridges being now used 
for that purpose. 

In 1883 the manufacture of gun steel and steel 
castings for marine and general work was begun 
at Elswick, and between then and the present 
day not only have these factories been largely 
extended, but others have been acquired at 
Gateshead, Scotswood, Openshaw, Erith and on the 
Tyne at High Walker. A full description of the 
last-named was given in ENGINEERING for March 19, 
1920, and six subsequent issues. The products 
of the Elswick works include naval and land 
ordnance of all kinds, pneumatic tools and coal- 
getting plant, pressings, stampings and forgings, 
brass, bronze and aluminium castings, steam and 
water turbines, pumping engines and marine 
and locomotive boilers. The visitors were given 
an opportunity of seeing these products in course 
of manufacture. An interesting feature was a 
number of locomotives for the Nigerian Railways, 
which were in process of shipment. 

The Ford potteries are owned by what is stated 
to be the oldest private firm of white earthenware 
manufacturers in the British Isles. Nevertheless 
their equipment has kept pace with modern 
progress, and the “A” pottery has been driven 
by electric power for twenty-five years. About 
one dozen 200 h.p. motors are used for grinding 
and making the clay, and a number, of smaller 
outputs, for the other processes. In the “B” 
pottery there are over 60 motors in use. In the 
first-named pottery only white earthenware pots 
are made, while the output of the second is more 
varied and includes household ware of every 
description, as well as chemical, dairy and fancy 


ware. Nothing but absolutely leadless glaze has 
been used at the “A” pottery for the last 
twenty-seven years, and 75 per cent. of the glaze 
used at ‘‘B” pottery is of the same kind. 

After lunch, visits were paid by four parties 
to the Ford potteries, the Wallsend shipyard of 
Messrs. Swan, Hunter and Wigham Richardson, 
Limited, the Gateshead works of Messrs. Clarke, 
Chapman and Company, Limited, and the new 
Library of the Armstrong College, Newcastle-on- 
Tyne respectively. 

The most interesting exhibit at the first of 
these was the floating dock for Singapore, which 
is now under construction. It was also gratifying 
to notice distinct signs of revival in the ship- 
building industry as instanced by the amount of 
work going through the various shops. 

The Gateshead works of Messrs. Clarke, Chapman 
and Company, Limited, were founded in 1864, 
and their specialities include steam and electrically- 
driven auxiliaries, such as windlasses, winches, 
pumps, capstans, projectors and steering gear, 
most of which are so well-known as to require no 
further treatment here. Much interest was how- 
ever, shown by the visitors in the works’ steam-raising 
plant. This consists of a Woodeson water tube 
boiler, which is fired by a “ unit ” pulveriser and is 
capable of evaporating 50,000 lb. of steam per hour 
at a pressure of 250 lb. per square inch. This 
pulveriser will deal with coal containing a high 
percentage of moisture without the use of any other 
drying apparatus. We are informed that the plant 
has been run for considerable periods on coal 
containing 15 per cent. of moisture, and that during 
the coal strike it was operated successfully on ary 
class of coal that could be obtained. Descriptions 
of some tests on this boiler and plant were given 
on page 720 of our issue of December 10, 1926. 

In the evening a reception was given at the Old 
Assembly Rooms by the Sir Theodore Morison and 
the Council of the Armstrong College. 

On Friday morning alternative visits were paid 
to the new steel works and rolling mills of the 
Consett Iron Company, Limited, and to Hexham 
Abbey. 

The works of the Consett company comprise blast 
furnaces, steel melting shops, rolling mills for plates 
and sections as well as engineering shops and a test 
house. Power is generated by blast furnace gas 
supplemented by coke oven gas which is burnt 
under boilers. The station contains two 3,000 kw. 
turbine sets, which generate three-phase current at 
3,300 volts and 40 periods. This plant works in 
parallel with the system of the Cleveland and Durham 
Electric Power Supply Company, Limited through 
three 1,600 kv.-a. 3,000/20,000 volt transformers. 
There are also three 1,500 kw. and one 750 kw. rotary 
converters supplying currents at 500 volts. Energy 
is distributed through the works on the three-wire 
system, the supply from the rotaries being supple- 
mented by a 1,000 kw. geared direct-current turbo- 
generator. The principal plate mill units are supplied 
from a static sub-station in the mill itself. 

The plate mills contain five soaking pits for 
heating ingots up to 10 tons. These are arranged 
for firing either by producer or coke-oven gas. The 
moulds from the ingots, as received from the melting 
shop, are stripped by an electrically-operated 
stripper, while a charger operated in the same way 
places them in the pits, and subsequently transfers 
them to a tilting chair at the slabbing mills. The 
ingots are then delivered by rollers to the 40-in. 
slabbing mill which is driven by a 14,000 b.h.p. 
reversing motor with a speed range from 50 to 
120 r.p.m. The slabs produced are cut by steam- 
hydraulic shears and are then changed into six 
furnaces, where they are reheated prior to delivery 
to one of the two-plate mills. 

The large plate mill comprises two stands with 
rolls 9 ft. 6 in. long and 42 in. in diameter. It is 
suitable for rolling plates up to 9 ft. wide and 
} in. to 2 in. thick. It is driven by a motor similar 
to that described for the slabbing mill. After passing 
through this mill the plates are dealt with in a hot 
straightening machine on their way to the cooling 
tanks, which are equipped with turn-over gear. 
They then pass through cross-cut shears to a 
cold bank, whence they are delivered to one of 











two side cut shears. One of these shears is served 
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by an Ennis plate manipulating table and the 
other with a castor bed. In each case the finished 
plates are delivered to a twin table with live 
roller gear for turning the plates lengthwise in the 
loading bay. 


The second mill is a light plate mill of the three- 


high Louth type. Its rolls are 6 ft. 6 in. long and 
it can deal with plates from } in. to j-in. thick 
and up to 6 ft. wide. It is driven at a speed of 
52-5 r.p.m. through reduction gear by a 5,000 h.p. 
induction motor running at 240 r.p.m. A pair of 
chequer rolls are arranged in the run-out from this 
mill which are driven by a 1,500 h.p. induction motor. 
The cooling banks and shears for this mill are similar 
to those described for the longer mill except that 
there is no Ennis table at the side cut shears, and all 
the shears are electrically driven. It may be added 
that all the manipulators, screw-down gear, roll 
racks and skids are driven electrically and are 
automatically controlled by contactors. Three 
10-ton electrically-operated magnet cranes span the 
loading bay of the plate mill, which is 620 ft. long. 

The angle mills are equipped with a 36-in. 
cogging mill and a 22-in. and 32-in. roughing and 
finishing mill, all of which are steam driven. They 
also contain a small bar mill, which comprises a 
16 in. roughing mill driven by a 250 h.p. direct-current 
motor in tandem with a 12 in. finishing mill, which is 
driven by a 500 h.p. direct-current motor running 
at from 60 r.p.m. to 300 r.p.m. 

Magnet cranes and electrically operated changers 
are also installed for use with the blast furnaces and 
in the melting shop. 

In the afternnon both parties visited the Roman 
Wall and the Roman Camp of Borcovicus and 
returned to Newcastle for a reception in the evening, 
thus concluding a very successful meeting. 





THE DEVELOPMENT OF THE DIESEL- 
ELECTRIC LOCOMOTIVE. 
(Concluded from page 610.) 


It has already been stated that, in addition to the 
engine illustrated on Plate XXXII, ante, Messrs. 
William Beardmore and Company, Limited, manufac- 
ture a compiete range suitable for locomotives, motor 
trains, and rail cars. The locomotive engines are 
made with 4, 6, 8 or 12 cylinders, having a bore and 
stroke of 12 in. The 4, 6 and 8-cylinder models 
have all the cylinders in line, and at 750 r.p.m., 
develop 420, 630 and 840 b.h.p. respectively. The 
corresponding weights are 4,800, 6,500, and 8,600 lb. 
The 12-cylinder engine represents the most recent 
development in this series, and on the occasion of 
our visit to the Parkhead works, a number were in 
course of erection, but had not been completed. 
It is therefore not possible to give a photograph of a 
complete unit, but the two views of the crankcase 
reproduced in Figs. 7 and 8, on this page, will be 
sufficient to show that they are of the V-type. These 
illustrations, unfortunately, afford no conception of 
the size of the engine, and it may therefore be men- 
tioned that the approximate overall length is 18 ft. 
The complete engine will weigh about 22,000 lb. As 
in the case of the motor-train engine already described, 
all the locomotive engines operate on the four-stroke 
cycle, with solid injection, and cast steel is employed 
wherever possible. The particular 12-cylinder engines 
which were under construction at the time of our visit, 
were being built for locomotives for use on the Canadian 
National Railways, where, as already mentioned 
Beardmore Diesel-electric motor trains have been 
remarkably successful. The 12-cylinder engine nor- 
mally develops 1,200 b.h.p., but has been designed 
with an overload capacity of 1,500 b.b.p. at 900 r.p.m. 

Drawings of the actual Jocomotives into which the 
12-cylinder engine will be fitted are not yet available. 
Figs. 12, 13 and 14, page 761, illustrate an engine with 
an eight-cylinder unit of 1,000 h.p. This locomotive 
is suitable for heavy goods service with speeds up 
to 30 m.p.h., and is designed for a starting tractive 
effort of 42,000 lb. at the wheel rims. The engine is 
arranged with governor gear, of the type already 
described for the motor-train engine, giving practically 
constant torque between speeds of 300 and 900 r.p.m. 
As will be clear from Fig. 12, the engine crankshaft is 
coupled directly to an electric generator, both engine 
and generator being mounted on a steel underbed to 
form a composite unit. The cooling water for the 
engine is circulated by means of a direct-coupled centri- 
fugal pump. The two radiators are mounted in the 
sides of the car, as shown in Figs. 12 and 14. They are 
fitted with a gear-driven fan, and are of sufficient size 


to cool the water adequately in hot climates. A mild] is of mild steel, and is mounted between the frames. 
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CRANKCASE OF 12-CyLINDER VEE-TYPE ENGINE. 














UNDERNEATH OF CRANKCASE OF 12-CYLINDER VEE-TYPE ENGINE. 




















Four-CytinpDErR 100-H.P. Rari-Car ENGINE. 


steel fuel tank is placed in the cab at the side of the; It has a capacity of about 2,000 lb., sufficient for 
engine, the amount of fuel carried being sufficient for 
a run of 5 hours at full engine output. The water tank The electric transmission includes y 
compound-wound separately-excited generator. The 














operating over long periods at full load. 
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voltage of the latter is regulated by the current demand 
of the traction motors. This arrangement gives an 
extremely simple control, it being only necessary to 
operate the engine throttle in order to change the 
speed of the locomotive, as in steam practice. The 
generator voltage is 600 at 900 r.p.m., and the con- 
struction is such as to protect the engine against heavy 
overloads and stalling. It has commutating poles, 
and one end shield with bearing. The exciter is of the 
overhung type, and is mounted on the generator shaft. 
Each axle is driven from a separate motor through 
suitable spur gearing. The magnet frame of each motor 
is of cast steel, and is provided with machined seatings 
for the pole pieces and brush holders. Large openings 
are provided for access to the brush holders and 
commutator. The armature is mounted on _ ball 
bearings, and the lower half of the motor frame is 
arranged to swing down for inspection. 

A master controller is mounted at each end of the 
locomotive, so that the latter may be driven from either 
end. The master controller main handle operates the 








throttle of the engine, and in addition automatically 
actuates controlling circuits in various positions. 
The engine having been run up to a pre-determined 
speed, the traction motors are connected for either 
forward or reverse directions, and the exciter circuit 
closed, causing the locomotive to start. By moving 
the position of the lever, more or less fuel is supplied 
to the engine, thus varying the speed of the locomotive. 
When the motors have approximately reached maxi- 
mum speed for that position, the lever may be moved 
further over to give shunt field running, thus still 
further increasing the speed. The control system can be 
arranged with jumper connecting cables so that one or 
more locomotives can be operated in series by one crew. 

The locomotive main frame is constructed of steel 
throughout, the side plates extending the whole dis- 
tance between the buffer beams, and they are secured 
to the beams by heavy-section angles. Transverse 
braces of alloy steel are interposed at intervals between 
the frames, serving the double purpose of stiffening 
members for the frame, and of main supports for the 


18 PASSENGERS 




















IST CLASS, 
PASSENCE 


MOKIN 
PASSENGE 








“ENGINEERING 






eterna 





| 4:8 Gauge | 
lke ——---—--9! 0° -->| 


aS 





power unit. The frames have horns of the 
usual type to accommodate the axle 
boxes, the horn blocks being{either bolted 
or riveted to the plate frames. The buffer 
beams are reinforced by heavy section 
channels to[{take the puil of the draw bar, 
the channels being riveted to the buffer 
beams. Springs of the usual laminated 
type are provided, as shown in Fig. 12. 
The brakes are of the Westinghouse type, 
the air operation being effected by a 
control valve at each end of the locomo- 
tive. The brake air cylinders, pull 
rods, and air pipes are mounted on the 
frame in the orthodox manner. The 
brakes are also arranged for hand opera- 
tion from either end of the locomotive. The air 
compressor is driven from the main engine. Air- 
operated sanding gear is provided, and is arranged for 
the application of sand under the leading wheels for 
either direction of travel. The wheels are of cast-steel 
with shrunk-on rolled steel tyres, and are pressed on 
to the axles, which carry the driving motors. The 
cab is constructed in rolled-steel sections and plate 
throughout, and is designed to present a smooth 
external surface. Large windows are fitted at each 
end to give a wide range of vision, as shown in Fig. 13, 
and drop lights are arranged where necessary. A side 
door is provided on each side of the cab, as shown in 
Figs. 12 and 14. 

Calculated performance curves for this locomotive 
are given in Fig. 19, page 762. From this diagram, it 
will be noticed that a load of 1,750 tons, made up of 
50-ton wagons, can be hauled at speeds up to 25 m.p.h. 
on a straight level track. The maximum load that 
can be started on the level with 50-ton wagons is seen 
to be 1,900 tons ; on a 0-5 per cent. grade, 1,200 tons ; 
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on a 1-5 per cent. grade, 670 tons ; and on a 2 per cent. 
grade, 550 tons. If the train is made up of 10 ton 
wagons, the resistance is increased, as shown in the 
lower set of curves, and the maximum hauled and 
starting loads are correspondingly reduced, as indicated 
by the up per set of curves in full lines. The relatively 
light weight of the engine is brought out by the fact 
that the total weight of the locomotive in running 
order can be kept as low as 64 tons, which is just 
sufficient to give the necessary adhesion. 

We have already described a 300 brake horse-power 
motor-train engine in some detail. These engines are 
made in three sizes, all with the same bore and stroke, 
but having four, six or eight cylinders. As in the case 
of the locomotive engines, the normal running speed is 
750 revolutions per minute, and at this speed the engines 
develop 200, 300 and 400 brake horse-power. The 
corresponding weights ire 2,700, 3,700 and 4,800 Ib. 
The system of control has already been dealt with, 
when it was mentioned that the control was effected 
by a solenoid acting on the governor, enabling starting 
up and speed variations to be obtained with any 
required degree of precision. No resistances are 


required, the generator cables leading straight to the | 


driving motors, an arrangement which results in both 
simplicity and high efficiency. An acceleration curve 
is given in Fig. 15, above, lana on the performance 
of one of these engines. The curve is worked out on 
the assumption that the weight of the train is 150 tons, 
the engine being of 500 brake horse-power. It will be 
noticed that the engine is capable of attaining a train 
speed of 50 miles per hour. The weight given is 
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Fie. 20. ARTICULATED Motor TRAIN ON THE CANADIAN NATIONAL RAILWAYS. 


approximately equivalent to that of a 5-coach train as 
used on a British suburban service. If it be assumed 
that such a service involves 13 stops in a total run of 
11 miles, the average length of each section would be 
about 0-8 miles. Allowing a stop of 20 seconds at each 
station, the total journey would occupy 34 minutes, 
and the fuel consumption would be approximately 
4 lb. of crude oil per mile. 

One of the Canadian National Railway trains is 
illustrated in Fig. 20, the original view having been 
taken at Kincardine Station after the completion of 
12 months’ service, in which 80,000 miles were covered. 
The company have hitherto employed two types of cars, 
the first having an overall length of 60 ft.,with accommo- 
dation for 56 passengers, and ample space for luggage. 
The car is mounted on two four-wheel bogie trucks, 
and is driven by a 4-cylinder engine of 160 nominal 
brake horse-power. Provision is made for attaching a 
trailer car when required. The second and larger car, 
which is shown in the illustration, is of the articulated 
type, and consists of two carriages, of which the outer 
ends are mounted on four-wheel bogies, while the inner 
ends meet at the centre of a third four-wheel bogie. 
The overall length of the combination is 102 ft., and it 
weighs 94 tons. The entrance is at the articulated 
joint at the centre, and is protected by a canvas covering 
in a similar manner to that usually adopted for the 
vestibule ends of passenger cars. The car carries 
126 passengers and luggage, and one-half is a smoking 
compartment. The cars are built of steel, and are 
finished internally in mahogany. There is a lavatory 
at the rearendofthecoach. The roof is turtle backed, 
as shown in the illustration, and the cars are lighted 
electrically from storage batteries. Both the front 
and rear parts of the articulated coaches are heated by 
hot water coils, and exhaust-type ventilators are fitted 
in the roofs. 

The engine is coupled to a specially-designed direct- 
current general electric generator developing 200 kw. 
at 600 volts. The storage batteries are of 272 ampere- 
hour capacity, and are of the Ironclad Exide type, 
carried in battery boxes beneath the floor of the rear 
half of the car. There are four driving motors, each of 
100 h.p., two being mounted on the front and two on the 
rear trucks. The storage batteries are employed for 
lighting and other services throughout the car, and for 
starting the engine unit, which, in turn, charges them. 
In the unlikely event of a breakdown, the car can be 
driven a limited distance on the batteries so as to clear 
the main line. 





In the third category, for lighter service such as 
single and double cars, a smaller size of engine fulfils 
all requirements. We illustrate one of these engines, 
which develops 100 brake horse-power at 1,200 r.p.m., 
in Fig. 9, page 760. The engine can also be seen under 
test in Fig. 21, which shows a general view of Messrs. 
Beardmore’s test house. In this view, one of the 
300 h.p. six-cylinder engines can be seen in the fore- 
ground ; behind this is a special horizontal engine, and 
behind this again one of the 100 h.p. engines. 

A standard-gauge car, fitted with a similar type of 
engine, developing 150 brake horse-power at 1,200 
r.p.m., and having six cylinders, is shown in Figs. 10 
and 11, on page 761. Broadly speaking, the particulars 
given for the 1,000 h.p. locomotive apply equally to this 
unit, suitable modifications being introduced on account 
of the smaller size, and it is not, therefore, necessary to 
describe it in detail. There are only two motors 
instead of four applied to the axles of the leading 
bogie. Taking the weight of this car as 27} tons, the 
power developed is sufficient to propel it, with an 
attached trailer car weighing 174 tons, at speeds up to 
50 m.p.h. Assuming the load to be increased to 
80 tons, the maximum speed would be about 30 m.p.h. 

The fuel consumption of the 150 brake horse-power 
engine, when propelling a car and trailer with a total 
weight of 45 tons on an average service, is about 
24 lbs. of crude oil per 100-ton miles, and it is interesting 
to compare this performance with that of a petrol- 
geared car having an engine of the same power. The 
fuel consumption for the two types of car are shown in 
Fig. 17, above, and it will be noticed that the con- 
sumption in the case of the heavy oil engine is approxi- 
mately 0-42 Ib. of oil per h.p.-hr. at full power, and 
increases very slowly as the power is reduced. On the 
other hand, the petrol engine consumes approximately 
0-7 lb. per h.p.-hr. at full power, with a slight rise 
as the power is reduced to about one-half, followed by 
a rapid increase as the power is further reduced. As 
against the figure of 2} 1b. of crude oil per 100 ton-miles 
the consumption of the petrol engine would be about 
5-2 Ib. 

In comparing the two systems, it will be found that 
geared transmission gives a slightly higher overall 
mechanical efiiciency at certain specific speeds, but 
that when the performance over a complete run 1s 
taken into account the electric transmission shows 
to advantage. Apart from the figures already given, 
it may be mentioned that the Electro-Motive Company 
in America has obtained data from the actual running 
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of petrol motor-rail coaches of equal weight and power, 
having electric and geared transmissions, respectively. 
The fuel consumption worked out at 150 ton-miles per 
gallon for the electric system, and 120 ton-miles per 
gallon for mechanical transmission. 

As mentioned earlier in the article, one of the 
greatest advantages of the Diesel-electric system is 
the absence of gear changes, resulting in a relatively 
smooth tractive effort at the wheel rims. In addition, 
the car can operate at various balancing speeds 
according to the power of the engine and the resistance 
to motion, whereas a gear-driven vehicle is limited 
to a pre-determined range of balance speeds by the 
ratio between the speed of the engine and that of 
the driving wheels. The improved tractive effort 
attainable by the use of the Diesel-electric drive is 
clearly brought out by the curves given in Figs. 16 
and 18 on page 762. The second of these shows 
tractive effort curves for Diesel-electric and petrol- 
geared cars, it being assumed that the engine is 
developing 150 brake horse-power in both cases. 
The sudden falls in tractive effort when the gear change 
is made in the case of the petrol-geared car is clearly 
brought out, while it will be seen that the Diesel- 
electric gives a tractive effort following the ideal 
curve for the conditions. The disadvantage of the 
gear-box is not so noticeable in the curves given in 
Fig. 16, which show the acceleration with the two 
types of engine on the assumption that they are 
each fitted to a car weighing 45 tons, which is being 
speeded up on the level. In this case, the gear change 
results in a period of dwell, but apart from this the 
Diesel-electric shows a superior acceleration throughout. 

A further advantage of the Diesel-electric drive is 
that it is possible to train a driver very quickly, 
as it is impossible to damage the equipment owing to 
inexperience. On the other hand, great skill is 
required on the part of an operator when driving 
an engine fitted with geared transmission, owing to 
the great inertia of a heavy train. The latter 
disadvantage can be overcome by automatic gear 
changing, but such devices are admittedly complicated 
and apt to lead to inefficient working. A very real 
economy with electric transmission is rendered possible 
by the ability to obtain a free running speed. To 
ecure this it is only necessary to open the electric 


control circuit, no heavy currents being broken if| p 


the opening of the circuit is made at the correct 
moment. The train may thus be brought down 
from maximum speed by coasting on closed throttle 
for the required distance before applying the brakes, 








Fie. 21, Enaines on Test BEp, 


the engine idling over on the governor during the 
coasting period. As a final point in favour of the 
electric drive, it may be pointed out that in place 
of the friction loss at a number of bearings which 
takes place with reduction gearing, many of the 
corresponding losses in electric transmission are 
represented by heating losses in the windings of the 
generator and motors, the heat being carried off by 
a suitable airstream. For this reason, among others, 
the upkeep charges are less with electric transmission. 





FIRE-PROTECTION OF PETROLEUM- 
STORAGE DEPOTS. 


THE photographs reproduced in Figs. 1 to 4 on 
page 764, illustrate the apparatus which Messrs. Merry- 
weather and Sons, Limited, of Greenwich, have recently 
designed and constructed for the Asiatic Petroleum 
Company, for the protection against fire of one of the 
latter firm’s large oil-storage depots in New Zealand. 

Following a series of exhaustive experiments, Messrs. 
Merryweather claim to have produced a foam-generat- 
ing composition, styled by them “ Fire Suds,” having 
ideal properties for dealing with oil fires. This prepara- 
tion rapidly smothers the surface of burning oil or petrol 
with a thick layer of froth, which, as is well known, 
is practically the only means of dealing successfully 
with a fire in which petrol or oil is involved The 
principal ingredients employed in Fire Suds are a 
solution of sodium bicarbonate with a froth-producing 
substance, and a solution of aluminium sulphate. By 
combining in the right proportions in water, these 
chemicals yield a substance which, whilst it generates 
large amounts of carbon dioxide, is sufficiently fluid 
to flow quickly over the whole surface of burning 
oil or petrol, thus extinguishing the fire. One of the 
chief problems that confronted the makers was to 
arrive at a means for obviating the necessity of 
storing the ingredients in the form of liquid solutions, 
which might conceivably prove to be unstable at 
certain temperatures. This problem they claim to 
have solved successfully with the apparatus which we 
illustrate. 

The plant consists of two cylindrical tanks, a large 
and a small one, constructed of galvanised, welded-steel 
late. The larger tank, in which is mixed the alkaline 
solution, has a total capacity of 1,125 gallons, the smaller 
one, for the acid solution, which is lead lined, having 
a capacity of 375 gallons. Each tank is divided into 
three compartments, each compartment having a hinged 
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lid at the top, a float depth indicator, and a revolving 
agitator, the impellers of which are arranged so as to 
clear the outlets of any solid matter at each revolution. 
The tanks are clearly to be seen in the view of the 
complete installation shown in Fig. 1. 

The plant is operated by a 50-h.p, petrol engine which 
is placed in front of the tanks as shown in Fig. 1. This 
engine drives a line of shafting and operates three 
separate pumps; it also drives the agitator spindles 
by means of a chain. Belt pulleys are provided on 
the shafting to allow for the driving by the petrol 
engine of other machinery in the storage depot when 
required ; the arrangement also allows the pumping 
sets and agitators to be driven from the depot power 
plant should the petrol engine be out of service for any 
reason. 

The dry ingredients of Fire Suds are stored in 
sealed tins of convenient sizes. On an alarm of fire, 
these ingredients are quickly dumped by the Fire 
Brigade staff into one compartment of wach of the two 
tanks and the pumping machines are started up. 
Within three to four minutes Fire Suds are being 
delivered at the rate of 160 gallons per minute. As soon 
as one compartment of the tanks is becoming exhausted 
the next is brought into use, the process continuing in 
regular sequence should the extent of the conflagration 
render it necessary, and thus a constant supply of 
foam-producing liquid is maintained. 

Water is supplied to the tanks by a 6-in., single- 
stage centrifugal pump, shown to the left in Fig. 2. 
According to the extent of the outbreak of fire, one 
compartment, two, or even all three compartments in 
both tanks, are supplied with the dry chemicals and 
with water. The contents of the individual compart- 
ments, or of the two whole tanks, as the case may be, 
are distributed to the fire by two Merryweather Hat- 
field pumps, shown in the centre and on the right- 
hand side of Fig. 2, these pumps having a capacity 
proportioned to the respective quantities of the foam- 
producing liquids to be delivered. The latter pumps 
are made entirely of gun metal, with copper air vessels, 
and are driven at the required speed by a silent-chain 
speed-reducing gear. 

It is necessary to deliver the two liquids which pro- 
duce the foam through separate lines of piping, allowing 
them to mix only at the point of efflux, as cluseas possible 
to the burning material which has to be covered. For 
this purpose, a twin line of delivery pipiny, 2 in. and 3 in. 
in diameter, respectively, is taken from the mixing 
and pumping base to headers provided at convenient 





positions on the circumference of the oil or petrol storage 
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FIRE-PROTECTION PLANT FOR OIL-STORAGE DEPOT. 


CONSTRUCTED BY MESSRS. MERRYWEATHER AND SONS, LIMITED, ENGINEERS, GREENWICH. 




















Fie. 1. GENERAL VIEW OF PLANT. 























Fie. 2. Water-Suprpty AND DIstripuTING Pomps. 








tanks. Distribution from these headers, one of which 
is shown in Fig. 4, is carried out by a series of specially 
designed hydrants mounted on the manifold into which 
are taken the twin deliver." pipes from the pumps. In 
the case of each hydrant a single handwheel operates 
the two valves simultaneously. 

In the twin pipes which connect the mixing and 
pumping base with the headers at the storage tanks, twin 
hydrants are fitted in convenient selected positions 
throughout the depot. These hydrants are mounted 
in sheet metal cupboards, as shown in Fig. 3, and are 
designed for the attachment of canvas delivery hose 
which is also run in twin lines and terminates in a single 
foam-distributing nozzle. The provision of these special 
hydrants is intended to meet any possible emergency 
that may arise in the depot. 

The two liquids, when mixed at the point of issue, 
produce ten times their volume of Fire Suds 
An oil or petrol storage tank, 77 ft. in diameter- 

















Fie. 4. Distrrsutine HEADER, 
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15-TON STEAM-LIFT FREE-TUP DROP-FORGING HAMMER. 


CONSTRUCTED BY MESSRS. EUMUCO AKTIEN-GESELLSCHAFT, ENGINEERS, SCHLEBUSCH-MANFORT. 





LIRR 


Fic. 1. ForGINGS MADE UNDER THE SCHNEIDER-URBANEK HAMMER. 


can be covered 6 in. deep with fire-extinguishing 
material in 9 minutes. 

Complete tests of the apparatus have been carried out 
at the Greenwich Works of Messrs. Merryweather by 
the engineers of the Asiatic Petroleum Company, the 
dock on Deptford Creek being utilised, by means of 
a floating dam, to allow of large quantities of Fire 
Suds being delivered over a considerable area during 
a given period. These tests were quite successful and 
proved entirely satisfactory to all concerned. 





TRIAL TRIP OF THE M.S. “ ButysssEs.’”’—On Wednesday 
and Thursday, May 25 and 26, successful trials were run, 
off the Tyne, of the single-screw motorship Bulysses, built 
by Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, to the order of the Anglo-Saxon Petroleum Com- 
pany, Limited, of London. The main dimensions of the 
vessel, a description of which will be found on page 736 
of our 121st volume, written on the occasion of her launch, 
are: length 440 ft., breadth 59 ft., and depth 34 ft. 9 in. 
She is of the single-deck type, with poop, bridge and fore- 
castle, and has been constructed to Lloyds 100 Al 
class on the Millar combined transverse and longitudinal 
system of ship construction, with a straight stem and a 
cruiser stern. Two longitudinal bulkheads are fitted, 
which, with transverse bulkheads, form 21 oil-tight 
compartments for oil cargo. A deep tank for oil fuel 
is fitted forward, and the fore and aft peaks are arranged 
for carrying water ballast. The propelling machinery 
consists of double-acting, four-cycle, Werkspoor engines, 
constructed at the St. Peters Works of the builders. 





INTERNATIONAL CONGRESS FOR TESTING MATERIALS, 
AMSTERDAM, 1927.—As already announced in our issue 
of December 10 last, on page 737, an International 
Congress for Testing Materials will be held in Amsterdam 
from September 12 to 17 next. The proceedings will 
be divided into three main sections, the first of which 
will cover the mechanical and physical properties of 
metals ; the second will include cement, concrete, build- 
ing and road-making materials; and the third, oils, 
rubber, wood, and miscellaneous materials. A pre- 
liminary meeting will be held on Monday, September 12, 
at 8 p.m. On September 13, from 9 a.m. to 12 noon, a 
combined meeting of the three sections will take place, 
and two papers. by scientists of international standing, 
will be read. From 2 to 5 p.m., there will be meetings 
of the three sections, when six papers will be read and 
discussed in each section. Meetings of the three sections 
will be continued on September 14, from 9 a.m. to 12 
noon, and the afternoon will be devoted to a boat trip 
to Ymuiden to view the new sea locks in course of 
construction. On the morning of September 15, from 
9 to 12, a combined meeting, similar to that held on the 
Previous Tuesday morning, will take place; in the 
afternoon, from 2 to 5, and on September 16, from 
9 am. to 12 noon, the sectional meetings will be con- 
tinued. The final session of the sectional meetings will 
take place on the afternoon of September 16, from 2 
to 5. An official banquet will be held at 7 p.m., on the 
Same day, at Scheveningen. Various excursions are 
being arranged for Saturday, September 17. The papers 
Presented at the Congress will be in English, French, or 

rman. In order to save time, the remarks of speakers 
at the discussions will not be translated. A synopsis of 
the contributions to the proceedings will be forwarded to 
those participating in the Congress some weeks before 
“ae meeting. The offices of the Congress are at Valc- 

enierstraat 2, Amsterdam, Holland. 





15-TON STEAM-LIFT FREE-TUP 
DROP FORGING HAMMER. 


THERE is a time in the development of a machine 
when its parts become too large for existing tools 
to cope with, but invention keeps pace with demand, 
and the new applications of an old tool or an entirely 
original device adjust the balance once more. 
well-known case in point is that of the steam hammer, 
which owed its origin to the proposal to forge a 
crankshaft larger than anything that had been made 
up till then. The drop-forging industry is an old one, 
but has tended to develop lately rather in the manufac- 
ture of intricate forgings than in the production of heavy 
ones. Now, however, the question of size is claiming 
more attention. An example of such a product of evo- 
lution is given by Figs. 1 to 8, on this page and on 
page 768, which illustrate a drop hammer, having a tup 
weighing about 15 tons, made by Messrs. Eumuco 
Aktien-Gesellschaft, Schlebusch-Manfort, near Cologne. 

It is perhaps scarcely necessary to draw attention 
to the fact that the steam hammer as we know it, 
with its positive dead blow, is unsuitable for drop- 
forgings. What is needed for the latter process 
is a loosely supported tup which by its elasticity 
will permit the correct flow of the plastic metal in the 
dies. The cardinal feature in this new hammer, on the 
Schneider-Urbanek system, is an elastic connection 
between the piston of a steam hammer and the tup, 
so that the latter rebounds slightly, thus combining 
all the advantages of the free-falling tup with those 
of a steam or compressed-air lift. Further, in this 
hammer not only is there an elastic connection to the 
tup, but the framing itself is provided with elastic 
couplings in the form of spring-loaded bolts. 

The belt, board, or rope-driven machine is, like the 
tilt hammer of the past, restricted in usefulness by 
the size of modern forgings. A photograph of such 
forgings is reproduced in Fig. 1. The motor-car front 
axle is particularly noteworthy as it was formed in one 
operation only. The maximum length of die block 
that can be used with this hammer is 5 ft. 7 in., which 
is quite adequate to deal with such forgings. Passing 
from the work itself to the tool, Fig. 2 shows the 15-ton 
tup detached from the upper die block and piston 
rod. The extent of the machined guiding surface 
should be noted. With the long faces provided at right 
angles, the possibility of canting is eliminated. The 
usual dovetail and cotter arrangement is adopted for 
the die block connection, while for the elastic coupling 
between the tup and the piston rod reference should 
be made to Figs. 3 and 5. The small diameter of the 
piston rod appears remarkable at first sight, but when 
it is realised that the only stress to which it is sub- 
jected is simply a tensile one due to the weight of the 
tup and upper die block, the reason for this is apparent. 
The piston rod, solid with the tup, in the ordinary 
steam hammer commonly breaks at this point from 
shock. 

The cylinder is 21} in. bore and has a stroke of 
7 ft. 3 in. Its construction is clear from Fig. 5, while 
Figs. 6, 7 and 8 show the facings for the several pipe 








Fie. 2. 15-Ton Tur. 


connections, either for steam or compressed air. The 
valve gear, Figs. 3, 4 and 5, is arranged so that the 
descent of the piston and rod is checked by cushioning, 
and the tup is virtually disconnected from the rod just 
before the die strikes the work. Subsequent movement 
of the die is independent of the piston. On lifting, 
the rod locks with the tup and the piston takes the 


A | load. 


The total height of the machine is about 30 ft. from 
the ground, while the anvil block extends some 10 ft. 
below this level. The lower die block is carried in a 
bolster, as is customary. With regard to the system of 
spring bolting adopted for coupling the various parts, 
it is claimed that these springs absorb most of the 
shock transmitted from the anvil, while the careful 
adjustment made prevents displacement in a hori- 
zontal plane and therefore ensures correct alignment 
of the upper and iower dies. In the first place, it will 
be noted that the flange connections between the anvil 
block and the columns, and between the columns and 
the cylinder, are made with spigots, and that packing 
pieces are inserted in the recesses. The bolts are not 
loose, but are fitted in the holes and are sufficiently long 
to take spiral springs under the washers of the nuts. 
These bolts, however, do not take the whole load as 
far as the bottom connection is concerned, ‘but only 
a portion of it sufficient to distribute the stresses pro- 
perly. The major portion is taken by the four long 
bolts, two on each side, which lie between the vertical 
webs of the columns. Reference should here be made 
to Figs. 4 and 5, and from these it will be seen that a 
stiff beam, made of a pair of flat bars, bears upon the 
lower edge of an opening in the columns. This beam 
is connected through a large washer to the two bolts 
above referred to, cotters being used on them instead 
of nuts. The connection between the beam and the 
washer consists of two bolts at each end with volute 
springs under the nuts. The columns are connected 
to one another transversely at two points in their 
height by stays of ordinary design. 

The hammer above described is believed to be the 
largest drop hammer with a free falling tup and steam 
lift on the Continent. It is of new design throughout, 
but Messrs. Eumuco apply the system to existing 
hammers of various patterns by fitting the cylinder, 
etc., to the tup and columns of the machine undergoing 
alteration. 








InpustRiaL INSTITUTE OF NORTHERN FRANCE.—The 
Institut Industriel du Nord, the well-known Lille 
technical college, was occupied by the Germans during 
the whole of the war period. The premises suffered 
considerably in consequence, and much of the plant 
was removed. Immediately after the cessation of 
hostilities, however, the college authorities set to work 
to reconstruct and re-equip the buildings, in order that 
the Institute might resume its normal activities. In 
recognition of the work accomplished, the French 
Government recently awarded the Croix de Guerre to 
the College. The decoration was formally handed to 
the Principal on May 15 last, on the occasion of the 50th 
anniversary of the foundation of the old students’ 
association of the Institute. 
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THE LATE MR. P. MACLEOD BAXTER. 


WE regret to note the death, on June 15 last, at 
his home, 7, Bute Mansions, Glasgow, of Mr. Peter 
MacLeod Baxter, formerly head of the firm of 
Messrs. McKie and Baxter, marine engineers, Govan. 
Born in 1865 at Helensburgh, Dumbarton, he was 
educated at Allan Glen’s School, Glasgow, and after- 
wards served an apprenticeship of five years with 
Messrs. Ross and Duncan, Govan, and with Messrs. 
David Rowan and Company, Glasgow. In 1886, when 
only twenty-one years of age, he was appointed 
manager of the shipbuilding and engineering works 
at Falmouth, of Messrs. Cox and Company, a position 
he continued to occupy for three years. Subsequently 
he proceeded to Spain to take up the appointment 
of chief mines mechanical engineer to the Rio Tinto 
Mining Company, at Huelva. Soon after his return 
to this country, some three years later, Mr. Baxter 
co-operated with the late Mr. J. A. McKie in the 
organisation of the firm of Messrs. McKie and Baxter. 
During the years which followed, he supervised the 
construction of numerous sets of machinery for cargo 
steamers and for large numbers of small craft built 
both at home and abroad. When the firm of Messrs. 
McKie and Baxter became a limited liability company 
in February of this year, Mr. Baxter retired after 
having held the position of managing engineer of 
the concern for some thirty years. He became a 
member of the Institution of Mechanical Engineers 
in 1892, and of the Institution of Naval Architects 
in 1919. 





THE LATE MR. H. MORRIS-AIREY. 


THe death of Mr. Harold Morris-Airey on Sunday, 
June 19, at the early age of 47, means the loss to radio 
science and technology of a careful and hard-working 
investigator. Since October, 1919, the deceased had 
held the post of Chief Technical Adviser at H.M. Signal 
School, R.N. Barracks, Portsmouth, and thus, within a 
few months, this establishment has lost two of its chief 
officials, Dr. Erskine Murray, whose death we recorded 
in our issue of February 18, 1927, being the other. 

Mr. Morris-Airey was the only son of Mr. William 
Morris-Airey of Crumpsall, Manchester, and was born 
in 1880. He was educated at Owens College and at the 
University of Bonn, and later was lecturer in Physics 
at that university, as well as at Manchester and 
Durham. In 1906 he was appointed a research professor 
at Armstrong College, Newcastle, and shortly after- 
wards began his investigations into radio-communica- 
tion, a subject which mainly occupied the remainder of 
his career. At the outbreak of war he offered his 
services to the Admiralty, and in 1915 was appointed 
to the Wireless Department of H.M.S. Vernon with the 
rank of lieutenant R.N.V.R. He took an active part 
in the development of wireless apparatus for naval 
aircraft, an application to which.the hostilities and the 
increasing part played by air warfare naturally gave 
considerable stimulus. He obtained promotion in 
1917, and when, in 1918, he was appointed to the general 
charge of the development of naval wireless transmis- 
sion, he was given the rank of lieutenant-colonel in the 
Royal Marines. He received the C.B.E. in recognition 
of his services during the war. In spite of his official 
position, Mr. Morris-Airey was a frequent contributor 
on electricity and optics to the technical and scientific 
journals, and as recently as our issue of June 10, we 
published an account of a useful joint paper, in which he 
and his colleagues went very carefully into the recent 
progress, which has been made in the development 
and manufacture cf silica valves, an important part of 
which is the seal, a matter to which he had given close 
attention. 





STANDARD SPECIFICATIONS FOR LINE WIRE FOR 
TELEGRAPH AND TELEPHONE PuRPOsES.—Two new 
publications have recently been issued by the British 
Engineering Standards Association as revisions of edi- 
tions of 1923, of specifications relating to conductors 
for telephone and telegraph purposes. One of the 
pamphlets contains specifications Nos. 174 to 181, 1927, 
and deals with non-ferrous materials, while the second 
gives Nos. 182 to 184, 1927, dealing with galvanised 
iron and steel wire. In both cases the specifications are 
subdivided into a number of clauses, as before, dealing 
with the definitions of piece, coil, bundle, &c., the methods 
of manufacture, tests, marking and packing. The prin- 
cipal modifications in the present editions are that 
specifications for cadmium-copper wire, tapes, binders 
and jointing sleeves have been included in Nos, 175, 
178 and 181, the only material recognised in the old 
specifications having been bronze. A new class of 
material known as “ high purity iron” has been added 
to Nos. 182-184, the composition of which is fully 
specified. The original tables included in the specifica- 
tion for galvanised line wire were found to be inconsistent, 
and have been fully revised; and lastly amendments 
have been made to the galvanising tests in Nos, 182-184. 
Copies of these specifications may be obtained from the 
Publications Department, B.E.S.A., 28, Victoria-street, 


EXTRA HIGH PRESSURE RECIPRO- 
CATING ENGINES. 


To THE Eprror oF ENGINEERING. 


Str,—Your correspondent, ‘“ M.I.Mech.E.,” will be 
interested to hear that we have engines at work at 
steam pressures of 370 lb. per square inch superheated 
to 650 deg. F. Two of these, of 750 h.p., have been 
in operation 140 hours per week for over two years 
without experiencing any special difficulties. Needless 
to say, they are not in this country. Pressures of 
300 Ib. are fairly common on the Continent, and we 
have supplied a number of engines for these conditions. 

ASHWORTH AND PARKER. 
Riverside Works, Bury, 18 June, 1927. 
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Board of Education. Catalogue of the Collections in the 
Science Museum, South Kensington. With Descriptive 
and Historical Notes and Illustrations. Electrical 
Engineering. Compiled by F. St. A. Hartley. London : 
His Majesty’s Stationery Office. [Price ls. 6d. net.] 

Der Transformator im Betrieb. By Dr. techn. Milan Vid- 
mar. Berlin: Julius Springer. [Price 19 marks. ] 

Plastering, Plain and Decorative. A Practical Treatise 
on the Art and Craft. By William Millar. Edited and 
remodelled by George M. Bankart. Fourth edition, 
revised and enlarged. London: B. T. Batsford, 
Limited. [Price 30s. net. ] 

Kelly’s Directory of Merchants, Manufacturers and 
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Kelly’s Directories, Limited. [Price 64s, Post free.] 
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Majesty’s Stationery Office. 

Department of Overseas Trade. Report on the Economic 
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Government Printing Office. 
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TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these can be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The State Electricity. Commission of Victoria 
is calling for tenders, to be presented by November 14, 
for turbo generators and accessory plant. (Specification 
No. 27/56.) (Ref. No. BX 3578.)——It is reported from 
Wellington that the Public Works Department, New 
Zealand, is calling for tenders, to be presented by 
September 13, for two sets of 110-kv. outdoor switch- 
gear and steelwork for Waikato electric power scheme. 
(Sections 225 and 226). (Ref. No. BX 3579).—The Main 
Drainage Department of the Ministry of Public Works, 
Cairo, is inviting tenders, to be presented by July 20, for 
the supply of air ejectors and accessories for station No. 
1, Kafr-el-Zayat drainage scheme. Local representation 





LETTER TO THE EDITOR. |NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—A somewhat better tone prevails in 
the heavy sections. The latest returns covering export 
trade show that, despite the force of foreign competiticn, 
a big volume of business is being done in various classes 
of machinery and manufactured goods. Electrical 
engineers are well employed, both on home and overseas 
account, while British automobile engineers are making 
a heavy demand on Sheffield producers of steel, fittings, 
and machinery parts. Though new bookings in wagon 
construction are disappointing, there is considera))le 
activity in repairs, Foreign inquiries are in circulation 
for rolling-stock and railroad materials. Despite the 
loss of Russin business, the tool-making sections, taken 
as a whole, are doing better than was the case a month 
ago. Engineering works are increasing their require- 
ments, shipbuilders in particular being good customers, 
Home collieries are not buying stores and equipment as 
freely as was expected. This is attributed to the difficul- 
ties of current trading in both home and export markets, 
The production of steel in the Sheffield district for April, 
according to the latest official returns, reached the 
surprising total of 120,000 tons. This was 15,000 tons 
less than in March, but allowance has to be made for 
the Eastern holiday interruption. The greater propor- 
tion of the output, namely, 58,000 tons, was again of 
basic steel, while 52,000 tons of acid steel were produced. 
Lincolnshire’s contribution was 50,000 tons of basic 
steel, representing a decline of 5,000 tons, compared 
with the previous month’s total. Iron and steel pro- 
ducers are feeling keenly the effect of the substantial 
importation of Continental iron and steel for turning 
into finished articles at British works. Consequently, 
purchases of raw and_ semi-finished materials are 
restricted, recent price reductions having failed to tempt 
consumers to any considerable extent. 


South Yorkshire Coal Trade.—Nominally, official prices 
are unchanged, but owing to the weakness in export 
demand, and the measure of stocks at collieries and in 
railway sidings, a good deal of business is being done in 
special lots at cut prices. Thus, while Yorkshire hards 
are officially quoted at 16s. to 17s., transactions are 
reported at 14s. per ton at the pit. Gas companies are 
steadily renewing stocks at prices which reflect the 
generally depressed condition of the market. The 
housecoal section is uniformly flat. Public purchases 
have shrunk to the seasonal minimum, and though 
tempting prices are offered, there is little forward business 
on offer. Blast-furnace coke is being sold at 12s. 6d. 
per ton at ovens, compared with 21s. to 22s. per ton a 
month ago. Other qualities of coke have cheapened in 
sympathy, a cut of 2s. per ton being announced in 
patent-oven coke. Nominal quotations :—Best branch 
handpicked, 27s. 6d. to 28s. 6d. ; best house coal, 21s. to 
22s. 6d.; screened house coal, 19s. to 2ls.; screened 
house nuts, 16s. to 17s. 6s.; Yorkshire hards, 16s. to 
17s.; Derbyshire hards, 16s. to 17s.; rough slacks, 
10s. 6d. to lls. 6d. ; nutty slacks, 8s. to 9s. ; smalls, 3s. 
to 5s. 6d. 





NOTES FROM THE NORTH. 


GLascow, Wednesday. 


Scottish Steel Trade.—There is still no improvement 
of any kind to report in connection with the Scottish 
steel trade, and the only change in the position is that 
order books are getting more bare. Very little fresh 
business is being picked up and anything wanted can, 
in most instances, be secured very quickly, with the 
inevitable result that buyers remain aloof until 
the last minute. Forward placings are lacking and 
producers are almost at the point of working on a hand- 
to-mouth basis. That state is very unsatisfactory and 
not conducive to economical running. There is too 
much turmoil and strife throughout the world at the 
present time to allow of the markets, in general, settling 
down, and until more peaceful conditions prevail 
our foreign trade will suffer in the export of both steel 
material and machinery. Inquiries at present are of no 
great moment, either for home or abroad, and the out- 
look continues rather overcast. In one or two works 
there is still quite a fair amount on hand, but with the 
much larger capacity of recent years, what represented 
a good tonnage before the big extensions of plant, is 
small in comparison with what could now be turned out. 
Prices have all a tendency to get easier, but are being 
well maintained. In the black sheet trade conditions 
vary, and whereas the black and galvanised varieties are 
in fairly good request the heavier gauges are very quiet. 
The following are the current market quotations :— 
Boiler plates, 111. per ton; ship plates, 8/. 2s. 6d. per 
ton; sections, 7/. 12s. 6d. per ton; and sheets, under 
#; to } in., 101. to 121. per ton, all delivered Glasgow 
stations. 


Malleable-Iron Trade.—In the West of Scotland malle- 
able-iron trade a depressed state still exists, and makers 
are finding it more difficult to carry on each week. The 
current demand is poor, and inquiries are far from 
encouraging. The re-rolled steel departments are also 
very short of orders. The price of “ Crown” bars 1s 
unchanged at 10/. 15s, per ton delivered Glasgow stations. 
Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade there has been no improvement. Production is far 
ahead of the present demand, either for hematite or 
foundry iron, and stocks are steadily increasing. Prices, 
are easier, and makers are prepared to make reasonable 
concessions whenever a favourable line is on offer. The 
following are the current market quotations :—Hematite, 
82s. 6d. per ton, delivered at the steel works ; foundry 
iron No. 1, 85s. per ton, and No. 3, 80s. per ton, both 





is essential. Contract No. 111. (Ref. No. AX 4821.) 
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on trucks at makers’ yards. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade-—Demand for Cleveland pig- 
iron is still insufficient to absorb fully the limited quanti- 
ties available for disposal in the open market, but 
inquiries are slightly better, and additions to stocks are 
stated to be now small. Home buying is a shade better, 
but there is still next to no export trade passing. Iron- 
masters still adhere to their fixed quotations. No. 1 is 
72s. 6d.; No. 3 g.m.b., 70s.; No. 4, foundry, 69s. ; and 
No. 4 forge, 68s. 6d. 


Hematite.—There is a rather steadier feeling in East 
Coast hematite. Further small sales to Italy are re- 
ported, and other Continental customers are purchasing 
a little iron, while home consumers in the Sheffield 
district and in South Wales continue to take an interest 
in this market. Nos. 1, 2, and 3 remain at 78s.,and No. 1 
hematite is put at 78s. 6d. 

Foreign Ore.—Consumers of imported ore are not in 
the market to buy, but they are still receiving consider- 
able supplies against old contracts, and stocks are 
mounting up. 

Blast-furnace Coke.—Local users of Durham blast- 
furnace coke, anticipating further fall in prices, are not 
disposed to negotiate for anything like extensive supplies. 
Good medium qualities are put at 20s. delivered to 
works in this area, 

Manufactured Iron and Steel.—Some descriptions of 
finished iron and steel are in slightly better request, but 
sales fall vastly short of what is necessary to keep work 
actively employed. Galvanised corrugated sheets are 
down 5s., but prices of other commodities are not 
quotably altered. Common iron bars are Ill. 5s. ; 
best bars, 117. 15s.; best best bars, 121. 5s. ; iron rivets, 
lll. 15s.; steel rivets, 12/.; packing (parallel), 87. ; 
packing (tapered), 11/.; steel billets (soft), 7/7. 128. 6d. ; 
steel billets (medium), 8/7. 2s. 6d.; steel billets (hard), 
81. 12s, 6d. ; steel ship plates, 8/. 2s. 6d.; steel angles, 
7l. 12s. 6d.; heavy sections of steel rails, 8/.; black 
sheets (24-in. gauge), 101. 15s.: and galvanised corrugated 
sheets (24-in. gauge), 14/. 10s. 





PERSONAL,—Messrs. The National Gas Engine Com- 
pany, Limited, Ashton-under-Lyne, have moved into 
new offices and showrooms in London, the address being 
117, Queen Victoria-street, E.C.4.—Messrs. The Parsons 
Oil Engine Company, Limited, Town Quay Works, 
Southampton, have opened an office for the convenience 
of their London clients at 3, Victoria-street, West- 
minster, S.W.1, in the charge of Mr. C. Wright.—The 
address of Messrs. Taite and Carlton, engineers, and that 
of the companies with whom they are associated, will be 
7, Iddesleigh House, Caxton-street, Westminster, S.W.1, 
as from June 20.—Messrs. Filma Oil Burners, Limited, 
have moved from 4, Broad-street Place, into large offices 
at 68, Victoria-street, S.W.1.—Messrs. William Asquith 
(1920), Limited, Park Works, Halifax, who have been 
members of Associated British Machine Tool Makers, 
Limited, since its inception, have, we understand, now 
retired, by mutual agreement, from that sales organisa- 
tion. As from June 18, 1927, Messrs. Asquith will con- 
duct their own sales, both at home and abroad, and all 
inquiries should be sent to them at their offices at Halifax. 





Contracts.—A contract covering the main switch- 
gear and a considerable amount of auxiliary apparatus 
for extensions to the Portobello power'station of the 
Edinburgh Corporation has been placed with Messrs. 
Metropolitan-Vickers Electrical Company, Trafford 
Park, Manchester. The equipment to be supplied 
includes a 9-panel extension to the existing main 6,600- 
volt switchgear, a 13-panel, 400-volt station service 
board, and four 15-panel switchboards for the boiler 
house, together with a 230-volt power-station battery 
and extensions to the station telegraph system. The 
extension to the main switchgear will include eight 
6,600-volt, metal-clad, oil circuit breakers, which will 
be larger than any of this type yet constructed. The 
circuit breakers are a new development of the Metrovick- 
type “ K” gear, metal-clad and compound-filled, each 
unit having a rupturing capacity of 1,500,000 kv.-a. 
Each circuit breaker will weigh approximately 11 tons, 
and each complete unit with its bus-bars, selector switches, 
and isolating switches will weigh about 20 tons.—In 
connection with the order for a centrifugal pump, placed 
With Messrs. Worthington-Simpson, Limited, by the 
Reading Waterworks, and referred to on page 734 of 
our issue of last week, we are asked to mention that 
the pump will run at a speed of 1,500 r.p.m., and not at 
the speed originally given, namely, 150 r.p.m.—Messrs. 
John Thompson Water Tube Boilers, Limited, Imperial 

ouse, Kingsway, London, W.C.2, have received a 
contract from Messrs. The Tata Iron and Steel Company, 
Limited, of Jamshedpur, India, for 10 of their vertical, 
straight-tube, Alpha type, water-tube boilers, each 
having 10,660 sq. ft. of heating surface, and complete 
ag steam and water fittings, and other equipment. 
The boilers are designed for a daily working pressure of 
225 Ib. per square inch, and will be fired by blast-furnace 
gus. —Messrs, The Ogden Engineering Company, 2, 
“ve Boar Court, Market-place, Manchester, have 
: tained the contract for the complete air washing, 
ae and ventilating for the Masonic Temple, Brad- 
ord, which will be a six-storey building.—Messrs. The 
al Electric Company, Limited, of Magnet House, 
; ingsway, W.C.2, have recently secured a further 
ae from the Manchester Corporation Tramways 
or 50 type WT. 31. K. motors, these motors being rated 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Considerable attention is still being 
given to the French decree under which coal can only be 
imported into France by licence. Though no contracts 
have been cancelled, it is reported that, in a number of 
cases, shippers to the French State Railways and public 
services have had the quantities, which should have been 
delivered in July, cut down drastically, amounting in some 
instances to as much as 70 percent. This leaves them 
in a rather difficult position so far as collieries are 
concerned, in view of the general idleness of the market 
and the impossibility of finding a fresh outlet for the 
rejected coal. Complaints are also heard of French 
import licences being granted for coal bought at current 
values and the inability to secure licences for coal bought 
under contract at higher figures than those now ruling. 
Shipments of coal to France from South Wales in the past 
week at 75,370 tons were 23,000 tons below the total for 
the preceding week. The total exports at 416,920 tons 
were 4,200 tons lower than in the previous six days; 
exports from Cardiff amounting to 266,620 tons, at 
Newport to 84,680 tons, at Swansea to 41,520 tons, at 
Port Talbot to 22,200 tons, and at Llanelly to 1,900 tons. 
Very quiet conditions are still evident in all branches of 
the steam coal trade. The demand for large coal is 
exceedingly quiet and insufficient to absorb colliery out- 
puts, with the result that temporary pit stoppages are 
frequently made owing to the lack of trade and the 
impossibility of clearing loaded wagons. Prices in the 
circumstances are easy on the basis of 21s. 6d. for best 
Admiralty large, 20s. 6d. for best dry large, and from 
17s. 6d. to 20s. for Monmouthshire large. Smalls, how- 
ever, owing to the reduced output caused by the lessened 
production of large coal, are not too readily available, 
and steady on the basis of 14s. 6d. for the best bunker 
sorts down to 12s. 6d. for the inferior classes. 


Huge Colliery Loss.—The report of the Ebbw Vale Steel, 
Iron and Coal Company, Limited, strikingly reveals the 
effect of the seven months national strike. The report, 
which is for the year ended. March 31 last, shows a loss 
of 464,646/., and after transferring the balance of the 
general reserve fund 100,000/. to this loss, a debit balance 
is carried forward of 315,5267. The coal output of this 
concern was lowered by 2,012,669 tons, the production of 
coke by 205,700 tons, of pig-iron by 213,115 tons, and of 
steel by 133,127, while the wages paid to the men were 
reduced by 1,738,5151. No dividend has been paid on 
the ordinary shares for at least six years. 








Hypro-ExLectric PLanTs IN CzECHO-SLOVAKIA.— 
The water-power resources of Czecho-Slovakia are being 
actively developed by the Government of the Republic 
and by local provincial governments. Seven plants, 
having an aggregate horse-power capacity of 10,970 
and a kilowatt capacity of 8,071, are in operation. The 
largest of these is the Jelenec plant on the Starohorsky 
Creek, which was put into service in June, 1925. The 
turbines, two in number, operate under a head of 341 ft., 
and generate 2-7 million kw.-hours per annum. A third 
turbine will be installed when the demand for electric 
power is greater. Five plants, having a total orga | of 
12,390 h.p. and 9,105 kw., are under construction. The 
most important of these is that on the river Vitava at 
Mirejovice. This plant, when finished, will have a 
working head of 10 ft. and a capacity of 4,663 h.p. The 
annual production will be in the neighbourhood of 
17-5 million kw.-hours. Preliminary operations have 
commenced on 11 hydro-electric plants on the rivers Uz, 
Labe, Vitava, Morava, Dyje, Moravice, and Vah. 
the aggregate the capacity will be upwards of 200,000 h.p. 
and 137,400 kw. Further projects are under considera- 
tion and, according to a pamphlet by Mr. Josef Wolf, 
entitled ‘‘The Utilisation of Water Power in the 
Czecho-Slovak Republic,” issued by the State Ministry of 
Public Works, it is thought that it will eventually be 
possible to utilise 660,000 h.p., or more than one-third 
of the total hydro-electric resources of the country, which 
are estimated to be approximately 1,720,000 h.p. 





SKILLED EMPLOYMENT AND APPRENTICESHIP ASSOCIA- 
TION.—Founded in 1905, to promote, through affiliated 
committees, the welfare of boys and girls by encouraging 
and assisting them to enter skilled trades, and to assist 
employers to find suitable young persons for instruction 
in skilled trades, the Skilled Employment and Apprentice- 
ship Association issued recently its twenty-first annual 
report. Durihg 1905, the ten committees affiliated to the 
Association found places for 355 boys and girls, and, 
during the twenty-one years of the Association’s existence, 
17,725 persons have been placed in skilled trades. 
Latterly, the volume of the work has tended to increase, 
and the year 1926 shows the largest number of young 
persons par in the history of the Association, namely, 
1,400. The total number of applications received by the 
Committees during the year was 2,719, an increase of 
479 over the figure for the previous year. The East 
London Apprenticing Fund received 16 applications for 
assistance in the payment of premiums, and, to 14 of these, 
the necessary money was loaned, as compared with ten 
last year. Seven boys completed their indentures during 
the year and there are 44 still on the books. Owing to 
frequent absences from London, the honorary secretary, 
Mr. F. Coston Taylor, A.M.Inst.C.E., has not been able 
to devote so much time as hitherto to the work of the 
Association. The Council have, therefore, secured the 
services of Mr. H. O. Horne as joint honorary secretary 
with Mr. Coston Taylor. The central offices of the 
Association are at 75, Denison House, 296, Vauxhall 


NOTICES OF MEETINGS. 


Tue Institution oF MECHANICAL ENGINEERS: 
Summer Mretina.—Monday, June 27, to Friday, July 1, 
at the Central Technical College, Suffolk-street, Birming- 
ham. Tuesday, June 28, at 10 am. “The Effect of 
the Automobile Industry on the Midlands,” by Mr. H. 
Kerr Thomas. At 2 p.m., visits to Works. At 7.30 
p.m., Institution Dinner in the Grosvenor Room, Grand 
Hotel, Birmingham. Wednesday, Thursday and Friday, 
June 29, 30 and July 1. Various excursions and visits 
to Works. 


Tue InstrTuTION oF Mrninc ENGINEERS: SUMMER 
MEETING.—Wednesday, June 29, to Friday, July 1, at 
the North of England Institute of Mining and Mechanical 
Engineers, Neville Hall, Newcastle-upon-Tyne. Wed- 
nesday, June 29, at 10.30 a.m., and Thursday, June 30, 
at 9.45 a.m. ‘‘ Notes on the Overhead Kepe Winding 
Plant at the Murton Colliery of the South Hetton Coal 
Co., Ltd.,” by Mr. G. Raw. ‘“‘ The Cleaning of Coal by 
means of Pneumatic Separators, with Special Reference 
to the Sutton Steele and Steele Process,” by Mr. K. C. 
Appleyard. ‘‘ Experiments on the Reversal of Mine 
Ventilation,” by Mr. W. D. Lloyd and Mr. J. N. William- 
son. “An Attempt at the Rationale of Faulting and 
Subsidence,” by Professor H. Briggs, with an appendix 
by Dr. J. Morrow. ‘The Driving of Narrow Places,” 
by Mr. S. Walton-Brown. ‘“‘ The Composition of Fire- 
damp,” by Mr. J. I. Graham. Discussion on “ Miners’ 
Nystagmus,” by Dr. F. Fergus. ‘‘ Miners’ Nystagmus,” 
by Dr. J. S. Haldane and Dr. T. L. Llewellyn. ‘“‘ The 
Construction of Flame Safety-Lamps,”’ by Dr. R. V. 
Wheeler and Mr. D. W. Woodhead. At 2.15 p.m. Visits 
to various Works. At 7.30 p.m. Institution Dinner at 
the Grand Assembly Rooms, Barris Bridge. Thursday, 
June 30, at 2.15 p.m., and Friday, July 1, at 10 a.m. 
Various Excursions and Visits. 


Tue InstrITUTION oF MUNICIPAL AND County EN- 
GINEERS; NortH WESTERN District.—Saturday, July 2, 
at 10.30 a.m., at the Town Hall, St. Annes-on-Sea. 
“ Municipal Works, Lytham St. Annes, since Amalga- 
mation,” by Mr. G. W. Lawson, 








Tue Socrety or Encrneers.—The secretary of the 
Society of Engineers informs us that, owing to the 
generosity of a member of the Society, three special 
yearly premiums of 10 guineas each will be awarded 
for the three best papers, respectively submitted by a 
member, an associate member, and an associate of the 
Society. Competitors are asked to submit the titles 
of their papers to the Secretary at 17, Victoria-street, 
London, S.W.1, before starting to write them. The 
contributions should be about 6,000 words in length, 
and must be sent in before November 30, next. Com- 
petitors will not be required to read their papers in 
public, unless they elect to do so. 





STANDARD SPECIFICATION FOR RIVET DIMENSIONS.— 
A specification which is intended to take the place of 
Appendix 7, which it was proposed to issue in connection 
with British Standard Specification No. 153, Parts I and 
II, 1922, for Girder Bridges, has just been published 
by the British Engineering Standards Association ; it 
deals with the dimensions of rivets for use in structural 
work, other than boilers. This new issue, No. 275, 1927, 
is divided into four clauses, the first of which defines 
the terms ‘‘nominal diameter” and “tolerance ”’ as 
applied in the other three; the latter deal respectively 
with the standard diameters for rivets from } in. to 
1} in. inclusive, the manufacturing tolerances on the 
shanks, and the standard proportions for snap, pan, 
and countersunk rivet heads. Two tables of standard 
diameters are given, the second showing the metric 
equivalent of the first, and, for the sake of clearness, 
sketches are included showing the standard heads and 
the tolerances on the shanks. Copies of this specification 
may be obtained from the Publications Department, 
British Engineering Standards Association, 28, Victoria- 
street, S.W.1, price 2s. 2d. post free. 





EFFect oF FrEesH WATER ON SALT-WATER GROWTHS.— 
Interesting data regarding the effect of fresh water on 
the salt-water growths on ship’s bottoms are contained 
in a recent issue of The Panama Canal Record. The 
hull of the U.S.S. Argonne was kept under the obser- 
vation of divers from April 29 to May 8, while the vessel 
was anchored in Gatun Lake. The ship had been out of 
dry dock for 14 months, and her bottom was thickly 
covered with barnacles, moss and marine growths. 
The barnacles were the first to be affected by the fresh 
water; they began to fall off on April 30. On May 4, 
five days after anchoring in fresh water, animal life 
was rapidly disappearing and the moss and marine 
growths had almost completely vanished. At this 
stage of the investigations, the opinion was expressed 
that the maximum beneficial effect had been produced 
and that it was only the still waters of the lake that 

revented all adhesions from being removed. Though 
later inspections were made, no particular changes were 
noted. On May 9, the Argonne put to sea, and three 
days later anchored in a West Indian port. An inspec- 
tion of the hull showed that 90 per cent. of the barnacles 
had disappeared, having apparently been washed off 
at sea. Moss and marine growths had completely 
vanished, leaving the hull clean. The paint on the 
ship’s bottom was in good condition. It was estimated 
that the saving in fuel, attributable to the cleaning of 
the hull, and calculated on the 3-days’ run, was in the 
neighbourhood of 7 per cent. The effectiveness of the 
cleaning was considered to be about 75 per cent. of 
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ENGINEERING FINANCE AND 
ORGANISATION. 


Last week the British Engineers’ Association 
invited a widely representative gathering to listen 
to statements by Mr. Reginald McKenna, Sir 
Arthur Balfour, and the President and Director of 
the Association, Mr. H. J. Ward and Mr. D. A. 
Bremner. The scope of each of these addresses 
was wisely limited, and, as has been usual with the 
information the Association has put forward, was 
suggestive as well as instructive. The general 
condition of the engineering industries in this 
country was already known to the audience, but 
the two Association speakers crystallised it into 
definite figures, brought up to the end of last year. 
In appropriate context Mr. McKenna and Sir 
Arthur Balfour dealt respectively with the financial 
mechanism on which industry has to work, and 
with the relations of the engineering industries to 
their own constituents, to the legislature and 
Government, and to their foreign competitors. The 
subjects chosen by each speaker were accordingly 
different, but they had an important aspect in 
common. They showed that the industries are in 
a condition which cannot be allowed to continue, 
and that there is need for immediate enquiry and 
appropriate action within the industries and the 
commercial community themselves. 

In our issue of November 12 last, we referred 
to a statement prepared by this Association for 
the Economic Conference of the League of Nations, 
which showed with remarkable clearness the course 
of engineering industries up to the end of 1925, or 
somewhat later. Their actual position was eritom- 
ised in sundry particulars of the aggregate financial 
results for two representative groups of engineering 
and allied firms; and at last week’s meeting this 
information in respect to 47 of these firms, whose 
balance sheets were already available, was brought 
up to the end of their respective financial years. 
These firms had an aggregate capital of about 
100,000,000/., and represented the various branches 








of engineering work in an assortment fairly corre- 





sponding to that in which they appeared in the 
industries. In 1924, these firms paid an average 
dividend of 4 per cent. on their paid-up preference 
and ordinary capital, which absorbed just over 
three-quarters of their earned profits. In 1925, 
the average dividend fell to 3-5 per cent., which 
absorbed not only the whole of the profits of the 
year, but nearly half as much again, which had to 
be taken from reserves. In 1926, the dividend 
was 3-1 per cent., and in order to pay it the earned 


5 profits had to be supplemented from reserve by 


four-fifths of their amount. Engineering and its 
allied arts are not a trivial branch of trade, but on 
the contrary, form the basis of all industries. 
Neither are they philanthropic institutions, whose 
funds are contributed for some other considera- 
tion than a corresponding yield of commodities. 
Their prosperity is essential to the economic health 
of the nation, and indeed, as Mr. Bremner pointed 
out, to the existence of the Empire. The authori- 
tative figures which he quoted, exhibit, not prosperity, 
but a deplorable state of adversity, and neither 
the community nor the trades affected can afford 
to wait until the river has flowed by. 

The disposition to meet calamity by the demand 
that some extraneous body should do something, 
was reproved by Hercules before the epoch of 
historical time, but it has managed to prolong its 
mischievous existence even to the present day. 
Though its fallacy as a panacea is beginning to be 
realised, it dies hard, if in fact it is actually dying. 
In every country despairing citizens and enthusiastic 
politicians are still apt to agree not only that, as 
the law says, every wrong must have a remedy, 
but also that the Government can and must provide 
it. The powers of the legislature are great, but 
they can be overrated. The municipal laws of a 
nation, and even international agreements, have to 
work under the supreme control of economic law. 
The operations of this irresistible force are neither 
codified nor clear, but, as with our own jurisprudence, 
ignorance of the law excuseth no man. In its 
economic as well as its other teachings, Nature’s 
practice, as Huxley pointed out, is to box one’s 
ears and leave one to find out why. Lately the ears of 
the engineering industries have certainly been 
boxed hard enough to induce it to make careful 
enquiry, and to take prompt action on such positive 
answer as it can procure. 


That, in substance, is what Mr. McKenna demands 
in regard to the financial system of the country. 
The Bank of England was founded a full century 
before the introduction of mechanical power 
substituted manufacturing for merchanting and 
agriculture, as the chief industry of the country. It 
is just over a hundred years since joint stock banks 
were authorised, and less still since they came into 
active operation. Many problems of banking 
remain doubtless the same in kind as heretofore, 
though vastly different in extent, and Mr. McKenna 
would be among the last to teach us to undervalue 
the traditions of sound banking under which these 
problems have been handled in this country with 
renowned success. It seems, however, difficult to 
imagine that the profound changes which have 
come over the country’s ways of livelihood in the 
last 100 or 150 years, can have taken place without 
making some change in what it requires from its 
banking system. It is still less to be assumed, 
without thorough enquiry, that the system which 
was adequate in the earlier conditions is necessarily 
sufficient at the present time. No one would 
propose to pull up the roots of the banking 
system in order to ascertain how it is going on, 
or to make changes in it without the due delibera- 
tion their importance demands. Beyond question, 
however, the system has been centred hitherto in 
a community of merchants, while for a long time 
past it has also had to serve a community of 
manufacturers, whose needs are of no _ less 
national importance. Whether, as it stands, it is 
equally adapted to the purposes of both communi- 
ties is a question which excusably, or at least 
intelligibly, may have been left unanswered, on 
the doctrine of quieta non moveri, so long as the 
younger community prospered. The figures we 
have quoted show that, if this nescience can ever 
have been justified, it is unreasonably imprudent 





at the present time. Banking and transport are 











770 


ENGINEERING. 


[JUNE 24, 1927. 








the arteries and veins of economic life, and an 
industry in which they are defective or obstructed 
will soon lag behind in the race, and ultimately may 
have to fall out altogether. Whether the present 
system is or is not the best that can be devised for 
existing industrial conditions is a matter for expert 
enquiry. An engineer’s unaided finance would 
doubtless be no better than a financier’s engineering. 
To be effective, the necessary enquiry must be 
made not only by those who are familiar with 
banking as an element of merchant life, but also by 
those who have special knowledge of manufacturing 
needs. It is such an enquiry, as we understand, 
that Mr. McKenna demands, and he will be sup- 
ported by the general voice of all manufacturing 
engineers who have considered the subject. 

In dealing with inter-industrial relations, Sir 
Arthur Balfour spoke with the advantage of coming 
fresh from the Economic Conference at Geneva. 
He found that the beliefs of a large part of the 
engineering industries in this country were shared 
generally by the representatives of other countries. 
Cartels and industrial agreements, applicable at 
best to relatively few industries, were thought to 
have by no means a general tendency to reduce 
tariffs, which, on the contrary, were sometimes 
actually raised with the object of fostering them. 
There was, further, a general impression that present 
tariffs were too high, too complicated, and too often 
changed, and that in principle State subsidies were 
wrong. 

These, indeed, may have been pious opinions, 
liable to be relaxed when individual industries 
were concerned. A_ sentiment, however, that 
was found equally general and may be accepted 
without such reservation, was that the more such 
matters were kept away from Governments and 
politicians, the more chance there was of some- 
thing useful being done. It is no disparage- 
ment of legislation when applied to purposes for 
which it is suited, to recognise that it has often 
to be drawn in much more general terms than are 
appropriate to relations as complex as those of 
industry, and may be determined by compromises 
such as usually are inevitable in representative 
government. As a rule, too, the decision lies with 
a majority who are not expert in the matters con- 
cerned, and are likely to get the worst of it in 
attempts at negotiations with so old-fashioned an 
authority as economic nature. According to the 
consensus of international opinion collected at 
Geneva, conferences and conversations between 
representatives of an industry and their opposite 
numbers in other countries will serve a useful pur- 
pose, even if they are not embodied in legislation 
or formal agreements. In each country, however, 
it will remain for each industry to perfect its own 
efficiency by helping itself. 

Among the many changes that have been started 
during the present century, or not much further 
back, one of the most significant is the tendency of 
constituent firms within an industry to supplement 
the admitted advantages of competition by those, 
not so generally recognised, of co-operation. At the 
present time, British enginering as a whole cannot 
obtain sufficient empioyment with a reasonable 
profit. Each firm has an interest in obtaining its 
share of what employment can be got, and sometimes 
that interest may be served best by unmitigated 
competition. 

To book an order, however, is only one stage 
in the transaction, and perhaps it is the only stage 
in which co-operation offers less advantage to a 
body of manufacturers tha.: competition. In every 
other part of the transaction and the preparations 
for it, manufacturers have far more interest in 
common than those in which their interests conflict. 
They seem gradually to be recognising this funda- 
mental fact in their practice. The formation of 
bodies, such as the British Engineers’ Association, 
the B.E.A.M.A., and the British Machine Tool 
Manufacturers’ Association is evidence that British 
engineers are following in this respect on American 
practice, which appears to have justified itself so 
richly. It cannot indeed be said that up till now 
such bodies in this country have done more than 
make a beginning. It has been a hopeful and 
encouraging beginning, the value of which is illus- 
trated in publications such as the remarkable 





economic monograph to which we have referred. It 
is obvious, nevertheless, that, however excellent its 
direction may be, an Association cannot represent a 
body of manufacturers effectively unless its consti- 
tuents support it by personal work as well as money. 
Such an institution, if anything like its full benefit 
is to be obtained, must grapple with problems that 
are outside the power of individual firms. The 
organisation of an industry will remain incomplete 
unless its Association has the means as well as the 
ability, to deal with such problems. No measure 
seems more clearly indicated as advantageous to 
British engineering than the support of its co- 
operative institutions, which already have made so 
excellent a start. 








THE ECONOMIC SITUATION OF 
DENMARK. 


In some respects the situation of Denmark has 
a considerable resemblance to our own. It has 
brought its exchange up to par, or a shade better, 
with the usual consequences of drastic deflation. 
It has embarked on programmes of social improve- 
ment proportionate rather to the desires of those 
who are to be benefited than to the available 
resources of the country. Its technical industries 
are handicapped by high rates of wages for specialist 
labour, which appear to be enforced by a politically- 
influential trade union system. Up till the end of last 
year and for some years back, it has been suffering 
under unprecedented severity of unemployment, 
which reached its climax at the end of the year, 
with a figure for the entire wage-earning population 
of 32-5 per cent., as against 30-1 per cent. at the 
beginning of the year, and 16-5 per cent. in the 
month of best employment. Both export and import 
trade have been depressed, though the balance of 
imports over exports is no greater than seems to 
have been covered by shipping and other invisible 
exports. Towards the end of the year, indeed, 
practically all Danish ships were employed, and a 
moderately good year is expected by ship-owners in 
the present year. In spite of fluctuations, the more 
important ship-building yards are fairly well pro- 
vided with work for the time being. Most of the 
vessels ordered are to be fitted with Diesel engines, 
and such firms as Messrs. Burmeister and Wain 
show continued prosperity. 

These are among the facts that emerge from the 
latest report of the Commercial Secretary at Copen- 
hagen, Mr. H. Kershaw, to the Department of Over- 
seas Trade.* Denmark is only a small country, less 
than a fourth the size of Great Britain, and with only 
a tenth of its population. For commercial purposes 
its importance lies partly in its metropolis, where 
over a-fifth of its total population is concentrated, 
and partly in its agriculture, which provides about 
80 per cent. of its total exports and occupies a good 
half of its territory. In Mr. Kershaw’s view, the 
importance of Copenhagen arises from the fact that, 
through its geographical position, it has become a 
North European entrepét, from which goods are dis- 
tributed throughout Scandinavia, Finland and the 
Baltic States. In building up and developing this 
old-established business, Danish traders appear to 
have created a substantial goodwill, which they 
support not so much, as it appears, by their own 
manufactures, in many of which they are handi- 
capped by the high cost of skilled labour, as by 
assembly shops, for the purposes of which they 
import large quantities of constituent parts. The 
imports and exports of the country each amount to 
not very far short of 100,000,000/., a substantial turn- 
over in each direction in proportion to the country’s 
population of about three and a-half millions. 

Of the total exports, 60 per cent. were taken 
by Great Britain, which supplied, however, only 
a fourth of that percentage of the imports. In 
the nature of things, this discrepancy is not likely 
to be permanent, and the report under notice draws 
attention to the fact that this circumstance is already 
recognised in Denmark. There is, as it states, a wide- 
spread educative movement throughout the country, 
designed to focus public attention on the vital 
necessity of Denmark increasing her imports from 
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Great Britain, if she wishes to retain her hold on her 
most lucrative export market. 

The existence of such a movement, which appears 
to be unique among States outside the Empire, 
might be the occasion of a successful attempt to 
improve British business with Denmark, if British 
manufacturers were disposed to comply with 
Danish requirements to the same extent as is done 
by competing countries. The standard of life in 
Scandinavia, like that of education, is said to be 
very high, and traders appear to look for propor- 
tionately high rates of commission, and greater 
facilities in advertising and general propaganda 
than are usual in larger countries. Why the small- 
ness of the country should be a reason for giving 
these larger advantages is not clear, but there seems 
to be no doubt that competitors are giving them, 
and apparently making money by doing so. The 
coal strike gave an opportunity to Poland to intro- 
duce its coal into the market, and by the care that one 
or two Polish collieries gave to screening and sizing 
they have secured a footing in the market, though 
British trade is said to be rapidly recovering. Great 
Britain also held her own last year in non-ferrous 
metals and some brass manufactures, porcelain 
insulators, and switch-board material. By reason 
of quality, British firms have also established a lead 
in the supply of high-class radio apparatus and 
motor-cycles, and are in the running in tyres both 
for motor-cars and cycles. As a whole, however, the 
British position in the engineering trades seems to 
leave much to be desired. 


It is clear that, in several directions, Danish trade 
is likely to offer increasing opportunities to manufac- 
turing engineers in the future. Though almost 
without water power of her own, electricity is 
widely applied in Denmark, and is used on most 
of the agricultural undertakings. Many high- 
tension power companies are in active operation, 
and a new 50,000-volt cable has recently been laid 
between Sweden and Denmark, a distance of about 
90 miles. Though Denmark produces a considerable 
range of electrical manufactures of good quality, its 
prices seem too high to enable it to hold its own 
market, and there may be a considerable opening 
for British manufacturers. The use of automobiles, 
again, is rapidly expanding, and it is hoped that the 
entire yield from the automobile tax—something 
over 300,000/.—will be devoted to the upkeep of 
roads throughout the whole country. Whether 
difficulties may arise through the action of a recently 
formed Danish Commission, charged with fixing 
standards for certain Danish machine-made goods, 
such as threads, bolts, nuts, washers, wrench widths, 
flanges, tapers, rivets, pins, and steel rope, remains 
to be seen. At worst they should not do more than 
increase the burden of keeping stocks of spares, 
which the reports from most countries seem to show 
has hitherto been undertaken more readily by foreign 
manufacturers than by British. It will be for the 
wisdom of British manufacturing engineers to 
consider whether the Danish trade is worth procuring 
at the cost of measures such as this report advo- 
cates, and in particular whether, as is suggested, it 
would answer their purpose to arrange some form 
of combination for selling purposes, such as well- 
known foreign concerns are said to have used with 
successful results. 

In commenting on this report it may not be out 
of place for us to express the hope, which we are 
confident will be felt generally by our readers, that 
the impending dissolution of the Department of 
Overseas Trade will not affect the issue of such com- 
munications, nor reduce the facilities, under which 
they are prepared. Before the war, British manufac- 
turers had often to contrast the extent to which 
they were assisted in foreign markets by their own 
Government, with the far greater facilities which 
manufacturers in other countries enjoyed. Since 
the establishment of the Department of Overseas 
Trade considerable improvement has doubtless 
been made, one sign of which is seen in the reports 
that it issues from time to time. If, as seems 
possible, the facilities that are given at present not 
only do not exceed what British export trade 
requires, but could even be extended with eco- 
nomic advantage, any measure which might tend to 
reduce them would, in our estimation, be an unjusti- 
fiable and extravagant economy. 
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THE PRANDTL-NADAI TORSION 
THEORIES AND THEIR APPLICA- 
TIONS. 


AN important practical advance in the deter- 
mination of the state of stress in twisted shafts was 
made by Prandtl some twenty or more years ago, 
when he pointed out that the direction and magni- 
tude of the shear stress, and also the twisting 
moment, can be determined from the geometrical 
properties of a membrane stretched across a box 
of the same shape as the shaft and expanded under 
constant pressure. 

Thus, in a shaft of rectangular cross section, Fig. 1, 






(41.4) 
“ENGINEERING” 


LINES OF SHEAR STRESS AND 
PLASTIC AREAS IN AN OVERSTRESSED SHAFT. 
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the volume enclosed between the membrane and the 
section at the top of the box is a measure of the 
twisting moment. The horizontal contour lines, 
A, give the directions of the shear stresses, while 
their magnitude at all points are proportional to 
the inclination 9 of the membrane to the basal sec- 
tion. In practice it is convenient to refer these quan- 
tities to a similar membrane stretched over a box 
of circular cross section, and so to obtain measure- 
ments in terms of a shaft of circular cross section. 
The use of a soap bubble film greatly facilitates 
measurements as Griffiths and Taylor have shown 
in a variety of practical cases. A recent improve- 
ment due to Nadai depends on the fact that in 
elastic bodies, like mild steel, the plastic state is 
reached at a definite stress which also corresponds 
to a limiting shear stress, and there must therefore 
be some inclination of the membrane to which this 
Shear corresponds. If it is assumed that this 
shear stress remains constant, as is reasonable 
when plastic stress is not too much developed, the 
plastic area developed can be observed by placing 
over the membrane a surface which at every point 
has a slope of the inclination corresponding to this 
shear stress. 'The common areas of contact between 
the membrane and this surface then show the 
plastic areas, while the measurements pertaining 
to the elastic conditions can be extended to the 
plastic state. For a rectangular or square shaft the 
surface corresponds to the sloping roof of a house. In 
other cases the surfaces are more complicated, but, 
Since they are ruled surfaces and therefore develop- 
able, their shapes can always be found by geometri- 
cal constructions. They can also be built up, as 
Suggested by Nadai, by sprinkling powder over a 
Plate of the cross section of the shaft. This was 
demonstrated by Prof. Coker and Mr. Dadswell at 
the recent Conversazione of the Institution of Civil 
Engineers. » They found, after many trials, that the 
most suitable powder is plaster of Paris, of the 
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surfaces produced in the case of a shaft with a 
key-way and a ship’s Tee iron, the latter of which 
brings out clearly the characteristic banking due to 
the Tee end and also due to the bulbous shape at 
the other extremity. 

Proceeding on these lines Mr. Dadswell has worked 
out at University College a large number of cases 
of plastic stress development in shafts, the results of 
which were exhibited. As an example of these, 
Fig. 3 shows, for an overstressed cylindrical shaft 
with a keyway, the directions of the lines of shear 
stress in firm lines, while the hatched areas indicate 
the plastic areas. The details of the theory have 





already been given in Prof. Coker’s recent Thomas 
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Hawksley Lecture at the Institution of Mechanical 
Engineers. The same authors also showed at the 
Conversazione a number of detailed measurements 
of the stress distributions due to notches and holes 


distributions in transparent plates. They prove to 
be identical and afford therefore a practical proof, 
if such be needed, that photo-elastic experiments on 
notched plates give correct results for steel members. 








LEAGUE OF NATIONS PERMANENT COMMITTEE ON 
ELectricaL Questions.—Mr. D. N. Dunlop, who, in 
addition to being director of the British Electrical and 
Allied Manufacturers’ Association, is chairman of the 
International Executive Council, World Power Con- 
ference, and of the British National Committee, has 
been appointed the British representative on the Per- 
manent Committee on Electrical Questions, set up by 
the Advisory and Technical Committee for Communica- 
tions and Transit of the League of Nations. 





THE BRENFORCE TRAVELLING SCHOLARSHIP.—The 
jury appointed by the Institution of Structural Engineers 
has awarded the 1927 Brenforce travelling scholarship, 
which has a value of 3001., to Mr. J. Blackett, who also 
receives the gold medal. The silver medal, for the candi- 
date placed second, has been awarded to Mr. 8. H. Suthers 
and the bronze medal, for the candidate placed third, 
to Mr. E. W. Williams. There were 64 entries for the 
competition, which was for the design of a reinforced- 
concrete water tower and tank. The thirty sets of final 
drawings submitted are now being exhibited at the 
headquarters of the Institution of Structural Engineers, 
10, Upper Belgrave-street, London, 8.W.1. The designs 








quality used by sculptors, and Figs. 2 and 4 show the 


will remain on view until July 1 next. 


of various shapes in steel plates and the corresponding 





THE ROYAL SOCIETY 
CONVERSAZIONE. 


Soxtar Eclipse exhibits were far less numerous 
at the Royal Society Converzazione, held on 
Wednesday last—the third of this season, including 
the Lister centenary celebration—than might 
have been expected. The Astronomer Royal 
showed some very fine photographs of the spectra 
of the corona and chromosphere, taken by Messrs. 
F. J. M. Stratton and C. Davidson at Benkoelen, 
Sumatra, during the total eclipse of January 14, 
1926, and Dr. E. H. Rayner once more exhibited 
his models of the crossing eclipse. Most of the 
physical demonstrations, by the National Physical 
Laboratory and by the British Thomson-Houston 
Company, as well as the special-alloy specimens 
shown by Sir Robert Hadfield, were noticed last 
month, in our issues of May 13, 20 and 27. Mr. A. A. 
King’s demonstrations of ultra-violet radiations 
and their applications were also described on that 
occasion (see page 616 ante) ; his experiments with 
natural and artificial gems (the latter fluoresce 
less than the minerals) were, however, new. The 
only physical novelty was the simple radioactivity 
photometer for the determination of the integrated 
intensity of X-ray crystal reflections by Mr. W. T. 
Astbury of the Davy-Faraday Laboratory. In 
this apparatus, the rays form a deposit of polonium 
on a foil, fall through a single glass slit on to the 
carbon print to be examined, which replaces a 
photographic negative; these parts, the source, 
slit and print, being immediately above one another. 
The carbon print is an insoluble gelatine film, 
varying, of course, in thickness at different spots. 
The film is mounted in a horizontal slide. The 
X-rays penetrate through the film into the box of 
an electroscope above the parts; when an X-ray 
is transmitted through the film, it discharges the 
electroscope at a rate which is, within limits, propor- 
tional to the X-ray intensity. Thus the photometer 
has integrating properties, and, by moving the 
slide, different portions of the film are brought into 
the range of the rays. The electroscope is watched 
through a small telescope. 

The specimens illustrating damage done to sheet 
lead by adults of the wood wasp, Sirex cyaneus, 
exhibited by Dr. J. Waterston, of the British 
Museum, were very interesting. The sheet lead 
is imported in rolls on a wooden core, and the 
larve of the wasp bore in the wood; the 
developed insect, a bluish wasp, hardly larger 
than an ordinary wasp, but of a more cylin- 
drical, less distinctly segmented body, cuts its 
way in round holes, about 3 mm. in diameter, 
through the layers of sheet lead. Two such consecu- 
tive layers were shown, each quite 2 mm. in thick- 
ness; the holes would originally be partly filled 
with lead dust and would be continuous with the 
tunnels of the larve in the wood. An insect, it was 
stated, might work its way through fifteen sheets. 
We may finally refer to the exhibits of the Rotham- 
sted Experimental Station at Harpenden. We men- 
tioned last month that Mr. S. Dickinson made use 
of Van Tieghem cells and glass needles for isolating 
single spores and other mycological specimens. 
Last Wednesday this was further exemplified 
with the aid of a lantern. The cell consists of a 
glass plate with a ring (not quite closed) attached to 
its lower surface, so that there is a layer of water 
between the agar, to which the material to be 
studied is applied, and the stage. Into this water 
space penetrates sideways, by manipulation of a 
slide, a glass needle; the moving needle is not 
required to touch the spore to be isolated, but 
separates it by the water current created. The 
spore can thus be studied in its development with- 
out having been injured. All the other exhibits 
were of purely biological or geological interest. 





THE PrRopvuction or Pia Iron AnD STEEL.—The 
monthly note issued by the National Federation of Iron 
and Steel Manufacturers, Caxton House (East), Tothill- 
street, Westminster, 8.W.1, shows that the number of 
blastfurnaces in operation at the end of May was 184, 
a net increase of five since the beginning of the month. 
The production of pig iron, during May, amounted to 
720,100 tons, compared with 680,000 tons in April and 
88,000 tons in May, 1926, the first month of the coal 
stoppage. The output of steel ingots and castings 
duri May totalled 882,500 tons, compared with 
850,100 tons in April and 45,700 tons in May, 1926. 








THE OIL, CHEMICAL AND COLOUR 
TRADES EXHIBITION. 

Untix this year no attempt has been made in this 
country to hold a special exhibition for the oil, chemical 
and colour trades, but the display made at the Royal 
Agricultural Hall, Islington, London, from June 11 to 
18 last, was evidence that the need for such an exhibi- 
tion was appreciated by manufacturers. Exhibitions of 
this nature, limited in scope to a few types of industrial 
productions, serve to bring the manufactures before 
the notice of trade buyers and technical authorities, 
without in any way interesting the general public, 
and consequently, although the attendance is small, 
the visitors are all likely to bring business to the 
exhibitors. Previously, the trades concerned in this 
phase of industrial work were largely content to trust 
to their reputations, built up solely on the basis of 
experience with their machinery or products. The 
need for greater publicity is now felt, and the experience 
of participating in the International Oil, Chemical and 
Colour Trades Exhibition will result in a much more 
extensive display, when the organisers, the Inter- 
national Trades Exhibitions, Limited, of Broad-street 
House, London, E.C.2, hold future exhibitions of the 
same class. 

In scope, the exhibits covered an extensive range 
from gas and oil engines and electric motors for power 
production, pulverisers, mixers and grinding machines, 
filling devices, &c., to the finished products of the 
colour industry. From an engineering standpoint, 
the show was a very attractive one, and, for that 
reason, we propose to refer to some of the outstanding 
examples of each type of machinery. 

Small-powered oil engines are now a standard article 
of manufacture, and that being so, there are but few 
items of a definitely new design in their construction, 
but attention should be called to a 47-h.p. heavy oil 
engine of the cold-starting type on the stand of Messrs. 
Tangyes, Limited, of Cornwall Works, Birmingham, 
and a 55-h.p. horizontal oil engine shown by Messrs. 
Blackstone and Company, Limited, of Stamford, 
Lincolnshire. Both have the features of design that 
have been found to ensure reliability in extended 
running, and are creditable products of a British 
industry in which supremacy has never been ques- 
tioned since its start. The Blackstone spring-injection 
system was demonstrated by means of a complete 
unit mounted to project the oil sprays against a 
plate forming the extended side of an open tank. 
We illustrated and described the arrangement in 
detail on page 638 of our 118th volume. 

Pulverising plant for coal, as well as for the materials 
more intimately associated with the paint industry, 
was shown in great variety. An interesting example 
was afforded by a mill shown by the British Rema 
Manufacturing Company, of Hubert Works, Highroad 
Well, Halifax, a concern of which Messrs. Wm. Asquith 
(1920), Limited, are the proprietors. In the Rema 
system, a ring mill is used, and a vacuum chamber is 
utilised to draw off the product. A fan on the mill 
feeds in the coal to be ground, separating the dust 
from the pea or pearl size coal and returning the latter 
to the mill for further grinding. The mill itself con- 
sists of a free-running grinding ring, made of man- 
ganese steel, inside which three crushers revolve. 
Of these, the top one forms the driver, the others being 
supported in the mill housing by heavy springs, and 
the openings for their shaft ends are arranged to per- 
mit of free movement in all directions, leather gussets 
being used to close the apertures round the shafts. 
The finer parts of the coal are carried upwards in a 
high-velocity air streem to a sifter above, from which 
the particles that need further treatment are delivered 
back into the mill. Whatever has been ground to the 
required degree of fineness, is carried away by the air 
current. Regulation of the degree of fineness may be 
made by a lever operating vanes which control the 
air circulation. In addition to its use as a coal 
pulveriser, the Rema mill may be obtained in sizes 
suitable for every type of material, and the extraction 
of the product by suction ensures safety when 
poisonous materials have to be treated. 

The Buell Combustion Company, Limited, Astor 
House, Aldwych, London, W.C.2, showed their coal- 
pulverising plant, which was the subject of a recent 
article in our columns (see ENGINEERING, 1926, vol. 
exxii, page 813). Pulverising plant of the type having 
revolving and stationary discs fitted with many hard- 
ened steel abutment pins was also shown by the same 
firm, and by Messrs. W. 8S. Barron and Son, Limited, 
of Gloucester. The Raymond system of pulverising 
has also been applied to general work, as well as to 
coal, and Messrs. International Combustion, Limited, 
have a special branch, at 11, Southampton-row, London, 
for dealing with the uses to which the paint trade and 
other industries may put the plant. On their stand 
they showed a Raymond roller mill. In this, the 
grinding is performed between a bull ring and a series 
of rollers, but, as ploughs are used to throw up the 
materia] ahead of the rollers, no actual contact takes 
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place between the metal parts. A fan is used to raise 
the semi-ground material to a separator, from which 
the finest dust is passed to a cyclone, and the rest falls 
back into the mill for further treatment. 

In the paint industry, ball or pebble mills are exten- 
sively used, and examples of these were shown by 
Messrs. Steele and Cowlishaw, of Cooper-street, Hanley. 
In them, the grinding action is caused by the constant 
movement of a quantity of flint pebbles, or porcelain 
or metal balls, immersed within the charge in a rotat- 
ing closed cylinder. With these machines, the three 
processes of grinding, mixing and thinning are possible, 
and the methods of attrition, crushing by impact, by 
solid abrasion, and by liquid-solid abrasion, may all be 
performed while the pigment is actually surrounded by 
the vehicle. 

In paint mixing, milling and refining, the machinery 
used takes many different forms, each particularly 
suitable for some specific type of material. When 
dealing with paste having white lead, barytes or other 
substance as its base, a machine of the edge-runner 
type is used. In this, a roll is made to revolve with 
its bottom edge pressing against a fixed pan. On 
the same revolving system as the roll, scrapers are 
mounted to ensure the stirring up and mixing of 
the treated material. Messrs. Torrance and Sons, 
of Bitton, near Bristol, showed examples of good 
design and construction of these machines, in which 
the finish of the pans and of the rolls, whether cylin- 
drical or conical, was exceptionally good. From the 
edge-runner, the tinted paste is passed through roll 
mills, made with rolls of granite or chilled iron. These 
rolls, which are mounted in a horizontal plane, must be 
set close to one another to ensure that every particle of 
the pigment receives treatment. In the Torrance mills 
of this type, a micrometer adjustment is provided for 
the rolls, in association with a controlled pressure spring. 
Messrs. Sidney Smith and Blyth, Limited, of 35, 
Garratt-lane, Wandsworth, London, also showed edge- 
runner and roll mills, as well as a combined plant 
consisting of a twin horizontal pug mixer mounted 
over a tandem two-roller mill, having an output of 
114 tons of treated paste in each working day. Messrs. 
Marchant Bros., Limited, of 66, Verney-road, St. 
James’-road, London, S.E.16, also exhibited a large 
combined mill, which was chain driven throughout. 

Mixers with stirring blades, for all classes of work 
and of substantial construction, were shown by various 
firms, including Messrs. Joseph Foster and Sons, of 
Soho Foundry, Preston, and Messrs. W. Rowlandson 
and Company, of 75, Mark-lane, London, while sifters 
and mixers for dry powders formed the outstanding 
feature in the display of Messrs. Wm. Gardner and Sons 
(Gloucester), Limited, of Bristol-road, Gloucester. A 
rotary unit, capable of being used either as a vacuum 
pump or as an air compressor, was shown by Messrs. 
Bernard Holland and Company, of 17, Victoria-street, 
Westminster. This appliance, which was illustrated 
and described on page 740 of our 114th volume, is of 
the type comprising a fixed casing in which a rotor is 
revolved eccentrically. Longitudinal slots are cut in 
the rotor, and these are provided with blades which are 
free to move radially. In earlier machines, low speeds 
had to be used because of the excessive wear that would 
otherwise be caused in the casing. This has been got 
over by the introduction of floating rings within the 
casing at the ends, which reduce the friction of the 
blades to a minimum. 

In every industry where acids and other corrosive 
agents must be used, it is now generally recognised that 
it is more economical to prevent deterioration than to 
make frequent renewals of the parts of a plant. Special 
steels have therefore been applied in the chemical 
trades, and Messrs. Thos. Firth and Sons, Limited, of 
Norfolk Works, Sheffield, made an effective display of 
appliances constructed in Staybright and Stainless steels, 
for use where corrosion would otherwise result. 





TRIAL TRIP oF THE S.S. ‘‘Casco.”—On Wednesday, 
June 1, successful sea trials were run of the single- 
screw steamer Casco, which has been built by Messrs. 
Earle’s Shipbuilding and Engineering Company, Limited, 
Hull, for the Canada Starch Company, Limited, of 
Montreal. A description of the vessel will be found on 
page 720 ante, written on the occasion of her launch. 





British Motor Cars IN Eeypt.—We quote the 
following paragraph from the Current issue of the British 
Chamber of Commerce of Egypt Monthly Journal: It is 
indeed sad for an Englishman, who has his country’s 
interests at heart, to walk along Sharia Soliman Pasha, 
in Cairo, which has now become a street of splendid 
showrooms, full of motor cars temptingly displayed, 
for he looks in vain for British makes. When will 
British manufacturers realise that there is a magnificent 
market for their cars in Egypt if they will only study 
the local conditions and methods of trade? It is an 
increasing business, too, for new roads are being made 
every day and new purchasers are constantly coming 
|forward. How can the Egyptian buyer know that 
British cars are really the best unless he can see them 
and use them ? 
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THE CANADIAN PACIFIC RAILWAY 
COMPANY’S LINER ‘“‘ EMPRESS OF 
AUSTRALIA.”’ 

(Concluded from page 733.) 

ConcLuDINe our account of the re-conditioning of the 
Canadian Pacific Railway Company’s liner Empress of 
Australia, we supplement the illustrations already given 
by Figs. 3 to 8, on pages 773, 774 and 775, which show 
the new machinery. As indicated in our|previous article, 
the performance of the original machinery of this vessel 
proved disappointing in service. The system chosen 
was, at the time of its installation, barely past the 
experimental stage, but it was hoped that its adoption 
would solve the then somewhat troublesome problems 
of speed reduction and propeller reversal by substituting 
the F6éttinger hydraulic transformer for the toothed 
gearing generally employed for the one and by dis- 
carding astern turbines employed for the other. An 
illustrated account of the Féttinger transformer was 
given in ENGINEERING, vol. xcvi, page 792 et seq. 
The main turbines of the Empress of Australia, as 
originally fitted, were of the Parsons drum type, with 
two Curtis impulse wheels, and ran at a speed of 
800 r.p.m. This was reduced to a propeller speed of 
160 r.p.m. by the transformers, which were placed in a 
separate compartment aft of the turbines, the thrust 
blocks being farther aft again. The boilers, of which 
there were 14, were of a modified Yarrow pattern, oil- 
fired, with a working pressure of 250 lb. per square inch. 
They were arranged in two boiler rooms separated by oil- 
fuel tanks, and other tanks divided the after boiler-room 
from the engine-room, the several actual machinery 
spaces being thus somewhat scattered. The total gross 
fuel consumption, at a speed of 16} knots at sea, taken 
over a number of voyages, was 205 tons a day. A full- 
power trial had-given a maximum speed of 17-2 knots. 

We have also mentioned already that the accommo- 
dation was so good and so modern that it was undesir- 
able to disturb it. With a passenger vessel of the 
older and more conventional design, having a big boiler- 
room hatch and fiddley, this would have presented 
no difficulty, but in this instance the boiler uptakes, 
as will be seen from Fig. 4, are divided, there being 
two comparatively narrow openings through the decks 
instead of one large one, with accommodation, corridors, 
and so forth, in between. The main problem was how 
to instal the new propelling machinery necessary for 
the increased speed and lower consumption desired 
without touching the accommodation. With the 
exception of four turbo-generators for lighting, etc., 
and one or two pumps, all of which were retained 
for emergency use only, the whole of the propelling 
and auxiliary machinery was removed. 

The dismantling of the engine and transformer 
rooms presented no difficulty, as a large engine-room 
hatch existed, but to remove the boilers it was necessary 
to cut a passage or tunnel between the two boiler rooms, 
and another of equal area between the forward boiler 
room and the forward cargo hold. In this hold, the 
after hatches in the various decks were enlarged and 
a portion of the lowest, or ‘‘ G,’’ deck, cut away. The 
tunnel and shaft thus formed was not, however, large 
enough for the water-tube boilers to pass through, 
and they had to be cut up in place by the oxy-acetylene 
burner, the magnitude of which task can be gauged 
by the fact that something over 1,000/. was spent on 
it for acetylene and oxygen alone. The clearance of 
the old boiler rooms was not rendered easier by the 
very complex piping systems which had to be dealt 
with. A number of alternative methods in the pipe 
lines had been provided to effect the same purposes, 
and this redundancy was proved by the fact that some 
of them had never been used at all. 

The old stokeholds having been cleared, seatings 
were prepared for the new boilers, of which six are 
double-ended with three furnaces, and one is single- 
ended, with four furnaces, the arrangement being 
shown in Figs. 3 and 4, The single-ended boiler, 
though primarily intended for steaming the auxiliaries 
is doupled to the main steam range. Each of the 
double-ended boilers weighs 115 tons, and could only 
be got in by lowering it through the hatches with 
its length lying across the ship. When it reached the 
bottom it was turned through a right angle and con- 
veyed on skids to its final position. In the case of the 
boilers in the after stokehold, something like 180 ft. 
had to be traversed, and, in addition, the wing boilers 
had to be moved across the stokehold, the centre boiler 
being put in last. The uptakes and smokeboxes had 
to be taken into the stokeholds first, and were slung 
up out of the way, until the boilers were in place. 
The run of the uptakes is shown in Fig. 3, and it may 
be noticed that only two of the three funnels of the 
ship are made use of, the after funnel being merely 
a dummy and acting as a ventilator. The new boilers 
are cil-fired and fitted with superheaters. The double- 
ended boilers are 21 ft. 6 in. long and 16 ft. 7 in. n 
mean diameter; the single-ended one is 12 ft. long, 
and 17 ft. 3 in. in mean diameter,_ The total heating 
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meant new stern tubes and re-boring the stern brackets. 
The vertical rake was increased 2 ft. 3 in. at the forward 
end of a length of about 150 ft. The propellers are 
inward turning when going ahead, and are of the 
solid four-bladed type, made of Turbiston bronze 
by Messrs. J. Stone and Company, Limited, Deptford. 
Incidentally, this firm was responsible for the hydraulic 
controlling gear of the bulkhead doors throughout the 
vessel, 

Situated between the propeller shafts in the old trans- 
former room, are two interesting Diesel engines displac- 
ing the old turbo-generators for lighting and power 
purposes. These new engines can cope with the whole 
load required with a full complement of passengers, and 
are of the Allen-Burmeister and Wain pattern. Each 
has four cylinders, 325 mm. in diam. by 440 mm. 
stroke, and is rated at 165 kw. Special, and success- 
ful, precautions have been taken to avoid trouble from 
vibration. Secondary shafts, rotated in opposite 
directions by a gear wheel on the crankshaft, are fitted 
in casings alongside the bedplate on either . hand, 
and carry gear of the Lanchester bobweight type. This 
room also contains, amongst minor auxiliaries, two 
motor-driven fresh-water pumps of neat design, supplied 
by Messrs. Stothert and Pitt, Limited, Bath. 

The performance of the vessel with the new machinery 
was excellent. The trials consisted of measured mile 
runs off the coast of Arran, a ten-hour fuel-consumption 
test, and an endurance test. On the first, a mean speed 
of 20-345 knots was obtained with an average draft of 
26 ft. 54 in. on a displacement of 21,800 tons. On the 
second, when the turbines developed a shaft horse- 
power of 20,440 at 400 r.p.m., the consumption of oil 
fuel was only 0-69 lb. per shaft horse-power per hour 
for the whole of the machinery, main and auxiliary, 
steering gear included, but not deck services. The 
steam consumption was 8-3 lb. per shaft horse-power 
perhour. The fuel used was ordinary boiler oil of about 
18,500 B.Th.U. per lb. gross calorific value. Taking the 
heating surface of the six main boilers as given above, 
the amount of water evaporated per square foot of 
surface was 5-14 lb. per hour. This represents an 
actual evaporation of 13-4 lb. of water per lb. of oil, 
and the thermal efficiency of the boilers is in the 
region of 83 per cent. on the gross calorific value of the 
fuel used. Reducing these trial results to service 
conditions, it means that, in good weather, the ship 
should be able to steam at 19 knots with an aggre- 
gate consumption of 150 tons of fuel oil a day for all 
purposes. As the best sea speed was formerly only 
164 knots, on a gross consumption of 205 tons of fuel 
oil a day, the immense improvement effected by the 
changes will be at once realised. Further, if we make 
the fair assumption that the rates of consumption 
would remain the same at 164 knots as at 19 knots, 
then, the re-conditioned ship would make a voyage in 
the same time as she did previously on less than half 
the fuel, #.e., on 100 tons a day. 

In considering these results, the best so far obtained 
in a British ship, the work of the owner’s chief super- 
intending engineer, Mr. John Johnson, in making 
them possible, deserves high praise. The alterations 
have been based on two main principles, that accurate 
measurements are the only reliable grounds for basing 
useful conclusions on, and that the smallest thermal 
or mechanical saving is worth making. - The trials 
themselves were most carefully carried out. The power 
was measured by two torsion meters on each shaft, one 
checking the other, and propeller thrusts were taken. 
The feed water consumption was recorded by a water 
meter, supplied by Messrs, Glenfield and Kennedy, 
Limited, Kilmarnock, and accurately calibrated by the 
company’s staff. The oil was subjected to a dual check, 
being drawn from calibrated tanks and also passed 
through a Basseler meter supplied by Messrs. British 
Liquid Meter Company, Limited, 7, Victoria-street, 
8.W.1. The latter meter is part of the vessel’s equip- 
ment and one is situated in each boiler room. A Mono 
CO, recorder is also fitted in each room, while the con- 
dition of the issuing gases is watched through windows 
in the smokeboxes fitted with reflecting mirrors. The 
boiler tubes are kept clean by steam-jet blowers fitted 
in the smokeboxes, supplied by Messrs. C. P. Parry, 
Limited, Liverpool. 

The engine and boiler rooms show @ careful considera- 
tion to-details often neglected. Thus the lagging of 
the steam pipes has been done on a really adequate 
scale, and the stop valves, cylinder covers, and valve- 
chest covers of even small auxiliaries are thickly 
covered. In the larger auxiliaries, superheated steam 
is used in compound engines, but wherever it is possible 
to employ a motor-driven machine the small steam 
engine has been discarded. Again, such matters as the 
material of the condenser tubes and the direction of ro- 
tation of the propellers received special consideration. 
Many cupro-nickel alloys for the former had been ex- 
perimented on before the 80-20 alloy actually used was 
decided upon, Messrs. Allen, Everitt and Sons, Limited, 
Smethwick, being the makers. The inward-turning 
propellers were adopted as showing increased efficiency 
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on a model tested, at the instance of Mr. Johnson, in 
the tank at the National Physical Laboratory, Ted- 
dington. 

The part played by the contractors, Messrs. The 
Fairfield Shipbuilding and Engineering Company, 
Limited, Govan, and particularly by Mr. Robert Traill, 
its engineering director, is also highly creditable. 
The contract for the reconditioning was placed early 
in March, 1926, and it was stipulated that the delivery 
date, namely June 6, 1927, should not be exceeded. 
The industrial troubles of last year intervened with 
such effect that practically eight months were lost, 
and by December most of the boiler material and some 
forgings for the turbines were still undelivered. Yet 
by well planned and practical organisation, and with the 
co-operation of the trades unions in the matter of over- 
time, the work was completed in the short space of five 
months, a feat undoubtedly constituting a record in 
this country. It is certainly gratifying to both owners 
and contractors that the vessel will now be able to take 





up her new duties on the date originally fixed, i.e., to- 
morrow, June 25, when she sails for Quebec from South- 
ampton. On arriving at the latter port after her deli- 
very voyage she was accorded a civic welcome by the 
Mayor of Southampton, Alderman P. V. Bower, who is 
also Admiral of the Port. The vessel will form a very 
notable addition to the Atlantic service, and a.good 
start will be made when the Canadian Pacific Steamships 
Company, Limited, onyher second voyage, convey 
His Royal Highness the Prince of Wales, and the 
Premier, Mr. Baldwin, to Canada. 





TriaL*Trir or THE §.S. ‘“ Irtona.’”-—On Tuesday, 
May 31, successful sea trials were carried out of the 
single-screw steamer Iriona, which{was recently launched 
by,Messrs, Workman, Clark and Company, Limited, from 
their South Yard, to the order of the United Fruit Com- 
pany, of Boston. A description of the vessel, written 
on the occasion of her launch, will be found on page 725 
ante, 
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LABOUR NOTES. 


Tue thirty-five unions which constitute the Engineer- 
ing Joint Trades Wages Movement are now balloting 
their members on the offer made on Tuesday last week 
by the Engineering and Allied Employers’ National 
Federation. Votes are to reach the general offices of 
the different organisations not later than the first post 
on July 20, and, if the offer—2s. per week to plain time 
workers—is accepted, the increase will have effect as 
from August 1. In the ballot paper, the Negotiating 
Committee say: ‘This statement is issued by the 
Committee appointed by the Executive representatives 
of the trade unions at a meeting following the Conference 
with the Engineering and Allied Employers’ National 
Federation, held on Tuesday, June 14, 1927, which 
arose out of a request for further consideration of the 
wages application made by the trade unions in June, 
1924. Since that date, no less than thirteen con- 
ferences have taken place, reports of which have been 
duly circulated to the unions concerned. As a result 
of these lengthy negotiations, the following proposal 
of the employers, while not a satisfactory one, is, in 
the opinion of the Unions’ Conference, the best obtain- 
able, and by resolution of the said Conference is hereby 
submitted for your careful consideration and decision : 

(1) In settlement of the present wages application 
the Federated Employers shall grant to workmen, 
21 years of age and over, when employed as ‘ plain 
time’ workers, a special bonus of 2s. per week to come 
into operation on and from August 1, 1927, to be added 
to, and be subject to the same conditions as, the exist- 
ing war bonus of 10s. per week. 

“*(2) This special bonus is accordingly not payable 
by way of guarantee or otherwise to workmen when 
employed on any system of payment by results, nor is 
it payable to those whose wages fluctuate in accordance 
with the wages of those employed in other industries. 

(3) This settlement shall have effect for a period 
of six months from August 1, 1927.” 

Members are asked to vote for or against acceptance 
of the proposal. 

Discussing the question of payment by results in the 
Monthly Trade Report of the United Pattern Makers’ 
Association, Mr. Wardale, the president, says :—‘‘ In 
some shops our members make sure that it is a condi- 
tion, when payments by results is worked, that the 
number of hours allowed for the job shall be sufficient 
to give 33} increase on time rates, and when they do 
not consider enough time has been set down, they refuse 
to make a start until the time has been increased. I 
venture to suggest that where our men are determined 
and do carry out this method, they are quite content 
with the system of payment. Some employers, how- 
ever, seem to believe that they can compel more pro- 
duction by putting a price on a pattern, and it is at this 
point that the difficulty with payment by results, as 
applied to our craft, commences. In trades where a 
trial article can be made and a fair price set as a result 
of the time taken, payment by results can be applied 
without difficulty. But the time a pattern will take 
has to be estimated—a more correct word to use 
is imagined—and very seldom does the employer 
imagine that the pattern will take the time it actually 
does; generally speaking, his imagination is on the 
short side; payment by results, therefore, as applied 
to our craft is, in my judgment, a humbug and nothing 
but a pretence.” 

The Rome correspondent of the Observer states that 
the two first cases tried before a Special Labour Tribunal 
took place a few days ago at Vicenza, in the Veneto. 
Two industrialists in the cotton trade at Corneto 
were accused of breaking Article 18 of the new syndi- 
calist law which forbids lock-outs, their object being 
io lower salaries and modify labour contracts. The 
Secretary-General of the Fascist Corporations at 
Vicenza appeared as the plaintiff, and claimed indemnity 
in the name of the workers. In their defence the 
industrialists declared that they had only called a 
lock-out because of the scarcity of raw materials, 
and they accordingly cbtained a verdict in their 
favour. The workers are credited, the correspondent 
says, with some caustic remarks as to the impractibility 
of applying the Syndicalist legislation with regard to 
lock-outs, because industrialists will always happen 
to be without raw materials when they wish to close 
down their works. 


According to The Ministry of Labour Gazette, employ- 
ment during May showed continued improvement 
in almost every industry. The improvement was 
again most marked in those industries in which un- 
employment nevertheless remained severe, such as 
shipbuilding, marine engineering, public works con- 
tracting, and the hand tool and cutlery industry. 
In the building and clothing industries there was 
a further seasonal improvement, and employment 
was good on the whole. There was also an improve- 
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ment in general engineering, in the wool textile industry, 
textile bleaching, dyeing, &c., and the boot and shoe 
industry. In the coal-mining industry both the 
numbers wholly unemployed and the numbers tem- 
porarily stopped showed a slight decrease as compared 
with April 25, but employment remained slack on 
the whole. Employment in the tinplate industry 
and among workers in the canal, river, and dock 
services, continued bad, and was worse than in the 
previous month. Among the workpeople (numbering 
approximately 12,000,000) insured against unemploy- 
ment under the Unemployment Insurance Acts in 
Great Britain and Northern Ireland, the percentage 
unemployed (including those temporarily stopped as 
well as those wholly unemployed) in all industries 
taken together at May 23, 1927, was 8-8, as compared 
with 9-4 at April 25, 1927, and 14-3 at May 24, 1926. 
The percentage wholly unemployed declined from 
7-2 at April 25 to 6-7 at May 23. The figures for 
May, 1926 (although exclusive of coal miners dis- 
qualified for unemployment benefit under the trade 
dispute provisions), were, of course, affected by the 
dispute in the coal-mining industry. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in May resulted in an aggregate reduction of about 
77,6001. in the weekly full-time wages of 512,000 work- 
people, and in an increase of 600/. in those of 9,000 
workpeople. The reduction was accounted for mainly 
by decreases in the coal-mining industry in Yorkshire, 
Scotland, the Forest of Dean, and Shropshire, the 
amounts of reduction ranging from nearly 5 per cent. 
of current wages in the Forest of Dean, to about 10 per 
cent. in Scotland. In the iron and steel industry, the 
wages of various groups of workers were reduced under 
the operation of sliding scales based on selling prices. 
There were also reductions, under cost-of-living sliding 
scales, in the minimum rates fixed under the Trade 
Boards Acts for workpeople employed in the boot and 
shoe repairing, paper box, paper bag, and brush and 
broom trades, and in the wages of electrical cable 
makers, penmakers at Birmingham, dyers and dry 
cleaners, road transport workers in Scotland, tram- 
way workers at Liverpool, and the employees of 
various local authorities in London and the West 
Riding of Yorkshire. The principal group of work- 
people who obtained increases in rates of wages during 
May were iron-ore miners in Cumberland and Furness. 








During the first five months of 1927, the changes 
reported to the Ministry of Labour in the industries 
for which statistics are compiled have resulted in net 
increases amounting to 23,250]. in the weekly full- 
time wages of 311,000 workpeople, and in net reduc- 
tions of 167,000/. in those of 1,120,000 workpeople. 
In the corresponding period of 1926 there were net 
increases of 14,800/. in the weekly full-time wages of 
116,000 workpeople, and net reductions of 52,000/. in 
those of 519,000 workpeople. 





The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as beginning 
in May, was 38. In addition, 15 disputes which began 
before May were still in progress at the beginning of 
the month. The number of workpeople involved in 
all disputes in May (including workpeople thrown out 
of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
was about 16,000; and the aggregate duration of all 
disputes during May was about 73,000 working days. 
The aggregate duration of all disputes in progress in 
the first five months of 1927 was about 594,000 working 
days, and the total number of workpeople involved in 
these disputes was 45,000. 





It is stated that at the request of the National Union 
of General Workers, the Shipbuilding Employers’ 
Federation have set up a committee to consider the 
question of labourers sharing in the earnings of all 
squad work. This, if adopted, will substitute pay- 
ment by results for time rates. 


Last week the riveters employed in a number of 
Clyde shipbuilding yards ceased work, as a protest 
against the introduction of a new price list. At a 
meeting held on the following day in Govan, they 
were strongly urged by officials of their Society to 
resume, and ultimately the following resolution was 
passed :—“‘ That we strongly protest regarding the 
introduction of a new price list which gives us worse 
conditions than we at present have. We insist that 
a new price list is necessary, but only one that will 
improve our conditions can be accepted. In the 
circumstances, we are prepared to return to work 
to-morrow morning, June 18, on the understanding 
that an immediate claim for a 25 per cent. increase on 
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the new price list be considered by the employers, and 
settled on or before July 14; settlement to be retro- 
spective as from June 15.” 





During the week, the Trade Disputes and Trade 
Unions Bill passed the report stage in the House of 
Commons. Clause I as amended by the Government 
emerged as follows :— 

1.—(1) It is hereby declared :— 

(a) that any strike is illegal if it— 

(i) has any object other than or in addition to 
the furtherance of a trade dispute within the 
trade or industry in which the strikers are engaged ; 
and 

(ii) is a strike designed or calculated to coerce 
the Government either directly or by inflicting 
hardship upon the community ; and 
(b) that any lock-out is illegal if it 

(i) has any object other than or in addition to 
the furtherance of a trade dispute within the 
trade or industry in which the employers locking 
out are engaged ; and 

(ii) is a lock-out designed or calculated to coerce 
the Government either directly or by inflicting 
hardship upon the community ; 

and it is further declared that it is illegal to commence 
or continue, or to apply any sums in furtherance or 
support of any such illegal strike or lock-out. 

For the purposes of the foregoing provisions— 

(a) a trade dispute shall not be deemed to be 
within a trade or industry unless it is a dispute 
between employers and workmen, or between work- 
men and workmen, in that trade or industry, which is 
connected with the employment or non-employment 
or the terms of the employment, or with the con- 
ditions of labour, of persons in that trade or industry 
and 

(b) without prejudice to the generality of the 
expression “‘ trade or industry”’ workmen shall be 
deemed to be within the same trade or industry if 
their wages or conditions of employment are deter- 
mined in accordance with the conclusions of the same 
joint industrial council, conciliation board, or other 
similar body, or in accordance with agreements 
made with the same employer or group of employers. 
(2) If any person declares, instigates, incites others 

to take part in or otherwise acts in furtherance of a 
strike or lock-out, declared by this Act to be illegal, he 
shall be liable on summary conyiction to a fine not 
exceeding ten pounds or to imprisonment for a term not 
exceeding three months, or on conviction on indictment 
to imprisonment for a term not exceeding two yéars ; 

Provided that no person shall be deemed to have 
committed an offence under this section or at common 
law by reason only of his having ceased work or refused 
to continue to work or to accept employment. 

(3) Where any person is charged before any court 
with an offence under this section no further proceedings 
in respect thereof shall be taken against him without the 
consent of the Attorney-General, except such as the 
court may think necessary by remand (whether in 
custody or on bail) or otherwise to secure the safe 
custody of the person charged, but this sub-section 
shall not apply to Scotland or to any prosecution 
instituted by or on behalf of the Director of Public 
Prosecutions. 

(4) The provisions of the Trade Disputes Act, 1906, 
shall not, nor shall the second proviso to sub-section (1) 
of section two of the Emergency Powers Act, 1920, 
apply to any act done in contemplation or furtherance 
of a strike or lock-out which is by this Act declared to 
be illegal, and any such act shall not be deemed for the 
purposes of any enactment to be done in contemplation 
or furtherance of a trade dispute. 





NATIONAL FEDERATION OF IRON AND STEEL MANU- 
FACTURERS.—At the annual general meeting of the 
National Federation of Iron and Steel Manufacturers, 
held on June 16 last, Mr. Benjamin Talbot, deputy 
chairman and managing director of the Cargo Fleet 
Iron Company, and South Durham Steel and Iron 
Company, Limited, was elected president for the year 
1927-28, in succession to Mr. H. C. Bond. 


Raitway Mar.—A new edition of their railway 
map of the British Isles was published recently by 
Messrs. John Bartholomew and Son, Limited, The 
Geographical Institute, Duncan-street, Edinburgh. This 
depicts the new grouping, each railway system -_ 
distinguished by a separate colour. The map is we 
and clearly printed, and the scale adopted (19 miles to 
1 in.) permits of the inclusion of a large number 0 
names of places and stations. The heights above sea- 
level of many of the stations are given, and an inset, on 
a large scale, shows the railway network in the London 
area. Canals and steamer routes are given, with the 
distances between ports, and county boundaries «re 
marked. The map measures 36 in. by 30 in., and the 
prices are—on paper, folded, 2s. 6d. net ; mounted * 
cloth, folded, 68, net; on cloth, with rollers en 
varnished, 10s. net. 
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THE INSTITUTION OF GAS 
ENGINEERS. 
(Concluded from page 740.) 
MoprErRN CARBONISING ECONOMICS. 


ALTHOUGH restricted to the plant and methods 
employed by the Portsmouth Gas Company, the 
paper by Mr. Thomas Carmichael, M.I.Mech.E., 
on “Modern Carbonising Economics, Exemplified 
by Results and Working Costs,” at the Portsmouth 
Gas Works, gave sufficient detail as to materials, 
labour, rates of pay, etc., for general comparison. 
Mr. Carmichael, who acknowledged his indebted- 
ness to Mr. S. E. Whitehead, assistant engineer to 
the company, for compiling the tables, stated that 
his tests referred particularly to three installations 
which he distinguished by numbers. At the oldest 
station at Flathouse, there were 10 beds of Woodall- 
Duckham continuous vertical retorts erected in 
1915-16, (installation No. 1), in addition to nine beds 
of horizontal retorts and two carburettor water-gas 
plants, each of a capacity of 1,000,000 cub. ft. 
At the Hilsea works, they had 20 beds of horizontal 
retorts remodelled in 1919, and further 14 beds of 
Woodall-Duckham fire clay vertical retorts, which 
had been in operation since 1921 (No. 2) and seven 
more beds (No. 3) of silica vertical retorts which had 
been in operation since 1925. In 1922, he had started 
experimenting with partly-screened Durham gas 
coals in the existing vertical retorts, and from the 
experience gained since, it was undoubtedly good 
carbonising practice, where both continuous vertical 
and horizontal retorts were in existence, and where 
the fuel contained large percentages of fines (as 
most Durhams did), to screen the coal for use in 
the vertical retorts and to carbonise the smalls in 
the horizontal retorts. Coke from vertical retorts 
was more saleable for domestic purposes than coke 
from horizontal retorts; at Portsmouth, they sold 
all their coke from the vertical retorts, and made 
water-gas chiefly from the horizontal retort coke. 
The vertical retort coke was undoubtedly very 
suitable for water-gas making, but economy had 
to be sacrificed in one department in the interest 
of general efficiency. The screens used consisted 
of bars, set at 45 deg., leaving { in. V-shaped 
openings. 

The paper gave results of 28 days’ continuous- 
working tests of installations Nos. 2 and 3 with 
Derbyshire coal. The results were concordant and 
satisfactory (apart from leakage losses). No. 3 
installation was subsequently tested with unscreened 
Durham coal, and half of No. 1 with screened 
Durham coal for 10 days. In the steaming of 
the verticals, it was noticed that 70 per cent. 
of the steam admitted at the base of the retort 
escaped unchanged at the top. With regard to 
thermal efficiency of gas manufacture, with or 
without waste heat boilers, Mr. Carmichael empha- 
sised, that the highest efficiency did not neces- 
sarily imply the highest yield of therms per ton, 
and that the most efficient process thermally was 
not always the most economical ; the gas engineer 
should aim at producing the maximum number of 
therms from the raw material at his disposal. 
The most economical carbonising plant was the 
plant best equipped for meeting variations in the 
values of coal and residual products. 

When the tested installations were partly dis- 
mantled for inspection last April, it was found that 
the Glenboig fireclay retorts which were fitted with 
Meltham silica courses in the upper portion of 
the back walls of the combustion chambers, were 
in good condition after 2,190 days’ gas-making, 
from 8,650 tons of coal, at 1,300 deg. C. (in 
the combustion chambers) with steam at 15 
to 30 lb. per square inch, and were fit for further 
carbonising 9,300 tons of coal after resetting 
for a depth of 10 ft. from the top; there was 
some cracking and distortion in the top courses 
under the cast-iron mouthpiece, mainly due to 
temperature variations in the material between the 
ordinary working and scurping periods. In the 
No. 3 installation, the retorts, consisting of silica 
with Glenboig fireclay in the upper courses above 
the silica, had also behaved well, but leakage of 
gases into the retorts and of coal gas into the waste- 
gas flues had occurred through the cavities allowed 
for expansion during erection; the leakages led 


to very high bottom temperatures, too large an 
allowance having been made for the total reversible 
and permanent after-expansion of the silica. 
Though the life of the silica under varying working 
conditions in vertical retorts could not yet be 
predicted, Mr. Carmichael considered silica refrac- 
tories, to be tested under load at high temperatures, 
as absolutely essential under present-day high- 
temperature conditions of 1,450 deg. C. and over. 
As regards maintenance costs (setting iron work, 
fitting, etc.), the estimates showed little difference 
between fireclay and silica verticals (9-04d. and 9-6d. 
per ton of coal); in the horizontals, the same 
estimate slightly exceeded 1s. The primary capital 
outlay for verticals was still high; but recent im- 
provements had brought this difference down, 
and on the basis of output of therms per day, the 
balance was now probably in their favour. Mr. 
Carmichael’s total carbonising costs were based on 
coke sale prices of 30s., per ton, the results for 
verticals, horizontals and water-gas plant being 
given per ton, per therm and per 1,000 cub. ft. 
The results seem to favour horizontal retorts, but 
the verticals had been run quite as cheaply with 
Durham coal, and the final table of comparative 
costs, for a year of 365 days, showed that the net 
cost of the coal still stood out as the predomi- 
nant factor. The costs in pence per therm 
were: (a) 2-32, (b) 2-33, (c) 1-68; (d) 1-81, 
(e) 1-84, (f) 3-10, (g) 3-93, for carbonising 
Derbyshire coal in vertical retorts of (a) fireclay, 
(b) silica, and Durham coal in (c) silica retorts, 
with steaming ; Durham coal in horizontal retorts, 
(d) unscreened, (e) screenings; and for water-gas, 
blue (f), and carburetted (g) at 465 B.Th.U. But 
each carbonising system had its own advantages 
and disadvantages, and local conditions and markets 
had carefully to be studied for every new design. 

In the discussion Mr. F. Prentice, said that they 
had had great trouble with carbonising Durham 
coal in vertical retorts until they either removed the 
fines, which then left space for the coarse particles to 
swell, or mixed 3 or 4 per cent. of non-swelling coal 
with the fuel ; the trouble arose from the swelling. 
Mr. W. H. Warren, questioned the comparison of 
most modern verticals and rather old-fashioned hori- 
zontals, and further the statements regarding the 
numbers of men required. Mr. Valon Bennett, of 
Rochester, inquired about the coal and screening, and 
was informed by Mr. Carmichael that the Durham coal 
had not been fresh, but several years old and was 
no longer highly-caking, and that the smalls re- 
moved made up about half the volume. In 1922 
Derbyshire coal had given the cheapest therms, but 
that was no longer so, and Mr. Carmichael now 
proposed to use Durham fuel exclusively. In reply 
to Mr. P. S. Hoyte, he stated that rotary screens 
had been discarded because they required too 
much power. Mr. C. Belton, considered the 16 
to 22 per cent. (by weight of coal) of steam used 
at Portsmouth for retort cleansing a high figure. 
Mr. H. E. Copp, of Hull, suggested mixing the coal 
with coke breeze in order to obtain greater porosity ; 
but Mr. Carmichael replied that this fuel blending 
was difficult, and further that raising the tempera- 
ture of the combustion chamber by 50 or 100 
deg. C. did not increased the steam decomposition 
materially. 


OvENS AS A GASWORKS CARBONISING PLANT. 


In introducing the next paper, Mr. G. M. Gill, 
M.I.Mech.E., remarked that the design, construc- 
tion and operation of coke ovens had greatly 
improved and developed during the past twenty 
years in America and on the Continent. The 
continuous vertical retort, largely used in this 
country, was very suitable for its work; the hori- 
zontal retort was elsewhere giving way to ovens. 
Oven coke could be recommended for all appliances 
except the open grate. Mr. Gill pointed out that small 
horizontal ovens had been built in units of three 
ovens, equivalent in carbonising capacity to a 
horizontal setting of eight through retorts. Charges 
of 4,000 lb., put in by power wagons through two 
openings at the top, were carbonised in 10 or 12 
hours ; the coke was pushed out into travelling 
wagons, quenched by a spray, and then emptied 
upon a sloping wharf. The ovens were now also 





heating flues and recuperators, but with common 
producers. The intermediate-size horizontal oven 
had a capacity of 1 to 6 tons per 12 hours. Flexi- 
bility in gas production was obtained by the 
Koppers Company of America by the provision of 
mechanical producers and divided regenerators 
for preheating both the producer gas and the air, 
so that producer gas could be used as an alternative 
to coal gas. 

The large horizontal ovens, which now supplied 
more American towns with gas than the retorts did, 
had no special roofs, but were worked like the inter- 
mediate sizes, except that the coal was first care- 
fully prepared, passed through Bradford breakers, 
to remove iron, wood, &c., pulverised, blended by 
a belt system, raised to the hopper and fed into 
the travelling wagons, delivering weighed charges 
through top openings, while simultaneously a 
pushing machine reciprocated a levelling ram 
through doors in the top of the ovens. To avoid 
over-carbonising with temperatures between 1,300 
and 1,427 deg. C., in the narrow ovens (12 to 15 in. 
wide), in the Koppers and Becker designs the gases 
were taken upward, then over the oven and down- 
ward in flues. The horizontal taper between the 
pusher and discharge sides was only 1} in. in a 
40 ft. oven.. Regenerators were best worked on the 
Siemens reversing principle. For this country, Mr. 
Gill gave particulars of the Wilputt ovens of the 
Coppée Company at Consett. The good results 
obtained there and at Hamilton, Canada, had been 
surpassed in some respects in a German battery of 
70 Otto ovens (with benzol extraction) run entirely 
by 75 men, who did not, however, attend to the boilers, 
producers and electric plant. Vertical intermittent 
chamber ovens, a development of the Dessau retort, 
were very largely used now in Germany. In these, 
breeze was first dropped from the hopper at the 
top to cover the mechanically-operated door at the 
bottom, through which the coke was afterwards 
discharged, in order to raise the coal level into the 
heating zone; the tightness of that door was 
most essential. The vertical intermittent oven 
had many advantages for small and for large plant. 
At Mannheim there were two such plants each of 30 
ovens of the Didier and Otto-Pintsch types in 
operation; steaming was applied for the last 
three hours of the run of 12 to 24 hours. Inclined 
chamber ovens likewise had many advocates ; 
the Paris installation could generate 26,800,000 
cub. ft. of gas per day, each of the three sections 
of 54 ovens carbonising nearly 6 tons. German 
gas engineers considered ovens of various types 
suitable for carbonising and the activity of the 
large firms of Koppers and Otto was intense. 
There and in America, heating gas was largely 
being supplied by mechanical producers. The 
carbonising system had everywhere to be selected 
according to local conditions. 

An animated discussion followed. Mr. Gill had 
mentioned the claim that all fuel could be used in 
mechanical producers, and Mr. Wilkinson, said that 
he had found that the fine dust was screened out 
on the Continent. Mr. T. Glover remarked that the 
continuous carbonisation had been perfected in this 
country, but that little had been done on coke ovens 
so far. Mr. Chamberlain was doubtful about the 
advantages of coke ovens in gas works; their use 
involved handling much coal. Mr. J. W. McLusky 
favoured his Glasgow plan of continuous verticals, 
combined with intermittent verticals for the small 
coal. Mr. W. Townsend raised the question of the 
constancy of gas production in ovens, and thought 
that waste heat boilers could not properly be in- 
cluded in a producer plant. Mr. R. H. Ruthven 
said the intermittent vertical plant at Ramsgate 
had proved very flexible, while Mr. C. Harris 
claimed the first coke chamber retorts in this coun- 
try for Wombell and Taunton, installed some six 
years ago. 

In his reply, Mr. Gill dealt with the flexibility of 
the coke-oven gas supply; such flexibility was 
essential in America, owing to the extreme summer 
and winter conditions. 


GASIFICATION or SpEecraL CoKEs. 


A further report, presented by Professor J. W. 
Cobb, on the Influence of the Ash Constituents 





built as separate units, each oven with its own 


in the Carbonisation and Gasification of Coal, 








778 


ENGINEERING. 


[JUNE 24, 1927. 





gave particulars of the researches on the Gasification 
of Coke in Steam (by Mr. J. A. Sutcliffe), in Carbon 
Dioxide (by Mr. W. R. Branson), and in Oxygen 
(by Mr. F. J. Dent). We outlined these impor- 
tant researches when commenting on Professor 
Cobb’s recent lectures. Though it was not proposed 
to put soda into coal to be retorted, it is note- 
worthy that the effect on the steam decomposition 
of 0-5 per cent. of soda (as well as of iron oxide 
or lime).is relatively greater than that of 5 per cent., 
and that the reactivity of soda does not fall off 
with time. While the real nature of these effects 
is not understood, it is intelligible from the report 
why, in foundry work, on blast furnace hearths 
and in the blow of water gas, a coke of low reactivity 
towards carbon dioxide is preferable to a high 
reactivity coke. The coke is first burned to CO,, 
which is then reduced to CO. Below 800 deg. C. 
there is little reduction; above 800 deg. a tempera- 
ture rise of a few degrees makes a great difference, 
but this reaction is endothermic, and hence abstracts 
heat that would otherwise heat the coke column. 
In the open fire, on the other hand, the free burning 
quality of the fuel assumes greater importance. 


THE CooLrna oF CoKE. 


Mr. J. P. Leather described three types of coke 
quenching plant which he had recently studied on 
the Continent. The Sulzer system, he exemplified 
by reference to the Keilehaven plant, at Rotterdam, 
and the Utrecht plant. The Collin system, in use 
at Kiel and at the Henrichshiitte coke works at 
Hattingen resembled the Sulzer system in that the 
heat of the coke was transferred to steam boilers by the 
agency of inert gases. The coke from groups of three of 
the 50 carbonising chambers fell into one of a series 
of receptacles provided with water-sealed doors at 
the top and bottom. The gases were kept circulating 
by a fan to the boiler house and back through 
two flues running the length of the battery and 
connected with the cooling chambers by sand-sealed 
valves. In the cooling chamber, the coke rested 
on an incline at 42 deg. built up of stepped iron 
plates ; the gases entered the chamber through 
the interstices between the steps. A coke charge 
of 8 tons remained in the chamber for 4 or 5 hours. 
The gas valves were then closed, the bottom doors 
opened, and the coke was removed by belt conveyors 
direct into railway wagons. While at Keilehaven 
the charge was replenished as withdrawn, the 
chamber at Hattingen was emptied each time 
before fresh coke was admitted. 

The Heller-Bamag system, in operation at the 
Potsdam gas works, was not strictly a dry process, 
though it yielded a very dry coke. The chambers 
were cylinders, 12 ft. long, 7 ft. 6 in. diameter, 
constructed of 1-18-in. steel plate, and closed at 
one end by an ingenious door contrivance. A wagon 
carrying 24 cwt. of hot coke was brought up to this 
door, which was then opened ; the wagon body was 
pushed off its truck into the chamber, the door was 
closed, and the coke sprayed with water at 260 deg. F. 
The steam produced, which contained a little water 
gas, passed into the tubes of a boiler and then into a 
contraflow water heater in which the steam was con- 
densed ; the gas was mixed with the coal gas, and the 
water used for spraying. When the liberation of steam 
in the chamber had ceased, the door was opened and 
the hot coke, allowed to dry. The door and mouth 
of the cylinder had interrupted screw threads, and 
the door was suspended by its centre on a counter- 
balanced arm attached to an overhead shaft, which 
could be rotated and be moved longitudinally, 
by electric power. The cooling of a charge required 
some 20 min. ; the boiler tubes were of bronze, to 
prevent corrosion, as the Heller-Bamag gases reacted, 
with the sulphur, on the coke. Mr. Leather dis- 
cussed the heat relations at length on the basis 
of tests made by himself, and showed that the 
combustion of coke during the cooling was insignifi- 
cant, and that the additional power required left a 
substantial margin of useful heat. The advantages 
of the dry cooling were a coke of higher calorific 
value, a smaller amount of breeze, saving of water 
for quenching, and the production of steam, equi- 
valent, by the Sulzer process, to 6 per cent. in the 
coke available for sale. 

Discussing the paper, Mr. G. M. Gill said that dry 
coke practice would undoubtedly be adopted, but 





the Sulzer process was not efficient, and the coke dust 
was a great nuisance at Keilehaven; Mr. R. E. Gibson, 
to whose paper of 1924, on the Garston gasworks, 
Mr. Leather had made reference, remarked that 
the Allen process in use at Garston in which coke 
is dropped into water-jacketed vessels, although 
costly, was satisfactory. Dr. A. Parker pointed 
out that the coke-oven coke was discharged 
at 1,100 deg. C., and the horizontal retort coke 
near 900 deg. That would reduce the available 
heat very considerably. Mr. J. H. Clegg, on the 
other hand, stated that they had been quite aware 
of these objections when they decided on the 
Sulzer-cooling plant, now in the course of erection 
at Burnley. 
REFRACTORY MATERIALS. 

Mr. J. P. Leather, M.Inst.C.E., presented the 
report of the Refractory Materials Joint Committee 
of the Institution, and the Society of British Gas 
Industries. The first part of the report, on 
Standard Specifications for Refractory Materials 
used in gas works, did not propose any alterations, 
in view of the extremely complicated character of 
the chemistry and physics of silica. The second 
part described the researches, mainly conducted in 
Dr. J. W. Mellor’s laboratory at Stoke. The British 
Refractories Research Association, formed seven 
years ago, received Government grants at the rate 
of 1l. per 1l. subscribed. The Institution of Gas 
Engineers subscribed 250]. a year; a number 
of gas undertakings were also subscribers; but 
the total now available, including the Govern- 
ment grant, was only 4,000/., quite inadequate a 
sum. considering the great importance of refractory 
materials for the high-temperature work now 
ruling, and the costs of renewals and repairs of 
carbonising plant. 

Summaries were given of the chief researches. 
Two of these, by Mr. A. E. J. Vickers, dealt with 
sillimanite materials, and with the effects of furnace 
atmospheres and the remarkable reducing action 
of water vapour which, generally oxidising, became, 
above 1,150 deg. C., a more powerful reducing 
agent of iron oxide than hydrogen in the 
presence of alumino-siliceous materials, Mr. A. J. 
Dale reported on the load-bearing capacity of 
siliceous products at high temperatures on 
quartz-clay mixtures, and on firing-temperatures 
of grog kind; most of these materials have 
peculiarities restricting their uses. Particular atten- 
tion was further drawn in Mr. Dale’s report to the 
behaviour of silica retorts with reference to slag 
formation and corrosion. Mr. H. V. Corsfield had 
noticed, in 1925, the appearance of holes in 95 per 
cent. silica retorts. The holes, the report pointed 
out, only showed during the second period of use of 
the retort, in the first 6 ft. from the mouthpiece, in 
the bottom of the retort on the combustion chamber 
side, and usually not in the bottom retorts. The 
trouble was connected with the gradual change of 
quartz into tridymite and cristobalite, which manu- 
facturers attempted to hasten in order to eliminate 
subsequent expansion. But silica, as treated, was 
subject to reversible changes between 100 and 300 
deg. C., i.e., below red heat, so that a silica which 
behaved well in its first season, might spall after 
cooling down in the second season. It would, 
therefore, appear advisable to maintain a setting in 
continuous work during its life. The more definite 
cause of the holing was the action of iron and iron 
compounds, especially above 1,230 deg. C. 

The importance of these silica researches was 
emphasised by Mr. Gill, who pointed out that in 
America, 95 per cent. silica was almost exclusively 
used for retorts and coke-ovens, and that in Germany 
no allowance was now made for the permanent as 
distinct from the thermal expansion, when the 
silica had been properly burnt in tunnel kilns. 


Gas SERVICE. 


A paper on ‘‘Some Experiences of Gas Ser- 
vice,’ by Mr. J. H. Canning, aroused much interest, 
especially among engineers of undertakings of 
moderate size, to whom it made a direct appeal, 
Mr. Canning dealt more with general principles 
than with details, but he touched upon many 
points. Service pipes, he said, should be large 
enough to take the full peak load without much 
drop in pressure; wrought iron pipes seemed to 


last longest, but it was questionable whether they 
should be allowed to reach their full term of life. 
In relaying their pipes in Newport after the war, 
they had raised the diameter from ?-in. to 1-in. 
minimum. People complained about road disturb- 
ances by pipe laying, but they forgot how much 
heavy transport the gas mains saved. The wearing 
of taps had caused considerable trouble; though 
of fairly uniform composition the tap material varied 
in density and physical conditions, and Mr. Canning 
had found that the tapers of old plugs ranged from 
1 in 8 to 1 in 19. 

Gasfitting classes, open to all employees free of 
charge had been established in 1912; after the 
war the difficulty had been to obtain sufficiently 
prepared pupils. Gas undertakings should do their 
best to maintain their position by efficient service. 

In the discussion, Mr. H. D. Madden said that 
|; the number of corroded gas pipes was astounding ; 
|they were now coating the pipes internally with a 
| heavy oil. Mr. H. Williams said that he covered 
the pipes with jute, to which Angus Smith solution 
(pitch, tar and oil) was applied hot. 














THE VISCO AIR FILTER FOR 
AUTOMOBILES. 


OPINION appears to be divided at the present time 
as to whether an air filter is necessary on cars for the 
home market. It is generally agreed that a very 
appreciable proportion of the so-called carbon deposit 
is composed of road dust drawn in through the air 
intake, and it is reasonable to assume that a small 
percentage of dust must also reach the lubricating 
oil, and tend to excessive wear throughout the engine, 
but more particularly on the piston and cylinder 
walls, The excellent wearing qualities of the average 
engine are frequently put forward in support of the 
view that the effect of dust is negligible, but this is 
hardly a sound argument, as a very slight degree of 
wear will render an engine relatively noisy and 
appreciably reduce its efficiency. In cases where there 
is a high proportion of dust in the air, as in agricultural 
work or on loose-surfaced roads abroad, an air filter 
is normally fitted, and the only arguments that can 
be suggested against their employment in all cases 
are their first cost, the fact that they require cleaning 
at intervals, and the possibility that they may tend 
to strangle the air intake to some extent. 

The first objection may be dismissed as too trifling 
for serious consideration, at any rate on any but the 
cheapest cars. The question of the time required 
for cleaning can again hardly be considered serious, 
as it need not amount to more than a few minutes per 
week, and it would appear that the real reluctance to 
adopt air filters must lie in the possibility of their 
appreciably reducing the volumetric efficiency. It has 
been shown, however, that the air resistance is very 
small in some of the filters employed for turbo-alter- 
nators, air compressors, and other large plant, where 
their use is practically universal, and it would therefore 
appear that one of the soundest methods of approach- 
ing the design of a filter for an automobile engine would 
be to employ the methods already found satisfactory 
for this larger plant. 

This has actually been done in the case of the Visco 
filter, made by The Visco Engineering Company, 
Limited, 82, Victoria-street, London, S.W.1. The filters 
manufactured by this firm, which are in extensive use 
for alternators, compressors, transformers, and so on, 
consist essentially of a cell with expanded metal 
faces, filled with a large number of short rings. The 
whole cell is immersed in a special oil which is practi- 
cally non-evaporating, and is drained before being put 
into use. The rings lie irregularly in the cell, and the 
air passing through is subdivided into innumerable 
small streams, which are deflected across the oil- 
covered rings, the latter effectively trapping the dust. 
The new automobile filter embodies the same principle, 
and is made in a number of sizes to suit different 
engine capacities. It is very compact, and can be 
fitted to any engine without difficulty. An efficiency 
approaching 100 per cent. is claimed, and the occasional 
cleaning required offers no difficulty, as it is only neces- 
sary to wash the filtering element in petrol, afterwards 
re-dipping it in the special oil, allowing it to drain, and 
replacing it in the filter. 





BritisH AND CONTINENTAL Piq-Iron.—It is stated in 
a recent weekly report of the London Iron and Steel 
Exchange, Limited, 123, Cannon-street, London, E.C.4, 
that the reductions in the price of British pig-iron 
have resulted in an appreciable falling-off in the sales of 
Continental iron in this country. At the same time, 
however, the demand for British iron is still confined to 
orders for small tonnages. One or two blast furnaces 
have lately ceased production, and others may follow 
suit if the demand does not expand. 
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THE SOCIETY OF GLASS 
TECHNOLOGY. 


A MEETING of the Society of Glass Technology was 
held at University College, London, on Wednesday, 
May 18, the President, Mr. W. Butterworth, Senr., M.A., 
being in the chair. Three papers were presented, the 
first entitled “The Decomposition of Glass by Water 
at High Temperatures and Pressures,’ being by Dr. 
G. W. Morey and Dr. N. L. Bowen. In the paper it 
was stated that glasses were heated with water in 
steel bombs for about 20 hours. The bombs were then 
cooled and the product examined. In the case of 
optical glasses it was found that the barium glasses 
presented a consistent picture. The amount of attack 
was greatest with a light barium crown, and least with 
the very dense barium crowns which were remarkably 
resistant. The lead glasses as a whole showed a 
consistent and interesting relation between composition 
and resistivity. With small PbO content, as in the 
“soft crowns” or extra light flints, the glasses were 
badly decomposed at 300 deg. C. and practically com- 
pletely at 550 deg. As the lead content was increased, 
the glass rapidly improved, the extra dense flints 
showing remarkable resistance towards water. Of all 
the glasses tested, a high lead glass was the most 
resistant to the action of water under the extreme 
conditions tested. In addition to the optical glasses, 
a number of commercial glasses, in the form of pieces 
of tubing, were subjected to a similar treatment, at 
the same temperatures. Jena combustion tubing 
withstood the action of water best, whilst the failure of 
Pyrex glass was outstanding. At lower temperatures 
the Pyrex was exceedingly good, but at the higher 
temperatures of the experiments the boric oxide was 
completely extracted. The crystals obtained with 
Pyrex glass at 325 deg. were unknown but were of 
particular interest, and their composition was being 
studied. 

The second paper, on “ The Brittleness of Opal Glass,” 
was contributed by Professor Dr. G. Gehlhoff and Dr. 
M. Thomas. The paper described special apparatus 
used for the determination of the impact strength. 
A modified Winkelmann and Schott’s method was also 
employed by using pressed balls instead of ground and 
polished cubes. A dense opal glass containing much 
fluoride was used, the opacity being increased by the 
addition of zinc oxide. It was found that at a tempera- 
ture of about 1,040 deg. C. some discontinuous changes 
took place, possibly explainable in the following way. 
At high temperatures the opal glass was clear. In 
cooling down, crystals of a uniform and small size of 
grain were precipitated. The glass kept below the 
devitrification temperature already contained (owing 
to its having stood longer) bigger crystals. On further 
cooling down in conformity with the law of the yet 
undefined constitution diagram, small crystals were 
precipitated, whereas the existing big ones still grew. 
It might appear feasible that the opal glass, containing 
only crystals of a uniform and small size, possessed 
greater mechanical strength than a glass consisting of 
crystals of various sizes, particularly larger ones. The 
investigation showed that opal glasses must necessarily 
be worked above the temperature where precipitation 
of crystals caused opacity of the glass: brittleness 
resulted if they were worked below that temperature. 
It was suspected (from work being done) that similar 
phenomena held good in respect of clear glass. 

Francis Redfern, Jnr., in the third paper, dealt with 
“The New British 15—Arm Automatic Suction Bottle 
Machine.” This machine is composed of 15 separate 
bottle-making units, each complete in itself. All the 
important bearings on the machine are Timken roller 
bearings or ball bearings, totally enclosed and dirt- 
proof. There are approximately 40 tons of moving 
parts mounted on the stationary element, and the 
whole machine weighs about 60 tons. It will revolve 
up to speeds of between 6 and 7 r.p.m., and is electrically 
controlled. By means of an electro-magnetic brake 
automatically applied, it can be brought to rest from a 
speed of 6 r.p.m. within 2} ft. To accommodate the 
machine to the level of the pot, or the glass in it, it is 
raised or lowered by a small motor which is cut out 
automatically at the highest and lowest positions. 
At 6r.p.m. the machine takes about 11} h.p. to revolve 
it. The machine is constructed in such a way that it is 
possible to sit inside it while it works. The range in 
length of bottles (measured from the bottom to the 
parting line below the ring) which can be manufactured 
on the machine is from 15 in. to 2} in., for a maximum 
diameter of blow mould of 9in., and of parison moulds 
of 7 in. Wide-mouth ware can be made in which the 
maximum outside diameter of the neck mould is 
5} in., and the maximum length of plunger which can 
be inserted into the bottle is 24 in. A week’s produc- 
tion of merchantable reputed quart bottles is estimated 
at 2,800 gross. The machine can be produced in three 
sizes: 6 units, 10 units, and 15 units. For bottle- 
makers whose trade is of a miscellaneous character, it is 
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THE ACRO DIESEL ENGINE.* 
(Concluded from page 701.) 

In order to investigate the influence of different 
speeds, temperature curves were taken for the speeds 
of 600 and 800 r.p.m. We will confine our attention to 
Figs. 15 and 18, comparing them with Figs. 8 and 12. 
These figures all show that the hot zone extends about 
30 mm. into the cylinder after 8 mm. travel, and that 
the maximum temperature attained does not differ 
very much for 400 and for 800 r.p.m., while at 600 
5 es it is remarkably high. The actual figures are as 
‘ollow :— 





R.p.m. .. ar --| 400 400 600 800 
Mean pressure kg./em.2..| 3-3 4°8 5-8 5-4 
Highest temp. at 8 mm. 

travel, deg. C. --| 1,350 | 1,300 | 1,650 | 1,370 





The time necessary for the same piston travel is in the 
ratio of 4:3:2. The flame consequently develops 
twice as fast at 800 r.p.m., and more than 1} times as 
fast at 600 r.p.m., than at 400r.p.m. From this we must 
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conclude that, at the higher speeds, combustion and the 
attendant production -of heat take place much more 
rapidly than at a speed of 400 r.p.m. The questions 
as to whether this rapidity of combustion is exactly 
proportional to the speed, as it appears to be, and 
whether for speeds so different as 400 and 800 r.p.m., the 
same amount of fuel is burned within the same crank 
angle, is for the present still open. It would be of 
prime importance, however, to find an answer to it, 
because in the affirmative case an important characteris- 
tic of the motor would be revealed, which would open 
prospects of utilising the motor for very much higher 
speeds. I have found nothing to indicate that this 
is not the case. The test motor runs quietly and with- 
out visible exhaust, for all speeds between 200 and 
800 r.p.m., and for all conditions of load, from no 
load to the highest-possible load. The maximum load 
is limited by the advent of a visible exhaust. If 
the fuel is really burned equally well at all speeds, 
then the values for the mean effective pressure, and 
for the fuel consumption per indicated horse-power, 
for the maximum load attainable before the exhaust 
becomes smoky should be practically the same at all 
speeds. The following values were found at the maxi- 
mum possible load as indicated by the occurrence of 
smoke in the exhaust : 





800 
6-4 


400 
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6-5 


200 
6°7 
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* Paper read by Dr. Ing. R. Stribeck, before the Verein 





claimed that a machine of this design would be ideal. 


deutscher Ingenieure, on May 28. Abridged. 





| These differences are comparatively small, as are also 
the differences in the fuel consumption. The latter 
are shown in Fig. 20.* The two curves for 400 and 800 
r.p.m. are very similar and not very far apart. The 
conclusion can be drawn from them that for both 
speeds the efficiency of fuel consumption is practically 
the same for all mean effective pressures between 2 
and 6-5 kg. per square centimetre. 

We now have to explain the adaption of the combus- 
tion to the speed. If, at higher speeds, the combustion 
has to take place more rapidly, it is necessary that the 
air should flow into the combustion chamber, that is, 
out of the air chamber, at a higher speed. As a matter 
of fact, the excess of pressure in the air chamber, on 
| which the rate of flow depends, increases with higher 
speeds. The tests mentioned at the beginning of 
this paper, and which serve to measure the difference 
in pressure between the spaces 1 and 3, give the neces- 
sary indications. They must, however, be restricted 
to the measurements for the piston travel before dead 
centre, because beyond this point the vibrations of the 
diaphragm enter as a disturbing factor. For the point 
corresponding to a crank angle of 20 deg. before dead 





Fig.18.ASFig.8. BUT FOR 800 R.P.M. 
MEP 5-4 , 










7400 


1200 


1000 


Degrees Cent 


ae - 800 
= 5-4 
E Upper Rim of the 
600 


400 
(3m) Distance from the 


“ENGINEERING 


BUT FOR200R.P-M. MEP.-38 
R.P 





2000 
1800 
1600 

| 1400 
3 1200 
1000 
je 
600 
400 
200 


“(31.0 Crank Angle © ciesieeaaiiiaae 


centre we found the following excess pressure at different 
speeds 








R.p.m. ea aa 200 300 540 800 
Excess pressure in air 


chamber 1 cmaieeca 0-2 0-28 0-75 1-8 





Assuming that the rate of flow is proportional to the 
square root of the excess pressure, we arrive at the 
following comparative values : 





Ratio of motor speeds 
8 0-68 1 


0-25 0-3 
0-4 0-68 1 


(r.p.m.) wa we 
Ratio of rate of flow ..| 0-34 





The automatic adjustment of the rate of combustion 
to the speed of the motor is thus explained by the 
fact that the rate of flow of the air from the air chamber 
varies automatically with, and in proportion to, the 
speed of the motor. This automatic adjustment of 





* The indications for the mean effective pressure and 
the fuel consumption cannot be used as a basis of com- 
parison with other motors, because at the time the tests 
were made it was not possible to set the motor, the 
injection pump and the injection nozzle for highest 
output and lowest fuel consumption. They had to be 
used as they were obtainable, and since then consider- 
ably better values have been obtained with other motors. 
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the air flow to the speed is the most remarkable charac- 
teristic of the air-chamber motor. With it, one of the 
most essential conditions for an engine applicable to 
automobiles is fulfilled. 

In order to obtain a value for the rate of flow for 
the air, we may assume that at 800 r.p.m., and at 20 
deg., after upper dead centre, the excess pressure in 
the air chamber is 1-2 atm. This value appears 
probable in view of the actual test results obtained. 
For a gas temperature of 700 deg. C., and under stable 
conditions, the rate of flow would be 150 m./sec. ; 
the speed for 300 r.p.m. would be 0-4 by 150 = 60 
m./sec. In order to put the investigation of the 
influence of speed on the broadest basis, it was intended 
to run a series of tests at a speed of 200 r.p.m., and 
in order to approach the conditions during the starting 
of the motor, a low value for the mean effective pressure 
was chosen. The results obtained are shown in Figs. 
21 and 22. Unfortunately, all efforts to obtain mea- 
surements at the distant points of the measuring line 
were unsuccesssful, as the thermo elements were 
destroyed. This destruction was probably due to the 
very intensive combustion (which gave rise to the highest 
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temperature measured throughout the tests), inasmuch | 
as the incidental disturbance in the orifice, which places | 
the severest strain on the thermo-elements, became | 
very pronounced. But even as it is, the values 
obtained show that the conditions for combustion 
even at these very low speeds are exceedingly favour- 
able. The flow of the air between spaces 1 and 3 is 
entirely sufficient to maintain combustion. 

The thermo-analysis was made exceedingly difficult by 
the delicacy of the sensitive thermo-elements first used. 
At speeds of 800 r.p.m., and at no load and 200 r.p.m., 
no measurements could be carried out with the elements 
which entered the air chamber beyond the orifice. 
Still higher speeds would have been equally impossible. 
As this analysis had produced valuable results it was 
undesirable to dispense with it, especially for those 
investigations which had the most favourable design of 
the air chamber as their ultimate objective. Conse- 
quently a test with somewhat thicker wires in the 
elements was made, although it was clear that the 
measurements would then indicate a constant tempera- 
ture instead of a variable one, and would not show the 
mean temperature of the gas because this could differ 
sensibly from the mean temperature of the thermo- 
element. Nevertheless, these measurements might be 
of value because the hot zone, the position, intensity, 
and extent of which were of importance to us, moves 
but very little and remains within the reach of the 
thermo-elements. Although heat is transferred to the 
thermo-element only during the time the temperature 





Fig.23. MEAN TEMPERATURE ALONG THE LINE OF MEASUREMENT. 
400 R.P.M. M.E.P-4,8,AND 
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thermo-element very strongly, even though{they only 
occur for a short period. It could, consequently, 
expected that even with less sensitive elements the 
position and extent of the hot zone could be determined, 
and an approximate conclusion as to its intensity be 
reached. The mean temperatures for 400 r.p.m. were 
calculated from the values measured with the sensitive 
thermo-elements, not only for the power stroke, but also 
for the exhaust stroke and for the complete cycle. The 
result is given in Fig. 23, which shows the mean 
temperature above the line of measurement for the 
working stroke, the exhaust stroke, and the complete 
cycle. The mean temperature values of the working 
stroke are clearly recognisable in the mean temperature 
line for the complete cycle. In Fig. 24 the temperatures 
of the less sensitive thermo-elements are shown along 
with the mean temperature lines of the complete 
cycle. 

"The curves of the less-sensitive elements show the 
position of the hottest zone more clearly than the lines 
of the real mean temperatures. These less sensitive 
thermo-elements were made of wires of 0-3 mm. 
diameter, and during the measurements the indicating 
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galvanometer did not come to a full stop. It oscillated | 
slowly between two limiting values, and we were, there- | 
In this special | 


fore obliged to show both curves. 
case, the mean temperatures of the less sensitive thermo- 
element are about 40 per cent. higher than the actual 
mean temperatures. This ratio will be different in 
different cases. An example for this is given by the 
tests in which the motor was run without fuel at speeds 
between 200 and 800 r.p.m. Tests with less sensitive 
elements at 800 r.p.m. showed a final temperature at 
the end of the compression stroke of 540 deg. C, and a 
mean temperature for the whole cycle of 132 deg. C. 
The less sensitive element indicated a temperature of 
220 deg. C. at the cylinder head and 260 deg. C. at a 
distance of 40 mm. from it (Fig. 25). Between these 
two points the temperature increases continuously, to 
remain at the same values from the point of 40 mm. 
to the point of 70 mm. This phenomenon can be 











of the surrounding gases is higher than the tempera- 
ture of the element itself, and the absorption of heat 
by the element is restricted to a comparatively small 
portion of the entire cycle, the transfer is so much 
greater from the hot gas to the element than from the 
element to the cooler gases during the remaining greater 
part of the stroke (for the same differences of tempera- 
ture between element and gas) that the high temperature 





of the hot gases influence the temperature of the 


explained as follows. Beyond the point 30 the thermo- 
element passes through the orifice twice, the speed of 
gas flow is highest in the orifice and diminishes gradually 
between the point 30 and the cylinder head. The 
temperature curve is the same at practically all points, 
and differences only exist with regard to the rate of 
flow. At temperatures which are higher than those 
of the thermo-element itself, more heat is transferred 
to the thermo-element at higher speeds of flow, and its 
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temperature will rise. The influence of the speed of 
tlow is especially marked, because, in the line of measure- 
ment, the greatest speed of flow lies within the zone of 
the highest temperatures. This explanation is supported 
by the fact that the temperature curve of the less- 
sensitive thermo-elements is higher for higher speeds, 
For 200 r.p.m. its temperature in the neighbourhood of 
the cylinder head is only 170 deg. C., and for 150 r.p.m. 
only 160 deg. C. The results of several tests with a 
high-speed motor having a cylinder bore of 75 mm. and 
a stroke of 120 mm. are shown in Fig. 26. The orifice 
is 18 mm. away from the cylinder head at upper dead 
centre. The temperatures lie between 180 deg. C. 
and 345 deg. C. The entire difference is due to the 
different speeds of the air flow. As the air flow influ- 
ences even the lowest temperature, the value ascribed 
to it at the higher temperatures must be in excess of 
165 deg. C. 

While it has been possible to indicate the influence 
of the air flow on the temperature for the driven engine in 
degrees, similar values for the engine actually operating 
on fuel can only be roughly surmised. In Fig. 24 this 
influence is not very marked because the speed is low, 
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but in measurements taken at higher speeds, the 
influence is very pronounced. 

The flow in the cylinder is of considerable importance 
from the point of view of self-ignition. This should take 
place while the piston is approaching the upper dead 
centre, that is, as long as the pressure in space 3 is 
greater than in space 1. The excess of pressure is 
transformed into speed of flow. This speed is com- 
paratively low in the opening of the cone, is augmented 
within it, and attains a maximum near the orifice. 
At no instant can a state of constancy exist, because 
the excess pressure is rapidly and continuously changing. 
The fuel is injected into these turbulent gases, and in 
its path encounters zones of increasing turbulence. 
This condition is particularly favourable for self- 
ignition of the fuel. As the whole action takes place 
in a comparatively small space, the amount of fuel 
available at the instant of ignition is comparatively 
large, and the temperature rises rapidly. If it is 
correct that moderate velocities are favourable for 
self-ignition, and that excessive velocities can prevent 
it, then the most favourable crank angle for self-ignition 
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will be different for different speeds. The most 
favcurable ‘“‘ advance ’’ will be smaller at higher speeds, 
than at lower ones. Actual experience has confirmed 
this theory. If the advance for a motor with variable 
speeds is so taken that it is most favourable for some 
medium speed, it is possible that the motor will knock 
at higher speeds. Consequently, the advance for the 
injection should be determined for the highest speed 
of the motor. 

In conclusion it may be said that beginning with the 
external characteristics of the motor, i.e., the three 
distinct but connected parts of the compression space, 
we have shown what the purpose and the effect of thus 
subdiving the space has been. The investigations 
showed that the cone-shaped orifice is the primary 
element ; ignition and the greater part of the combus- 
tion takes place in it. The air necessary to sustain 
the combustion flows to the cone from the space I, 
the air chamber. The gases resulting from the com- 
bustion flow into space 3, augmented by the piston 
displacement, and the actual flame may enter into it 
more or less. The restriction of the combustion to a 
small portion of the compression space results in a 
clear separation during the entire process between the 
exhaust gases and the air containing the oxygen for 
combustion, and thus in a high temperature of com- 
bustion. The rate of flow of the air feeding the flame 
is nearly proportional to the speed of the piston. When 
the speed of the motor varies, the rate of flow of the 
air from the chamber varies proportionally. This 
automatic adjustment of the air flow is so perfect, 
that the same quantities of fuel are burned within the 
same crank angle at widely different speeds, provided 
only that the speed of combustion is high enough. 
The conditions for a high speed of combustion, high 
temperature and high turbulence, are extremely 
favourable. These two features: restriction of com- 
bustion to a small point of the compression space, 
and an automatic adjustment of the rate of air flow to 
the speed of the motor, are the most essential charac- 
teristics of this type of motor. Its adaptability for 
high speeds and as an automobile engine are based 
on them. There is little to remark on the dimensions 
or the form of the three spaces. Space 3 (at upper dead 
centre) is of no importance as an air space, and its 
shape is too unfavourable to use it as a combustion space. 
As the combustion commences before upper dead 
centre, we need this space to take up the exhaust gases. 
Its contents are adequate for this purpose even if 
they are made as small as all other considerations 
permit. The cone need not be large, but its shape and 
more especially the size of the orifice—for larger motors 
its shape also—can only be determined by experience. 
The largest portion of the air finds room in the air 
chamber. Its volume is dependent upon the com- 
pression required for reliable ignition. It need hardly 
to be mentioned that for higher speeds the degree of 
compression should be greater rather than smaller. 





LauNCcH OF THE T.S.S. “ Borrvar.”—On Monday, May 
30, a successful launch took place at the Hebburn yard 
of Messrs. Palmers’ Shipbuilding and Iron Company, 
Limited, of the twin-screw oil tank steamer Bolivar. The 
vessel, which is the sixth oil tank steamer to be built by 
the company to the order of the Venesuela Gulf Oil 
Company, has been constructed on the Isherwood system 
of longitudinal framing, and is to be fitted with twin 
screw machinery provided by Messrs. MacColl and Pollock 
Limited, of Sunderland. 





THE PREVENTION OF Roap ACCIDENTS.—Some years 
ago the National Safety First Association organised an 
annual ‘ freedom of accidents ’’ competition for drivers 
of vehicles. The competition is open to all drivers of 
any class of road vehicle, including tramcars and horse- 
drawn vehicles, who are continuously employed, during 
the period of twelve months from January 1 in each year, 
by local authorities, by commercial and other under- 
takings, and by individuals who are members of, or who 
subscribe to, the National Safety First Association. 
Diplomas are awarded annually to all drivers certified 
by their employers to have completed twelve months’ 
road service without being involved in any accident for 
which they were in any way blameworthy. A silver 
medal is presented to every driver upon first completing 
five consecutive years’ service without being involved in 
an accident, and an additional bar is given for each further 
year of freedom from accident. In 1925 the competitors 
in the London district numbered 15,188 ; 352 silver 
medals and 7,780 diplomas were awarded. Hitherto 
the competition has been confined to London and various 
other areas; quite recently, however, it was decided to 
extend it to include the whole of Great Britain. It 
18 hoped that, if funds permit, it may be possible to 
award a gold medallion to drivers who either serve ten 
consecutive years free from blameworthy accident, or 
else who hold, say, 15 diplomas spread over 20 years’ 
road service. There is no fixed entrance fee for the 
competition, which is only one item on the programme of 
the Association. The work is suppor: entirely by 
voluntary subscriptions from the public. Further 
Particulars regarding the competition or the Association 
and its work may be obtained from Lt.-Col. J. A. Pickard, 
D.S.0., General Secretary, National Safety First Associa- 
tion, 119, Victoria-street, London, 8.W.1. 








ALLOYS OF IRON RESEARCH.* 
(Concluded from page 747.) 
Part VI.—PREPARATION OF PURE MANGANESE. 
By Marie L. V. Gayuzr, D.Sc. 

A CONSIDERABLE number of methods are in use, or 
have been proposed, for the preparation of pure 
manganese. These may be classified under five heads : 
(1) Reduction of an oxide by carbon. (2) Reduction 
of an oxide by aluminium. (3) Reduction of the 
halogen salts by sodium or magnesium. (4) Reduction 
of a salt of manganese by various metals. (5) Reduc- 
tion of a solution of a salt of manganese by electrolysis. 
Of the various methods, the reduction of the oxide by 
means of aluminium is used commercially. Recently 
Newbery and Pring+ prepared a small button of metallic 
manganese by the reduction of a sample of Merck’s 
‘* Pure for Analysis ’? manganese dioxide with hydrogen 
at high pressures. The melting point of the manganese 
thus obtained was found to be 1,230 deg. + 5 deg. C. 
Fedotiefft and, later, Allmand and Campbell,§ published 
papers on the electro-deposition of manganese from 
aqueous solutions of its sulphate and chloride, Allmand 
and Campbell found that pure manganese could be 
prepared in a coherent form in small quantity, but 
attempts to prepare larger amounts in coherent forms 
were unsuccessful. It is seen that, generally speaking, 
the purest manganese can only be prepared in small 
quantities ; on a large scale its purity suffers. 

Tamm prepared manganese by mixing manganese 
dioxide with lampblack. This mixture was placed in a 
plumbago crucible under a flux of soda-lime, glass, and 
fluorspar, and heated strongly in a furnace. The 
impure product was then fused again with half its own 
weight of manganese carbonate, and a metal containing 


suggested by Goldschmidt, when MnO was used. It 
was found that if a clay crucible or a Morganite magnesia 
crucible were used, silicon was found in the fused 
metal; in the former case as much as 3-13 per cent. 
silicon was detected, but only 0-11 per cent. in the 
latter case. This suggested that a pot washed with a 
coating of pure alumina would probably reduce the 
silicon content to a minimum. Salamander pots were, 
therefore, given a 3-in. coating of pure alumina mixed 
into a paste with a 6 per cent. borax solution as a 
binder, and by this means the silicon content was. 
reduced to an average of 0-01 per cent. 

The analyses of samples prepared as above are 
given in Table I. 

It will be seen from these analyses that the iron con- 
tent is fairly high but constant. This is due to the 
aluminium used, which contained 0-13 per cent. 
silicon and 0-17 per cent. iron. The aluminium con- 
tent is the most variable, the cause being apparently 
uncontrollable, since the charges were prepared in the 
same way and under the same conditions. By using a 
slightly greater excess of Mn,O,, a very pure man- 
ganese was obtained, the analysis being recorded as 
sample F in Table I. In spite of this exceptional 
result, however, this method of preparation of pure 
manganese is not very satisfactory, in view of the fact 
that the aluminium content is liable to vary. 

Shortly after this research had been begun, Allmand 
and Campbell* published a method of preparing man- 
ganese electrolytically, and it was decided to try this 
method. A much quicker and less laborious method 
for preparing manganese was, however, suggested, 
which on its first trial proved so successful that the 
above electrolytic method was abandoned in its favour, 


Distillation of Manganese.—Dr. W. Rosenhain, 





F.R.S., suggested to the author that manganese, since: 


TABLE I,.—ANALYSES OF THERMIT MANGANESE. 








i : Manganese 
Sulphur. Silicon. Carbon. Tron. Aluminium. Phosphorus. Nitrogen. 
Sample. For conk. Per cent. Per cent. Per cent. Per cent. Se Per cent. Per cent. 
A 0-011 0-20 0-014 0-46 3-22 96-1 —_ — 
B 0-01 0-21 0-022 0-45 0-13 99-18 = — 
Cc 0-01 0-20 Nil 0-45 0-27 99-07 — —_ 
D 0-21 0-20 0-034 0-43 0+37 98-76 —_ — 
E 0-007 0-19 0-02 0-45 1-30 98-03 — — 
F 0-012 0-20 0-01 0-44 0-03 99-31 Less than Less than 
(Direct 99-0) 0-01 0-02 











99-91 per cent. manganese was obtained. The 
present author used a similar method for purifying @ 
sample of commercial thermit manganese containing 
carbon 0-12, iron 1-82, and silicon 1-61 percent. This 
was heated up with manganous oxide in a magnesia 
pot and kept molten for about fifteen minutes. The 
metal on analysis after such experiments gave the 
following results :— 


Carbon. iron. Silicon. 
Per cent. Per cent, Per cent. 
(1) 0-05 0-74 Under 0-8 
(2) 0-006 1-15 1-05 


In the first experiment the molten metal was well 
stirred, while in the second, which was carried out 
in the induction furnace, it was not stirred by any 
mechanical means, but the melt was in a state of 
agitation owing to eddy currents. From these results 
it will be seen that the method is not very satisfactory 
for the production of pure material. 

The method used commercially is that due to Gold- 
schmidt, i.e., the reduction of manganous oxide with 
aluminium, granulated by agitating the molten metal 
during solidification. Apparently subsequent workers 
using this oxide failed to produce manganese, and 
Goldschmidt attributed the failure to effect the reduc- 
tion of the oxide to two possible causes: (a) in- 
sufficient heating of the charge in order to promote 
reaction, which, he said, was improbable as the tem- 
perature required is not high; (6) the aluminium 
was possibly not in the best form. The present author 
was also not successful when using manganous oxide, 
even with the aluminium in varying degrees of fine- 
ness and igniting the mixture with an oxy-hydrogen 
flame; but with tri-manganese tetroxide Mn,0, very 
successful results were obtained. 

Method of Preparation.—Granulated aluminium was 
mixed carefully with a small excess of Mn,0, above 
that required theoretically for complete reduction. 
This mixture was pressed down hard into the crucible 
and ignited; it required no previous heating, as 





* Communication from the National Physical Labo- 
ratory, Teddington, being “ Part VI of Alloys of Iron 
Research,” read before the Iron and Steel Institute, 
London, on May 5, 1927. Abridged. e 

+ Proceedings of the Royal Society, 1910, vol. xcii, p. 276. 

t Zeitschrift fir anorganische Chemie, 1923, vol. cxxx, 

e 18. 
P*] Teaneaclions of the Faraday Society, 1924, vol. xix, 
page 559; vol. xx, page 379. 








it was a volatile metal, might be more quickly and’ 
easily prepared by the simple process of distillation. 
The high-frequency induction furnace makes it possible 
to melt metals and alloys in vacuo, since the heat is 
generated only in the melt itself ; it is therefore, 
possible, in the case of volatile metals, for the con- 
densation of the vapour to take place in another part 
of the furnace tube. The furnace tubes used were of 
the following dimensions :— 

(1) 12 in, long ; internal diameter, 1-75 in. 

(2) 16 in. long ; internal diameter, 2-30 in. 

(3) 2 ft. long ; internal diameter, 4-50 in. 


Each furnace was built up in exactly the same way, 
as shown diagrammatically in Fig. 1. The silica 
furnace tube A is fitted with lipped rubber bungs B; 
through the top one a brass observation tube K is 
passed, with a side fube H, which may be connected 
to the pump. On the second bung is placed a block of 
fired crude magnesia C, on which stands a silica or 
unglazed porcelain sleeve D. This surrounds the pot. 
E containing the crude manganese, and, between the 
pot and sleeve, fired alumina L is tightly packed. On 
the top of the pot E another pot F is inverted, the 
bottom of which may be cut off or else pierced to make 
a spyhole. On this is placed a magnesia block G 
with a hole right down it, so that the melt can be 
observed through the spyhole. The silica tube is 
placed over all, and the junction of the bungs sealed 
with vacuum wax. The whole is put in the inductor- 
coil and exhausted, and is then ready for use. The 
pots first used to hold the manganese were made of 
crude magnesia, but later they were replaced by pure 
magnesia pots. 

The distilling manganese very often condenses on 
the top of the pot containing the charge, and there 
is the possibility of a slight reaction between the com- 
bined silicon in the crude magnesia and the distillate, 
causing impurities in the manganese. Manganese 
distils very readily at a temperature only just above 
its melting point, and under a pressure of about 1 to 
2mm. It was found best to keep the temperature 
as low as possible, otherwise the manganese vapour 
did not condense on the magnesia pots, but went 
through them. 

The first experiments were made with the thermit 
manganese which the author had previously prepared, 
and manganese of 99-87 per cent purity (by difference). 





* Loc. cit. 
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-was prepared. As the supply of the thermit man- 
ganese was limited, commercial material was then 
used. It was thought that perhaps the distillate thus 
obtained might not be so pure, but that it could be 
redistilled. It was not found necessary, however, to 
do so except in a few particular instances. Analyses 
of various distillates are given in Table IV. Samples 6 
to 10 were distillates from charges of 6 lb. in the largest 
furnace. With regard to samples 9 and 10, the top 
portion of the distillate is that farthest from the melt, 
and it is seen that impurities tend to concentrate in the 
lower portion nearest the melt. As a result of several 
experiments it was found that a charge could be 
distilled until its weight was reduced by about one- 
third to two-thirds. It is, of course, impossible to see 
when this limit has been reached, for there are no 
means of determining the exact length of time during 
which distillation should take place; it is purely a 
matter of experience, which, once obtained, enables the 
experimenter to judge fairly accurately the length of 
time required for charges of various weights. 

Characteristics of High Purity Manganese. (Impurities 
less than 0-01 per Cent.)—The distilled manganese 
presents a very beautiful appearance, being silver grey 
in colour and usually in the form of “ fir-cones,” as 
shown in the illustration, Fig. 4. In this form it is 
very brittle and does not tarnish in air. On melting 
the distillates down into ingots, numerous cracks appear 
right through the specimen, which cause it to fall to 
pieces very easily under the slightest pressure. These 
cracks may be associated with a transformation in the 
metal, and will be referred to again farther on; they 
are not due to normal shrinkage. On heating up 
such an ingot, unless good clearance is allowed, the 
abnormal expansion will crack the magnesia pot con- 
taining it. 

Determination of Fusion and Transformation Tempera- 
tures of Pure Manganese.—Many experimental difficul- 
ties have to be overcome when determining the melting 
point of pure manganese, owing to the fact that it is 
extremely volatile, and will, therefore, be most injurious 
to insufficiently protected thermocouples, and also on 
account of its reactive properties with materials of a 
siliceous nature. This latter fact narrows down the 
number of serviceable refractories to those such as 
magnesia, alumina, and lime. Magnesia and alumina 
crucibles can both be used for holding the melt ; of the 
two, magnesia is slightly preferable on account of its 
comparatively greater strength. The thermocouple 
sheathing presents greater difficulties, for it has to be 
made so that it is impervious to manganese vapour, 
and, as far as possible, impervious to the hydrogen 
which is blown over the surface of the melt. Finally, 
sheaths consisting of 50 parts by weight of calcium 
fluoride and 100 parts of alumina were found to be 
extremely satisfactory. 

The metal was melted in the high-frequency induc- 
tion furnace with a 2-3 in diameter tube in an atmos- 
phere of hydrogen. The rate of cooling, under the 
existing conditions, was far too rapid, and the trans- 
formations in the solid were much under-cooled. The 
following freezing and transformation points of man- 
ganese, as thus obtained, are of interest :— 


Cooling Curves. 


Liquidus <i 1,247 deg. + 3 deg. C. 
( (1) 1,152 deg. + 2 deg. C. | 
Transformations in ~{ (2) 958 deg. C. 
the solid L (3) 605 deg. C. 


After cooling, the thermocouple sheath was still 
embedded in this ingot of pure manganese, and heating 
and cooling curves were taken over ranges of tempera- 
ture from (a) 80 deg. to 300 deg. C., (b) 545 deg. to 
770 deg. C. No indication of any thermal arrest was 
shown in the curves taken over the range 80 deg. to 
300 deg. C., showing that pure manganese undergoes 
no energy change at temperatures within that range. 
The heating and cooling curves taken over the range 
545 deg. to 770 deg. C. are of great interest, since they 
show that the change which had been found to take 
place in the manganese on cooling in the induction 
furnace, at a temperature of 605 deg. C., resolves 
itself into two transformations, which had previously 
appeared as one owing to the rapid rate of cooling. 
The results may be tabulated as follows :— 


Arrests on Heating. Arrests on Cooling. 
(1) (a) 744deg.C. ... 2. (1) (@) 740 deg. C. 
(6) Change in direction at 684 deg. 
1¢? pes ons ee (6) 681 deg. C. 
(2) 740 deg. only ; point much wider 
than the corresponding 
arrest in (1) 


The results show that there are four transformations 
in manganese which take place in the solid, but that 
the rate of cooling in the induction furnace is too rapid 
to obtain the true temperatures of the high-temperature 
transformations. Heating and cooling curves were, 
therefore, taken of a melt of manganese in a carbon- 
ring furnace. 


The arrests observed are tabulated below with their 
probable errors. 
Heating Curve. 
1,245° +3°C. 
(1) 1,188°+3° C. 
(2) 1,043° 42°C. 


Cooling Curve. 
1,242° + 3°C. 
(1) 1,195° + 3°C. 
(2) 1,005° + 2°C. 


The lower transformation points are not shown in 
this table, as the rate of cooling at the lower tem- 
peratures was too slow for the curve to be plotted. 
The temperature of the fusion point of manganese 
containing impurities less than 0-01 per cent., obtained 
as a mean value from the temperature of the arrests 
on heating and cooling, is thus 1,244 deg. + 3 deg. C., 
which may be compared with the value, namely, 
1,230 deg. + 5 deg. C. obtained by Newbery and Pring,* 
who measured the melting point of a small button of 
pure manganese by means of.a carefully calibrated 
optical pyrometer. 

An ingot of manganese made by melting the distilled 
material is extremely porous, on account of the marked 
contraction on cooling through one or other of the 


Liquidus 
Transformations 
in the solid. 


|; examined microscopically. The nitrogen content was 
now found to be more than 2-1 per cent. For this 
reason later thermal curves were taken with the metal 
in an atmosphere of hydrogen. The temperatures of 
| the liquidus and arrest points of this thermit manganese, 
| down to a temperature of 1,000 deg. C., are : 1,259 deg + 
| 3 deg. C., 1,250 deg. + 3 deg. C., and 1,116 deg. + 2 deg. 
Comparing these results with those for pure man- 
ganese it will be seen that the addition of impurities 
appears to raise the temperatures of the melting point 
of manganese and of the corresponding transformation 
points. The nitrogen compound exists in the form of a 
light bluish-grey constituent in the crystal boundaries. 

Micro-examination of Pure Manganese.—Many experi- 
mental difficulties arise in connection with the micro- 
examination of manganese containing less than 0-01 per 
cent. impurities. The numerous cracks already existing 
in the sample make the examination of the structure 
extremely difficult, for crystal boundaries may be mis- 
taken for cracks, or vice versa. Another difficulty is 
that of satisfactory etching the specimens, cracks 
again causing the specimen to tarnish badly unless 





TaBLe IV.—ANALYSES OF DISTILLED MANGANESE. 


























Sample. Silicon. Aluminium. Tron. Sulphur. Phosphorus. Nitrogen. 
Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 

1. 0-025 0-017 0-039 — ae — 

2. 0-05 0-028 0-067 —_ “= 0-01 

3. 0-035 0-019 0-062 — -- 0-013 

4. 0-037 0-028 0-061 — — — 

5. 0-044 0-035 0-067 -—— —_ —_ 

6. 0-002 Trace Trace Nil Under 0-002 0-003 

7: 0-002 Trace Trace Nil Under 0-002 _ 

8. 0-002 Trace Trace Nil Under 0-002 — 

9. Top Nil Nil Nil Trace Nil Calcium 0-012 
Middle Nil Nil Nil race Nil _ 
Bottom 0-06 0-14 0-078 0-003 to 0-032 0-005 _ 

10 Top 0-004 Nil 0-003 -- Under 0-001 — 
Bottom 0-047 0-025 0-061 — _ _— 
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lower transformation temperatures. That this is so is 
demonstrated by the fact that specimens quenched 
|from temperatures of 975 deg. C. and 1,200 deg. C. 
do not show any signs of cracks apart from those 
existing previous to their heat treatment, while those 
specimens heated to and quenched from temperatures 
in the lower transformation range appear more cracked 
than at first. Manganese cooled in the induction 
furnace is extremely hard and will scratch glass, and 
at the same time it is very brittle. It is impossible 
to drill holes in it, on account of the numerous cracks 
already existing and the natural brittleness of the metal. 
This fact makes it extremely difficult to take thermal 
| curves, for thermocouple sheaths can only be inserted 
| in the metal while it is in the molten state, and then it 
|is probable that the metal will crack away from the 
sheath when cold. 

Effect of the Addition of a Small Percentage of Im- 
purities.—The addition of small amounts of impurities 
causes a marked difference in the character of the 
manganese ; the purest sample of thermit manganese 
| prepared (sample F’, Table I) containing 0-7 per cent. 
|impurity, is less brittle and has only a few cracks. 
A thérmal curve of this sample / was taken in an 
atmosphere of nitrogen, using the carbon-ring furnace. 
This experiment was made before the work already 
described, but the results are of interest. From Table I 
| it will be seen that the nitrogen content of sample F 
was less than 0-02 per cent. ; after the curve had been 
taken the cooling curve ingot was analysed and 








* Loc. cit. 
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special precautions are taken, i.e., drying in hot alcohol. 
A third difficulty is that a sample cannot generally be 
heat-treated more than once, for it either falls to pieces 
on being quenched, or else goes to pieces in the etching 
reagent. It is almost impossible, therefore, to observe 
the change of structure occurring in a marked area. 
However, it appears from the results obtained that the 
742 deg. C. critical point may be associated with a 
change of crystal structure, that the 682 deg. C. point 
does not cause any visible structural change, and that 
a marked-volume change accompanies one or both 
transformations. 





German Hovsine Exursition.—The Werk-bund, an 
influential German association of architects, industrial 
leaders, and others, is organising an exhibition of modern 
housing, which is to be opened at Stuttgart on July 23 
next. Some seventeen leading European architects have 
been invited to erect 60 dwelling-houses; which will 
constitute a municipal settlement when the exhibition 
comes to an end on October 9. Sections devoted to 
modern building materials, constructional machinery, 
household gas and electric plants and appliances, wil 
also form part of the exhibition. Further particulars 
regarding the undertaking may be obtained from the 
Secretary, Werk-bund Habitation Exhibition, Gewerbe- 





halleplatz 1, Stuttgart, Wiirtemberg, Germany. 
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ELECTRIFICATION OF THE ARLBERG 
’ RAILWAY. 


Tue work of electrification of the Austrian Federal 
Railways is being actively pushed forward. This under- 
taking is of great economic importance to the country, 
inasmuch as coal is very expensive while there is ample 
water power. The first and most interesting step in this 
direction was the electrification of the line passing 
through the Arlberg tunnel, which was originally 
opened to traffic about forty-two years ago. The tunnel 
itself is 64 miles long. The requisite electrical energy is 
generated at two important power stations, namely 
that at Ruetz in the Tyrol, and that in the Spullersee 
in the Vorarlberg. The former supplies electric current 
during the summer months. The power station on the 
Spullersee supplies current for the remainder of the 
year. This station is situated close to the railway 
station at Danédfen, in the Vorarlberg, and makes 
use of a head of about 2,880 ft. The water is de- 
rived from the Spullersee, which is 6,260 ft. above sea- 
level. In order to utilise the lake as a reservoir two 
large dams have been built, one of which is 100 ft. and 
the other 70 ft. in height. These works have increased 
the maximum storage capacity of the lake to 13,500,000 
cub. m. 

The water is conveyed from the lake to the turbines 
by way of two pressure conduits. The diameter of the 
upper end of the conduit pipes is 37} in.; this de- 
creases to 254 in. at the lowerend. On the other hand 
the thickness of the pipe plating increases from + in. 
at the top to 1% in. at the bottom. The power station 
contained at first 3 units, each of which had a capacity 
of 8,000 h.p.; a fourth was, however, subsequently 
added owing to increased traffic on the railways. 
Further extensions are contemplated and, when these 
are complete, the power station will contain 6 units, 
each of 8,000 h.p., thus giving an aggregate capacity for 
the station of 48,000 h.p. The two stations (the Ruetz 
and the Spullersee) are connected by a 55,000 volt 
transmission line, to which voltage the energy is trans- 
formed at the power house. A point of interest is that, 
at its highest point, the transmission line is 7,050 ft. 
above sea level. The current is stepped down to 
15,000 volts at the sub-stations for feeding the trolley 
wires. These are fastened, by suspension insulators, to 
a catenary supported by poles. The slackening of the 
trolley wires, through changes of temperature is com- 
pensated by weights placed at intervals along the line. 

The Ruetz power station, originally built for the 
purpose of supplying current to the Mittenwald railway, 
has been considerably enlarged so as to enable it to 
supply, in addition, the Arlberg line. It now contains 
two units of 4,000 h.p. each and one of 8,000 h.p. The 
system adopted is single-phase alternating current at 
163 cycles per second and 15,000 overhead voltage. The 
passenger locomotives employed on the mountain section 
of the line are guaranteed to take trains up gradients 
of 1 in 32, with a train load of 320 tons, at a speed of 
from 154 miles to 19 miles per hour. The goods 
locomotives are guaranteed to take wagon loads up to 
290 tons, up the same gradients at a speed of 19 miles 
per hour. 





THE PHYSICAL SOCIETY. 


At a meeting of the Physical Society, held on 
Friday, May 13, at the Imperial College of Science, 
with Professor O. W. Richardson, F.R.S., in the 
chair, a paper entitled “ The Theory of Luminescence 
in Radioactive Luminous Compound,” was read by 
J. W. T. Walsh, M.A. In this paper previous work 
on the subject was reviewed, and the results of 
brightness measurements on zinc sulphide compounds 
containing radium were given for periods up to 
4,000 days. From a comparison of the brightness 
curves of compounds made with the same luminescent 
material but with different radium concentrations, 
it was shown that the brightness-time relationship 
was of the form B = rf (rt), where r was the radium 
content. The experimental facts available for 
developing and testing a theory of the luminescence 
were summarised, and a number of different theories, 
including a modified form of recovery theory, were 
considered, Finally, it was shown that the observed 
brightness curves were in excellent agreement with 
Rutherford’s original theory of the destruction of 
active centres, provided this was combined with 
a simple hypothesis as to the catse of the progressive 
increase in the light absorption of the material which 
had been found experimentally. This leads to the 
following form of the brightness-time relationship— 


log{B/(b + B)}+ kt +a=0, 


where a, 6 and k were constants, of which the last 
two were proportional to the radioactive concen- 
tration for any given grade of luminescent material. 
From the results obtained on two grades of compound, 


active centres was six to nine times that of the 
ionisation of inactive molecules, and (5) in the new 
material used for the compounds measured, 20 to 50 
per cent. of the molecules were in the active state. 

In the discussion Lord Rayleigh pointed out that 
since the radio-active material was mixed with the 
luminescent material throughout the experiment, 
it had been impossible to test the effect of rest on 
the latter of these materials. He was glad that the 
author had succeeded in disentangling the facts in 
spite of this difficulty, but he would like to suggest 
that future investigations might be simplified by 
separating the constituents of the luminous com- 
pound. He had recently been using the natural 
luminosity of certain uranium salts as a photometric 
standard in the study of the light coming from the 
sky at night. Uranium nitrate, for instance, was 
luminescent in response to light or to the action 
of radio-active substances, and consequently was 
faintly self-luminous in response to the uranium which 
it contained. It would be interesting to subject 
it to the influence of radium emanation or some 
similar substance, and to find out whether its 
luminescence could be fatigued. Although the 
luminosity of uranium salts was much fainter than 
that of the compound discussed in the paper, it was 
practically permanent. 

Dr. D. Owen asked whether anything was known 
as to the nature of the “active centres.” Did the 
spectrum of the emitted light give any information 
on this subject ? 

The author, in reply, to the discussion, said that 
the separation of the constituents of the compound, 
as suggested by Lord Rayleigh, would certainly afford 
the right method for a more fundamental investigation 
than that described in the paper, but the latter had 
been concerned primarily with a practical problem, 
and had, therefore, been directed to the compound 
in the form in which it is usually employed. The 
luminosity of the compound could be made more 
permanent, while its intensity was diminished by 
reducing the radium content, and a sufficient reduction 
might conceivably lead to properties comparable 
with those of a uranium salt. Sir Ernest Rutherford 
had suggested that the “active centres”? might be 
complex molecules. 

A second paper, entitled ‘‘ Distortion of Resonance 
Curves of Llectrically-driven Tuning Forks,” was 
read by Dr. E. Mallett, M.I.E.E. In the first section 
of this paper, the experimental arrangements employed 
to obtain accurate resonance curves were described. 
In the second section, resonance curves with increasing 
exciting currents showed increasing distortion until 
an unstable state of affairs was arrived at in which 
the amplitude for a given current over a certain 
frequency range could have two different values, 
depending upon whether the frequency had been 
approached from above or below. The indication 
here was that a decrease of resonant frequency took 
place with increase of amplitude, and it further 
appeared that an increase of damping also took place. 
Experiments with a free fork showed that these 
effects were still present, though not to the same 
extent as with the driven fork. Static experiments 
showed a departure from the straight line law, both 
in the case of the deflection of the fork prongs for 
given loads, and the flex change through the core 
for a given deflection of the prongs. In Section 3, 
the effect of such departures on the equation of 
motion was considered mathematically; it was 
shown that the term depending on the cube of the 
amplitude was the most important and that its 
inclusion gave rise to resonance curves of the form 
observed. The effect of the static square terms was 
shown to be in effect a dynamic cube term. In 
Section 4, the experimentally obtained resonance 
curves were examined in the light of the theory, and 
substantial agreement was found, while, in Section 5, 
a detailed calculation of the various constants was made. 
In the next section another effect of the non-linearity 
mentioned was found in the possibility of producing 
fundamental frequency vibrations in the fork by 
means of exciting currents of double frequency, 
and the effect of a first harmonic in an exciting 
current of fundamental frequency was considered. 
Distortions of a second type were next shown to con- 
sist of “‘ coupled circuit” effects; these, at large ampli- 
tudes, were modified by distortions of the first type. 

In the discussion Mr. Albert Campbell said it is 
interesting to know that tuning forks when driven 
at large amplitudes might show the condition of 
instability described by the author. He had observed 
similar instability with strip vibrators of thin steel, 
used in a frequency meter of the adjustable reed type. 
The resonance point was slightly different with 
ascending and descending pitch. He also drew 
attention to the interesting series of resonance curves 
given in Dr. R. Hartmann-Kempf’s book, Llektro- 
Akustische Untersuchungen, published by Gebr. 


CATALOGUES. 


Electric Trucks.—A pamphlet illustrating the uses to 
which their electric-battery trucks may be economically 
applied, is to hand from Messrs. Herbert Morris, Limited, 
Loughborough. 


Electric Motors.—Messrs. Wagner Electric Supplies, 
Limited, 66, Victoria-street, London, S.W.i, have issued 
a list of single-phase repulsion-induction motors develop- 
ing from 4th to 5h.p. Prices and dimensions are stated, 


Tractors for Road-Repair VJork.—We have received 
from the Caterpillar Tractor Company, San Leandro, 
California, U.S.A., a catalogue showing their two-ton 
caterpillar tractor applied to scarifying work and scraping 
roads. 

Welding.—Messrs. Allen-Liversidge, Limited, Victoria 
Station House, Westminster, London, S.W.1, have 
issued a pamphlet on the application of acetylene and 
electric welding to the manufacture and repair of road- 
transport vehicles. 


Blow-off Valve.—A catalogue illustrating a blow-off 
valve, in which the valve can be re-faced by rotating 
the seat when under pressure, is to hand from the Riley 
Power Equipment Company, 49, East Wells-street, 
Milwaukee, U.S.A. 


Electrical Testing Set.—A standard testing set for 
alternating current meters, made in sizes for 50 amperes 
and 20 amperes, respectively, is described in a special 
catalogue received from Messrs. Ferranti, Limited, 
Hollinwood, Lancs. 


Road-Making Plant.--The Western Wheeled Scraper 
Company, Aurora, Illinois, U.S8.A., have sent us a copy 
of an interesting pamphlet reviewing the progress made 
in the last fifty years in machines for road scraping, 
cutting, and earth removal. 


Lubrication.—A pamphlet for colliery engineers, giving 
particulars of the most suitable oils for lubricating 
various classes of colliery machinery, has been issued 
by the Vacuum Oil Company, Limited, Caxton House, 
Westminster, London, S8.W.1. 


Electric Motors.—Messrs. Brook Motors, Limited, 
Huddersfield, have issued a new list of alternating- 
current motors of all the usual types, giving dimension 
tables and other particulars. A circular of small motors, 
up to 3 h.p., has also come to hand from the firm. 


Botler-Water Circulator.—A self-acting device, without 
valves, for raising water from the lowest level and dis- 
charging it above the surface level in a boiler is described 
in a catalogue to hand from Messrs. Cutbill King and 
Company, Limited, 32, St. Mary-Axe, London, E.C.3. 


C02 Indicator.—A COg dial indicator made by the 
Cambridge Instrument Company, Limited, 45, Grosvenor- 
place, London, S.W.1, is illustrated in a leaf catalogue, 
to hand from that firm. Full particulars of the instru- 
pope will be found on page 786 of our issue of December 

4 last. 


Lifting Blocks.—From the Vaughan Crane Company, 
Limited, Openshaw, Manchester, we have received a 
catalogue of hand-power lifting blocks for fixed positions 
and for use on runways. They are made in a wide range 
of capacities and are designed for easy and reliable 
operation. 


Circular Saw for Hand Use.—An electrically-driven 
circular saw for hand use is illustrated in a catalogue 
received from the Crowe Manufacturing Corporation, 
225, East Third-street, Cincinnati, U.S.A. The saw, 
which is intended for cutting wood, is well guarded and 
weighs 30 Ib. 


Machine Tools.—We have received from the United 
Machine Tool Company, Limited, 14, Holborn Hall, 
Gray’s Inn-road, London, W.C.1, three catalogues dealing 
with lathes, grinding and drilling machines for railway 
workshops, and electric tbols, as well as a Jist of machine 
tools in stock at Welwyn. 


Astronomical Instruments.—Messrs. Sir Howard Grubb, 
Parsons and Company, Walker-gate, Newcastle-on-Tyne, 
have sent us a copy of an interesting catalogue of 
astronomical and optical instruments, illustrating some 
of the largest scale work executed for the principal 
observatories. These large instruments involve some 
excellent structural work and fine mechanism, but the 
optical work is by far the most costly. The illustrations 
show instruments for the observatories at Greenwich, 
Madrid and Johannesburg, as well as for others in 
Australia, Portugal, Japan, Russia and South America.: 





Directory or SPANIsH Minine AnD INDUSTRIAL 
Firmus.—A publication which should assist in developing 
business with Spain is the annual directory of Spanish 
mines, metallurgical and industrial firms, the latter in- 
cluding electrical concerns and chemical factories. Its 
title is “‘ Anuario de Mineria, Metalargia, Electricidad y 
demas Industrias de Espafia,”’ the latest edition being 
the 26th. It is published at the price of 14 pesetas 
by the “ Revista Minera, Metalargia y de Ingenieria,” 
3, Villalar, Madrid. It contains lists of all the mines 
in the country, classified according to metals and pro- 
vinces ; and of the mining, metallurgical, electrical and 
chemical societies established in Spain, the information 
including a statement of the capital, the address and the 
names of the members forming the administrative 
boards. Information is also given regarding the Spanish 
railways. The book further contains a directory of all 
Spanish civil engineers, and gives the fees charged by 
the Laboratory of the School of Mines for analysing and 
reporting upon iron ore. Separate chapters deal with 
Customs duties, commercial treaties, rules and regulations 








it was coneluded that (a) the rate of destruction of 


Knauer, of Frankfurt, in 1903. 





concerning the mining and metallurgical industries. 
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PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1991. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated, 
Where ti ti are ted from abroad, the Names, §c., 
of the communicators are given in ttalics. 
Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 
The date of the advertisement of the acceptance of a Complete 
ification is, in each case, given after the abstract, unless the 
tent has been sealed, when the word “‘ Sealed ’’ is appended. 
Any person may, at any time within two months from the date of 
advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of 2 me to the grant of a 
Patent on any of the grounds mentioned in the Acts. 





ELECTRICAL APPARATUS. 


262,235. T. J. H. Blackley, London, and A. E. 
Leach, London. Dustproof Oilbath Bearings. 
(2 Figs.) November 2, 1925.—The object of the inven- 
tion is to construct bearings in an improved manner 
whereby they revolve in an oil bath, and whereby prac- 
tically dust-proof bearings are ensured. The invention 
can be carried out in a variety of ways, and, in the pre- 
ferred form, the rotor is constructed with the two ends 
la, 1b bored to a running fit on the stator 2 or on a 
liner 3 to form bearings and the bore between the ends 
la, 1b is of a larger diameter than that of the stator 2 
or liner 3 so that there is a clearance between the rotor 1 
and the stator 2 or liner 3 between the bearings la, 1b. 
To the top end of the rotor 1 is attached a chamber 5 
encircling the stator 2 or liner 3, and between the top of 
the chamber 5 and a flange on the stator 2 or liner 3, a 
washer 7 is interposed so as to render the joint practically 
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air tight. To the rotor 1, a disc 8is secured, on which teh 
lower oil container 9 is mounted. The stator 2 or liner 
3 is formed with grooves 10, 10a, either straight or spiral, 
so as to connect the upper chamber 5 with the clearance 
space between the rotor 1 and stator 2 or liner 3, and the 
clearance space with the container 9. By this construc- 
tion the upper chamber 5, the space between the rotor 1 
and stator 2 or liner 3 and the bottom container 9 form 
one chamber which is for all practical purposes dust 
tight. The top chamber 5 is supplied with lubricant 
which passes down between the rotor 1 and stator 2 or 
liner 3 into the container 9, and sufficient lubricant is 
supplied to fill the container 9, the space between the 
rotor 1 and stator 2 or liner 3 and the top chamber 5, 
when the rotor 1 and bearings will be in an oil bath into 
which dust and sand cannot enter. (Accepted 
December 15, 1926.) 


265,647. J. G. Statter, Westminster, London, 


ENGINEERING. 


connected as to one arm with the apparatus to be actu- 
ated. The toggle mechanism 21, 22 connects the other 
arm of the bell crank lever with the crank or arm 18 
and comprises a pair of members of which one extends 


} (265,647) 


beyond the knuckle 25 towards the pivot of the other 
member, and has a catch 27 pivoted about the same 
point as the second toggle member and adapted to 
engage the free end of the extended toggle member. 
(Accepted February 16, 1927.) 


265,673. G. F. Shotter, Friern Barnet, and 
E. W. Hill, Stoke Newington. Maximum Demand 
Meters. (5 Figs.) November 9, 1925.—In a maximum 
demand meter indicator for alternating current of the 
kind described in Specification No. 168,339, in which the 
pin moving the non-return pointer is disconnected from 
its driving gear at regular intervals by means of a 
shaded-pole electro-magnet connected across the mains 
and acting on a rotating disc, the separate shaded-pole 
magnet is dispensed with and the disc effecting the 
periodic disconnection is driven by a main shaded-pole 
electromagnet. In the construction shown in Fig. 1, in 
which the gearing is shown detached, two metal discs 23, 
24 mounted on spindles 19, 22 are arranged to rotate in 
the gap 4 of the unsaturated main shaded-pole magnet 3 
energised by the series winding 6. The disc 23 also 
passes between the poles of a permanent magnet 8 and 




















(265,673) 





| drives, through a worm 28 and worm-wheel 27, a pinion 
| 38 engaging a spring-controlled gear-wheel 37 carrying 
a pin 36 which drives the friction-controlled pointer 31. 
|The disc 24 has no brake and therefore rotates at a 
constant speed independent of the value of the current. 
It drives, through a worm 30 and worm-wheel 29, a 
train of gearing which at regular intervals disconnects 


and G. 8S. Marston, Westminster, London. Electric the pinion 38 from the wheel 37, which thereupon returns 
Oil Switches. (2 Figs.) July 12, 1926.—The invention | to its starting position under the influence of its spring. 
has relation to the control or operation of electric switches | In a modification, Fig. 2, the magnet 3 has two gaps 4, 
or circuit breakers. Mechanism for operating electric | 41, with a shading ring 5 on the pole ateach gap. The 
oil switches or circuit breakers, in accordance with the | disc 23 is disposed in one gap and'the disc 24 in the 
invention, comprises a frame or carrier 11, an operating| other. For a polyphase supply a construction similar 
handle or lever 15 mounted in the frame or carrier 11, to that described in Speci ton No. 183,017 may be 
a crank or arm 18 also mounted in the frame or carrier 11 | employed, the disc 24 being arranged in proximity to 
independently of the operating handle or lever 15 and| the poles of one or more of the electromagnets. Alter- 
movable about the same pcint as the operating handle or| natively three windings 33, 34, 35, Fig. 2, each con- 
ever, interengaging parts 19 and 20 on the operating | nected in series with one phase, are wound on a single 
handle or lever and crank or arm. A bell crank lever 14 is | magnet, one winding 34 having a smaller number of 





turns than the others, for example half the number 
of turns, and preferably being connected with a polarity 
opposite to that of the other two windings. (Accepted 
February 23, 1927.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


265,271. Morris Commercial Cars, Limited, 
Soho, Birmingham, and C. F. L. King, B ~ 
ham. Centrifugal Governors. (3 Figs.) October 30, 
1925.—The invention relates to governors for use on 
motor vehicles in order to prevent the vehicle from 
exceeding a predetermined limit of speed while being 
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driven by the engine. According to the invention 
one end of the rotating spindle of the governor 1 is 
connected to the driven shaft of the gear box 34 by 
a flexible shaft 16, while the opposite end is connected 
by a rotatable shaft 22 to the speedometer 21. (Accepted 
February 23, 1927.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


261,408. H. A. Akroyd, Sheffield and Yorkshire 
Engine Company, Limited, Sheffield. Slide Valves. 
(1 Fig.) August 15, 1925.—This invention relates to 
slide valves for steam engines, and refers particularly 
to that type of valve which is composed of two con- 
centric rings, one telescoping the other with an inter- 
posed spring for keeping the valve faces in contact with 
their respective working faces, and in which said valve is 
provided with a central port or passage. The slide valve 
is made in two parts, a, 6, in the form of rings, one fitting 
inside the other and each having one flat rectangular 
flange c, the face of which works on the port faces d 
of the cylinder e and valve chest cover face respectively. 
A clear port or passage g is, therefore provided through 
the centre of the valve. The two parts a, b, are held 
apart by a spring h abutting at one end on a shoulderj 
on the inner part 6, and at the other end on a washer 
k, fitting on the underside of the flange c of the part a. 
Any wear on the faces c, d orf is thereby taken up by the 
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two parts of the valve being constantly kept apart by the 
spring h. To prevent the passage of fluid through the 
circular fitting portions of the valve, a piston ring or 
rings ¢ may be employed. In the port face d are the 
usual two admission ports m and n, and in the valve 
chest cover face are two other ports 0, p, the one, 0, 
communicating with the space around the outside of the 
slide valve and the other, p, with the inside. The two: 
ports o, and p in the valve chest cover can be changed 
from admission to exhaust by any known means of 
In operation, for one direction 
of running, fluid is admitted through the centre port ¢ 
from the port p, and from thence alternately to the 
cylinder ports m and n, exhaust taking place alternately 
from the cylinder ports n and m at the outside of the 
slide valve and escaping through the port o. For the 
other direction of running, the action is vice versa, that 
is, fluid is admitted through the port o in the valve chest 
face to the cylinder ports and exhausted through the 
centre of the valve, thence to the atmosphere through 
a — f in the valve chest face. (Accepted November 


valve or cock, not shown. 


THE END OF THE ONE HUNDRED AND TWENTY THIRD VOLUME. 
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ff veling & orter, T td., 
A ' aoe! 


ROCHESTER. 


EGteam & (Srude QO! 
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N ‘umford, | td. 
QULVER STREET WORKS, COLCHESTER. 
ON ADMIRALTY AND WAR OFFICE LISTS. 


“ENGINES i Torpedo Boats, Yachts, Launches. 
OILER FEED PU MPS. 


fa Advertisement page 81. 


PATENT WATER-TUBE BOILERS. 
AUTOMATIC FEED REGULATORS. 


And Auxiliary oo as supplied to ™. ae 


“STEEL TANKS, PIPES, GASHOLDERS, &. 


[[ihos. Piggott & Co., Limited, 
BIRMINGHAM. 3817 
See Advertisement last week, page 17. 


Felt & Willetts, 


Lifts, Cranes & 
Lifting Appliances. 


CRADLEY HEATH. 


(RANES. . All Types. 


GZORGE che bet & OO. LTD., 
1 


therwell. 3826 
Like 


Patent (jas: Fired 


AND WASTE HEAT BOILERS. 
Sole makers, Spencer-Bonecourt, Ltd., Parliament 
Mansions, Victoria Street, London, S8.W.1. 1994 
= 
ank Locomotives. 
Speciication and Workmanship equal to 
Main Line Locomotives. 
BR. & W. HAWTHORN, LESLIE & CO., Lrp., 
—__ Exuiverrs, NEY NEWCASTLE-ON-TYNE. 8829 


Brett’ Yatent J ifter (. 


LIMITED. 
fame rs, Presses, Furnaces, 


J COVENTRY. 610 
Javin if 


ile (j2uge (lasses. 
Bi 


‘TERWORTH BROS., Lid., 
Sewlon Heath Glass Works, 
Manchester. 














Od 9753 


Re ‘our Repairs or any 
SecvIAL MACHINERY, try 
{i0JMAS HUNT & SONS, 
. Albion Ironworks, 
Bridge Road bg — 8.W.11. 


Pree ging 


/* ALL DESCRIPTI 
FLOATIN’: CRAN va COAL ‘BUNKERING 


Werf Co ak HAARLEM, 
Apis: MA! : E WORKS, LtTpD., FRIARS HOUSE, 


BROAD §t., LONDON, E.C.2. 
$e il. e Advert, last week and next week. 4018 


Puller, Horse , Sons & Cassell, 
: ales 

CL AND VALUATION 

NT AND. MACHINERY 


IN EERING WORKS, 
LITER SQUARE, E. 0. 3. 


Iron and Steel dal 


Pubes and 


Sole Meensees 


4102 


i jee 


rT 


li, 


— 


FE ittings. 
n — Britain for the manufacture 
Th AT ; Ingot Iron Tubes. 

e he Sec ; ish Tube Co., Ltd. 
a] ee, Orns 84, Robertson Street, Glasgow. 
See Advertisement, page 68, June 17. 3582 


& CO., LTD., 
GLASGOW. 


VY ARROW 


PASSENGER AND CARGO STEAMERS. 


SHALLOW DRAFT VESSELS. 
_ $544 


(‘ampbells & Peter. I td. 
Bevel and Mitre Wheels planed up to 6 ft. 6 in. diam. 
Spur Wheels cut up to 12 ft. 6 in. diam. 

—& W. MacLellan, Ltd., 
CLUTHA WORKS, a? 
EVERY DESCRIPTION, 
RAILWAY IRONWORK, RIDGES ROOFING, Ac. 
Westminster, 8.W.1 Od. 8547 

THE in GLASGOW ROLLING STOOK AND PLANT Works. 

ELECTRIC CARS, AND EVERY OTHER DESCRIPTION 

OF RAILWAY and TRAMWAY ROLLING STOCK. 

PRESSED STEEL WORK OF ALL KINDs. Od 3382 

Reg. Office and Chief Works: Motherwell. London 


Gear Cutting. 
Worm Wheels cut up to 13 ft. diam 
DOLPHIN FOURES®, LEEDS. 4547 
MANUFACTURERS 0: 

Rae CARRIAGES AND WAGONS 
Chief Offices: 129, Trongate, Glasgow. 
Registered Offices: Clutha eK % - Princes A. 
Hurst Nelson & Co., Ltd., 

BuildersofRAILWAYCARRIAGES, WAGONS 
Makers of WHEELS and AXLES, RAILWAY PLANT, 
FORGINGS, SMITH WORK, IRON & BRASS CASTINGS, 
Office: 32, Great St. Helen’s, Bishopsgate, E.C.3. 





IL FUEL APPLIANCES, 
Systems 
PRESSURE AIR STEAM 
For Boilers of all types. 
KERMODES LIMITED 
85, The Temple, Dale Street, 
Liverpool. 
Naval Outfits a Speciality, 
also for Merchant Ships, for 
Factories, Locomotives, and 
Industrial Process Furnaces 
of all kinds. 

Supplied to the British and 
other Governments. 
Telephone No.: Central 2832. 

— “ Warmth.” 


ie Gale 


OLD-ESTABLISHED 
IMPORTANT AND EXTENSIVE 


MALLEABLE and 
CAST IRON 
FOUNDRY BUSINESS, 


Engineering Shops and Land formerly used by 
J. CROWLEY & Co., Ltp., MEADOW HALL, 
SHEFFIELD. 


Railway Sidings to L.M.S. and L.N.E. Rlys. 


Area about 11 Acres, Freehold. Works well 
situated. Floor space, 145,000 ft. 
Century-old Connection. 





Full particulars and terms from :— 


[[Thos: W. Ward L{4- 


ALBION WORKS, SHEFFIELD. 8817 


Z - ° 
Kg Patent Agency Ltd. 

irector, B. T. King, C.1.M.E., Registered 
Patent inn G.B., U.S., and Canada). Inventions 
advice handbook ‘and consultations free. 146a, 
Queen Victoria Street, London, E.C.4. 40 years’ 
refs. _ "Phone: _Central 0682. 1209 


R. Y. Pickering & Co., Ltd., 


(Established 1864.) 
BUILDERS of RAILWAYCARRIAGES &WAGONS 
MAKERS of WHEELS and AXLES of all kinds. 
Chief Offices and Works: 

WISHAW, SCOTLAND. 
London Office Od 8853 





10, TDDBSLIGH Hovss, WESTMINSTER, S.W.1. 


Limited, 
oe MANCHESTER, 
FEED WATER HEA 


CALORIFIERS, EVAPORATORS, 
CONDENSERS, AIR HEATERS, 
STEAM and GAS KETTLES. 
Merrill’s Pog nab a aes a ERS 
ct 
SYPHONIASTEAM TRAPS, REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS. 
WATER SOFTENING and FILTERING. 5723 


IRON & STEEL 


oT alee AND Fittings 


AND 
Steel Piasteou 
— AND [ Lia. 


GLASGOW. BIRMINGHAM. LONDON. 
See Advertisement, page | 49. 3834 


Peter Bretherhood L*- 


PETERBOROUGH. 


STEAM prey AND TURBINES, 
GAS AND OIL ENGINES, 
AIR COMPRESSORS. 3719 
REFRIGERATING PLANT. 


See Advertisement, page 47, June 17. 


Rey oyles, 
ENGINEERS, 


Row’s 
PATENTS 


VY IBRO Concrete Piles 


are cast in the ground, 
and tamped by 
Steam Hammer action. 
The process is. rapid, 
inexpensive, and results 
in the firmest foundations. 


Specify 


VIBRO Concrete Piles. 


THE BRITISH STEEL PILING 
54a, Parliament St., 


LONDON, 


Co., LTD., 


S.W.1. 


arconi’s Wireless Telegraph 
COMPANY LTD. 

Contractors for WIRELESS TELEGRAPH and 
TELEPHONE STATIONS,“ all round” and ‘“‘beam,” 
for commercial and private services. Naval, Military 
and Marine equipments. Aircraft and Aerodrome 
Ground Stations. Direction Finding Apparatus, 
transmitting and receiving. Automatic ireless 
Beacons. Broadcasting Stati and E 
Head Office: MARCONI HOUSE, strand, London, 
W.C.2. Telegraphic Address—“ Expanse, London. e 


osser and Russell, Ltd., 
MECHANICAL ENGINEERS, 

QUEEN’S WHARF, HAMMERSMITH, W 

Undertake SPECIAL MACHINE WORK 
any description. 
WELL EQUIPPED SHOP. 

LATHE WORK up to 10 ft. diameter. 

"Phone: Riverside 0031. 9211 





of 


oilers, etc., Delivered from 
Stock subject to being unsold :— 

New 30 ft. by 7 ft. 6 in. Lancs. 180 Ibs. W.P. 
New 11 ft. by 5 ft. Cyl. Tanks or Receivers 
80 Ibs. W.P. 

New 10 ft. by 4 ft. 6 in. Air Receiver, 100 
Ibs. W.P. 208 

H. & T. , DANKS (Netherton), LtD., Dudley. — 


m QUMMIT” uaax 


GQ litting Saws 


AND SCREW SLOTTING CUTTERS. 


JOSEPH THOMPSON nena a. 
Townhead Street Engineering Works, 





SHEFFIELD. 3945 


Petter Qi} Ky2gsines 


For Paraffin and Crude Oil. 
Sizes 1} to 2000 B.HP. 


PETTERS. LIMITED, 


LONDON: 758, Queen Victoria St., E.C.4. 
_ Works: YEOVIL & IPSWICH, 3908 


Ne ew Wine Ropes, half price. 
THE LONDON ELECTRIO FIRM, 
Croydon. 


J obn Belany, Limited, 


MILLWALL, LONDON, E., 1216 
GENERAL CONSTRUCTIONAL ENGINEERS. 


Boilers, Tanks,& Mooring Buoys 
STILLS, PETROL TANKS, AIR RECEIVERS, STEEL 
CHIMNEYS, RIVETTED STEAM and VENTILATING 
PIPES, HOPPERS, —— WorK, REPAIRS OF 


a &, L% KINDS. 
Forgings. — 


Ls some a" Limited. 
3 a HALESOWEN. 7116 
T[iaylor & (thallen 


resses 
For Production of SHEET METAL PRESS WORK, 
also Makers of MINTING & CARTRIDGE PLANTS. 
Foundry, Works and Showrooms: BIRMINGHA 
_ See Advert. page 54, June 17. 


8591 





(CARBIDE 


HOME MARKET—EXPORT 
EX DEPOTS—C.LF. 


We solicit the favour of a trial order at your 
own price for prompt and regular future delivery. 


VICTOR MANUFACTURING CO., 
13, Southampton Street, LONDON, W.C.1. 
LocaL AGENTS WANTED. 


Reliable 
S $805 


astings. 


T94 


T. SUMMERSON & SONS, LIMITED, 
DARLINGTON. 3963 


E J. Davis, M.I.Mech.E., 
4. Gas E ted, Tested and 
Reported upon. Over 25 years’ experience. Tel.: 

Maryland 1736 & 1737. Wire: ‘* Rapidising, — ” 
—Great Eastern Road, Stratford, E.15. 1794 


[ihe Glasgow Railway 
Engineering | Company, 


N, GLASG Lr., 
London Offico—12, Victoria Bereet, 8.W. 


MANUFACTURERS OF 
RAILWAY ey Papo & TRAMWAY 
CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES. 3900 


RAILWAY AND TRAMWAY ROLLING STOCK. 


I {urst Nelson & (Co. [4 


THE GLASGOW ROLLING STOCK AND PLANT Gnu 
MOTHERWELL. _ ___Od | 8383 


Recent 
(Fuillotine 
Shears, 
Rotary 
Shears, 
Preeses, 
Benders. 


THE REGENT SHEET METAL 
MAOHINE TOOL CO., LTD., 








REGENT WORKS, WAKEFIBLD. 8708 
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’ [ he Manchester Steam Users 
ASSOCIATION. 
For the prevention of Steam Boller Explosions and 
for the attainment of Economy in the Application of 
Steam. 9, MOUNT STRERT, MANCHESTER. 
Chief Engineer: C. E. STROMEYER, M_I.C.E. 
Founded 1854 by SiR WILLIAM FAIRBAIBN. 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. —_—— for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 3962 





FOR FAVOUR OF PUBLICITY. 


[ihe Institution of Structural 
Engineers. 


EXAMINATIONS FOR GRADUATESHIP 
AND ASSOCIATE-MEMBERSHIP. 


The next examinations for Graduateship and 
Associate-Membership will take place in London, 
Bombay, and such other centres as may be arranged 
on Wednesday, July 6 (G), Thursday and Friday, 
July 7 and 8(A/M). Syllabus and form of entry 
from the undersigned. Closing date for entries, 
Wednesday, June 29th. 

MAURICE G. KIDDY, F.1.S.A., 
Secretary. 
10, Upper Belgrave Street, 5.W.1. 


8rd June, 1927. 2 


Armstrong College. 
4 


NEWCASTLE-UPON-TYNE 
(In the University of Durham). 


Courses for the pass Degree of B.Sc. and the 
Honours Degree of B.Sc. in Mechanical, Marine, 
Civil or Electrical Engineering, Mining, Metallurgy 
or Naval Architecture. The curricula of the Pass 
Degree and the Honours Degree normally occupy 
periods of three and four years respectively, but 
cendidates presenting evidence of sufficient previous 
training may be allowed to proceed to either Degree 
after two years’ residence. 


The Engineering Laboratories have recently been 
extended, and all Departme ts are equipped for 
advanced tutorial and research work. 


Full particulars of the Courses may be had on 
application to 


THE REGISTRAR, 
Armstrong College, 
Newcastle-upon-Tyne. 
3759 


pihe Institution of Structural 
ENGINEERS. 
EXHIBITION OF DESIGNS. 

The thirty completed eets of designs submitted 
in connection with the Brenforce Travelling 
Scholarship (value £300 awarded in 1927), will be 
on exhibition at the headquarters of the Institution 
for a fortnight from and including seg 20th 
June. Members of kindred Institutions who may 
be interested are invited to view the designs any 
day between the hours of 11 a.m. and 5 p.m. 

MAURICE G. KIDDY, F.1.8.A., 
Secretary to the Institution. 
10, Upper Belgrave Street, 5.W.1. 
15th June, 1927. T 100 


" ° ’ 
[the Engineers’ Club, 
89, Coventry Street, W.1. 
ANNUAL SUBSORIPTIONS: 
Town Members 
Country Members 
Overseas Members ... 2 20 
72 Bedrooms. Application for Membership to 
be sent to the SECRETARY, at the above — 
932 


£10 100 
5 50 


Norrespondence Courses 
/ tor INsT. CIVIL ENGINBERS, INST. MECH. 
Enaks., LONDON UNiv., INstT. M. & Cy. E., 
and ALL ENGINEERING EXAMINA- 
TIONS personally conducted by Mr. TREVOR 
W. PHILLIPS, B.Sc. (Honours), Eng., 
London, Assoc.M.Inst.0.E., Chartered Civil 
Engineer, M.R.S.I.,F.R.8.A., etc. Excellent 
results at all Exams., comprising hundreds of 
successful Students. Courses may commence 
at any time and all Students receive in- 
dividual attention. 
For full particulars and advice apply to:— 
TREVOR W. PHILLIPS, 
B.Sc, (Hons.),Assoc.M.Inst.C.£.,MR.3.I.,&c. 
8/11, Trafford Chambers, 
58, South John Street, 
LIVERPOOL. 
Tel. Bank 1118. 


London Office :—65, Chancery Lane, W.C.2. 
3960 


earn Draughtsmanship. wee 

4 Well-paid employment is always open to 
trained draughtsmen and Tracers. Men who are 
working in uncongenial or badly-paid jobs, or who 
have failed in a Technical Examination, should send 
for details of my simplified Postal Courses in 
draughtsmanship and Tracing. Many fully qualified 
Civil and Mechanical Engineers owe their success to 
my special Courses, which include: Civil, Mechanical, 
Structural, blectrical, and Motor Engineering. Also 
Machine Drawing and Design, Jig and Tool Design, 
Hydro-Electric Plant Design, and Building Drawing. 
Write to me for free advice. It may ensure your 


(rrystal Palace School of 
Practical Engineering. Founded 1872. 
MECHANICAL AND CIVIL ENGINEERING 
DIVISIONS. 
President: J. W. Winson, M.I.C.E., M.I.M.E. 
Principal: MAURICE WILSON, M.I.C.E. 
Assisted by Staff of Lecturers and Instructors. 
Thorough up-to-date Practical and Theoretical 
Instruction. Course completed in 2 years. 
Students admitted at beginning of any Term. 4027 


['echnical Translations. 


Speciality: Engineers’ & Manufacturers’ Cata- 
logues, etc., in all Commercial Languages. 
References: Leading firms all over the country.— 
T. DEMANT, 20, St. Mary’s Place, Newcastle-upon- 
Tyne. Telegrams: Demant, N/cle. Estab. 1891. 3619 





Preparation for Examinations. 
—Mr. A. J. ANIDO, B.Sc., A.C.G.1., specialises 
in the personal preparation of Candidates for all the 
examinations held by the Institutions of Civil, 
Mechanical and Electrical Engineers. Evening and 
Correspondence work arranged.—60, Chancery Lane, 
W.C. Telephone: Holborn 5776. K10' 








TENDERS. 


THE DIRECTOR-GENERAL, INDIA STORE 
DEPARTMENT, Branch No. 16, Belvedere Road, 





1. LAMINATED BEARING SPRINGS for Rolling 


Stock. 
2. WELDLESS STEEL BUFFERS, and spare 
parts thereof, for Rolling Stock. 
3. BEARERS, RUBBING BLOCKS, 
BRACKETS, etc., for Railway Wagons. 
Tenders due on the 5th July, 1927, for No. 1, and 
on the 8th July, 1927, for Nos. 2 and 3. 
Specifications and Forms of Tender obtainable from 
the above at a fee of 5s. per set, which will not be 
returned. T 169 


METROPOLITAN ASYLUMS BOARD. 
TO WATER SOFTENING ENGINEERS AND 
OTHERS. 


The Board invite 


[lenders for Installation of 


WATER SOFTENING PLANT, Salt Basic 
Exchange Type, at Darenth Training Colony, near 
Dartford, Kent, in accordance with the Specification 
and Drawing prepared by Mr. - COOPER, 
M.Inst.C E., M.I.Mech.E., Engineer-in-Chief. The 
Specification, Drawing and Form of Tender may be 
inspected at the Office of the Board, Victoria 
Embankment, E.C.4, on and after Ten a.m. on 
Monday, 27th June, and can then be obtained upon 
payment of a deposit of £1. The amount of the 
deposit will be returned only after the receipt of a 
bona fide Tender sent in accordance with the instruc- 
tions on the Form of Tender and after the Speci- 
fication and the Drawing have been returned, 
Tenders, addressed as noted on the Form, must be 
delivered at the Office of the Board not later than 
2.30 p.m. on Wednesday, 13th July, 1927. 

ALLAN POWELL, 
Clerk to the Board. 
T 140 





METROPOLITAN BOROUGH OF LAMBETH. 
PROPOSED NEW WEIGHBRIDGE. 


The Lambeth Borough Council invites 


TWYenders for the Provision of 

~ a NEW AUTOMATIC WEIGHBRIDGE 
for Mechanical Transport, to be installed at the 
Cobbett Street Depot, Dorset Road, 8.W.8. 

Specifications and Forms of Tender may be 
obtained from Mr. OSMOND CATTLIN, M.Inst.C.E., 
Borough Engineer, Lambeth Town Hall, Brixton 
Hill, S.W.2, or will be forwarded on receipt of a 
stamped addressed envelope. 

Sealed Tenders, enclosed in the envelope supplied, 
must be delivered to the undersigned not later than 
Twelve o’clock Noon on Thursday, the 30th day of 


June, 1927. 
BRUCE PENNY, 
Town Clerk. 
Lambeth Town Hall, 
Brixton Hill, 8.W.2. T1297 


PORT OF BRISTOL AUTHORITY. 


BRUNEL’S LOCK, CUMBERLAND BASIN, 
BRISTOL, 
SINGLE FACE SLUICE VALVES WITH 


HYDRAULIC CYLINDERS for NEW SLUICEWAY 


The Port of Bristol Authority is prepared to receive 
. bed r\) ocd 
[Tenders for Single Face Sluice 
A. VALVES with HYDRAULIC CYLINDERS 
- nap = gates Y at Brunel’s:Lock,Cumberland 
jasin, Bristol. 

On and after Monday, the 27th June, 1927, copies 
of the specification and contract drawings can be 
obtained from the undersigned on production of a 
receipt shewing that a deposit of £3 has been paid. 
ALL CHEQUES MUST BE MADE PAYABLE to 
the “PORT OF BRISTOL AUTHORITY” and 
forwarded to the General Manager and Secretary, 
Docks Offiee, 19, Queen Square, Bristol. The Deposit 
will be returned to bona fide tenderers after the 
receipt of the Tender with all the prescribed docu- 
ments and drawings. 

Tenders must be enclosed in a sealed envelope 
endorsed ‘‘Tender for Sluice Valves, Cumberland 
Basin, Bristol,’’ addressed to the General Manager 
and Secretary of the Port of Bristol Authority, 
19, Queen Square, Bristol, and must be delivered to 
him accompanied by all the prescribed documents 
and drawings before Ten a.m. on Monday, the 11th 
day of July, 1927. 

The Port of Bristol Authority does not bind itself 
to accept the lowest or any Tender. 
OMAS A. PEACE, 
Chief Engineer. 
Chief Engineer's Office, 
Avonmouth Docks, Bristol. 





future. —- PERCY PITMAN, M.I.Mech.E., ° 25, 
Victoria Street, London, 8.W. 1. (Established 1894). 


24th June, 1927, T 159 








SINGAPORE MUNICIPALITY. 


ST. JAMES’S POWER STATION—FIRST 
EXTENSION, 


The Municipal Commissioners of the Town of 


Singapore invite 
[[\enders for the Supply. 


DELIVERY and ERECTION in Singapore of 
ONE 10,000 K.W. TURBO-ALTERNATOR AND 
CONDENSING PLANT. 

Specifications may be obtained on and after 
Friday, the 24th inst., from Messrs. PREECE, CARDEW 
& RIDER, 8, Queen Anne's Gate, Westminster, S.W.1, 
on payment of a deposit of £2 for each copy, which 
will be refunded on receipt of a bona fide Tender. 
Extra copies may be purchased at 10/- each. 

Sealed Tenders, in duplicate, endorsed ‘‘ Singapore 
—Turbo-Alternator,” are to be delivered to the 
Agents of the Singapore Municipality, Messrs. 
PEIRCE & WILLIAMS, 64, Victoria street, West- 
minster, S.W.1, on or before Noon, on Monday, the 
25th July, 1927. 

The Municipal Commissicners do not undertake to 
accept the lowest or any Tender. T14l1 


TRENCH EXCAVATING MACHINE 
FOR RAILWAY EMBANKMENTS. 


2 [te Director of Army 
sex HM CONTRACTS, Caxton House West, 
Tothill Street, Westminster, S.W.1, is 
CONSIDERING the PURCHASE of a type of 
TRENCH EXCAVATING MACHINE, suitable for 
constructing low railway embankments, 2 to 3 feet 
high, at speed. The macbine envisaged can best be 
described as a land form of ‘‘ marine dredger” which, 
moving continuously to one side of and parallel to 
thealignment of the railway track, can deposit 
thereon the earth as it digs it from the trench 
without slewing or any cessation of actual digging ; 
the levelling of this earth by hand then only being 
necessary before the track is laid. 

The machine is required to dig about 12 cubic 
feet of earth per foot run of track on each side of 
track, and the depth of the trench to be not greater 
than 4 feet. 

Manufacturers are requested to forward illus- 
trations and descriptive literature of such machines 
40 the above address, and to state the capacity of 
the machines at continuous rating in cubic yards 
per hour. T 149 









BENGAL-NAGPUR RAILWAY COMPANY, 
LIMITED. 


The Directors are prepared to receive 
enders for :— 


ONE ENGINE TURNTABLE 85 ft. in diameter. 
Specification and Form of Tender can be obtained 
at the Company’s Offices, 132, Gresham House, Old 
= Street, London, E.C.2, on or after 20th June, 


A fee of 10s. will be charged for the specification, 
which is NOT returnable. 
Tenders must be submitted not later than NOON, 
on Thursday, 30th June, 1927. 
The Directors do not bind themselves to accept 
the lowest or any Tender. 
By Order of the Board, 
R. C. VOLKERS, 
Secretary. 
20th June, 1927. T 134 


B.B. & C.I. RAILWAY COMPANY. 


The Directors are prepared to receive up to Noon on 
Friday, 8th July, 1927, 


"Wenders for the Su 
1. SWITCHES & CROS) 
2. DOGSPIKES. 
Tenders must be made on forms, copies of which, 
with Specification, can be obtained at these Offices 
on payment of 10s. each (which will not, be returned). 
The Directors do not bind themselves to accept the 
lowest or any Tender. 
8. G. S. YOUNG, 


Secretary. 





ly of :— 


GS. 


Offices, 
The White Mansion, 
91, Petty France, $.W.1. 


20th June, 1927. T 162 


TENDERS WANTED. 
CARLOW URBAN DISTRICT COUNCIL. 
FILTRATION OF WATER SUPPLY. 





The Council invite 


ah) 
Proposals and Tenders from 
pecialists with wide experience in the 
construction of Plant for the Mechanical Filtration 
of Domestic Water Supplies. The Plant, which is to 
be supplied and erected by tenderer, will be 
for approximately 250,000 gallons per day, and is 
to be left in working condition. The preparation 
of the site and provision of necessary buildings 
for filtration plant may be carried out under another 
contract. 

Full particulars can be obtained from the 
mene yf Engineer, Mr. PIERCE, F. PURCELL, 
M.Inst.C.E., Ashton, Killiney, Co. Dublin, on 
sending deposit cheque for two guineas, which will 
be returned after Council have reached a decision 
upon the Tenders received, provided tenderer has 
sent in a bona fide, and accurately filled-in, Tender, 
and shall not have withdrawn same. 

The Council do not bind themselves to accept the 
lowest or any Tender. 

Tenders, endorsed in the left-hand corner 
“Tender for Filtration Plant,” and addressed to 
the Clerk of the Council, must be delivered at the 
Town Hall, Carlow, by not later than Four p.m., on 
Wednesday, 6th July, 1927. No Tender will be 
received after that time. 

By Order, 

W. A. LAWLER) 
Town Clerk.” 
T,176 


= Town Hall, Carlow. 





DURHAM COUNTY COUNCI?. 
CONTRACTOR’S PLANT FOR 3.\..4, 


ffers are Tented fer the 


SURPLUS PLANT at present ly':> op the 
Coast Road, at Horden and Crimdon. 

Plant for disposal consists of Stone her, 5 
Simplex 20 HP. 24in. Gauge Tractors, abi: 6 miles 
24 in. Track, 176 lb. D.H. Rail Siding plete, 
153 24in. gauge Tipping Skips and parts points 
and crossings 24in. gauge, 4 converted A; uts 
60 ft. by 15 ft., etc., etc. : 

Schedule of Plant and Conditions of ©:'. may be 
obtained from the undersigned to whom se: -: Offers 
properly endorsed ‘‘ Coast Road Plant ”’ be 


delivered not later than Monday, 4th Jul:, 1597, 
WM. J. MERRETT, 
County Engineer «& ‘ 
County Surveyor’s Office, 
43, Old Elvet, Durham. 








lz? 
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APPOINTMENTS OPEN. 
_ ADMINISTRATIVE COUNTY OF LONDON. 
PRINCIPAL OF L.C.C. SCHOOL OF BUILDING, 
The London County Council invites 


: ° > °° 
A plications for the Position 
of PRINCIPAL OF THE L.C.C. SCHOOL 

OF BUILDING, Ferndale Road, Clapham, §.W.4, 
which comprises senior and junior day technical 
schools for building, architecture, surveying, 
structural engineering, etc., and evening classes in 
building subjects, architecture, structural Jesign, ete, 
gaa scale £850 to £1060 by annual increments 
() i 
nig in organisation and teaching and of the 
building trades or structural engineering desirable, 

Preference given, other things being equal, to 
those who served or attempted to serve with HM. 
Forces. 

Apply to the Education Officer (T.1.a), ‘ihe County 
Hall, London, 8.E.1 (stamped addressed foolscap 
envelope), for application form, to be returned by 
9th July, 1927. Canvassing fs aT 

MONTAGU 8. COX, 
Clerk of the London County Council, 
T 110 


PUNJAB PUBLIC WORKS DEPARTMENT, 
HYDRO ELECTRIC BRANCH. 











A plications are Invited from 
‘andidates to fill an appointment (the formal 
creation of which is at present under contemplation) 
of a ‘“‘SALES-ENGINEER ” of rank equivalent to 
that of an Executive Engineer in the Indian Service 
of Engineers. He will be required to take charge of 
all cial busi ted with negotiations 
for the sale of hydro-electric power. 
For further particulars apply to :— 
W. N. McLEOD, Esq., B.Sc., 1.8.E, 
Superintending Engineer, 
Administration Circle, P.W.D., 
Hydro-Electric Branch, 
Benmore Simla-E. 
Applications will be received up to Ten a.m. on 
August the 1st, 1927. T13 





LEYTON HIGHER EDUCATION COMMITTEE, 
LEYTON TECHNICAL COLLEGE. 


PRINCIPAL :—PERCY J. HALER, M.B.E., M8e. 


ecturers in the following 
Subjects are REQUIRED :— 
Fee, 15s. per evening. Classes from 7.30 to 9.30, 
commencing September. 
ENGINEERING SCIENCE IV and Technical 
Mathematics IV, Monday. 
ENGINEERING SCIENCE II & III, Thursday 
and Friday. i" 
ENGINEERING DRAWING & DESIGN IV, 


Thursday. ; 
WORKSHOP LABORATORY COURSE. EN- 
GINEERING IV, Friday. 
For Form of Application, send stamped addressed 
foolscap envelope to :— 
R. J. GELDART, T 146 
Town Hall, 
Leyton, B.10. 





ssistant Engineers (20) 

REQUIRED for the PUBLIC 
. WORKS DEPARTMEN! of the 
FEDERATED MALAY STATES for four years 
service, after which, subject to satisfactory service, 
the officers appointed will be eligible for onfirmation 
in the permanent and pensionable establishment 
It is probable that the number of permanent! 
appointments will be sufficient for close officers 





whose services have been entirely satisfactory, but 
no guarantee can be given. Ii at tlie end of reed 
years’ service an officer’s services have heen —_ 
satisfactory and he is not offered, - de —_ 2850. 

JOH 1s od 


employment, he will be paid a 
Salary, $400 a month, rising to $800 by anual 
increments of $25, plus a temporary nou-pensiona 
allowance of 10% for bachelors and 20°, 10r married 
men. The exchange value of the doliar in sterling 
is at present fixed by the Government at ~8. a 
its purchasing power in Malaya is cou:iderably 


than that of 2s. 4d. in the United K ‘ngdom. be 
Income Tax at present imposed by « Feder ws 
Malay States Government. Free pass).¢s provia’ 

Candidates, age 23 to 26, preferably — = 
must have received a good theoreti val ns on YF 
preferably at a University or College cecogt civil 


the Institution of Civil Engineers, and pvssess & 


i i euch otuer diplom 
Engineering degree or obtained such « ‘uct dip! 
or distinction in Engineering as the > cretary . 
State may decide in any particular «'>¢ : a 
completed articles with a Civil Engiuver 0 orot 
standing, and have passed the e i a 
Associate Membership of the Inst.t } pt ad 
Engineers. In addition, candidates ' — civil 
at least one year’s practical expe: @ ba oly 
engineering under a qualified civil en or ations 
at once by letter giving brief details l oe ried 
and experience, and stating age anc» ee THE 
or single, to THE CROWN AGEN: © 3 WA, 
COLONIES, 4, Millbank, Wes‘ ‘yah 
quoting clearly at the head of app! 719 






= 
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ENGINEERING. 
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AIR MINISTRY. 
DIRECIURATE OF SCIENTIFIC RESEARCH. 


ie F unior Scientific Officer is 





REQUIRED for the Air Ministry 








: On the scientific Research Staff primarily for duty 
: atthe Royal Aircraft Establishment to assist with 
; Sher, § yeearch work in the Aerodynamics Department. 
miles Candidstes should have an Honours Degree in 
e oplete, Mechanical or Natural Science, and aeronautical 
points ff isining or experience would be an additional recom- 
s Huts, Bf endation. Candidates must also be medically fit 
e for fying duties and willing to fly as observer. 
may be Preference given, other things being equal, to 
; Offers, exservice men. The post will carry superannuation 
i {0 be under the Federated Universities Superannuation 
v0 296te system. Government contribution being 10% of 
oe nean of scale, individual contribution 5%. 
veyor, Salary, £175, rising by annual increments of £15 
to $285 plus Civil Service Bonus per annum, giving 
T 66 a present total starting remuneration of £278 19s. 0d. 
mes fer suum. ; 
Wy Application should be made ona Form to be 
Bear obtained from the CHIEF SUPERINTENDENT, 
z — Bf Royal Aircraft Establishment, South Farnborough, 
LONDON, Hants, to whom it should be returned, quoting 
si reference No. A. 180, not later than 16th July, 1927. 
BUILDING, T 136 
a (‘vil Engineer Required 
sition ) by the GOVERNMENT of CEYLON 
SCHOOL for appointment as Irrigation Engineer for 
m, 8.W.4, ff three years in the first instance. Salary, £500, rising 
1y technical # to £900 a year by annual increments of £40 (£600 on 
surveying, & attaining 30 years of age). Free passages provided. 
ig classes in [| Candidates, unmarried, age 26 to 31, must have passed 
1 design, ete, J the examination to qualify for Associate Membership 
| increments @ of the Institution of Civil Engineers or hold 


equivalent professional qualifications and have had 
at least three years’ practical experience on water- 


1g and of the 
works, drainage, or harbour and dock works.—Apply 


1g desirable, 


g equal, to MH at once by letter, stating age, qualifications and 
e with HM, experience, to THE CROWN AGENTS FOR THE 

COLONIES, 4, Millbank, London, S.W.1, quoting at 
The County # head of application M/15465. T1381 








sed foolscap 


returned by UNIVERSITY COLLEGE OF SWANSEA. 


The Council of the College invites 





he 

y Council, : . { 

yen 110 A pplications for the Post of 

a SSISTANT PROFESSOR OF METAL- 

RTMENT, LURGY. Salary £750 perannum. The appointment 
will date from the 1st September, 1927. 

‘H. Further particulars may be obtained from the 
undersigned, by whom applications must be received 

d f; onor before the 2nd July, 1927. 

ed Irom EDWIN DREW, Registrar. 

; (the formal @ Singleton Park, Swansea. T 

itemplation) — —_——— 


BOARD OF TRADE, STANDARDS 
DEPARTMENT. 


quivalent to 
dian Service 
ke charge of 


negotiations ° 

A Vacancy Exists for an 
ca ASSISTANT EXAMINER in the 
c., 1.8. Standards Department of the Board of 
ry P Trade, with establishment in H.M. Civil Service after 
e, P.W.D, two years’ approved service. The duties are mainly 
«i inconnection with the control of standards and 


with the examination of weighing and measuring 
apparatus of novel types with a view to their 
approval for use in trade. 

Candidates, who must be British subjects by 


Ten a.m. on 
T18 














MMITTEE, @ birth and the sons of fathers also British subjects by 

EGE. birth, should possess a University Degree (or its 

equivalent) in Science or Engineering and should 

B.E., M8. have had practical workshop experience. Preference 
; — given . nig — 

é salary is £150, rising by £15 to £300 per 
llowing annum, witl: bonus, which is re-assessed er lhe 
- on the basis of the average cost-of-living figure for 
7.30 to 9.80, ere us + The present bonus on 

is £94 ids. Od., making t! i 
oo PS ehigdly ° g the total remuneration 

Applications, with copies of testimonials, should 
I, Thursday be made in writing to the PRINCIPAL ESTABLISH- 
oe MENT OF) iCER, Board of Trade, Great George 
ESIGN IV, ff Street, Westminster, London, $.W.1, not later than 
ae the 6th Juty, 1927, T 137 
v * Q ame — a ————— 
‘ : : 
scams \Lwlectrical Engineer 
" & 4 KEQUIRED by the GOVERNMENT 
Tl CEYLON for the PUBLIC WORKS 
DEPART NT for a tour of three years in the 
ton, B.10. first insta: v. Salary, £600-40-£1000. Free quarters 
e ¢ an allowxnce in Jieu and passages provided by the 
(20) cera Candidates, age 30 to 45, should be 
ers } gape * ‘icmbers by examination of the Institu- 
» PUBLIC = of | ical Engineers and the Institution of 
of the i echanic::i !'ngineers and have had good experience 
four years 0 the installation, working and control of electric 
rory service, power Supp) undertakings, both those equipped with 
onfirmation ‘de oi} encines and those with steam turbine 
cablishment. Smeratin, ant, and in three-phase A.C. distribu- 
permanent on trom. 11,000 volt supply. Preference will be 
1ose officers a, se who have had administrative 
factory, but oo ‘-lectric supply undertakings.—Apply 
end of four rs Once ‘y itter, stating age, qualifications and 
een entirely ff Giprticue:,°» LHE CROWN AGENTS FOR THE 
ines, further ONTi». », Millbank, Westminster, London. 
s of $2850, ff Woting soos, T 170 
by annual THE | HADMEENEr cs Sn ee 
-pensionable RNMENT OF BIHAR and ORISSA 
‘oF marred _, -WUIRE the Services of an 
rin ateg 2 /.ectrical Engineer for 
Jerably less 2). “the Public Works Department. 
pgdom. NOM py \dates must be Corporate Members 
« Federated Engin at ‘n of the Institution of Electrical 
es provided. trical F ndon), or hold an equivalent Elec- 
nnmarried, pg oer <2'8 degree of a re aap University. 
al training, electrics Q years’ practical experience in 
cognised BE 1 pong 8 ering is essential. Age between 
ssess & sis P 
ver diploms — iy ‘sent is pensionable subject to one 
_-cretary of ea, on Pay in accordance with an 
e or have Overseas’ age 31. Rs. 775 a month, plus 
r of 2004 HP mont 8 *#y £25 @ month; age 35, Rs. 975 a 
ration for Pay ad: ‘verseas Pay, £30 a month. (Overseas 
, of Civil domic;) only to an officer of non-Asiatic 
have had Stri sg ) fee first-class passage to India. 
e of civil Furth, examination. 
1 ADI may caps “rticulars and forms of application 
lication’ BH thegpen te i (upon request by post-card) from 
er married FOR [x: '.\RY TO THE HIGH COMMISSIONER 
oR THB 8.W1.y;~.’ 32: Grosvenor Gardens, London, 
s.Wl, i so. date for receipt of applications. 
/15224. ¥, 1927 . 9 81 
7 130 

















THREE IMPORTANT BOOKS / 








with experts in the field. 


HANDBOOK 


MANUAL 











By W. P. CREAGER and J. D. JUSTIN and a staff of Nine Specialists. 
pages, 494 figures, 92 tables and 5 folding charts. 
complete working treatise on current practice—no subject is mentioned without 
carrying it to a complete conclusion with positive recommendations. 
word op latest developments and approved modern methods. 


METALLURGISTS 


By T. G. BAMFORD, M.Sc., and HAROLD HARRIS, M.Sc., F.C.S. 
Foreword by Thomas Turner, M.Sc., A.R.S.M., F.1.C., Emeritus Professor of 
Metallurgy, University of Birmingham. 
THE METALLURGIST’S MANUAL is intended for the use of Metallurgists in all 
parts of the world, of Metallurgical Students at Universities and Technical 

Schools, of Engineers, and of others interested in metals. 
that it will form a useful book for refreshing the memories of even skilled 
men upon many points which arise in the conduct of industry. 


Prospectus EG.11, free on request. 


CHAPMAN & HALL, Ltd., Henrietta St., W.C.2. 


HANDBOOK OF 
ORE DRESSING 


By ARTHUR F. TAGGART and seven Contributors. 
Flexible binding. 50s. net, The art of ore dressing has advanced with gigantic 
strides during the past twenty years, chiefly by reason of the introduction of 
sulphide-ore slimes, by the use of ball mills and the like for fine grinding. 
literature on the subject, however, 
knowledge, and this fact makes the publication of Taggart’s IMPRESSIVE 
ENCYCLOPZDIC WORK singularly timely. 
of over ten years and is the result of much research, experience, and consultation 


1679 pages, illustrated. 


The 
has not kept pace with the advance in 


Its preparation covers a period 


HY DRO-ELECTRIC 


879 
Demy 8vo, 40s. net. A 


The last 


With a 


Demy 8vo, 15s. net. 


It is believed 











A ssistant Engineers (2) 
REQUIRED for the KENYA and 
UGANDA RAILWAY for a tour oj 

20 to 30 months’ service with possible extension. 
Salary, £480, rising to £720 a year. Free quarters 
and passages, and liberal leave on full salary. 
Outfit allowance of £30 on first appointment. 
Candidates, unmarried, 22 to 28 years of age, must 
have passed exgmination to qualify for A.M.I.C.E. 
or hold equivalent professional qualifications, and 
have had some experience on Railway Civil Engin- 
eering work.—Apply at once by letter, stating age, 
qualifications and experience, to THE CROWN 
AGENTS FOR THE COLONIES, 4, Millbank, 








Westminster, London, S.W.1, quoting at head of 
application M/15466. T 156 
AIR MINISTRY. 
DIRECTORATE OF TECHNICAL 
DEVELOPMENT. 

Test Assistant is 





REQUIRED in the Metallurgical 

i ° Department of the Royal Aircraft Estab- 
lishment. Candidates should hold a degree in 
metallurgy or have had equivalent training and attain- 
ments and must have had practical experience in 
metallurgical work. 

Starting salary frem 50/- to 60/- plus Civil Service 
Bonus, giving present total remuneration of 83/7 
and 97/3 per week, depending upon experience. 

Ex-Service man preferred.— Write, quoting A 193, 
and giving full particulars of age, training, experi- 
ence and war service, to the CHIEF SUPERIN- 
TENDENT, R,A.E., South Farnborough, ne 


W anted, Engineer, for North- 


East Coast Works, with experience in 
operation large gas engine high-tension generating 
station and general Blast Furnace works maintenance. 
Full details of experience, age, salary required, and 
when at liberty to be stated together with copies of 
three recent testimonials.—Address, T 69, Offices of 
ENGINEERING. 


Ot Engine Manufacturers 

REQUIRE a REPRESENTATIVE for Scot- 
land to appoint and supervise agents and to secure 
direct contracts; must be qualified engineer with 
commercial experience, knowledge of Internal 
Combustion Engines and good Marine connection. 
Applicants should give full particulars of age, 
experience, salary required and when free, to BOX 
921, Advertising Offices, 84, Queen Victoria Street, 
London, E.C.4. T 132 


raughtsman Required 

by the GOVERNMENT of NIGERIA 

for Railway Survey for a tour of 12 to 

18 months’ service with possible extension. Salary 
£480, rising to £720 a year. Commuted bush and 
travelling allowance of £9 a month whilst on duty 
in the Colony. Free passages and camp equipment 
provided. Outfit allowance of £60 on first appoint- 
ment, Liberal leave on full salary. Candidates, 
aged 25 to 40, should have had good training in 
general CIVIL engineering Drawing Office work.— 
Apply at once by letter, stating age, qualifications 
and experience, to THE CROWN AGENTS FOR 
THE COLONIES, #t, Millbank, London, 8.W.1, 
quoting M/15404. T 155 





Lge and Old-established 
F 


irm of mechanical Engineers in India 
REQUIRE a MACHINERY SALESMAN, age not 
over 24, unmarried; of good education and address 
and fully trained in steam and oil engines.—Reply, 
giving fullest details, education, engineering ex- 
perience, present work and salary, to ‘* Z.M. 545,” 
care of DEACON’S Advertising Agency, 9, Fenchurch 
Avenue, London, E.C.3. T 150 


K ngineer-Salesman, age 25 to 
§-4 30, REQUIRED in London. Permanent 
position with excellent opportunities. A gentleman 
of good education required to devote his time to the 
sale of Boiler House specialties, such as Superheaters, 
COg Recorders, Steam Meters, and the like. None 
need apply except those of proved ability as salesmen 
and who have qualities of enterprise, energy and 
persistence. — Apply, by letter only, giving age, 
experience and salary required, to JAMES GORDON, 
Esq., Windsor House, Kingsway, London, belies . 
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Heating Engineer Wanted 
to obtain and follow up enquiries in the 
Midlands. 
Office experience. 


educated and salary required.—Address, 
Offices of ENGINEERING. 


Shi Draughtsman Required 
or Estimating Department of Shipyard on 
North-East Coast. 

Applicants must have good technical training, be 
conversant with Taking out Weights and Quantities 
and preparing detailed cost estimates for all classes 
of merchant and warship construction with minimum 
of supervision. 

dress, with copies of testimonials, stating 
experience, age, and salary required, T 158, Offices 
of ENGINEERING. 


Required at Once for London 
»Y\ fice, Experienced STRUCTURAL 
DRAUGHTSMAN for steel-framed buildings. Able 
to carry through own jobs.—Write, stating salary 
expected, and when free, to Z.Y. 534, care DEACON’S 
Advertising Offices, 9, Fenchurch Avenue, E.C.3. 

T 152 


Must be a technical man with Drawing 
State age, experience, where 
T 125, 





W anted, Capable Young 
DRAUGHTSMAN. as junior assistant 

Naval Architect.—Apply, stating age, training and 
other qualifications, to Messrs. J. SAMUEL WHITE 





& CO., LTD., East Cowes, I. of W. T 144 
}=petienced Draughtsman 
EQUIRED for temporary position, 


accustomed to the designing of girderwork and other 
constructional work, measuring up existing bridges, 
calculation of stresses, etc.—Apply, by letter, to the 
DIVISIONAL ENGINEER, Engineer's Office, 
L.M. & 8S. Rly., Crewe, stating age, experience and 
salary required. T 143 
W anted, Several Good 

MECHANICAL DRAUGHTSMEN, accus- 

tomed to good class work.—Apply, stating age, 
experience, and salary required, VICKERS Lrp., 
River Don Works, Sheffield. T 167 





_J unior Draughtsman Required 

by well-known Firm in the Midlands. Must 
have good experience in Electric Cranes and Lifts. 
Applicants are requested to state experience and | 
salary required.—Address, 
ENGINEERING, 


V anted, by Locomotive 
Works, North-East Coast District, GOOD 
LEADING DRAUGHTSMAN, also two good 
Draughtsmen with shop experience ; one of the latter 
will be required as responsible Locomotive Estimator, 
and must be capable of taking charge of the 
estimates in the absence of Chief Estimator. 
State age, previous experience and salary required. 
—Address, T 121, Offices of ENGINEERING. 


Wanted, Marine Engineer for 


Designing, Inspecting and Supervising Con- 
struction of Machinery and Boilers.—Apply Sir J. H. 


BILES & CO., 40, Broadway, Westminster, a 
T15 
i raughtsman Wanted, used 
to Patent work. Apply, with copies of 
references, stating age, experience and salary.—D 47, 
BIRCHALL'S Advertising O'lices, Liverpool. __T 164 
ba Y 
Advertisement Canvasser 
REQUIRED by _ well-known electrical 
engineering journal. Good knowledge of the trade 
and some advertising experience is essential, Age 
should not exceed 35, giving full particulars of 
previous experience.—Address, T 165, Offices of 
ENGINEERING. ze 


oung Engineers Wanted in 
Midland District. Several first-class men 
with Drawing Office and Shop experience.—Address, 


giving full particulars, T 163, Offices of ENGINEERING. 
BK xperienced Practical 
Ed Engineer. Erection, Maintenance, Over- 
hauls, Steam, Diesel, Millwrighting, Woodworking 
Machinery. Control general repair shop. Sole 
charge maintenance, Desires Change.—Communicate 
first instance, T 175, Offices of ENGINEERING. 


~ 3 + = 3 
()i—* oung Engineer. age 25, 

completing 3 years’ contract with important 
Oil Co. in the East, free in September, DESIRES 
CHANGE. — and Drawing Office experience in 
Oil Refining, Design and layout of Plant, Marine and 
General Engineering. — Address, T 50, Offices of 
ENGINEERING. 


A n Engineer (38), Requires 
Permanent POSITION, in charge. Large 
experience in maintenance & overhauling of petrol, 











SITUATIONS WANTED. 


paraffin & oil engines. Marine, automobiles, 
Generating or contractors’ plant. Excellent 
references. BM/MBDC London. T 139 


(Viv il Engineer, University 
‘LY diploma. A.M.Inst.C.E., A.M.I.Struct.E., age 
31, experienced bridge and general structural work, 
steel reinforced concrete, DESIRES PROGRESS- 
IVE APPOINTMENT.—Address, T 160, Offices of 
ENGINEERING. 


W anted Abroad, Position by 


a Civil Engineer returning to England 
July, on leave after termination of second Govern- 
ment contract. Experienced in Surveying, Railways, 
Heavy Bridge Building, Large Hydro Electric 
Schemes, Dams, High-class building work with central 
heating, etc., etc. Strong, very healthy and active 
habits. Please write A. F-J., c/o National Bank of 
India, 26, Bishopsgate, E.C. 8 789 


= . ° 
Fiactory or Works Engineer-in- 

Chief,competent&experienced to undertake inde- 
pendent responsibility for all plant & staffs, elec.power 
& steam generation ; extensive designs & construction 
of plant & buildings. Modernisation schemes, cost- 
ing analvsis & apportionment. Experienced in initiat- 
ing & adapting latest mechanical & physical science 
towards plant improvements & economy of production 
Would suit large modern factory or company group. 
Astute business capacity & excellent organiser. Home 
or abroad.—Address, T 27, Offices of ENGINEERING. 


b Lard 
]jngineer, age 27, BSc., 
4 Marine, shop and drawing office experience, 18 
months’ Diesel experience on Continent, fair know- 
ledge German, SEEKS POSITION in Diesel work, 
any capacity. — Address, T 171, Offices of ENGIN- 


BERING. 
[the 
ENGINEERS. 
PUBLICATIONS IN JUNE, 1927. 

COMMITTEE REPORT ON STEELWORK 
FOR BUILDINGS. PART I. LOADS AND 
STRESSES. In a foreword appears a letter from 
the Clerk to the L.C.C. which states“ . . . the 
Report ... contains much that is in accordance 
with the practice followed at present in the 
investigation of designs for steelwork for buildings 
submitted for the approval of the London County 
Council......” ‘The price of the Report is 
three shillings and sixpence. 

PART II, of the Report, dealing with STEEL- 
WORK CONNECTIONS: (A) Eccentrically Loaded 
Rivet Groups; and (B) Connections, Beams to 
Beams, ig also published, price one shilling and 
sixpence. 

REPORT ON LOADS AND STRESSES FOR 
GANTRY GIRDERS. The Council of the Insti- 
tution has also sanctioned the issue of this 
Committee Report, which is on sale at the price of 


sixpence. 
MAURICE G. KIDDY, F.I1.S.A., 
Secretary to the Institution. 
10, Upper Belgrave Street, 8.W.1. 
15th June, 1927. 











PUBLICATIONS. 


Institution of Structural 


T99 








WORK WANTED. 


[ranslations “of any kind in 





T 120, Offices bi 


all languages. Catalogues, Reports, Specifica- 
tions. Estimates free.—C. J. ADAMS, 92, Gt. 
Russell St., London, W.C.1. Tel. No. Museum 5518. 


Work Wanted, continued on page 4, 
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ENGINEERING. 


[JUNE 24, 1027, 





SG end your Enquiries 
b FOR 


QUANTITY MACHINING, 
Turning, Milling, Boring, 
Slotting, Gear Cutting, 

Plain & Cylinder Grinding. 


BRITISH ENSIGN MOTORS LTD., 
Hawthorn Road, 
Willesden Green, N.W.10. 


Telephone Nos. : Willesden 0817, 1295. T 44 


()'4- - Established Engineers 
: with wide experience in production, D eguippet 

with all types modern tools S will 
pay suitable fee to acer py ie complete 
machines.-TURNEBS, Lever Street, ees 


Sub - Contracts Wanted.— |: 
Contractor’s Engineer requires Sub-Contracts, 
Earthworks, Deep Excavations, Pile Driving, Bridge, 

Jetty and Pier Constructions, reinforced concrete 

designed and constructed. Designs and estimates 

submitted.—Address, T 106, Offices of ENGINEERING. 








WANTED, &c. 
Janted, Firms Willing to}! 


\ UNDERTAKE the MANUFACTURE of 
HIGH CLASS TOOLS of the following nature. 
Blank and Pierce. Follow-on and compound. 
Bending Tools, Drilling and Milling Jigs, Gauges, 
ete., of specified construction. 

To be used in production of high class small and 
medium sized metal components. 

All work to be guaranteed to limits. 

Firms who can qualify for this particular class of 
work, and can undertake to give promise of 
quick delivery, should address, T 128, Offices of 
ENGINEERING. 


ustralian Engineer, 

M.I.Mech.E., with 20 years’ Technical and 
Commercial experience, Desires to Represent in 
Australia, well-established engineering firms. — 
Address, T 51, Offices of ENGINEERING. 


No. 138912, 


[ihe Owners of the above 
Patent are DESIROUS of ARRANGING by 
LICENCE or otherwise on reasonable terms for the 
manufacture and commercial development of the 
invention. For particulars address, HERBERT 
HADDAN & CO., Chartered Patent Agents, 31 & 32, 


Bedford Street, Strand, London, W.C.2. T 129 
° s 2 
THXo Consulting Engineers.— 
5 7 
Advertiser Takes Sole Charge during absence 


on holidays or abroad,—Address, T 161, Otlices of 
ENGINEERING. 


Werks, with Foundry and 


Machine Shop, REQUIRED to MANUFAC- 
TURE, and 


‘Improvements in Variable Speed 
sear.” 


FINANCE, orders for well-known 
speciality in Mining and Pumping Machinery. Owners 
have complete drawings and patterns and will manage 
selling side. Spare parts and renewals to existing 
plants form a good proportion of orders. Unrivalled 
list of satisfied clients.— 

Address, T 148, Oflices of ENGINEERING. 


[the Proprietors of Patent 

No. 178125—Hydraulic Transmission Gear 
with Continuous Speed Variation—DESIRE to 
ARRANGE for the EXPLOITATION of the 
PATENT in England and Dominions by way of 
licence. 

The gear is fully developed and already in quantity 
production by prominent Continental Engineering 
firm in sizes from 20 to 500 H.P. 

Complete working drawings would enable Licensee 
to enter into manufacture at once. 

For full particulars and terms, address, T 122, 
Offices of ENGINEERING. 


W anted, for South — of 
in wand, NEW or SECOND-HAND in 


good condition, Small, Self-contained SURFACE 
CONDENSING STEAM DRIVEN PUMPING 
PLANT, capable of delivering 369 gallons of water 
per minute against a total head of 250 feet. 
Available steam pressure 50 Ibs.-—Address, I’ 123, 
Offices of ENGINEERING. 


ss 
A n Important London Firm 
, of Non-Ferrous Founders and Engineers 
INVITES APPLICATIONS from three high-class 
firms or individuals for its AGENCIES in the 
following districts :— 
(1) England, S.W., and South Wales. 
(2) Yorkshire. 
(3) Lancashire. 
Address, T 124, Offices of ENGINEERING. 


[he Proprietor of the Patent 

No. 217796 for ‘‘Improvements in Saw 
Guards'’ is DESIROUS of ENTERING into 
ARRANGEMENTS by way of licence and other- 
wise on reasonable terms for the purpose of 
exploiting the same and ensuring its full develop- 
ment and practical working in this country. All 
communications — be addressed in the first 
instance to Haseltine, Lake & Co., Chartered Patent 
Agents, 28, — Buildings, Ch: ancery Lane, 
London, W.C. T 153 


ri‘he Proprietors of British 

- LETTERS PATENT No. 222425, relating 

to gona Signalling Apparatus, are DESIROUS 

of ENTER into NEGOTIATIONS _ with 

interested Saines with a view to the exploitation of 

the invention either by sale of the Patent rights or 

by the granting of licences on reasonable terms. All 
enquiries should be addressed to 

y¥. BROOKES & SON, 
Chartered Patent Agents, T 154 
6, Chancery Lane, London, W.C.2. 


Manag ging Director, well- 
established Australian Resteusiins Co. holding 
important English agencies, will be GLAD TO HEAK 
from MANUFACTURERS of engineering appliances 
of any description REQUIRING competent RE- 
PRESENTATION in Australia —Address, T 173, 
Offices of ENGINEERING. 


"Nhe Proprietor of British 
= Letters Patent No: 195482 is DESIROUS of 
NEGOTIATING with interested parties either for 
the granting of Licences thereunder on reasonable 
terms or for the sale of the Patent outright. The 
Invention relates to Slide Rests for Lathes or like 
Machine Tools, more particularly for use in 
Machining Step Curves of Tyres of Railway wheels. 
—Communications please address to DICKER, 
POLLAK#*& MERCER, Chartered Patent Agents, 
20-23, Holborn, London, E.C.1. T 138 


rhe Proprietor of the Patent 


No. 218298, for Improvements in or relating to 
Vehicle Suspension Systems, is DESIROUS of 
ENTERING into ARRANGEMENTS by way of 
licence and otherwise on reasonable terms for the 
purpose of exploiting the same and ensur‘ng its full 
development and practical working in this country. 
All communications should be addressed in the first 
instance to Haseltine, Lake & Co., Chartered Patent 
Agents, 28, Soutbampton Buildings, Chancery Lane, 
London, W.C.2 UE bf 


=" ry : 
Wanted, Two Lancashire 

BOILERS, practically new, 24 ft. by 6 ft. 
6 in., insured at 100 Ibs., complete with all fittings 
and furnaces. Offers giving fullest particulars and 
specifications. — Address, T 126, Offices of 
ENGINEERING. 








PARTNERSHIPS. 
IF YOU ARE SEEKING . 
A Partner or Partnership 


or wish to Buy or Sell a 
BUSINESS ok WORKS 
Write :— 


Wheatley Ke Pree & Co. 


46, Watling Street, LONDON, E.C.4., 


(ESTABLISHED 1850) 3876 








AUCTION SALES. 


W Peatley Kirk, Pins tie 


(Established 1850) 
SPECIALIZE IN 


Valuations & Sales by Auction 
Engineering Works & Plant 


WATLING STREET, E.C.4 
16, ALBERT SQUARE. 3876 
26, COLLINGWOOD STREET. 


LONDON: 46, 
MANCHESTER : 
NEWCASTLE-ON-TYNE: 


Son 


LOSS 


EK dward Rushton, 
A AND KENYON. 


AUCTIONEERS. VALUERS, and FIRE 
ASSESSORS OF MILLS, WORKS and 
MACHINERY OF ALL KINDS. 
13, NORFOLK STREET, MANCHESTER. 
Tele. Nos.: 775 City and 5633 City. (Estab. 1855) 
Telegrams: ‘‘ Rushtons, Auctioneers, Manchester,” 
and 21, Richmond Terrace, Blackburn. 3902 


By Order of the Receiver for the Debenture Holder. 


; > ° 
Messrs. Waite & Waite 
pk have been instructed to SELL BY AUCTION 
in One Lot 
on 
WEDNESDAY, _ JULY, 1927, 
The London Auction Mart, 155, Queen Victoria St., 


The GOODWILL and ASSETS of 


THE McCURD LORRY 
MANUFACTURING 
CO., LTD., 


including : 


23 latest type 2}-ton McCurd Passenger Chassis, 
Spare Parts and Material for the 4-ton and 25-ton 
McCurd Chassis. 

Plant and Machinery, Drawings, Designs, etc. 

Catalogues from the AUCTIONEERS: WAITE 
AND WAITE, 15, Gt. Castle Street, Oxford Circus, 
W.1; or the Receiver, P. G. LAMBIRTH, Esq., 
Chartered Accountant, 4, Broad Street Place, 
E.C.2. T 166 








FOR SALE. 


™ = . Verticals from 4 ft. b 2 ft. 
team Boilers. to 11 ft. by 4 ft. seedy. 
h Also Makers of other sizes and types.—Apply, 
GRANTHAM BoILeR & CRANK CO., 2-TD., GRANTHAM. 


fer Sale, in very good 

condition, One 11 B.HP. National OIL 
ENGINE, electric light type, 2 flywheels, and Belt 
vulley, complete with tanks, piping, "etc. Also 
Shunt-wound Interpole DYNAMO, 22 amps., 230- 
320 volts, for use with 230 volt lightin ns at Hevea 
—lInspection and offers to Messrs. R. SILCOCK anp 





SONS, LTD., 132-140, Boundary St., Liverpool. T 26 


PATENTS AND DeEsiagNs Acts, 1907 & 1919. 


[the Proprietors of British 

Patent No. 220819 are PREPARED to SELL 
the PATENT or to licence British Manufacturers to 
work thereunder. It relates to safety devices for 
lifts, overhead carriers or the like. — Address, 
B. W. &T., 112, Hatton Garden, London, E.C.1. T 135 

“ IMPROVED SY STEM AND APPARATUS FOR 
UTILIZING THE HEAT OF WASTE GASES FOR 
DRIVING TURBINES.” 


i ritish Patent No. 219151 for], 

DISPOSAL by Sale or Licence.—Particulars 
may be obtained from TECHNICAL a 
LtD., 59-60, Lincoln’s Inn Fields, London, W.C bere ae 


IIo Light Railway and General 

. Engineers, —OFFERS WANTED for Stocks 
of LIGHT RAILWAY MATERIAL and PLANT 
suitable for the manufacture of same. Dealers’ offers 
will not be entertained. For further particulars 
write to Z.P. 525, care DEACON’S, 9, Fenchurch 
Avenue, E.C.3. T 151 


ell-known Engineers in 
London, WISH to MAKE ARRANGE- 
MENTS for sale of suitable speciality. Extensive 
connections, Kailway, Shipbuilding, Supply Co’s., 
and Industry generally throughout U.K. Connec- 
tions abroad. — Address, 1142, Offices of 
ENGINEERING. 


])esigner of ‘Complete Range 
of Sizes of Short centre Belt-driving equip- 
he is successfully seiling abroad, 
WISHES TO DISPOSE 
of COMPLETE DRAWINGS 
and information to English manufacturing company, 
Large and profitable market in United Kingdom.— 

lactase T 172, Offices ef ENGINEERING. 


ment, which 


"PATENTS AND DESIGNS “ACTS, 1907. & 1919. 


"he Proprietors of British 
Patent No. 1865814 are PREPARED to 
SELL the PATENT, or to licence British Manu- 
facturers to work thereunder. It relates to 
machinery for cutting curved or so-called spiral 
teeth, particularly on bevel gears.—Address, 
B.W._& T., 112, Hatton Garden, London,E.C.1. T 133 


eavy Vertical Log Bandmill 

by Allis-Chalmers, pulleys 72in. dia., for 

saws up to 10in. wide; Log Carriage of all steel 
construction 30 ft. long ; 5 headblocks; 40in. knee 
opening; double-acting Knight type Dogs; Trout 
Set-works ; heavy gear of friction type by wire ropes. 
Cost over £4000, only done one month’s work. In 
perfect order. Price £1000. May be inspected at 
our Works.—JOHN PICKLES & SON (Engineers), 
Ltd., Hebden Bridge. T,48 


ew C.8.C. Marine Engine 


11 in. by 24 in. by 16 in. Stroke, Lockwood’s 
Rings, Piston Valve and H.P. and L.P. Metallic 
Packing Fitted Thrust on Crank shaft Bracket Bolted 
to bed to end of Coupling. Built and Passed by 
Lloyds. F.O.R. £650. Ready for despatch, inspec- 
tion at makers. Ri exy engines have given every 
satisfaction. — LIAM BURRELL, — 
Engineer, Great ane T 83 





EGLINTON FOUNDRIES LTD., 
IN LIQUIDATION. 


[the Liquidator is Desirous of 
DISPOSING of the VALUABLE WORKS 
belonging to the Company, situated in Crawford 
Street and Victoria Street, Port Eglinton, Glasgow. 
The site is very central and convenient for the 
Docks, having railway connection to the London 
Midland and Scottish Railway Co.’s system. 

The Buildings, which are largely modern, were 
constructed for the purposes of a Foundry, but 
could be easily adapted for other purposes such as 
Motor Works, Engineering Works of any description, 
Large Motor ‘Garage or Bus Station. 

The ground which is practically unrestricted, 
extends in all to nearly 3 acres, and the ground 
burdens are £418 3s. 2d., including the commutation 
of casualties. For an immediate sale a moderate 
price would be accepted, and possession can be 
given at once. 

For Further Particulars apply to the Liquidator, 
R. H. BALLANTINE, Esq., C.A., 116, Hope Street; 
or MITCHELLS JOHNSTON & CO., Writers, 
160, West George Street, Glasgow. T10 


ENGINEERING BUSINESS FOR SALE. 


jor Sale, Privately, Well- 


known and Old-established “BUSINESS of 
GRANT, RITCHIE & COMPANY, LimitTeEp, carried 
on at Townholm Engine Works, Kilmarnock. 

The ground extends to 1 Acre, 1 Rood, 8 Poles or 
thereby. 

Annual Feu duty, £36 8s. 11d. 

The main building consists of a large engineering 
shop 150 feet or thereby in length, well lighted and 
fitted with up-to-date plant and machinery, electric- 
ally driven. 

The Machine Shop is recognised as one of the 
most modern in the District. 

The other buildings which are substantial and 
fully equipped comprise Boiler Shop, Smithy, 
Pattern Shop, Pattern Stores and Patterns. 

The Office building annexed contains Drawing 
Offices, Time Office, General Offices with suitable 
accommodation for Supervisors. 

The Business is old-established and well known. 
For many years the firm has had a wide connection 
with the best Home and Foreign Markets in making 
and supplying Locomotives, Winding Engines, 
Haulages, Colliery and Mining Plant and all classes 
of general engineering work. 

Last date for receiving Offers 30th June, 1927. 
For further particulars and permits to view the 
works, apply to Messrs. MITCHELLS JOHNSTON 
AND COMPANY, Writers, 160, West George Street, 
Glasgow, Messrs. ta ee A STURROCK, Writers, 
84, John Finnie Street, Kilmarnock, or to the 
SECRETARY, GRANT RITCHIE & CoO., Ltd., 
T 75 





Kilmarnock. 


earing of all Descriy jong 


GEAR WHEELS up to 10 ft. diameter, 

FLY ROPE and SPUR DRIVING 
up to 28 ft. diameter. 

BRICK and CLAYWORKING M:: 


of Ee kinds, 
“a ve NGINES :—“ Unifiow,” “Corliss,” 


CLAYTON, ee & CO,, 
Blackb 





5 ft. on in. . Varia Borin 
e TURNING MILL, by Sonderman « 
swivel tool boxes on cross and one si: 
No. 9 “HERBERT” CAPSTAN LA?! 
centres, friction geared head, to a 
bars. 
Two New 16 in. stroke HIGH SPEED 3! 
— ES, by Wilkinson, admit |: 


HIGH SPEED RACK-DRIVEN “Bij 
PLANING MACHINE, to plane 11 
4 ft. Lin. by 4 ft. 1in., two too! 
cross slide and one side box. 

ALL-STEEL 5-TON ‘“ WILSON” stTEAy 
TRAVELLING DERRICK CRANF, 50-f 
jib; 80 lbs. boiler; 4-ft. 8hin. gauce bogies 

Three 7 in. by 9in. “SYKES” STEAM PILING 
WINCHES, fitted with “ Jackson’s’’ patent 
Friction Clutch. 

LANCASHIRE BOILER, 30ift. Oin. » 
8 ft. 6in. diam. reinsure 160 Ibs. pressure, 

THREE LANCASHIRE BOILERS, %0 it. 0 ip. 
by 8 ft. Oin., reinsure 150 Ibs. pressure, 

10,000 ft. “STANTON” PIPES, nearly new 
Cast Iron Spigot and Socket. diamete 
27in., about lin. thick, in 12 /t. lengths, 
and some Specials. LOW PRICE TO) 
CLEAR. , 

CATALOGUE (10,000 Lots) on application, 


pe ard, [ 4. 


__ ALBION “WORKS, SHEFFIELD. 39388 


‘or Sale, 


FOUR NEW 


“EMPEROR” 
BRIQUETTING PRESSES 


by Sutcliffe, Speakman & Co., Ltd., 
suitable for making lime, sand and concrete 
bricks, also from clays adaptable for the semi- 
dry process; also for briquetting mineral ores, 
coal, coke, etc. Pressure exerted is 150 tons 
and ‘has a capacity of 1500 briquettes per hour, 
requiring 10/12 H.P. to drive. Designed for 
making briquettes about 6} in, by 63 in. by 3 in, 


One 5-ton Butters’ 
ELECTRIC SCOTCH DERRICK CRANE, 
70 ft. steel jib, timber mast and _ sleepers, 
20 H.P. Electric Motor by J. P. Hall of Oldham, 
410 volts, 50 amps, 675 revs. D.C. 


CAST IRON SECTIONAL TANK, 
24 ft. by 20 ft. by 8 fit. deep, formed of plates 
4 ft. square, capacity about 22,750 gallons. 
Lying at Chepstow. Very low price will be 
accepted to avoid bringing into stock. 


GEO. COHEN, SONS & CO., L7D., 
600, Commercial Road East, 
London, E.14. 


Alfred Herbert Ltd., 


COVENTRY. 


Telephone: 5061 
Coventry (8 lines). 


CENTRE LATHES. 


~S 8} in. by 8ft. Oin. cone pulley, 
2; in. hole through ae dit. 7 in. 
between centres (NEW). 


BOYE & EMMES Qin. by 8 ft. 0 in. cone 
paar quick change, 1} jin. hole through 
spin 4ft. 6in. between centres. 
(GUARANTEED), 


LODGE & SHIPLEY 10 in. by 10 ft. Oin. 
cone pulley. (AS PURCHASED). 
ae 10in. by 10ft. 

ley, relieving 
GUARANTEED). 


WALCOTT 13in. by 
pulley. (NEW). 


SPENCER 4} in. i 4ft.Oin. Ga 
pulley. (NEW). 


MAUB 6fin. by 5ft. 
pulley. (NEW). 


(OFFERED SUBJECT TO PRIOB 
Ask for No. 21 Clearance iit. 


Telegrams: 
“‘Lathe, Coventry.” 
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Motherwell Bridge and 
Engineering 


6 & 68 
20 


61 
67 


Li 7 
Mountford, Fred. (B" ham.) 
Ltd. 86 


Mumford, re G., “Ltd. 

Murray, ieVinnie & & Co., 
Ltd. . 

Musgrave Bros. ee 

Nagel & Kaemp, A. a 

Newton, Bean & Mitcnell” 

Newton, Seen & Co., 
Ltd. 


Noble & Lund, Ltd. 
North Ves Locomotive 


Wosthests Ironworks ‘Co. 
Oakey, John, & Sons, 
Ltd. 


Osborn, Samuel, & Co. ,Ltd. 

Parsons Oil Engine Co., 
Ltd. 

Paterson Engineering Co, 


t 
Peckett & Sons, Ltd. - 


18s 


67 
84 
so 
45 


7 
7 


&4 
~~" Bros. & = (Gias.) 


Petters Limited" ee ai 

Phillips, Trevor W. 

Pickering, R. Y., & ‘Co., 
L 


td. 
Piggott, “Thos., & 'Co., i td. 
Pitman, Perey, M.I. M. E. 
Potter, A. C., & Co. 
Power Plant Co., Ltd. 
Pratchitt Bros, .. 
Proctor, Jas., Ltd. 
Pulsometer Eng. Co. ‘Ltd. 
Purimachos, Ltd., .. 
Pyrene Co., Ltd. 

nsome, 7 & Co., Ld.. 
Ransome & MarlesBearings 

mm * 


Ransomes & Rapier, ta.” 
Rapid Magnetting Mch.Co, 


31 
66 


Rees Roturbo Mfg. Co., Ltd. 83 


Regent Sheet Metal 
ops Tool Co., 
Reid G 


Ltd. 


Renold, Hans, Ltd. 
Richards, Geo., & Co. Ltd. 
Richardsons Westgarth & 
Ce” ee 
Ritchie-Atlas 9 ar Ltd. 
Robertson, W.H, A. & Uo., 
Robinson, Thos., & “Son, 


uae a Russell, Ltd. 

Royles Ltd. .. 

—— Ed., 
Keny 


“gon 


4 
Russell, os &Co., ‘Ltd. 1'& 88 


Sankey, Jos., & sons, Ltd. 
Scottish Tube Co., 
Scriven & Co. (Leed: x Ltd. 
Seagers Ltd.. ‘ e 
Shaw, W., & Co., Ltd. «e 
Shipping, Engineering & 
Machinery Exhibition 
Siemens Bros. & Co., Ltd. 
Simon-Carves, Ltd. .. 
Sisson, W., & Co., Ltd. 
Sizer, Richard, Ltd. . 


tee 
S8kefko Ball Bearing Co., Ld. 
13 


Sleeper & Hartley .. 
Smidth, F. L., &Co., Ltd. 
Swith, Barker & Willson 
Smith Bros. (Hyson), Ltd. 
Smith, Hugh, & Co., 
Smith, 
Ltd. ee 
Smooth-on Man'fg. Co. :. 
Somers, Walter, Ltd. .. 
Spencer-Bonecourt, Ltd. . 
Spencer, John, Ltd. 7 
Sess & Pochin Bros. 


etandaed Piston “Ring and 
Eng. Co., 

Steel Co. od deotian, ‘Lea. 

Steel Pipe Oo., Ltd. 

Stewart, Duncan, &Co. " 
Ltd. . 





r Co. 70 
Relay hatoauatia Telephone 
ll 


63 | Th 


& 59 


Ltd. 7 
T., & Sons (Rodley) 
53 


Submersible Motors, ‘Ltd. 

Sulzer Bros. . «. 36837 

Summerson, Thos, & _ 
Ltd. 


Swift, Geo., & Sons, Lta.” 
Taylor, Chas, (Birm.), 


Taylor & Chailen, Ltd. . 
Thomas & Bishop, Ltd. . 


86 ba rg Bros. (Bilston), 
Ltd. 


Te + (theffeld) 





Ltd. .. 
Tomey, J., & ‘Sons, Ltd. . 
Trier Bros., Ltd. 
Trist, Ronald, & Co. ‘Lita. 
Tubes, Ltd. . 
25 | Vacuum BrakeCo., Lita. . oe 
Vacuum Oil Co., 
Valor Co, Ltd. .. 
Variable Speed Gear ‘Lita. 
Vickers Ltd. . 
Vickers Boiler Co., Ltd. 
Victor Manufacturing c ‘0. 
Wadki sau ae 
Wailes Dove Bitumastic 
UAE ce ts nc te ee 
Wallwork, Hy., & Co., 
re ee 
ees Ltd. 
Ward, H. W.& 
Ward, T. W., Ltd 
Weir, ‘a. & J., Ltd. 
Wells, A. C., &Co., Ltd... 
Wert Conrad 
Wheatley Kirk, Price’ Co. 
White, Rd., &Sons.. .. 
Whitecross ©o., Ltd. 
Wigglesworth, F., & Co. 
Ltd. 


Wiley, James, & Sons, Lta. 
Willcox, W. H. & Co., Ltd. 
Willetts, Charles, Jnr., Ltd. ' 
Wilson Boilermakers, 
a ee 
Wood, Hugh, & Co., Ltd. 
Woodite Company, Ltd. .. 
Wright’s Forge & Eng. 





Stewarts & Lloyds, Ltd. Ta49 CG” sc ce se 66 6a 


Stone, J., & Co., Ltd. 


17 


Yarrow & Co., Ltd. .. 
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* PENBERTHY ” Patent 


INJECTORS 
AUTOMATIC RESTARTING 


These Injectors start low, and 
work high. They lift water 20 to 
24 ft., on 60 to 80 lbs. steam, 
and handle hot water 90 to 130° 
Fahr.,accordingtosteam pressures. 


“WILLCOX” 


Hand Sewn 


LEATHER BELTING 


Made in our own factory, 
from centres of reliable 
English Strap Butts—no 


“Shoulders’ 


used, 


Also Willcox’s 
“BALA 
(regd.) 


TIlE” 
Balata 


Belting, etc; 


OTHER SPECIALITIES 


“ Jones-Willcox” Patent Wirebound (non-rubber) HOSE ; 
Semi-Rotary Wing Lift and Force PUMPS ; P 
Re-grinding Globe, Check, Gate and “ Compodisk" VALVES, 


“* Penberthy ” 


HIGH GRADE 
LUBRICATING 


OILS & GREASES 


Produced 


from finest 


lubricating 


crude, and graded in viscosities and 
consistencies to fulfil the varied range 
of machinery and plant lubrication 


requirements, 


Also “ LUBRIGEAR a ~ (cone -) ed 


Lubricant ; 


agic 


COMPOUND and Soluble 


ee 





PACKINGS and JOINTINGS, TOOLS, etc. 
Fully descriptive leaflets sent on request. 


«(WH WILLCOX & C2 LT) 
52 to 38, Southwark Street, 
LONDON, S.E.L 


Also AUTOPOSITIVE 
type for hot feeds. 














Crorts’ Friction CLurcHes 
FOR UNFAILING SERVICE 


CROFTS’ Friction Clutch Installation fulfills every require- 


ment. Has the highest efficiency. Will withstand the most 
arduous usage. Strong design and construction. Particularly 
reliable under hard working conditions. 


Easy to operate and adjust, with maximum Friction Surface 
and real clearance between Rim and Slippers when disengaged, 
CROFTS’ Clutches give unfailing service over the longest running 


periods. 
Let us quote for YOUR Installation. We manufacture all 


types of Friction Clutches for all Powers and Speeds. 


Rim Type Friction Clutch 
combined with Wrought 
Iron Pulley. 


CATALOGUES, LITERATURE AND FULL PARTICULARS ON REQUEST 
BRADFORD 


C it 0 F T S gynt L T D 2 YORKS - ENG. 


Crofts’ Standard New Type Rim 
London Office: 46, CANNON ST., E.C.4 Manchester Office: 42, DEANSGATE. 


Friction Clutch. 
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““ CRAVEN’S”’ 












HIGH-CLASS 
COLLIERY HAULAGE | SHEET METAL 
WINDING ENGINES. | WORKING MACHINERY. 





2891 


CLAYWORKING MACHINERY. 


SUITABLE FOR ANY CLASS OF CLAY AND ANY OUTPUT. COMPLETE PLANTS INSTALLED. 


BRADLEY & CRAVEN, LTD.— WAKEFIELD, ENGLAND. 


TELEPHONE : WAKEFIELD 3 & 807. ESTABLISHED 1843. TELEGRAMS : “ CRAVEN, WAKEFIELD.” 
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HE illustration shows a cast steel wheel (7 ft. diam. x 

I 9ins. face) being cut on one of the ‘‘MAAG” Gear 

Generators at our Newcastle Works. This wheel is part 

of a 100 H.P. REDUCTION UNIT recently installed in a 
heavy duty mill. 






Perfect generation and accuracy are ensured by cutting 
on the special machine illustrated. 


The ‘*MAAG’”’ form of tooth is designed to give ideal 
meshing conditions for each particular drive, and, in addition, 
a stronger tooth form, the reduction of sliding action to a 
minimum, less wear and increased life. 







Specify ‘‘MAAGS’’—we invite your enquiries for high 
class gears. (Dept 11). 









Large Wheel 


Let us solve 










JIjojouyjrojojojojrojojrojojojojojojolo oon 


GEORGE ANGUS «Col? |e ey hee 


i St. John’s Works, Newcastle-on-Tyne, and Bentham. Yorks. | needs. G 


Angus Gear Works, Walker-on-Tyne. 




















JUNE 24, 1927.] ENGINEERING. 7 














PATENT CUTTER HOPPER DREDGERS, DIPPER DREDGERS. 
FLOATING CRANES, ROCK BREAKING PLANT, GOLD AND 
TIN RECOVERY DREDGERS, AND DRAGLINE DREDGERS, 
New Buckets,Links, Pins, Gearing, etc., supplied for existing Dredgers. 


FLEMING & FERGUSON, LTD., 


xs, PAISLEY, SCOTLAND. 
ee. oot Sets Telephone Na.: oa = 
London Office: 91, By STREET, W.1, 
Grams : “DREDGERIA, SOWEST, LONDON. *Phone No.: VICTORIA 6894. 






PLANT TO THE LARGEST 
DIMENSIONS & CAPABILITIES 























EORGE EL.i.1510T & Co., Li. 








ittica MANUFACTURERS OF PATENT 
‘atin: LOCKED WIRE ROPES AND LANG’S LAY WIRE ROPES, 
» Glasgow.” And other Wire Ropes for Mines, Cranes, Lightning Conductors, Hawsers, &c., 
van (2 lines} OFFICE : 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. 
: WUD VVTVLQUVAUOUDUULURVDUDLULVLURUOUVVLUOUOSVLVOVOHOINAVUVOTUUUEQUUUUODVUVESVLVLULUOUOAIOSULU LULL 7 
‘ Uy 
nm Admiralty List. Us 





HUGH SMITH & CO. LTD. 


POSSIL ENGINE WORKS, GLASGOW. 


Telegrams: “* POSSIL, GLASGOW." 


Machine Tools 
for Shipbuilders & Boiler Makers. 


SOLE MAKERS OF 


LAMBIE’S 

Patent Combined 
Hydraulic Ship-Frame & 
Plate Jogsling Machine, 


for Joggling Angle, Bulb Angle, or Channel 
ars as used in Ships’ Frames, or for Joggling 
Ships’ Plates to obviate the use of packing slips. 


FU ULNA 





OTINE 
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The Machine can, if desired, 
be adapted for Punching 
Manholes, or used for Flang- 
ing Plates and Bevelling 








=LD.” 












AFFORD YOU 
A WIDE RANGE OF SPEED AND POWER. 














Continuous output on heavy industrial work. 





OOOO] OOOO Oo Co Coca Cacao ea cae capac 


Accurate governing at all speeds. 





COUPLE DIRECT & AVOID ALL GEAR LOSSES. 


3298 





THE PARSONS OIL ENGINE Co.,LTD., 
elm) mm mmm wl) NCCC Tem IL] | Phone : saz so’ton.”  SQUTHAMPTON, ‘arams: motors So’ton, (al(=)[=)(=)(=)(=) 
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SOLENOID BRAKES 





on 
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TOUMUN |: WM \ 7) 
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il WW y/; 

Offered in 8 si i f Re ili WG % 

ered in sizes | a 2 oe es. ax. 
suitable for 4 in. to — Low \ 3 oe : a Ae Linc 
30 in. drums, with ’ "i wattage. uN Si! PA 
braking torque from , : ; Delivery { “hy = - VERY P URPOSE 
5 ft. lbs. to 3200 ft. Ibs. f ex stock. ci \ Ny ; 


SS) Wiel ~ |- Any ever couer 


il iy 
peg \ 

















By WSs) CE) UE) VS) Ws) ts ts sn a aS 


TSiSiT= 


STs 








2 " | on ea Pn i) WN E | om Nh | OY 
A.C. & D.C.CONTACTOR BRAKES D.C. SOLENOID BRAKES ~ | i 0 i | v. lie. | BD) | 
| ] | ull ~if! BR Hit 


é | {hI 
S | Max. H.P. Area | Height | Max. ogg S { Max. H.P. | Area Height |Max. Speed | ik iS | , ! \ 
I | Braking at of - {to Drum Recom- | I |Braking at of . to Drum, Recom- hn rn HWiiveeens 11Ntvvessvssotvvell Hava hor meer CULL fhe Haannlii Arm etre || 
Z | Torque, 1,000 | Fabric; Centres mended | Z |Torque 1,000 Fabric Centres' mended 
E |Ft.-lbs. |R.P.M. |Sq.ins.| — ins. R.P.M. | E |Ft.-Ibs. R.P.M. Sq.ins. ins. R.P.M. 
12 | 25) 12.6) 4g 2250 | 5 1.5 74 43 2250 
40 7-5| 28 6A 1500 ; = 3818} 1500 The Strongest and Simplest Self-Contained Steam Units 


| 130 25. | 60 9 1000 | 9” 20 48, "10 1000 on the Market. Designed for Economy in Working and 
300 55 | 100 750 | :12"| 143 26 57 14 750: the Elimination of Maintenance Charges. 


>| er a we - 35-40 111, 158 600 Built and Stocked as Steam Units in 22 Standard Sizes to 
: 95"! 3000 ~ —700- | — | 2 350 = Evaporate from 270 to 7,000 Ibs. per hour, and for Hot 
| R.P.M. : Water purposes in 11 Sizes for duties up to 7,000,000 B.T.Us, 


wii di 





am ee | T=Torque, H P.=Horse Power of Motor. 
30°; 3200 600 470 29 300 |R.P.M. = R.P.M. of Brake Drum Coupling. 





o find required Braking Torque. \ 5252xH.P.: 


The above can be supplied ex-stock, up to 15” sizes (see list 53), subject to discount and special per hour. * 
discounts for quantity orders. Intermediate and larger sizes at short notice. Coils are wound Particulars on Application. 
to any requirements or voltage. Special mechanical release levers fitted for crane work, etc. ; 


; Coils hooded with drip-proof cover, or made watertight if required. COCH RAN & ce AN NAN, LTD., 
3661 Head Office & Works—ANNAN, SCOTLAND. 


Telegrams: ‘‘Multitube, Annan.” Telephone No.: 111/112 Annan. 
MARR Y A { : & SCO’ I ' I I TD. London Office - - 137, VICTORIA STREET, S.W.1, 
9 Telegrams: ‘‘ Muititube, Sowest, London.” 


Phone: Victoria 9341 (3 lines), 
57a & 40, HATTON GARDEN, LONDON, E.C.1. Phone: Holb. { ot 


4032 
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to Grease = 10° Steel 


A well-known authority has stated that the heat-resistance of a film of 
grease one-hundredth of an inch thick, deposited on boiler plate or 
tubes, is equal to that of a steel plate one thousand times as thick. 
The final result of a film of grease between water and metal in a boiler is 
ruptured tubes or collapsed furnace crowns. Ordinary filters or oil 
separators are ineffective, and if advantage is to be taken of such an 
ideal feed water as condensed steam, it is necessary to coagulate the 
eil globules and then remove by efficient filtration. 


The experience of 25 years’ specialisation is built into 


PATERGS ELIMINATORS 


Write for fall particulars. 


PATERSON 


ENGINEERING CO., Ltd., 
21, Windsor House, 
Kingsway, W.C.2. 


MUM 


WU yyy, YW” 





- 


Steel Frame Building in course of erection. 


BRIDGES, GIRDERS, TANKS, 
STEEL FRAME BUILDINGS, 
CRANE STRUCTURAL WORK, 
ROOFWORK, ete. 





> 


s 
A 


WUMM ITs. 
Wtlltsstttts. . 














LTD., . 


\ TEMPLE IRON WORKS, ANNIESLAND, GLASGOW. 
: \N Telegrams : “ Bridging, Glasgow.” * Telephones : 1592-3 Western. 
terson Oil Eliminator 
we eanaee 60, QUEEN VICTORIA STREET, LONDON, E.CA. 
: Telegrams : “ Adewalmol, Cannon, London.” 
Telephone : Central 6318. 
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| Citroén Standard Gear Units 
Double Reduction. 


6 
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Our Single Reduction Gear Units are capable of dealing 
with ratios up to 13 to 1. 
zes to By fitting a supplementary Gear Case carrying a second 
— train of Gears we obtain a Double Reduction Unit per- 
_— mitting ratios up to 30 to 1. 

4032 As will be seen from the illustration, the arrangement is 
| extremely compact, and it adds comparatively little to 
the cost of the Single Reduction Unit. 

Annan. 

W.1, ms 

lines). The CITROEN GEAR CO., LTD., 
Citroén Building, Brook Green, Hammersmith, 





London, W.6. 
DADO EA Abbbbobbbbobh sbbabbbabbhasbwata 
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exceptional value. 


221, 





that 





“stand the gaff” 


THE MILL TABLE. 


THE HOT SAW. 


Hyatt Bearings are doing splendid service on these. 
takes the sudden and severe strains, and saves power by reducing enormously 
starting effort required. Due to the inaccessible position in which crane bear- 
ings are usually situated the self-lubricating feature of Hyatt Bearings is of 


ON 


THE CRANE. 


ROLLING STOCK. 


On a Blooming Mill Table Hyatt Roller Bearings were in use for 2} years without 
attention, except occasional oiling, and after this period an examination of the 
bearings and journals showed that there was no perceptible wear on either. 


The Hyatt Bearings also effected a saving in this case of 48% in power. 


A case reported by one of our engineers showed that a bearing used in connection 
with a Hot Saw stood up for three years without renewal on this gruelling work. 


The flexible roller-bearing 


A Hyatt Bearing will outlast an average of 6 or 8 ordinary bearings, besides 
saving about 50% in power needed to run the bogie or other rolling stock. 


HYATT 


Write for 


complete Catalogue and 


Design Sheet of Axle-Box Applications. 


ROLLER BEARINGS. 


3923 


To ensure genuine Hyatt Roller Bearings, buy from us or our credited representatives. 


DELCO-REMY & HYATT LTD., 


Grosvenor Road, London, 


S.W. 1. 
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| A J.&E. Hall 
| Service with a J.GE. 
Hall Guarantee for 
| Special Fittings. 







i 
{ sii 


F° generations J. & E. Hall, Ltd., have manu- 
factured refrigeration plant of such quality as a 
to set the highest standard recognised by users 
and manufacturers alike. 
J. & E. Hall, Ltd., have a special Foundry and 
machine shop for the production of parts not 
obtainable in the ordinary way and any special 
apparatus in connection with oil refining and 
mechanical cooling processes. 


All work undertaken by J. & E. Hall, Ltd., of a non-standard 
nature carries the same iron-clad guarantee as standard 


fittings. 


J &EHALLE? 


DARTFORD, KENT ’ 


REFRIGERATING 
ICE MAKING 
PLANTS 
Ost etc & 


81, Dale Street, Liverpool. 
71, Exchange Suildings, 
Birmingham. 
Queen’s Road, Belfast. 






<< 




























3944 















121/128, Charterhouse St., 

London, E.C,1. (Showroom.) 

90, Victoria Street, Bristol. 
(Showroom.) 

21, Oxford St. Manehester. 

(Showvroont.) 








ervice Depot :— 
{Be jour Hane, 1 & 2, Silex Street, S.E.1, S 















FREDK. BRABY & CO. 


Light Structural Works, 
Union Wharf, Wenlock Road, N.1. 











Prompt Delivery. 





MAKERS OF 


STEEL PLATE DOORS. 
FIRE ESCAPE STAIRCASES. 
STRUCTURAL STEELWORK 


of every description. 











Estimates on application to 













Lowest Prices. 







Head Office, 352-364, Euston Rd., N.W.1. 


And :at DEPTFORD, LIVERPOOL, BRISTOL, GLASGOW, 


MOTHERWELL, FALKIRK, &c., &c, 


4026 
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DOES 
YOUR 


TRANSMISSION SYSTEM 


DO THIS ? 


Transmit full power without slip 
or friction. 


Maintain high efficiency throughout 
long life and with negligible 
maintenance costs. 


Work efficiently at high or low 
speeds with long or short 
centres. 


Increase accessibility to machines 
and allow economies in light 
and space. 


Improve and increase production 
by smooth, regular motion, 


Eliminate stoppages by obviating 
breakdowns. 


Chain drives fulfil all the 
requirements of efficient and 
economical power transmission 


RENOLD 


CHAIN 
DRIVES 


Complete Chain Drives from 1 h.p. to 
50 h.p. are stocked for immediate 
delivery by RENOLD Branches at 
London, Leeds, Liverpool, 
Birmingham, Bristol and Glasgow. 


prive at ty Chain’ 


HANS RENOLD LIMITED, DIDSBURY, MANCHESTER. 


3562 


























SPECIAL 
K-B-B 
INSTRUMENTS 


ECONOMETER. 
A Portable C.O.2 Tester 


Convenient, Accurate, Robust 
and much _ less __ expensive 
than fixed recorders. 


SMOKE DETECTOR. 


Warns your firemen of smoke 
emission before it becomes 
serious. 


VIBROMETER. 


A compact practical instrument 
for dealing with vibration 
troubles in rotating machinery. 


Write for particulars. 


Sole Makers : 


KELVIN, BOTTOMLEY & BAIRD LTD. 
18, Cambridge Street, GLASGOW. 


3982 
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One customer, for whom we have made 
52 Foster Lancashire Boilers, has given 
us a repeat order for a further [9, 
making a total of 61. 


What higher testimony can be given? 
It means that ‘‘Foster’’ Boilers give 
flawless service. 


Let us quote you for your next boiler 
and in the meantime write for a copy 
of our catalogue. 


muaTOSTER ma 
—_ —iE a 
SOHO FOUNDRY. PRESTON 


"Grams :—FosTeER, PRESTON. London Office: 
*Phone:—PrestTon 96, 134, Freer St., E.C.4. 
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| SMALL AUTOMATIC: 
TELEPHONE EXCHANGE 


SaaS 





N the Relay No. 7 
Model Automatic 
Telephone we have 
perfected a model that 
places automatic 
telephony within the 
reachofevery firmandevery person 
at a price that all.can afford. 

It has been specially produced 
to meet the demand for automatic 
service where only a moderate 
number of stations are required. 
First cost, maintenance cost, 
simplicity, flexibility and relia- 
bility were the determining 
factors in its design. 

Every Relay Advantage. 

At the lower cost every Relay 
feature obtainable with the larger 
exchanges is available. 

You get your number in three 
seconds; 24 hours a_ day 
service ; no operators ; no waiting ; 
no wrong numbers; no oiling 
or cleaning ; no wear and tear ; 
clear and secret conversations ; 
no trouble. 

Capacity up to 45 lines. 

The capacity of the No. 7 may 
be as low as 5 lines, or even less, 











and can Le extended to 45 lines 
without disturbing the service. 


Many special service features 
can be added. These include 
loudspeaking telephone, executive 
right-of-way, conference line, 
secretarial control, fire alarm 
service, general call and watch- 
man’s service. 

The Relay No.7 is the auto- 
matic telephone exchange for the 
great majority of works, offices, 
banks, shops, large private 
houses, etc. If you are interested 
in securing the best telephone 
service you should fill up the 
coupon below for the illustrated 
booklet which gives a complete 
and clear description of the 
Relay No. 7 and its many advan- 
tages. There is, of course, no 
obligation. 

The “Relay” is _ entirely 
British throughout, and is manu- 
factured in London. Every 
order placed for a No. 7 means 
additional employment for British 
people. Rely on the “Relay” 
— it’s all British. 

Send the coupon 

to - day for 

interesting (7 

Booklet. Y 
if 


wae Please 


AUTOMATIC TELEPHONES = 7 sea me, 


THE RELAY AUTOMATIC 
TELEPHONE CO., LTD. 
arconi House, Strand, 


London, W.C.2. 


Telephone : City 0281. Ps 
Branches : Birmi i 
S irmingham, Cardiff, sil i A di dr. ess 


asgow, Manchester. 
Representatives throughout the WA 


world, 


without obliga- 
"a tion, your free 

it Booklet dealing with 
wt the Relay No. 7 Model. 
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CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 

MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes. 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet the requirements of 
Home and Colonial Railways. 

TYRES.—Locomotive Carriage and Wagon, to all 
requirements. 

SPECIAL STEEL ofall kinds for constructive purposes. 


THE oe 


STEEL COMPANY SCOTLAND 


23, ROYAL EXCHANGE SQUARE, LIMITED, 
GLASGOW. ons 













TELEGRAPH 
ADDRESS 


66 99 
STEEL” G ascow. 











“BIiPPoO: 
z : 
Z TRADE 

ZL Z 
2 solders ALUMINIUM + 
Z ee ee Z 
Z SIMPLE, STRONG, EFFICIENT 2 
: pig agg PRICES:  / 
- from : 1/3, 2/44, 4/74, ; 

TOOLS, Ltd., 
Z Pg mney tg he London, E.C.4. 8/7 4, y 3 











Proctor’s PATENT SHOVEL STOKER 


AND 


MOVING FIRE-BARS 
Give ECONOMY in FUEL, 
Increased Steam Production, 


SMOKE ABATEMENT. 


PROCTOR’S COAL ELEVATOR, 


fitted with Patent RAM FEED BOOT, 
Ensures cheap handling of the coal. 
POSITIVE FEED OF COAL TO BUCKETS. = NO JAMMING OF ELEVATOR. 


Wear and Tear reduced to a minimum. Od 2945 
Write for Illustrations and Particulars. 


JAS. PROCTOR LD., “trawns” BURNLEY. 


SOLE AGENTS FOR FRANCE AND BELGIUM: 
The Societe des Perfectionnements a la ‘Vaporisation, 68, Rue de Rome, Paris. 




























KNOWN everywhere as the ideal con- | 











tainer for storing all kinds of oil for 
daily use, the “* VALOR” OIL CABINET 
is “at home” everywhere, and at all times, 
It is never too tired to deliver your oil clean 
and pure to the last drop, without waste or 
leakage. For special thick Engine Oils a 
larger pump can be supplied at a little extra 
: charge. Edible oils can also be safely stored 
the Valor way by the fitting of a tinned 
ve brass Pump. 
| 


Write for prices and Folder 6/V10. 


THE VALOR COMPANY, LTD., 


BIRMJNGHAM: - Valor Works, Bromford, Erdington, 
LONDON: - 120, Victoria Street, S.W.I, 


Buy British Goods, 


q ‘Bl VALOR. 


sat Le OIL CABINETS 


i is 


| 

















. SN 
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[ 


ee || 











A Teon” belt frequently outlasts several 
ordinary belts in length of service. It is 
woven from a specially prepared 
fabric that resists temperature ex- 
tremes and is guaranteed against 
failure through heat, steam or 
water. For this reason it is 
ical for 
pected and difficult 
drives. Every length 
is stretched and 
tested before 
despatch. 


Teon— 
Britain’s 





Pere I 


) j the well-hne 
LONDON ee 
OFFICE: 














1, Broad St. 
Place, E.C.2, 


























~~ — LTING 
FLEMING, BIRKBY AND GOODALL, LIMITED 


d Clothing and Belting Limited) 
Gist baGve MILL = “" BALIFAX ="F ENGLAND. 
agen. 


Codes: 
A.B.O. (Sth & 6th Editions) andBentleys. 
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: jpPaint the threads with SMOOTH-ON No. 3 


f 
Le 
ry 


and the joints will stay tight. 


MOOTH-ON No. 3 makes the 
joint thoroughly and lastingly 
tight under any temperature and 
pressure, because its metallic 
body can’t shrink, dry out, shrivel 
or crack, and is entirely unaffected 
by vibration or violent temperature 
changes. Once the minute voids 
are filled with Smooth-On they 
are sealed for the life of the line. 


Write for and read the Smooth-On 
Handbook, which shows the right way to get good 
results every time. 


Just paint it on 
the threads. 


Smooth-On is sold everywhere in convenient trade-marked 
tins. Seven kinds, each for 
specific purposes. 


Distributed by : 
WALTER P. NOTCUTT, LTD., 
8, White Street, Moorfields, London, E.C., 
and carried in stock by leading dealers and 
supply houses. 


Made by Smooth-On Mfg. Co., 
Jersey City, N.J., U.S.A. 











“ Bitumastic”’ anti-corrosive 
was applied 14 years ago to 
over 4,000,000 square feet of 
surface on the Panama Canal. 


This wonderful protective 
coating is still in perfect con- 
dition to-day, after 14 years’ 
continuous service. 


Illustrated Booklet free from Sole Makers :— 


WAILES DOVE BITUMASTIC LTD. 
DEPT. 20. NEWCASTLE-ON-TYNE. 
































CHESTERFIELD. ENGLAND. 











Armouring Machinery 
for 


Wire and Cables 


in many sizes and types. 


Flexible Metallic Tube 
Making Machines. 


Wire Spiralling and 
Coiling Machinery 


of every description. 











British Representative :— 


Mr. F. A. PERRY, 


63, Queen Victoria Street, 
Weass-USA.” London, E.C.4. 2005 
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THE BUTTERLEY CO., Ltd, 


DERBY. ESTABLISHED 1719 


Telephone—Nos. 75 and 76 RIPLEY. Telegrams—“ IRONWORKS, BuTTERiay* 


BAR IRON, IRON CASTINGS 


Up to £&O Tons. 





























ee | me Bridge and 
S.E.A.RING Sele 
PACKING 7 — » 
- as “class 
Machine Work ¢ 








all descriptions. 








Special Acid- 
Resisting etal 
for 
Chemical Plants. 


Jt lasts, and 
the rods last 
with tb. 








continuous brake. They only work 
on the power stroke, and rest with- 
out work on the return stroke. 


That’s why they SAVE YOUR MONEY. 
LET US SEND YOU OUR LISTS: 


RONALD | pritine SPECULISTEY 





LONDON OFFICE: 52, Queen Victoria Street. Tel.—2180, Cm. eT 





nee 








TRIST 


56, VICTORIA STREET, 
WESTMINSTER, nis 
LONDON, S.W.1. 


Telephones: Telegrams 
Victoria 8384 and 8385. * Resvacar, Lonpon.” 








| 


























RRURRUL ALE TT HHT LN A LANE HH ELLEN TEENY 
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: : 

*« SCREWING N 

8 MACHINES N Flange Drilling and Countersinking Machine. 

1S) ® 

iN) a. iS) 

N TAPS S We manufacture a full range of Drilling 

S STOCKS 6 Machines including all types for the manufacture 

N fon S of Railway Locomotive and Carriage work. 

© DIES ° 

N SN SEND FOR CATALOGUE, 

© H.S.DRILLS s 

S varies & 

N NS : i odes: Marconi Internation#! = 

— ‘ (athens ces I 

S) & 

& & 

| THOMAS CHATWIN LTD. KITCHEN & WADE 

& SS) 

N BIRMINGHAM. seas 

Se RULUUHUULRLLUULULLLLL LULL UULTLLLELERAERGBURELELY HALIFAX, ENGLAND. — 
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t\ST FERRY ROAD ENGINEERING WORKS CO., LTD. 


Hydraulic Cranes and Coal Hoists, Hydraulic Presses of all descriptions, 
Patent Pneumatic Grain Elevating Machinery. 














3683 





OxE OF A BATTERY OF TEN DOUBLE-POWER SEMI-PORTAL HYDRAULIC CRANES, FOR THE WELLINGTON 
HARBOUR BOARD, NEW ZEALAND. Lift 2 tons, and alternatively 25 cwts. toa ‘total height of 100 feet. 
Maximum radius 50 feet, minimum 18 feet. The Cranes will also slew through 1% revolutions. 
GENERAL ENGINEERS AND IRONFOUNDERS. 
Estimates given for Repairs. 


MILLWALL, LONDON, E. 











Telegrams: “* HYDROSTATIC "Phone, LONDON.” 








OSB 


BOILER FEED REGULATORS. 


(Improved Pattern.) 








The most scientific and accurate regulator on the market. Water 
level controlled within }in. 
SUITABLE FOR ALL TYPES OF BOILERS, AND ALL 


PRESSURES UP TO 500 lbs. sq. inch. 





Hundreds of 
Repeat 
Orders. 





BRITISH INVENTION 
& 
MANUFACTURE. 











Send for free booklet No. E 117 to Manufacturers :— 


CROSBY VALVE & ENGINEERING Co., Lr. 


42, FOLEY ST., LONDON, W.1. 3551 











TS. 











=o 





,pnationa! 
C. 6th Ed" 


DE 




















Steam 
Hammers. 
oO O 
Pneumatic 
Power 
Hammers. 


Compressed 
Air 
Hammers. 

c 0 
Steam & 
Friction 
Drop 
Stamps. 


Ee 
Arch Form 
Steam 
Stamps. 

Oo 

etc., etc. 











spanedienmnelienseetiomettielieteseteeeioe eee ee 





Battery Form 


FRICTION DROP STAMPS 


Made singly (as shown) or several in one Battery. 


SPECIAL Points:—THE FRICTION DRUM is kept cool by a 
constant circulation of cold water. 
THE FRICTION BAND encircles the drum 
and provides a large bearing surface. 
THE GUIDE BARS are made from rolled 
steel billets, thus ensuring freedom from 
breakage 
THE LIFTING BELT is of woven hair 2nd 
lashing ropes are eliminated. 


B. & S. Massey Li‘ 














MANCHESTER. ms 














THEY 
CARRY 
THE LOAD 


MADE in ENGLAND 


BEARING Co LTD 


NEWARK on TRENT 
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“ILLINOIS” 


WATER TUBE | CHAIN GRATE 


BOILERS | STOKERS 


VICKERS BOILERS and “ILLINOIS” STOKERS are MANUFACTURED 
in one of the GREATEST ENGINEERING WORKS in the WORLD, 
and are used by some of the GREATEST POWER STATIONS 
THROUGHOUT THE WORLD. 


VICKERS BOILER CO., LTD., 


50/64, BROADWAY, WESTMINSTER, LONDON, S.W.1. 
Works : BARROW. IN- FURNESS. 


Telephone: 
Victoria 6845/9. 


VICKERS 























Telegrams: 
“ ARCTURUS, Sowest, London.” 














Type Boilers, 
Fired by 
* Illinois ** 
Stokers. 











} PONeEueneeesetectscene FUCEUCEROSCUT ERE 


- Welded Steel Tanks 


with a 


World-Wide Reputation 


Leading Oil and Chemical Companies -ajj 
over the world specify T.B. Tanks as q 
matter of course, on account of the high 

























standard of structural strength 
attained. 
Why not let us have your enquiries? 

















THOMPSON BROs| ! | 


(BILSTON) 


































For every purpose. In every size. 


For every pressure from 1 in. of 
water column up to 32 tons per 
square inch. 


Budenberg Gauge Co., Ltd., 


Broadheath, near Manchester. 
Manufacturers of Dial and Self-recording Instruments 





P.R. JACKSON & Go. I” 


SALFORD ROLLING MILLS, 


MANCHESTER. 









A 


¥ 
iF: 


WET, 





/ 











JACKSON’S STEEL WHEELS with 


CONTINUOUS DOUBLE HELICAL 
TEETH CUT BY MACHINE. 











for Pressure, Temperature and Speed. 3367 












These wheels are Cast and Machined complete in our 
own works in Stee!, fron, Gun-Metal or Phosphor Bronze: 
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15 in. Chucking Machine ‘* Steel Head” Model. 


uiries ? 


Bros Fhe Hartness ™, Lathe 
dl 


London 
Office :~ 
Aldwych 
House, 


W.C.2, 


is the most economical producer of bar and 


chuck work in its field because of its 


SIMPLE TOOLS 
QUICK SET-UPS 
MAXIMUM SPEED IN METAL REMOVING 


Let us send you our pamphlets “ Problems of your Shop.” 
4106 
Si Si Si 


s & Lamson Machine Co., 
19, Water Lane, London, E.C. 4. 








17 
SUNT 
= THE SYSTEM = 
= OF = 
= GIVES THE FOLLOWING ADVANTAGES : = 
= BOILERS. GENERAL. FURNACES, == 
= HIGH EVAPORATION. BURNS ANY LIQUID FUEL. EVEN TEMPERATURE. Ee 
= LOW FLAME VELOCITY. BURNS COLD OIL. FULL CHAMBER OF FLAME. = 
= NO BURNING OF TUBES. REQUIRES NO FILTERS. NO BURNING OR SCALING. == 
= NO CARBON DEPOSIT. NO JET ACTION. LIGHT ON BRICKWORK. =: 
= SHORT SOFT FLAME. LOW FIRST COST. LOW FACTOR of EXCESS AIR. = 
= _ SILENT WORKING. SMOKELESS BURNING. INCREASED OUTPUT. = 
= WIDE RANGE OF LOAD. NO STANDBY LOSSES. = 
= FILMA BURNERS are designed to operate with either Fan = 
= Pressures as low as 4 in. Water Gauge, by Compressed Air at 3 Ibs., = 
= or Steam Pressures at 18 Ibs. . | 
= Burners supplied for all heating purposes and to burn from 0.5 = 
| to 75 gallons of Fuel per hour. = 
= FILMA OIL BURNERS, LTD., “ = 
= 68, VICTORIA STREET, WESTMINSTER, S.W.1. = 
sil Iie 


ae | 











ml, 


Telegrams: ‘‘ PUMPS, GRANTHAM,” Phone: 251, 


A. C. POTTER & CO. 
GRANTHAM. 


ENGINEERS 


MAKERS OF 
PUMPING ENGINES 


DEEP WELL 
BOREHOLE 
FORCE 

AIR LIFT 
TURBINE 
CENTRIFUGAL 


OvSCR 


FOR 


WATERWORKS 
MINES 

DOCKS 
RAILWAYS 
ESTATES 

AND ALL 
INDUSTRIES 








Oom—-4coO rrp 





FORCE PUMP AS SUPPLIED TO 
WATERWORKS, ETC. 








SMALL 
CENTRIFUGAL PUMPS 





Specially designed for Water Cooling Internal Combustion 
Engines, and suitable for All General Purposes. 


Output of 1 in. size Pump, 25 G.P.M. 

Discharge Branches can be swivelled in any position. 

Ball Bearings. High Efficiency. 
DELIVERY FROM STOCK. 


JSTONE|c- COMPANY LTD 




















h 
L Contractors for 
Boring, Sinking, Pumping, Tunnelling, etc. 
London Office; DICKENS HOUSE, LANT STREET, S.E.1. 
‘ PHONE: HOP 5310. 3636 
u 








Deptford, London —— SE. 14. 
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MACHINE CUT GEARS. 


CHANGE WHEELS & STANDS. 
All Sizes 14 d. om to 4 d.p. Aasumnaly Cos © by New 


Process. ry Low Prices. Ask 
SPUR GEARS. 
Standard patterns for all sizes, oval or + section 
arms, to Ps in. pitch, face to suit to 5 ft. diameter. 
MITRES 


» 2 in, prey Any sizes to order. 


PAPER & RAW HIDE PINIONS. %760 
SKEW & WORM GEARS. 
CLEAN CASTINGS. Spur Gear Blanks 
from any of the above patterns, Balance Wheels 
made up to suit customer, and Castings only 
supplied if required 
General Machine Castings made to Customers’ 
Patterns. 
Low Prices for Planing, Boring, Turning, Screw- 
cutting. 
Send your Enquiries :— 


Greenwood’s Standard 
Gear Cutting Co., Ltd., 
NEW BOND STREET, ‘AX. 


Telephone : 1212. Telegrams : ‘‘ Gears,” 














Pirimachos 9 —_ 
rE ha 


Dry Fi Cement fg 


Regularlyused by 
Gas Works, Steel 
Works, Power 
Stations, &c., for 
High Temper- 
ature Work. 


PURIMACHOS _LTD., 


85, St. Philip’s, BRISTOL. 


Descriptive 
Folder and 
Working Sample 
post free. 























OFFICE, 
5.VICTORIA St 











66,000 VOLT 


& 





%, 
] 


HE illustration on the left shows one of a 

number of Transformers supplied to New 
Zealand. The views below are representative 
of an order for 27 Transformers completed for 
Australia for operation on a 50 cycle, 3-phase 
system, the sizes varying from 50 K.V.A. to 500 
K.V.A. The high voltage winding is arranged 
for service at either 66,000 volts or 33,000 volts 
by series parallel arrangement, and tapping 
switches are provided to give voltage variation 
on either connection. There are two separate 
L.V. windings to supply simultaneously 7,600- 

volt and 400-volt circuits. 


GOI ci EBB EE 








Write for Publications, 


Company Limited. 
WORKS:- BRADFORD, COVENTRY, PRESTON, RUGBY, STAFFORD. 


HEAD OrFicE:-QUEEN'’S Houss, Kincsway, Lonpon, W.C. 2. 

















LARGE STOCK READY 
\ FOR IMMEDIATE DELIVERY f 








BALATA BELTING 


AS SUPPLIED TO THE ADMIRALTY 









OF H.M. GOVERN- 
IN THE GANDY FACTORY. 
Every detall ef manufacture from weaving the canvas to roiling and stretching 


MENT. 
j the finished beiting carried out under the closest supervision. 


Aiso Baanch otcee THE GANDY — MANUFACTURING CO., LTD., Seacombe, Cheshire. 


and Supply Depots at London, Manch Birm Glacgew, Belfast, Dublin, Bradford, Bristol, and Newenstlece-Tyn 





























1927. 
——= 
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same _ conditions. 


1. work, in fewer regrinds. 


** diven up.’’ 


1&2. The twoDouble Mushet”’ 
Profile Tools we illustrate above, 
representing a ‘‘left hand’’ tool at 
the top and a “right hand’’ tool 
beneath, were tried out at a cutting 
speed of 15 feet per minute on 
Sorbitic Tyres. The “right hand”’ 
tool cut 28 tyres before regrinding 
2. and the “left hand’’ tool cut 14. 


SAMUEL OSBORN & 




















175-136 


London Office; 32, Queen Victoria Street, E.C.4. Telephone: Central 3181. Tele:rams: ‘ 


Actual figures prove that these two Profile Tools 
did nearly seven times as mach work before 
grinding as other makes of tools tested under the 
The secret is in the steel. 
‘* Double Mushet ”’ invariably justifies its selection 
in these three things—in longer service, in more 


Add to the fact of less regrinding the further fact 
that a ‘‘ Double Mushet’’ tool can be ground and 
ground, and ground again and will frequently 
make good long after the average tool would have 


3. A ‘* Double Mushet”’ 
Tool of another design 
after use over a consider- 
able period. The fact 
that this tool continued 
to cut efficiently after so 
many grindings 1s son- 
clusive evidence of the 
stamina of this High 
Speed Steel. 


CO., LIMITED, 


CLYDE STEEL WORKS =- - SHEFFIELD. 
Telephone : Telegrams : 
Sheffield 22041 (6 lines). Sheffield 21385 (Foundry). “Osborn, Sheffield.” 
OSs aoe 





‘In or! orate, Cannon, ! ondon.” 



































“THE LANCASTER” 
SUPER—LIMIT 


PISTON 
RINGS 


They overcome 
the difficulties ex- 
perienced with 
the usual type of 
piston rings, and 


meet the in-= 
creased pressures 
and speeds 


obtaining at the 
present time. 


No loose parts. 

No tongue pieces required. 
Adjustment readily accom- 
plished. 

Made for any diameter of 
cylinder. 


|ANCASTERG 


PENOLE TON. - 
Toe 


BTONGE.LTD. 


ee te 













Sole Makers of “The Lancaster” Piston 
Rings, Metallic Packing, Wheels, etc. 


























HORIZONTAL SURFACE GRINDERS 


with OIL PRESSURE FEEDS. 
Capacity 12 in. by 7 in. 
24 in. by 7 in. 


HEADSTOCK GUIDES fully enclosed. 


The oil pressure device, which moves the table longitu- 
dinally and actuates the cross-feed, ensures uniform 
regulation. 


The electric drive and self-contained fan render the machine 
quite mobile as to location in the shop. 


K. JUNG, Maschinenfabrik, Berlin SO. 16, 


Sole Selling Agents for Great Britain : 
SCHUCHARDT & SCHUTTE. DOWDINGS? “CNS COMPANY, LTD. 
Offices and Showrooms : 


38, ALBERT EMBANKMENT, VAUXHALL. 
Telegrams : ‘‘ Guyfrandow, London.” Telephone : Reliance 2176 



























—— for — 
Controlling 
Steam to 


CALORIFIERS, 
HOT WATER 
TANKS, ase 


f] ENGINEERING CO. 


et 




















BLAKE’S RAMS 


FOR WATER SUPPLY OF 
ESTATES, VILLAGES, 
RAILWAY STATIONS, 
QUARRIES, &c. 
Advise your Customers to install 
these SELF ACTING PUMPS 

NO COAL. 

NO OIL. 

NO STEAM, 

NO LABOUR, 








NO COST 
FOR MOTIVE 
POWER, 

Rams will raise water to any height up to 1500 feet. 


Write for our book No 34 on WATER SUPPLY 
JOHN BLAKE, CTD., ACCRINCTON, LANCS. 
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BULL'S METAL & MELLOID Co. 


HEAD OFFIOH AND WORKS: 

YOKER, GLA sGow. 
TBLEGRAMS: “‘MELLOID, YOKER.” 

BULL'S METAL.—Propellors, Bars, Sheets, Pump 
Rods, Valve Spindles, ndenser Stays & Plates, &e. 
MELLOID © Gee. Trade Mark and Patented. )—Con- 
Tubes, Cooling Tubes, Boiler Tubes, Stays 
and Plates, Fire-Box Plates Bars, Sheets, Valves, &c. 
WHITE METALS.— Babbitts, Plastic, &e. 








cK M AKING MACHINERY 


Herbert Mpxander >. 
Charmo Ss. | a 
LEEDS i 4 














MICHELL BEARINGS, LD., 


ENGINEERS and <eemmente of 


Michell Thrust 8 Journal Bearings. 


Registered Office and Works: 3835 
South Benwell, Newcastle-on-Tyne. 
See large Advertisement, page 79, Nov. 12. 


CASTINGS, STEEL & BRONZE, 
nox & ste. FORGINGS, 


DARLINCTON FORCE LTD. 


Darlington — England. 2167 


The CLYDE STRUCTURAL IRON CO., Ltd., 


Clydeside Ironworks, Scotstoun, Glasgow. 
MANUFACTURERS OF 


Iron & Steel Roofs, Buildings, 
Workshops, &c., &c. 


London Agents; GILLESPIE & Co., Lrp., Leadenhall 
Buildings, 1, Leadenhall Street, E.C.3. 3838 


THE STEEL PIPE CO. 


LIMITED. 
KIRKCALDY, N.B. 


See our large Advertisement monthly. 3740 


LOCOMOTIVES 


EROM STockK. 
ALL GAUGES AND SIZES. 


KERR STUART’S 


5, Broad St. Place, London, E.C. 


J. TOMEY & SONS LTD. 


3 EUREKA GAUGE GLAGE 
B58 


ASTON, 
BIRMINGHAM. 1" 









































“YOUR ORDER N° 999” 


If all business could be carried out 
on the lines laid down by Business 
Experts, what a heaven our lives 
would be! All orders neatly typed 
out in triplicate, numbered, refer- 
enced and cross referenced! In our 
business we have to be a little less 
ideal and a lot more practical. We 
are used to getting orders on odd 
scraps of paper, scrawled hurriedly 
with a pencil stump, even scratched 
on pieces of slate. 


This doesn’t upset us, however. It is 
all in the day’s work, and you can 


TUBES: FITTINGS 


for Steam. Water, 






be sure that however your order 
reaches us, we are glad to get it, and 
will give it our best attention. 


Remember we always have large 
stocks on hand. 


Have you our No. 68 Catalogue? If not, 
write now to Depr K. for 2 copy. 


OKWD 


WALWORTH- 
MUNZING LTD. 


LONDON: 90-96 Union Street, Southwark, S.E.1 


*Phone: Hop 7081 *Grams: Munzing, Sedist, London 
GLASGOW: 209 Berkeley Street, Glasgow 
*Phone : 742 Charing "Grams: Munzing, Glasgow 


Gas, Oil and Air. 


N.C, 124 


(ALVES -TOOLS 








—— 





DEAERATORS | 
Richardsons, Westgarth «Co.L@. 


Hartlepool, Middlesbrough & Sunderland 
See marge! Advertisement, May 20. 3958 











‘STONE AND ERS 
ENG: 


RU SH 
RUS LEICESTER 


« _ GOODWIN BARSBY&C®9 
MECHANS LIMITED, 


Engineers & Contractors, 
SCOTSTOUN IRONWORKS,‘ GLASGOW. 
LONDON OFFICE: 

10, Princes Street, Westminster,S.W.1 


See Illustrated Advertisement appearing 
June 17. 8572 











UME 















pulps MPS 
























petrol, gas, water, to 300 lbs. 
per sq. inch. 


Something New in Pipe Couplings 


The “* Mac” Union differs radically from other pipe couplings. 
The two seatings are concentric and radiate from a common 
centre. This double-spherical joint automatically adjusts itself 
to the required alignment. The range of adaptability is any angle 
within 5° from the vertical. It ensures a steam and petrol tight 


joint without spring or strain, and which cannot shake loose. With 


“MAC” UNIONS 


crooked pipes, or pipes screwed out of square, can be connected 
in a dead straight line. _ Instead of setting pipes that are out of 


PATENTED. 





Note ~ full nea fairway alignment, use “Mac” Unions. It’scheaper and more workmanlike. a 
at any angle. 63 
Every Unien tested for steam, Exsows, Benps & TEES ARE ALSO SOLD wilH THE “Mac”™ Union Joint. 


ASK FOR QUOTATION AND LIST. 


LE BAS TUBE CO LTD DOCK HOUSE, BILLITER ST., LONDON, E.C3_ 
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When looking through the long lists of second-hand machines one 
seldom sees a HIGGS MOTOR offered; the only conclusion one can 
come to is that owing to the sound construction and excellent per- 
formance there is always a ready market for them. 

On the rare occasions that they are offered the price asked closely 
approaches to-day’s new price. 

This important fact should be borne in mind when purchasing. 

















P: 
1901 OLDHAM (2 lines). 
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BLACKRIDING IRON WORKS, OLDHAM. 


MANUFACTURERS OF DYNAMOS AND MOTORS. 


Direct and 
Alternating Current. 





Electrically Driven Ship's 
Deck and Shipyard Winches. 





Specially Designed Motors 
for Crane Service. 





Disc Type Magnetic Brakes 
for either Direct or 
Alternating Current. 

2928 


PATENT (*?27°°) CENTRIFUGAL 
SPEED LIMITING BRAKES. 





MSdhy 


te) By 0-4-1 a Ce oal-te) 


TANKS + BUOYS 
CHEMICAL PLANT 
PIPELINES 
CHIMNEYS 
CASTINGS 


ASHMORE 
BENSON 


PEASEC°L* 
STOCKTON-ON-TEES 








On Admiralty List. 


BODLEY BROS. & Co. Ld. 


Engineers, Millwrights, Boiler Makers and 
tron and Brass Founders. 


OLD QUAY FOUNDRY, EXETER. 














SPUR, BEVEL, 
MITRE, MORTICE, 





AND 


> WORM WHEELS, 


Machine Moulded 
ALSO 


aa 
= a TEETH CUT TO SHAPE 


By Special Machinery. 


Telegraphic Addrese— 
Bopiry, Bxerer. 


ESTABLISHED 1790. 
3922 


THE 


CLEVELAND 
BRIDGE ano 
ENGINEERING CO., Lr. 


Specialists in the ign, Manufacture, 
and Erection of rudges, _Girders 
Roofs, Warehouses, and ali classes of 
Iron and Steel Constructional Work, 


Heapo OrFriceE AND Works— 4088 
DARLING TOnk. 











HENRY J. COLES, Ltd, 


DEINE L. 
Makers of 


Steam and Electric 
Travelling Cranes; 


Shunting and Magnet 
Cranes a Speciality. 






Navvies, Grabs, &c. 











Totally enelosed 3-phase Induction Crane Motor fitted with Disc Type Magnetic Brake. Fig. 471a. 











; + —___ 
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s=sALFRED HERBERT LTD. COVENTRY.===} 


1500 MACHINE TOOLS IN STOCK 
AT OUR COVENTRY WAREHOUSES. 


NEW MACHINES of our own and other well-known makes. 
Many of these are offered at bargain prices. 


GUARANTEED MACHINES re-conditioned in our own works. 
SECOND-HAND MACHINES in good working order. 
SECOND-HAND MACHINES offered as purchased. 


INSPECTION INVITED. 


Write for a copy of our latest Machine Tool Clearance List. , Lee ee! 
DING V 


Pe rey. —— 
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CENTRE LATHES — 100. BROACHING AND KEYSEATING—40. PLANING —20. 
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GOVERNSRS 


MONOVEL ORTHOVEL WHITEHEAD VARIOVEL THROTTLEVEL CHORLTON UNIVEL 


GOVERNORS TO MEET THE MONOVEL GOVERNOR Co. Lr. HIGHEST EFFICIENCY 
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THE CHUCK WITH TWENTY 
YEARS UNBROKEN RECORD 


hee Coventry Chuck is not a novelty—we made the 
first in 1907. 


Thousands are now at work all over the world, but no 
Coventry Chuck has ever been broken in fair use. 


That is why makers of heavy duty turret lathes supply 
Coventry Chucks as a standard fitting. They know that 
their machines will then give maximum output as there is 
no weak link between the driving belt and the cutting tool. 


ASK FOR A COPY OF ‘‘CONCENTRIC CHUCKING.” 











Batteries. 





LI OW 


MANCHESTER. 
‘Phone: 6312 Central. ‘Grams: ‘‘ Galloway, Manchester.’’ a eer 








PERMI 


LEEKS PATENTS 








Made in six sizes 
9”, 12”, 15’, 18”, 21” and 25’ 


DELIVERY 
FROM STOCK 











SC) 0 0 0 0 hh CC CC CC CC 
Se 


RRS aa 
SUP FRMIS 


The feed water and air required for com- 
bustion are simultaneously heated. 

80% BOILER PLANT EFFICIENCY IS 
GUARANTEED IN ALL NORMAL CASES. 





seaqfsee2 ALFRED HERBERT LTD. COVENTRY. «=== 
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This remarkable invention abstracts’ the 
maximum possible quantity of heat from hot 
flue gases on the way to the chimney. It is 
particularly suitable for Lancashire Boiler 
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«as ALFRED HERBERT LTD. COVENTRY. cose: 


THE QUALITY, ACCURACY AND _ PRODUCTIVE 
CAPACITY OF 


HERBERT MACHINE TOOLS 


ARE ACCEPTED AS STANDARD. 





‘aie = = IT IS PERHAPS LESS GENERALLY KNOWN THAT 
m0: 24 é6 aya 80.5. 18}” swing. HERBERT PRICES ARE RELATIVELY 
) EXTREMELY LOW. on 38 Vertical 


No. 16 Horizontal .. .. 34” 
No. 22 Horizontal .. .. 


Yo. 16 Universal 


TO-DAY’S COST OF LIVING IS 


64.7 
COMBINATION TURRET LATHES. 0 


> a ae No. 9 .. 10” centres. ABOVE PRE-WAR STANDARD. 


. 20 .. 18” centres. 


HERBERT Pp RICES TO-DAY AVERAGE _— = Rng 


oS a re oes 


5 ° i) 29” x 36” No. 4 1. 3y' x42 
ONLY 4 / a 


ABOVE PRE-WAR PRICES. 


EVERY HERBERT MACHINE HAS IN THE MEANTIME 
BEEN RE-DESIGNED AND BROUGHT ABSOLUTELY 
UP-TO-D ATE. CAPSTAN LATHES. 


DRILLING MACHINES. Nos. 4 and 4B 1§” x 9”. Height of centres 6y" i 
1, 2, 3, 4 or 6 spindles. 4087 Stud and Bolt .. 2” x9 fa] 


BOOT DICT OO OO OOO OOOO OOOO OO OL O PO CUO Or CLUS OCC OOOO OO, OO OO OO oT o Oooo 


Saved its cost 
in 2 years 


“« Messrs. Adkins & Thomas, Ltd., 

Roller Flour Miils, 

Broom, 

BIDFORD-ON-AVON, Jan. 26th, 1927. 
‘© Dear Sirs, 

“Our engine has been running just over 2 years night and 
day work, and from the start she has been run without an 
involuntary stop and no trouble at starting. 

‘“* It has saved us a considerable sum as you told us it would 
do when the writer ordered from you, and the wri'er personally 
wishes to thank you for sticking to him and getting him 
to order the engine. 

“We shall be pleased to show the engine to anyone you care 
to send here to see it. 

‘The engine has really saved its cost on our old s‘eam 
plant since we have had tt. 

“ Yours faithfully, 
for ADKINS & THOMAS, LTD., 
(Signed) F. J. ADKINS, 
Director.” 


Crossley Heavy-Oii Engines are built in 
sizes from 6 to 1000 B.H.P. to use Crude 
and Residual Petroleum Oils, Diesel, 
Furnace and Tar Oils. They are remark- 
ably economical on both fuel and 
eee eee 


lubricating oil and by reason of their 
magnificent workmanship and specially 


aoe inks cae Wane naan HEAVY-OIL ENGINES 
CROSSLEY BROTHERS LIMITED, 


OPENSHAW, MANCHESTER. 
Telegrams : “GASENGINE, MANCHESTER.” Telephone: City 4200. 
LONDON OFFICE: 139-141, QUEEN VICTORIA STREET, E.C.4. 
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PRESSED STEELWORK 
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For all Shipbuilders, Railway Carriage Builders and 
General Engineers—Sankey shops are fully equipped 
to deal with drawn, pressed, stamped, riveted, 
oxy-acetylene and electric-welded 
steelwork up to a thickness of 
one inch. It will pay 
you to send us your 
next enquiry 


ONS 





JOSEPH SANKEY & SONS LTD 


HADLEY CASTLE WORKS - WELLINGTON - SHROPSHIRE “ 































4 cyl. Steam 
Driven’ =>. 
Compressor ? 
ae acities 

and 1200 
svt pacian 


















saRocmOAbe" Saat engine driven 


‘self contained portable set. 
portable unit. Built in three sizes. 


“BROOMASTE! 
the ti hte test and most compact on the 
market. erate 2 pneumatic picks 









Four cyl. belt drwela cs Gs § 
eter 260, earned 1200 
cub. ft. rerpactret ly, 






























Portable? self contained moter driven 
mining set. Capacity !30 cub. ft.per.min 
f width ibe” 





Renowned throughout the world for high efficiency 
and absolute reliability, ‘“‘Broomwade”’ Vertical 
Single Stage Air Compressors are designed and built 
to give trouble-free service—-AND THEY DO SO. 


There is a “‘ Broomwade ”’ Compressor (THE BEST) 
for every requirement—fixed or portable—any type 
of drive. Information and advice readily given— 
25 years’ specialized experience is at your service. 


BROOM & WADE LTD., 
HIGH WYCOMBE, BUCKS. 
“BROOMWADE” BRITISH AND BEST. 


































Height 46m 6, Length ui 
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JOHN LYSAGHT. Limited. | 


Bristol, Newport-’(Mon.), London. 











LONDON 
CHIEF e : gt i Oy % " OFFICES: 
OFFICES: — a — oO ~~ WH ae. IMRIE HOUSE, 
ST. VINCENT’S Rae tas an Qe. yee —-. 33-36, 
IRONWORKS, : hae , Si KING WILLIAM 
BRISTOL. vi ‘3 ti STREET, 
; ' E.c. 4. 


Footbridge for the Crown Agents for the Colonies. Assembled for inspection. 


BRIDGES. GIRDERS. ROOFS. BUILDINGS. 
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Efficiency and 
Reliability 


OR power transmission Brampton, ‘“ The 
long life in every link,” Chains are always 
an economical proposition. At long or 

short centres they are ideal because they save 
power, space and labour. Silent running 
under any atmospheric conditions, maintain 
their efficiency and reliability to the end, 
in this way making for economy. Let us 
discuss your problems with you. 
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Application of Brampton driving chains D y @ bos 
to Automatic Stokers at the West Ham ip IPT 0 PR 0 LY 

Electric Generating Station. Employing ) aaa] 

Roller and Inverted Tooth Chains. OLIVER ST WKS BIRMI bey - 
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Yet Another Atlantic Flight 


Proves Hoffmann Dependability. 
































Gg Ack, DS. Roller BEARINGS 


Flew the Atlantic, 


i ee were fitted to the engine crankshaft of the monoplane 
seine Nah hi ‘* Columbia,” with which Messrs. C. D. Chamberlin and 
machine. C. A. Levine recently flew from New York to Europe. 
When P 

Capt. Lindbergh The Hoffmann Manufacturing Co., Ltd., Chelmsford, Essex. 


did likewise, 
Hoffmann Roller 


barn vere 1 Obviously The Bearings for Strenuous Service. 


used in the 
crankshaft of the 


w=} Wright “ Whirl- 
“ wind” engine of 
his plane. 


| GC} lenficlde Kenned 4] 
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1m WATER WORKS APPLIANCES! 











The “GLENFIELD” Improved Pilot 
Controlled Pressure Reducing Valve 


is unrivalled for extremely close regulation. 
By reason of its internal pilot control 
(see section) the valve responds to the 
slightest change in pressure conditions. 
Fitted with anti-friction rollers to weight 
stem and lever, its frictional resistance is 
a minimum. Absolute reliability under 
continuous service. 





FURTHER PARTICULARS ON REQUEST. 


MAKERS : 


GLENFIELD«KENNEDY 


KILMARNOCK, SCOTLAND. 


aenatal 39, Vict Street, Westminster, S.W.1. 
NEG N¢ 2228 yids RS pel a oe inster, 





ms 


D 


—/ 














ENGINEERING. [JUNE 24, 1927, JJ 





28 


PERE RRERERERERERRRERERERRRRRRR RRR ERE OS EEE EERE EER EER BERR ERR R RRR EERE EERE ERR REDD | 





Power without adequate 
control is waste. ; 


The commercial use of electric motors has been moving fast. 
To-day, motors alone do not make an efficient plant 
Something more is needed—control apparatus that guides the 
work of motors—gets full return of efficient service, yet 
protects from damage due to mishandling or mishap. The 
development of more efficient Motor Control has been one of 
the outstanding achievements of industry’s electrical progress. 


Look to the Motor Control equipment in your factory! Have 
you realized the additional profits possible through replacing 
obsolete Motor Control by the new and more efficient types of 


IGRANIC 
MOTOR CONTROL 


now available ? 


Your shop isJonly as modern as your Motor Control. Specify “ Igranic'’—it marks 
Motor Control that has kept pace with electrical development. Write for list C160. 


\ [GRANIC —7 OO 


ELECTRIC Co.Ltd. Lf 
BIRMINGHAM. LEEDS. No. 1080 Automatic Contactor Type 
BRISTOL. LEVICES LC Self-acting — ~ large Alternating 
urren otors. 


CARDIFF. NEWCASTLE. 
GLASGOW. | 
149, Queen Victoria St., LONDON. i 


Works: Elstow Road, BEDFORD. 
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THE LARGEST PRESSED 
STEEL TANK in the WORLD 








This tank, supplied to the Nairobi Municipality, Kenya Colony, which are bolted together; the joints are made tight with 


holds ONE MILLION GALLONS of water, and is built from plastic compound of simple application. 
standard plates 4 feet square to a depth of 16 feet. The two sizes of unit plates give an exceedingly wide range 


The Braithwaite Pressed Steel Tank is of standardised con- of capacities, and tanks can be provided in depths up to 16 feet 
struction, built up from unit plates 4 feet or 1 metre square, my or 4 metres for water, fuel oil and other liquids. 









WORKS —— ENGLAND Nz NGINEERS\-z@ 
WORKS — ENGLAND & C0 ENGINEE RSiZ WORKS ———— INDIA 
Newport, Mon. \ L hE fa oti deh Sanles 
WORKS— Ypiranga. Sil 7 Sao Paulo—BRAZIL. 


Registered Office: 18, BROADWAY BUILDINGS, WESTMINSTER, S.W.1. 


Telegrams: ‘‘ Bromkirk, Sowest, London.’’ Telephone: Victoria 8573 (3 lines). 
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GLARKE, GHAPMAN & CO. RID, 


Tel. Address : CYCLOPS, GATESHEAD. ss VICTORIA Sate 


Tel. No.: GATESHEAD 773 (Four Lin nes). 
a 


ses FUEL 
ECONOMY. 


THE SIMPLEST 
MOST ECONOMICAL 
AND 


EFFICIENT PLANT 
ON THE MARKET. 


THE BOILER ILLUSTRATED MAY 
BE INSPECTED AT OUR WORKS 
AT ANY TIME. 


—_—s 5 ne 
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Caso Piney 





Illustrated Lithos and Catalogues sent 
free on request. 





CLARKE CHAPMAN (WOODESON’S ee WATER TUBE BOILER FIRED WITH POWDE 
CLARKE CHAPMAN TURBO PULVERISER. ae ae 














ened 


IB. S. A “Universal” Lapping Machine 


The B.S.A Lapping Process 


reduces friction on parts in moving contact, facilitates 
production, gives a brilliant finish, and above all is 
a simple operation. 


The B.S.A. Universal Lapping Machine is 


most efficient because it offers :— 














Complete protection of all wearing parts. 


A copious supply of abrasive compound directed to the 
parts being lapped. 


Adjustable mechanism for the gyratory movement of 


the work holder. 
Two revolving self-aligning laps. 
Equipment supplied includes :— 


Upper and lower laps, work holder bracket, pump, 
tank and fittings. 


We shall be glad to advise you on the process 
of Lapping, 


B.S.A Tools Ltd., Sparkbrook, Birmingham. 


(Proprietors ? The Birmingham Small Arms Co., Ltd.) 
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“The most satisfactory 
tank door made.” 












S UCH is the universal 

opinion of Mullan’s Patent 
Door. It is a neat, sound, 
efficient job and no special 
tools are required for fitting 


é — > ‘ft N this door to the tank top. 


am mas For FLUSH MANHOLE 
CHA RLES M’NEILY COVERS always specify 


— MULLAN’S 


PATENT DOOR 
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Agents for London and South 
East of England: 





Sizes kept in Stock: 
21x 15x# [18x 13x & 
20x 13x # JI8xK 12x & 
18x 14x #& 16x 12x & _ 


199, Piccadilly London, W. 1. 
Telephone: Regent 5138. 
; Plan of Door. 


T : 
@ Managerial, y, London.” 











Order from the solemakers y, ia 
** McNeil, 


CHARLES M‘NEIL ws. Giasgra? 


Kinning Park Hydraulie Forge,  7#/¢phones. 
GLASGOW. : : : — 


Cross-Section on Major Axi a 
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THE VACUUM BRAKE COMPANY LTD. 
38, OLD QUEEN STREET, WESTMINSTER, S.W.1. 
be os : aa == ; ye = | rete 



























VACUUM BRAKE 


As Fitrrep to 7 Bocire Coacu TRAIN 
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* Electric Crane baer, 


| of the World’s largest Flocta’ es at | 
¢ a Southampton. eas 
~~ BY | — 


CO 


i 
WORKING LOADS Ss 


5 Tons cot 48 feet radius 
2 cd do. BO do do. 


Either Crane can plumb 
the centre of the Dock. 
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CLOSED -FEED 
SYSTEM 


NEW - INTERNAL : CAPACITY - CIRCUIT 


The most advantageous and the least complicated 


arrangement of the various units in the feed system. 


Hy El El 


Preserves the Boilers, Pipes and Fittings from corrosion. 


Increasingly adopted by the 
World’s Leading Steamship Companies. 


3806 


Estimates 
gladly 
submitted. 


Descriptive 
Booklet 
on request. 


01 





LONDON - - - LIVERPOOL NEWCASTLE - MANCHESTER 
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that meet a world-wide 





N every part of the World where mining and 
structural operations are taking place, the 
name of Holman is famous. 


From factories and testing grounds in Cornwall 
that cover altogether 34 acres Plant and Tools 
are shipped to all parts. 


There is a reason for this World-wide demand. 
It lies in the fact that the equipment of Holman 
Plant and Tools results in greater production 
for given man-power—the Open Sesame to 
greater profits in every kind of undertaking. 


Fullest 
particulars 
of Holman 
Pneumatic 
Plant will 
gladly be 
sent on 
request. 








CAMBORNE - n 


London Office : yor 
Broad Street House, E.C.2. «, Prasat 


ENGLAND 





4 acres of Cormw. 




















Photographs above illustrate : 


Top, 
No. 1 Works; Centre, No. 2 Works; 
and Below, No. 3 Works. 


Holman Plant is playing its 


part towards greater produc- 
tion in the following countries : 
Algeria. Italy. 

Argentine Republic. Japan. 

Australia. Korea. 

Belgium. Malta. 

Bolivia. Malay States. 
Borneo. Mexico. 

Brazil. New Zealand. 
British Columbia. Norway. 


British East Africa. Pahang. 
Burma. Panama. 
Canada. Peru. 
Cape Colony Portugal. 
Ceylon. Rhodesia. 
Chile. Roumania. 
China. Russia. 
Colombia. Sarawak. 
Cyprus. Sardinia. 
Czecho-Slovakia. Scotland, 
Dutch East Indies. Siberia. 
Egypt. South Africa. 
England. Spain. 
Federated Malay States. Spitzbergen. 
France. Sweden. 
Gibraltar. Sudan. 
Gold Coast. Tasmania. 
Guernsey. Transvaal. 
Holland. U.S. of America 
Hong Kong. Venezuela. 
India. West Africa. 
Ireland. Wales. 
Resident Engineers in: 
CARDIFF GLASGOW 


Mr. W. D. RULE, 

20, Westville Road, 

Pen-y-lan, Cardiff. 

Telephone; 3258. 
SHEFFIELD 


Agents: ' 
Messrs. ROBERTSON & 
FRASER (GLASGOW) 
LTD., 7, West George 
Street, Glasgow. 


METER, Hae 

houses ——. : 70414 ” ey eer. 
““BRISTOL DARLINGTON | 

Mr. T. G. HITCHIN, Messrs. NORTHERN ‘ 

61, Springfield Road, SABULITE — 

Cotham, Bristol. SIVES CO., LTD., 
SMETHWICK 129, Victoria Road, 

Mr. G. KE! IGHT, Darlington, 

145, Bearwood Road. Telephone: 2894. 

Smethwick, Staffs. Mr. R. OPIE. 


Telephone: 740. Resident Engineer 
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¥ Typical ~ 


Restaurant Equipment 
of 
Monel Metal. 


oie 


t 


y 


1—Table Tops and Counters. 
2—Food Trucks and Trays. 
3—Shelving and Racks. 
4—Sinks. 

5—Urns and Urn Stands. 
6—Toasting Machines. 
7—Bread Slicing Machines. 
8—Meat Slicing Machines. 
9—Mixing Machines. 
10—-Dish Washers. 

11—Ice Cream Serving Cabinets. 
12--Ice Cream Freezers. 
13—Steam Tables. 

14—Butter Serving Machines. 


London Office for Monel Metal : 
70, Victoria Street, S.W.1. 




















the modern marvel in metals 





| 


THROUGHOUT the world, 
the best Restaurants, the most 
up-to-date Food Suppliers, the 
principal Rail and Steamship 
Companies —— all are 
recognising increasingly how 
peculiarly appropriate is 
Monel Metal for the making 
of every single article that 
comes. into contact with 
foodstuffs. 





MONEL’S prime recommend- 
ations in the world of catering 
are its perfect——-and per- 
manent——resistance to every 
possible agency of contamina- 
tion, together with the 
beautiful ease with 








THROUGH long years of 
the most rigorous service, 
Monel Equipment never 
requires more than a little 
soap and water to keep 
it spotlessly clean, and 
the passage of years in 
no way serves to dim its 
attractive finish. 


BY specifying MONEL 
METAL in the first 
instance an actual saving 
of Capital Expenditure is 
effected, the annoying 
risk of contamination is 
completely cut out, —— and 
permanent satis- 





which its appear- 


faction is assured 





ance is kept bright 
and silver-like. 















The expert consideration 
of our Monel Metal Depart- 
ment is gladly placed at 
your disposal. 





Enquiries are Solicited. 


to Caterers and 
Public alike. 

















CATHCART : GLASGOW: J 





ee 
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Sempre 














HIGH EFFICIENCY with PROVED RELIABILITY. 
































POLLING Hai DRIVE 














BENTLEY MOTOR CAR, 




















—‘‘ and the Gears were supplied by 
The Power Plant Co., Ltd., of West Drayton.” 


PHRASE which has_ become exceedingly THE Works of the Power Plant Co., Ltd., were 

familiar to those who regularly peruse the established many years ago, and are to-day 
technical press and one which affords ample probably the best equipped and most up-to-date 
testimony to the universal adoption of the P.P. plant confined solely to the production of machine 
Gear in all branches of industry. cut Gears of any size and for any _ industrial 

purpose. 

FOR many years the Power Plant Gear has 

been associated with the world’s finest "TECHNICAL Representatives are available to 
engineering products, and their efficiency and assist and co-operate in schemes employing 
reliability has been proved by actual service. gears of any description. 





te POWER PIANT Co.,Lrp. 


WEST DRAYTON, MIDDLESEX. 


Telephone: Telegrams : 


YIEWSLEY 71 (2 lines). “ ROC, WEST DRAYTON.’’ 2971 
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GARGOYLE 
D.T.E. OBL 
HEAVY MEDIUM 


is being used during the 
main line trials to lubricate 
the Ljungstrom Turbo- 
Condensing Locomotive, 
built by Messrs. Beyer, 
Peacock and Company, 
Ltd., Gorton, Manchester, 
for the London, Midland 
and Scottish Railway. 











Gargoyle D.T.E. Oils— — 


the ideal lubricants for Steam Turbines 


Ever since the introduction of the modern steam 
turbine, we have given careful study to the lubri- 
cation problems which have arisen in all the phases 
of its commercial application. The result of this 
study has been the formulation of a range of 
Gargoyle D.T.E. Oils, each designed to give 
exemplary service under the most severe condi- | 
tions met with in practice. 

Gargoyle D.T.E. Oils are made from special crudes 
by processes which give them high lubricating | 
value coupled with the following necessary 
qualifications : 

They maintain an unbroken lubricating film 
on the bearings. 

They withstand constant circulation and resist 
oxidation and emulsification. | 

They absorb heat, giving it up readily in the 
cooling system. | 


D.T.E. 





=~ 


They separate readily from water and other 
impurities and filter freely. 

Gargoyle D.T.E. Oils permit valuable operating 
economies : 

With reasonable care only small additions of 
‘“‘make-up ’ oil are necessary, and the 
complete cleaning out of the system is a 
task which occurs infrequently. 

No. 24 of The Gargoyle Technical Series is a useful 
handbook on steam turbine lubrication... It is illus- 
trated, and summarises our wide experience of an 
important subject. A copy will be sent post free 
on request. 

If you would like to discuss steam turbine lubrica- 
tion with one of our representatives, please write to 
this effect to our nearest district office. The repre- 
sentative who comes to you will know his subject 
and be capable of assisting you to secure the 
correct lubrication of your plant. 


Oils 


A grade for eachtype of service 


Vacuum Oil Company, Ltd. 


HEAD OFFICE: Caxton House, London, S.W.1 


WORKS : Birkenhead and Wandswosth 


( Belfast Birmingham Bradford Bristol Cardiff Dublin Dundee Glasgow Hull Liverpool Manchester Newcastle-on-Tyne Sheffield ) 
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The first Direct Reversible Diesel Marine Engine ever produced | g 
WAS DESIGNED AND BUILT IN . 

— 

1905 : 

by Sulzer Bros. for an Italian Motorship : 
Reversible Diesel Marine Engines are now made by many other firms. 5 
Of the Motorships built up to the present, over 300 have been equipped / 
with Sulzer Diesel Marine Engines. p 

ther specialities: Steam Engines, Steam Boilers, Centrifugal Pumps, Fans. 7] 
en ae an ce catty — 4 


SULZER BROS. 


31, BEDFORD SQUARE, LONDON, W. C. 1 
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Diesel Marine Engines 


) a 
(time 


.... 














7000 HP Ten Cylinder Sulzer Diesel Marine Engine 


AS BUILT IN 


1926 


and, among others, supplied for the M. S. Christiaan Huygens 











| The right to build Diesel Engines was acquired in 1893 and since then 
7 2,5 Million HP of Sulzer Diesel Engines have been ordered for Ships, 
L Stationary Power Plants, Locomotives, Rail-Cars, etc. 

- 

_ 


Other specialities: Steam Engines, Steam Boilers, Centrifugal Pumps, Fans, 
Refrigerating Plant, Central Heating Plant. 


_ 


_. 
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COMBATING 
CORROSION 


Fs in the machinery you build 
or operate, there is one single 
part which is exposed to the 
corroding influences of moisture, 
chemicals food acids or hot gases 
—if that one detail corrodes, 
and in corroding weakens, loses 
efficiency, leaks or contaminates 
your product — that one part A STEAMING CAN FOR THE DYEING INDUSTRY, 
would be better made from MADE OF FIRTH STAYBRITE BY 


FIRTH ‘STAYBRITE’ THE ROTO ENGINEERING C° L'? BRADFORD. 








—the super malleable, super 


rustless steel. 
uaa Write for literature on 


this subject. It will be 


Firth ‘ Staybrite ” is obtainable 
gladly sent you upon request. 


in the form of Bars, Structural 
Sections, Strip, Sheets, Plate, 
Wire, Tube, Forgings and 
Castings. 


THOS FIRT 


NORFOLK WKS. 
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CUP AND FLUSH SNAPS FOR ALL SIZES 
OF RIVETS FROM *%& TOI'4' AS SUPPLIED 
BY OUR ENGINEERS TOOL DEPARTMENT. 


Our pamphlet P.8 on this 
subject will be gladly 
sent upon application. 


SHEFFIELD. 














FIRTH “PNUSNAP” 
RIVET SNAPS 


represent altogether a __ better 
standard in snap production. The 
improvement lies firstly in the 
quality of the Firth “PNUSNAP” 
Steel used—a special alloy steel 
developed expressly for pneumatic 
riveting and punching purposes ; 
and secondly, in the care an 
special knowledge applied to the 
finishing operations. 


Each snap is carefully ground on 
shank, shank-end, and shoulders, 
this making certain of perfect fit, 
and furthermore, the radius is ground 
to prevent breakage at the shoulder. 
The unseen quality in the steel, and 
the extra care in the making 
and finish of these tools, imparts 
that ‘“ something” which is just 
the difference between “ just 
another rivet snap” and_ the 
finest snap you've ever used. 
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HOPKINSON’S 
paTENT VALVES ano 


SAFETY BOILER MOUNTINGS 


FOR HIGH PRESSURES AND SUPERHEATED STEAM 


AMERICAN OPINION of 
“HOPKINSON” VALVES 


Extract from report of Prime Movers Committee 
presented at forty-fourth Convention of the 
NATIONAL ELECTRIC LIGHT ASSOCIATION, 
CHICAGO, ILLINOIS, May 31st—June 8rd, 1921. 


“THE ‘HOPKINSON’ ENGLISH VALVE HAS 


PORTION OF ORDER BEEN USED IN THIS COUNTRY ON HIGH 





PRESSURE SUPERHEATED STEAM WORK 

= gg Eg 

HOPKINSON Patent VALVES SEAT RINGS MADE OF METAL TERMED 

Supplied to large AMERICAN Power Station VALVES IS DUE TO THE VERY CAREFUL 

Working Pressure 415 Ibs. per inch DESIISED THROUGHOUT, AND GOOD 
“? square inch. WORKMANSHIP.” 


FITTED WITH ‘‘PLATNAM”’ VALVES AND SEATS. 


“PLATNAM ” is a hard-wearing close-grained alloy, unaffected by ordinary acids and 
with a co-efficient of expansion almost equal to that of steel. 


It has long been recognised as the ideal metal for Valves and Seats for high-pressure 
and superheated steam services. 


ARE RENOWNED FOR 
& SAFETY DEVICES 
LIMITED, Tee ROMA EMOTECT THE USER. 





























Precept ~seaescil TELEGRAMS TELEPHONE ror 
PENDABILITY. OPKINSON a U DDE RS Fl E LD HUDDERSFIELD ; , ae 
HUDDERSFIELD” * 1269 (3 Lines) : PRES Ss Ne. : 

"VALVESTEM LONDON. LONDON 
PHONE.LONDON’ IMPERIAL HOUSE, KINGSWAY, W.C.2. REGENT 0705 gaz 

















A 671/1485. 
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Visit the Royal Air Force Display at Hendon, July 2nd, 1927. 
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Gears that give better service 

















Turbine reduction gearing, 
land and marine ; colliery 


and mine haulage and wind- | 


ing gears; double helical 
and worm reducing units ; 
machine generated spur, 


spiral, bevel and worm gear- _ 


ing; gears and gear units 


to suit special requirements ; | 
| pinions «f rawhide, paper | 
| and “ Dabro.”’ In short, | 


gears of every type and size. 














at less ultimate cost ! 


Perhaps you are even now preparing estimates 


. of the cost of a new set of reduction gearing... 


Are you taking thought of the saving which 
DBS quality gives ? 


DBS gears are built to give that extra service, 
that higher efficiency, that freedom from trouble 
which cut down ultimate cost. ° 


Alloy steel pinions, cut after heat-treatment... 
statically and dynamically balanced gears ... double- 
walled housings ... craftsmanship perfected by 
lifelong experience and exclusive design 
technique based on intensive research ... these 
are only a few of the reasons why DBS reduction 
gear units are specified when service is regarded 
in its true relation to the first cost factor. 


DAVID BROWN & SONS 


(HUDD.) LTD., PARK WORKS=HUDDERSFIELD. 


[JUNE 24, 1927. 
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500 TONS HYDRAULIC 
FLANGING PRESS FOR 
BOILER ENDS. 


MAKERS OF WHEEL BOSSING PRESSES. WHEEL 
GLUTTING MACHINES. IMPROVED SPOKE BENDING 
MACHINES. HYDRAULIC WHEEL PRESSES. PUMPS. 
ACCUMULATORS. RIVETTERS. PRESSES. CRANES. 
LIFTS. PUNCHING AND SHEARING MACHINES, ETC. 








Head Office & Works: 


CROYDON WORKS, 
LEEDS. 
Telegrams: RIVETTER, 
LEEDS. 


Telephones: 20181 & 20182 
LEEDS. 


Codes: BENTLEY'S A.B.C. 
























London Office :— 
38, VICTORIA ST,, 
WESTMINSTER, 
LONDON, S.W.1. 


Telegrams ; VILVAILE, 
LONDON. « 


Telephone :-3190 VICTORIA, 
LONDON. 
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FOUNDED 1883 INCORPORATED mae? 


High-class Engineering Alloys: 


STRONGEST MALLEABLE BRONZES, ACID-PROOF and other CORROSION-RESISTING METALS 


Trade Mark F fe. _) 


BRASS, YELLOW METAL NAVAL. BRASS, BRONZE, COPPER, WHITE METALS, &c. 


EROoOoDpDs, SHEETS, rTrvuBEesSsS, wih CASTINGS, FORGINGS, STAMPINGS 


ORIGINAL AND LARGEST MANUFACTURERS OF 


EXTRUDED BARS 


Bars of any Section in Brass, Bronze, Red Metal, Yellow Metal, Naval Brass, Copper, &c. 


HIGH-SPEED TURNING AND SCREWING BRASS. 


Bronze and Brass Forgings to Admiralty and other tests and specifications. —™ 
On the Lists of the ADMIRALTY, AIR MINISTRY, WAR OFFICE, MINISTRY of MUNITIONS, INDIA OFFICE, POST OFFICE, CROWN AGENTS for the COLONIES 
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3694 


This symbol is not only a Trade Mark, it illustrates a construction of direct interest to every user 
of High Precision Electrical Instruments, whether pyrometric or otherwise. 


Full particulars from Dept. E, FOSTER INSTRUMENT CO., Letchworth, Herts. "Phone: Letchworth, 26. 

















BELLINGTON & NEWTON LTD., LONGPORT, STAFFS. 














TELEPHONE NOS. 303 & 304 





Th E DELTA METAL GO., Lit. 1s: sxstwer tottr, se. 
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WATER-GAS 


(BLUE AND CARBURETTED). 


7 1 1 SETS OF HUMPHREYS -GLASGOW WATER-GAS PLANT have been 
(and are being) installed, with a capacity of 506,000,000 cubic feet per diem. 
Including the work of their American Colleagues, 1666 Sets have been constructed 

with a total daily capacity of 1,470,000,000 cubic feet. 


These Installations will produce the whole World’s Consumption of Water-Gas ! 


H. & G. WASTE-HEAT BOILERS 

















MAKE all the STEAM for the Water-Gas Plant. ane 
HUMPHREYS & GLASGOW, Ltd., * tonsox, sw. 
~— — 
W. G. BAGNALL, L225 STAFFORD, ENGLAND. 

London Office: 32, Victoria Street. Telephone: No. 18€2 Victoria. BUILDERS OF LOCOMOTIVES 
MAKERS OF we ‘pra Doles ae mendiy ovut aoa 


at competitive prices. 














Sugar CaneWagons, 
Tipping Trucks, ET a mmr gm 
Turntables, ®, is ‘ piney 
Switches, &c. Sin ce! 
&& 





NEWTON, BEAN & MITCHELL, 


Engine Builders and Millwrights. 
DUDLEY HILL, BRADFORD. 








Telegra: Telephone : 
“ADROIT, DUDLEY HILL.” 125 Dudley Hill (2 lines), 





Standardised Manufactures 1— 
UNIFLOW, TANDEM, CROSS COMPOUND 
AND VERTICAL ENGINES. 

All with our Improved Piston Drop Valves. 
CONDENSING :PLANT. 
TRANSMISSION MACHINERY OF ALL KINDS. 
ENGINES INDICATED AND DETAILED 
REPORTS PREPARED. 


ee : ; : We invite enuivignend qumpepantanet. which shall have 
800 HORSE POWER TANDEM DROP-VALVE ENGINE. our best attention at all times. 3658 














THE HUNSLET ENGINE CO., Ltd. 





LOCOMOTIVE ENGINES 


adapted to every variety of work and gauge. 


















Also Manufacturers and Proprietors of 


THE SEABORNE INTERCEPTOR 


for Screw and Centrifugal Pumps. 








Designs and Specifications supplied or worked to. 


Quotations and Specifications on application. 













TELEGRAPHIC ADDRESS §=6- %SNGINE, LEEDS. o¢¢¢ 
TELEPHONE: 20877 (2 lines). i 














SUPPLEMENT page II 
[ ] 


ENGINEERING. 





[JUNE 24, 1927. 





















y 
z 

“3 

o tC 


fae 






VI 
t 
et. 









HL 
Ae 


Eee 


MESS 4 
{OP LseA 
Pe: 


ERGO 
Wiiike 
Psi, 














or 
a 
arg 

‘Awe oh 


airs 
ARS eu 





= 
Se 








PY 
VW5 


ES 


AR 












ee ae 


Fas, 
bags ©, 








a 








4 


See 
39); 
RA ASUE 


Reel 
LSA 


Gren 








re 





Sar 
teria tL Ord. 










DAS 
TES 
= aE 

































ey rn 


a a 

GeO F rs = 

as 

Ex) 2 ; 
Poa Bs 
MEA 

softs Cache 

SSD 






om 


acd a @ 
Vv ii\ 
LV Li 

Mist: 


o 


% 

















saa ee ee ew ere 


No. 13.—Combination Turret Lathe. 
Full Particulars on Request. 


H.W.WARD & Co., Ltd., 






ON 


(HARDS 
MACH INE TOOLS 


THEIR INSTALLATION 
IS ECONOMY. 








GEORGE RICHARDS & o.Li., + 


BROADHEATH, near MANCHESTER. 





LONDON, S.W.!. 


IMPROVE®YOUR PRODUCTION 


BY INSTALLING 


lee} CAPSTAN anp TURRET 





IS BEST PERFORMED 


— = 


Nie WRAMVAIMVNOAI. WL 


LATHES. 


DALE RD., SELLY OAK, 
BIRMINGHAM. 
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HEAVY FUEL OIL ENGINE 
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POWER 
LOW COST 


RELIABILITY & HIGH EFFICIENCY. 
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Two 100 B.H.P. Heavy Fuel Oil Engines and 65 K.W. D.C. Generators. 


W. H. Allen, Sons & Co., Ltd., 
Bedford, England. sa 
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APPOINTMENTS: WANTED! 


Vibrac—the new super-steel of the age—is eager to be utilised. 


It can be made into Crank Shafts, Rear Axles, Coupling Rods, Connecting 
Rods, Rotor Bodies, Rotor Discs, Screw Couplings etc., etc., and is far 
and away better than the best Ni-Cr. steels, for any purpose where 
strength and weight reductions are of paramount importance. 


Cases are on record where Vibrac has effected a saving in weight of 35% 
together with a 45% increase in strength ! 

Moreover. Vibrac is absolutely free from temper-brittleness. 

It has a consistently high impact value. 

It will machine with the same facility when hardened to 70 tons tensile, 
as ordinary Ni-Cr. will at 60. 

It offers tremendous resistance to fatigue, torsion and alternating stresses. 
If you have a vacancy for steel—fill it with Vibrac—the super steel of 
the age. 


SIR -W-G-ARMSTRONG: WHITWORTH & CO-LTD 


Newcastle-on-Tyne and Manchester - England 
London Office : Kinnaird House - Pall Mall East - London - S.W.1 


Telephone: Gerrard 9474 Code: Bentley’s Telegrams : Zigzag, Piccy, London 
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Transperting 42 in. dia. Lanwetded Steel Tubes in Rangoon. 


STEEL WATER MAINS 


WITH 


SPIGOT AND FAUCET JOINTS FOR LEAD AND YARN 


LINED CENTRIFUGALLY 


WITH 


CONCRETE 


OR WITH A 
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OFFICIAL STEAM TRIALS 
OF 


5000 K W BRUSH-LJUNGSTROM 
TURBO GENERATOR 
Guoronteed steam Conditions 
Pressure 190 Ib. per sq.in. (gauge) 
Temperoture 584 °F (200°superheot) 
Vacuum (Bor 30") 28:Sin. (at 5.000K 


: 
Steam Ib.—per hour. 


Total Steam Ib-per hour. 
Total 





1,000 2,000 3.000 4,000 5,000 6,000 
Load in Kilowals. 














URBO-ALTERNATORS installed in public supply 


undertakings are rarely called on to give their full 


This steam consump- output for more than a small part of the time they are 
tion trial is typical in service, and their average output may be only 30% to 
of a number that 35% of their maximum. Important, therefore, as full 
prove that the steam load efficiency may be, the economy at lower loads has 
consumptions we the greater bearing on overall running costs. 
guarantee with 

Brush - Ljungstrom While the full load steam consumption of the 
plant are obtained. Brush-Ljungstrém Turbo-Alternator is low in comparison 


with that of others, its superiority is even more marked 
at low outputs. This important feature of the turbine is 
largely responsible for the low fuel costs of many 
generating stations. 














The curve reproduced above, giving the test results 
of a typical 5000 Kw. Brush-Ljungstrém Turbo-Alternator, 
shows the low consumption at all outputs. 2008 


Engineers are invited to write for 
Publication 1005;-‘* Power Station 
Efficiency.” 


FALCON WORKS. 
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” *HELSBY: él 


JUNE 2 9" 1927. 


The Fame of 


PRESCOT and HELSBY 
CABLES 


has never been eclipsed 


BRITISH INSULATED CABLES LTD. 
Cablemakers and Electrical Engineers 


PRESCOT, Lancashire and 
HELSBY, near Warrington 


3560 
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‘RYAN MONOPLANE 


USED FOR HIS GREAT:NEW-YORK~PARIS FLIGHT 


was 


equipped 
wit | 











NEW YORK - PARIS 


3,700 
MILES NON-STOP 








ls Duman means the 
. f wb tT Ly ay ih rig - earing 
niet wena eae! oA Ad aaa in the gteials 


lace 
107 MPH. 4 


AVERAGE SPEED 





MAY 2-21, 1927 
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COMPLETE EQUIPMENT FOR CEMENT WORKS. 
During 1925 and 1926 F.L.S. Sales included 27 Rotary Kilns with 


a total output of 1? million tons per annum and 62 Unidan Mills, 
with a total output of over 5 million tons per annum. 


SLOMIMD UE ace Le 
ENGINEERS 

VICTORIA STATION HOUSE-VICTORIA STREET 

rrannie stor 10s LONDON: SoWoll craincsn $20rt ronson 
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Telegrams : 


THE INCANDESCENT HEAT COMPANY, LIMITED, | -seear ttetcun- 
British Mills, Cornwall Road, SMETHWICK. SMETHWICK 276 


FURNACES FOR ALL PURPOSES 


AND FUELS. 
CHARGING MACHINES, GAS PRODUCERS, GAS PRESSURE REGULATORS, ETC. 


LOW MAINTENANCE COSTS. 





UNIFORM HEATING, ECONOMY IN FUEL. 








VIEW SHOWING A BATTERY OF PRODU 
WITH CHARGING MACHINE, Etc., INSTALLED BY US IN THE WORKS OF A LARGE FIRM 
4049 


OF MOTOR CAR MANUFACTURERS. 


























‘Achievemer nN LA 


For definite results in the abolition of the 
dust nuisance, the DAVIDSON PATENT 
FLUE DUST COLLECTOR stands supreme. 
The actual achievements of this Collector in 
a large number of Power Stations have given 
ample proof of its superiority. 


—_ 






CATALOGUE 


No. 23. D AVIDS ON 





8590 
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Consistent Quality Since Eighteen Fifty Six. 








WORM an SPUR 
GEAR DRIVES 


Guaranteed Efficiency, 
Temperature Rise 
and Overload. 





HENRY WALLWORK & CO., 
LIMITED, MANCHESTER. 























A Consistent Quality Since Eighteen Fifty Six. 7X 
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Compressed Air for Power Purposes 





THIS COMPRESSOR IS THE SECOND OF TWO WE ARE BUILDING, 
EACH COMPRESSING 22,000 CUBIC FEET PER MINUTE OF 0°68 
DENSITY GAS TO 135 POUNDS PER SQUARE INCH. THE 
EQUIVALENT PRESSURE IN AIR IS 240 POUNDS. THE STEAM 
END IS 5,000 BRAKE HORSE-POWER. OF THESE NEW DESIGN 
COMPRESSORS WE HAVE IN_ OPERATION OR_- BUILDING 
A TOTAL CAPACITY OF 214,000 CUBIC FEET PER MINUTE. 
WE BUILD THE COMPLETE PLANT IN OUR WORKS. 
EVERY INSTALLATION IS GIVING THE HIGHEST SATISFACTION. 


QUIET. EFFICIENT. RELIABLE. 


3981 


We shall be happy to show Engineers round our 
works and inspect machines in course of construction. 


DANIEL ADAMSON 


& COMPANY, LTD. 


DUKINFIELD - MANCHESTER 














EFFICIENT AND ECONOMICAL 
SCREENING. 





| “ ARMS” “HUWOD” 
Teint Bim § =—=WORIZONTAL SCREEN. VIBRATING SCREEN. 
© 4 
For materials from 3in. to For materials from 1 inch 
bias i % in., such as :— to 200 mesh, such as :— 
St Nee 
Coal, Coke, Coal, Coke, 
Sand, Gravel, Sand, Gravel, 
Ores, China Clay, 
Stone, Clinker. 
Cement, Sugar, 
Etc. Etc. 
Distinguishing Features :— Distinguishing Features :— 
(1) Easy to instal and occupies a minimum space, (1) Cost of upkeep exceptionally light owing to special 
saving considerable height and structure. action. 
(2) Large capacities and low power consumption. (2) Low power consumption—only 4 HP. per screen. 
(3) Most economical owing to special features and (3) Screen and motor in one self-contained unit, and 


simplicity of design. 


HUGH WOOD & COMPANY, L= 


ROYAL 0150. City Chambers, Railway Place, Fenchurch Street, London, E.C.3. 
Head Office: NEWCASTLE-ON-TYNE. And at NOTTINGHAM and PRESCOT. 2955 


0 


no transmission parts required. 








Hy . 
“HUWOD,” FEN-LONDON 
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penn BORED TUBE WELLS 


Economical and Expeditious System for obtaining Large or Small supplies of Water 
for Towns, Factories, Breweries, Public Institutions, Baths, Mansions, &c. 














Prospecting Work for Oil, Salt, Coal and Minerals undertaken. 





We are makers of all kinds of our Improved Drilling Plants for Export and Home 


we ther Brod Hettow ad Rotary Svivet Mend Sinker 


} "ROTARY BORING TOOLS.‘ ; — Gite Bor. th Shat Feed. wie Sore « = 





















































Rod os Vg Bitch. 


Ne: 


Illustrations show tools used for Rotary System of drilling. 


Combined Rotary and Percussion Boring Plant Improved Deep Well Plunger Pumps, Turbine Pumps. Isler’s Air Lift Pumps and all kinds of surface 
employed in sinking. a borehole 2,500 ft. deep pumps supplied adaptable to any motive power. As experts we are in a position to offer the soundest 
by 12 inches diameter at Plumbley,,Cheshire. advice. Sites inspected—Geological opinions and reports furnished. 


C iSLER & CO LTD Artesian Well and Consulting Engineers. Contractors to 
° °9 ©9 H.M. War Dept., Admiralty, India Office, Crown Agents, etc., etc. 






























































Tel : ° Telephone : 
“Teles, Londoa. Artesian Works: Bear Lane, Southwark Street, London, S.E.1. Hop 4460 (8 tines). 
Birmingham Branch: 93/94, Broad Street. 3732 Leeds Branch: 210, Wellington Street. 
ae SRW en cnasmaromndt 














™ HICK-HARGREAVES 
STEAM TURBINE 


MILL DRIVES 


also 


HEAT EXTRACTION 
and 


BACK PRESSURE 
TYPES. 











SOHO IRONWORKS, 


2000 B.HP. TURBINE BOLTON - - ENGLAND. 
DRIVING 2 MILLS. London Office - 57, Victoria Street, S.W.1. 
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SWIFT 


POWERFUL HIGH - SPEED MOTOR DRIVEN GAP- 
BED LATHE. 


The illustration is from photograph of our 15 in. Centre Lathe made 17 in. height of Centres, to allow 
of extra large diameters being swung over the saddle and being turned in the gap, to accommodate large diameter 
work, which does not call for a heavier type machine. 


Self-contained motor drive is fitted through all geared headstock and represents a range of Lathes of this 
type which we make from 103 in. to 203 in. centres. 


SWIFT 


oneescanamtnsetn’ 


RO A POI OIE SSSA ANE ALORS D, © 
necmanee | 











































-} REPEAT ORDERS 


y Are proof of sound service 


The Illustration shows 5 of the many 

3 TON SMITH CRANES 

at work upon an important” 

development scheme in the 
Midlands. 


Estd. 1820. 
















Bee Sore Nl a) ee 


“rh get 8 ad ONDON 3 
TONE LEEDS Ween 2! 
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| 


TWIN STRAINERS 





(MERRILL’S PATENT.) 














may be regarded in the light of an 


INSURANCE POLICY. 


They not only retain all harmful suspended 
matter in the liquid passing through, but ensure 
an uninterrupted flow, one straining basket 
being isolated for cleaning whilst the other is 
in use. 

The illustration is of one of four 18 in. Twin 
Strainers recently supplied, and shows a special 
design''to secure compactness in the larger sizes. 





Made in sizes suitable for 
pipe lines from 1 in. to 30 in. 












Nos. 133 & 134 IRLAM. 
“ ELYOR, IRLAM.” 


. PHONE - 
TELEgrams - 















































Semi-Auto Wood Miller. 


The machine which attracted 
enormous interest at the recent 
American Foundryman’s 
Convention at Detroit, U.S.A. 


Pattern-makers throughout the world 




















appreciate its great labour - saving 
capabilities. 





Our 56-page booklet describing this 
machine, and illustrating a number 
of operations being performed, sent 
on request 





3792 







| © Wadkin & Co., Green Lane Works, Leicester ° 


London Office: 11, Queen Victoria Street, E.C.4. 
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y 
| D i FE S FE [ AIRLESS INJECTION . 
|| LAND of MARINE ENGINES. 
|| 11 to 3000 B.HP. 35 to 300 BHP. 

POL AR Fuel Consumption 
-41 Ibs. perB.HP. hour. 
HOT BULB NO Hot Bulbs. 
ENGINES NO Ignition Devices. 
9-45 BHP. NO Complicated Valve 
: Gear. 
ATLAS DIESEL — 
: €0., LID., : UNEQUALLED FOR : 
||| 35, Surrey Street, RELIABILITY “AND = 
‘||| Strand, London, W.C.2. ECONOMY. : 
| 35 B.HP. AIRLESS INJECTION ENGINE. nee | Sun 
HEAD, WRIGHTSON & CO.,LTD. || 
THORNABY -iON ~ TEES & STOCKTON - ON - TEES. 
CONSTRUCTIONAL ENGINEERS, d&c. 
BRIDGES, ROOFS, 
WAGONS, MASTS, 








DOCK GATES, 
TANKS, 


BLAST FURNACE 
PLANTS, 


RAILWAY CHAIRS, 


COAL SCREENING 
AND 
WASHING PLANTS, 


HEADGEARS. 
STEEL CASTINGS. | 


COAL SHIPPING PLANT. a 





J \ Sa | | : , z | 
\/ NY VE \/ v A . Wiis saci At om 4 
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Delas-Ginabat 





















| aes 

&7 6 

ny, CONDENSER 
ae 

Nr : This remarkable Condenser requires 25 to 

fo 30 per cent. less cooling surface than others. 

d ; 4 The condensate temperature is several 

by : degrees higher than the inlet steam. 

4 : 4 Write us for information on the astounding 

io : performances of this Condenser. 

at 

a MIRRLEES WATSOD 

a IATSON 
') 

PTT SOMPANY LIMIT DUDDERDOSORGASIINONIONG 











ENGINEERS 45, Scotland Street, GLASGOW. 
London Office 33 :: 7, Grosvenor Gardens, S.W. 1. 








et) 


SUUDUNDUNELUNNONUONEOUUH UT 
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UT 








STUULUVAVULAUNATUAUOUOOUN 3040 PUUDUUODUANAUDUNAAUNHLN ER 


























LEA RECORDERS 


FOR THE MEASUREMENT OF 


WATER SUPPLIES, Etc., over WEIRS ann V NOTCHES 








A SPECIALLY DESIGNED RECORDER IS BEING INSTALLED IN CONNECTION WITH THE ABOVE COMPOUND 
WEIR AND V NOTCH, CALIBRATED TO RECORD FROM THE LOWEST DRY WEATHER FLOWS UP TO THE 
MAXIMUM OF 14,000,000 GALLONS PER HOUR. 





Write for latest particulars to: -THE LEA RECORDER Co., Ltd., 28, DEANSGATE, MANCHESTER. 


3588 
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“Sentinel” Air Compressors 


Belt, Steam, Motor or Gas Engine Driven. 


If you have a Compressed Air Problem to 
solve, let us know and we will send one of our 
experts to consult and advise you, this without any 
obligation on you. 

Being Specialists in this line, we have always 
in stock or in progress Machines of all sizes and 
types from which we can supply to meet any 
requirement. 


No. 16 Air Catalogue free on application. 


We are alsothe Makers of the 


“Sentinel” Ash Hoists 
“Sentinel” Air Hoists 
“Sentinel” Steering Gears 
“Sentinel” Capstans, Etc. 


| ALLEY & MACLELLAN, Lrp. 


SENTINEL WORKS, 
GLASGOW. 


Valves are made at Sentinel Valve Works, Worcester. 3877 












































ADVANTAGES. ; ONE MAN CAN 
. E . CHARGE 

aww PATENT (FurnaceeMuffle) ““ 

aay DISCHARGE 


FURNACE REPAIRS. 


——— | RR SMR AR a en 
INCREASED OUTPUT 7 J a sho 2 — 
sopijuininonensead GIBB ONS BROS Lrp. DUDLEY. 30 SECONDS 


BETTER QUALITY = (on lractors loAdmirally6War Oifce  FPolenteescLuiklers, WITH 


OF PRODUCT. ; MACHINE. 
Jelegrams: “GIBBONS LOWER GORNAL. 7efephone.:2450 DUDLEY (lined Lies 











ae CHARGING MACHINES See A 
TIME. | ; 20 ft. O in. by 5 ft. 0 in. 





ee 
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To Meet Foreign Competition 








STEEL 
WORKS 
PLANT 


that lowers 


Production 
Costs 


and 


Sets a _ higher 


Standard of 
Quality. 
ROLLING MILLS FOR PLATES, 
SECTIONS, BLOOMS, BILLETS 
AND BARS. PRESSES FOR FORG- 
ING, FLANGING, PIERCING AND 
DRAWING. PLANT FOR TYRES 
AND WHEELS, SHEARS, HOT 
SAWS, INGOT STRIPPING 
CRANES. HYDRAULIC PUMPS, 
VALVES AND ACCUMULATORS, 
&e, 


HEAVY STEEL SLAB SHEARS. 





Stewart's steel plant is the last word 
in efficiency. New works, devoted 
entirely to the making of steel plant are 


























TELEGRAMS—- 


STEWART, GLASGOW 


CL Jad & Ltd. 


supervised under expert management. 


HYDRAULIC 


nd 


ELECTRIC || 


SHEARS 


Built to withstand continuous heavy 
work. Robust in construction and 
economical in operation. 










We are always pleased] to give advice 
on any Steel Plant- problem—and 
without obligation. 





6826 








LONDON ROAD IRON WORKS 








GhasG @ Ww 





























This machine will perform 





THE UNIVERSAL WOODWORKER —Type CI. 





practically any operation 
required in Woodworking. 







One of the most valuable features of 
this machine is the speed and ease 
with which it can be changed from 
one operation to another, though 
many of the following can be 
done without changing over. 














Planing, Grooving, 
Taking out of Beading, 

wind, Thicknessing, 
Sawing, Straight Moulding, 
Ripping, Circular Moulding, 
Cross-Cutting, Recessing, 
Mitring, Boring, 
Surfacing, Slot Mortising, 








Jointing, Hollow Chisel 
Rebating, Mortising, 
Chamfering, Trenching, 
Stop-Chamfering, Tenoning, 
Tonguing, Sandpapering, etc. 






THOS. ROBINSON & SON, Ltd. 
Railway Works, ROCHDALE. 


LON DON—Abbey House, 2, Victoria St., Westminster, S.W.1. 
SYDNEY. CHRISTCHURCH. CaLcumTTA, Care Town. 
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wate | 











KILNS 


Vertical or Horizontal. 


DRUM DRYERS 





Our’ various 








| Catalogues 
F or P ulp, &c. | giving useful 
information 
GAS P LANTS | will be sent Oo 
with pleasure ~— 
For Heat or Power. ob aaa. 


FURNACES 
For all Purposes. 


LIGHT CONSTRUCTIONAL WORK 
Steel Chimneys, Gasholders, Tanks of all sizes, &c. 











OIL & PETROL 
Equipments 





Complete 





OWSONs MASO 


GAS PLANT CO.LTD. 
MANCHESTER. 


with Pumps. LEVENSHULME, 


ee 


ne 


Re of Ee 















Phone: 261 & 262 
HEATON MOOR. 


Telegrams : 
GASIFY, 
LEVENSHULME. 
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A NEW 
VARIABLE 
DELIVERY 

PUMP 


OF SPECIALLY 
ROBUST DESIGN 


for 


Supplying oil under 
r perfect control both 
of pressure and 
volume for all 
hydraulic systems. 


8591 





Write for particulars to: 


The Variable Speed 
Gear Ltd., 


6, Broadway, London, s.w.1. 


Telephone: Telegrams: 
Victoria 6900. VARISPEED, Sowzst, Lonpon. 









































** REID MACLEOD,”’ Geared Turb!ne Condeusing 
Locomotive. (PATENT). 
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ELECTRIC LOCO. 


‘* MODIFIED FAIRLIE ** LOCOMOTIVE. (N.B.L. Co’s PATENTS). 
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DIESEL ENGINE 


LOCOMOTIVES 





Incomparable 
FURST STOLBERG-HUTTE 
ILSENBURG 


GERMANY 


economy 






4045 


ELECTRO-MAGNETIC 
CHUCKS 


FOR ACGURATE GRinDING. 


RAPID MAGNETTING MACHINE CO., Léd., 


Cresomnt BIRMINGHAM, 09526 


CLIFTON ¢ BAIRD, L”. 


Meta) Sawing Machine Specialists, 
EMPRESS WORKS, 8392 
JOHNSTONE, SCOTLAND. 























enables belts to run slack without slip. 
Tuomas & Bisuop, Lrp., 37, TABERNACLE Sr., E.C. 


JOHN SPENCER, L°: 


WEDNESBURY. 
IROW & STEBI 4017 





POLES, STEAM MAINS, TUBULAR PILES, &c. 


A. BEEBEE, 
Studs, Bolts, Nuts, «. 


WEDNESBURY, *% 
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& 


illustration shows a “ Metrovick ’’ type “ K 2°’ Metalclad Switchboard for 
Liverpool Corgoration Electricity Works. 


This is typical of ‘‘ Metrovick ” Metalclad switchboard installations in many other Supply Stations through- 
out the country and abroad. K Switchgear is compact, dust-proof, vermin-proof and equipped with a 
complete system of interlocks and automatic Indicating Devices. When switches are withdrawn they are 
completely isolated and the plug sockets automatically screened. 
Send for Circular 1-92/1. 


. SMALE ES Foe 











‘The above 6,600 volts installed at the 
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: MOTORS 
Seo Hlustrated Advt. page 77, June 3. 


GLENIFFER MOTORS, LTD.. 
Aaniesland, GLASGOW. 341; 





CRAVEN BROS. 


(MANCHESTER) LTD 


REDDISH STOCKPORT. 
MACHINE TOOLS & CRANES. 








st LA NEYT WEERS 


ENTWISLE & GASS, LD. 


Engineers, BOLTON. 
For CENTRIFUGAL PUMPS, 
AIR COMPRESSORS, 
CLUTCHES, GEARING, 
CASTINGS up to 10 TONS, 
BLEACHING, D iG & PRINTING 
MACHINERY. 1192 


“Asquith ’ Drills Pay. 


Ask the User! 4067 
Special Deliveries on many sizes 
Radials 5 ft. to 12 ft.; Verticals up 
te 5 ft, Various size Herizontale, 

















Wm. ASQUITH (1920), Ld. See Displayed 
Park Works, er og | Adst., June t7 











MARINE FEED WATER FILTERS. 


THE DAWSON (PATENT) GRAVITY 
FILTER. 


Embodies all the essential requirements of 
a good Marine Feed Water Filter. 
(1) The Gravity system allows the oil to be 
separated from the water without any tendency 
to force oil through with the water. 


(2) The large surface and area of the filtering 
elements means a corresponding low speed of 
flow. This allows the oil or grease to be 
entirely separated from the water. 





(3) The volume of filtering material gives from 
DAWSON GRAVITY FEED 4 to 6 times the filtering volume of any cloth 
WATER FILTER. covered filter without any increased resistance 


to flow of water. 
Correct in design and action. Moderate in price. 


DAWSON & DOWNIE, LTD. 


ELGIN WORKS, 
ong me CLY DEBAN EE. “sa cee 


PUMPS CLYDEBANK. 
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oils, spirits, 





a © 
Langite jointing material makes 
perfectly tight joints against 














Fully Illustrated Catalogue 





benzol and petrol 





—e 





on request to 


THE CORK 


RIAL 


MANUFACTURING 


COMPANY, LTD., 
SOUTH CHINGFORD, E.4. 
Telephone: Chingford 169. 
CITY OFFICE: 

83, CANNON STREET, E.C.4. 






















Telephone : City 3259. 
ALL BRITISH. 
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— & FAGE, 


name to BRUCE & rive, LTD.) 
n Street, RPOOL. 

CONSTRUCTIONAL ENGINEERS ‘e CONTRACTORS 

for Steel Buildings, Bridges, Girders, and 

all descriptions of Structural Work. Timber 

Bulldings designed for use at home & abroad. 
See ae Advert, Preceding § Following Weeke. 
Catalogues, Designs & Estiinates on application. 9615 
_Tele: No. 1817 B Royal. Telegrams: * Galvanizer,” Liverpeol. 








a 
“RATIONAL” % 
HEH " OIL & GAS ENGINES. ‘s 


TROR CASTINGS - 


Large Capacity for Repetition Work. 
THE HEATLY-GRESHAM ENG’G CO., Ld., 
LETCHWORTH & LONDON. 
Castings with a Reputation. 

LET US REFER YOU TO USERS. 

1 eeeennrarmme To 
fg 32) +“RATIONAL" we 
es AIR eS 
° EXHAUSTERS. & 








MINE VENTILATION 


WITHOUT 


FIRE RISK. 
The 


TYPHOON 
TURBINE 
BLOWER, 
driven by com- 
pressed air, 
requires neither 
belts nor electric 
motor. 
Easily installed. 
Prices and Partiou- 
lars from Makere— 


MURRAY, McVINNIE & CO., LTD., 
MAVI6BANK, GLASGOW. 2976 

















MACHINE MOULDED CAST STEEL HELICAL BEVEL GEARING. 


W. SHAW &CO.,Ltd., Wellington Foundry, MIDDLESBROUGH. 


Telegrams—‘‘ WELLINGTON, MIDDLESERO.” 
London Office : 90, Cannon Street, E.C.4. 





CASTINGS 


by Open Hearth Acid Process from 
12 tons to a f2w pounds in weight. 


TO PASS ADMIRALTY, LLOYD’S BOARD OF 
TRADE OR BUREAU VERITAS TESTS. 


Castings for Railways, Shipbuilding 
Yards, Engine Works, Rolling 
Mills, Iron Works, Bridge Work, 
Hydraulic and Electrical 
Machinery, Mining, River Dredger 
Excavating Work, 


SPECIALITIES :— 
Tooth Wheels and Pinions used 


in connection with Cranes, 
Winches, Capstans, etc. 


Cast aad Auten Heads. 


Representatives: A. 


- Peg yy Ny AND WAR OFFICE LISTS. 
. SHARPE & DAVIDSON 


Representative for Manch-ster and Birmingham Districts : T. W. F. DIXON, Clifflands, ines Cheshire. 


Glasgow Office: 4, West George Street, Glasgow. . Re 
Agent for Leeds and District : G. G.8. GRUNDY, 24, 


resentative : J. G. McO 
inghall Street, TF yy 


Agent for Durham and Northumberland : G. NELSON, 14, Akenside Hill, Newcastle-on-Tyne. 















THE | MITCHELL: CONVEYOR 
AND TRANSPORTER CO., LTD. 


ALL CLASSES OF HANDLING MACHINERY, 

















AERIAL ROPEWAYS. — 
SOLE AGENTS FOR THE BRITISH E E 
FOR CERETTI & TANFANI’S SYSTEM, MILAN. 
Atlantic House, 45-50, Holborn Viaduct, London, E.C.1. 
Grams: Micontraco, Cent, London. Tel. : Holborm 2822, 







































WILSON BOILERMAKERS L™. 












LILYBANK WORKS, GLASCOW. 
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VALVES, METERS, 
BRASS FITTINGS. 


IMPROVED 
SLUICE VALVES 








m™ All sizes 
‘gm | from 
SEWAGE, |/em| 2 in. 
GAS, j j rr upwards. 
AND OIL. Y 


WATER METERS 


sin. & upwards. 


We) 


GUEST a CHRIMES 


LIMITED, 
ROTHERHAM. 





London Office : 
Cecil Chambers, 76, Strand, W.C.2. 








: Bessess eeeusensera 










































em 


Typical examples are here shown © || 
of the way in which the econ- | | 






























(2 omical transmission of electrical Bi 
| energy in rural districts is being o 
} effected by means of ‘Metrovick’ | 
5 Pole-mounted Transformers and. ° | bd 
fs H.T. Switchgear. ie 
CO) | 
ne 
: : 
es) i 
fea a) 
> . eb os x ‘ial Res Ae a | e on 
Write for Circulé 3 Ol 
sts : fie ‘ee 
















ce 
sf 








D. LTD 


TRAFFORD PARK WORKS. 
_ MANCHESTER © 









BSSS&ssSeeussssaagees 





~~. The large illustration shows a 
_ ‘Metrovick’ pole mounted Sub- 
station installed on the Honley 
U.D.C. system, consisting of a 
70kVA.2000/400 Volt Trans- 
former with standard 3-phase 
farm line equipment. 


The small inset shows another 
‘Metrovick’ installation on the 
same system comprising a 10 
kVA. 2000/400 Volt Trans- 
former with standard farm 
line equipment. 


















































































Model............1M}]Wv{]/vijwls{kK Finest 


Dipper......cuyd| % |1%]| 2 | 3 | 5%] & Workmanship 
Working weight Ibs }61400 |94000|171000}280000)560000/880000 




































Greatest 
Steam ~ Electric ~ Oil ~ Drive Output 


MENCKsHAMBROCK 


founded 1868 Altona-Hamburg¢ founded 1868 


Sole Agents for Great Britain and Ireland: 


R.H.NEAL&Co. Li, Plant House, Ealing, LONDON W.3 
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and in ase. 
maintains its 
vniform hardness under 
severe pressure and 
high working tem 
eralures, 









i 





Steck. 














pare | 











Kayser, ELLISON 


& C° LT 


Caruiste STEEL Works. SnHerrieLD. ENGLAND. 


MaKers of Specian Steers FoR Oven a Century. 


TANKS 


GALVANISING & CONSTRUCTIONAL TRONWORK. 
JOSEPH ASH AND SON, LIMITED, 
Rea Street South, BIRMINGHAM. 4086 


HaT. DANKSWETHERTON)E 
NETHERTON. DUDLEY. WORCS. 








x 
Sarnieh Ral ane Lancashire Rollers 


FERGUSON BROS. (oissoow) Ld. 
PORT GLASCOW, 
ENGINEERS AND SHIPBUILDERS. 


See Last and Next Week’s Half-page _es 
Advertisement. 


BagRV HENRY COOK fn 


Machinery for Transmission 
of Power. 


West North Street. ABERDEEN. 


£50 SMOKE FINE ON 


JULY ‘1st. No NEED To 


FEAR THIS IF YOU FIT THE 
MELDRUM SMOKE CURE FURNACE 
Address : TIMPERLEY, MANCHESTER. 




















ROPE PULLEYS, 
SHAFTING, PEDESTALS. 


Ss. S. STOTT & cCo., 


ENGINEERS, ~ : HASLINGDEN. 

















———— TRIER’S NEW PATENT 
“ ALL STEEL” - “SPLIT GRIP ” 


SET COLLAR 


‘IS REMARKABLE FOR STRENGTH, 
LIGHTNESS, CHEAPNESS, 


Fitted in a 
moment. No 
rojections. 
jo set screws 
A Vice-like 
Grip All 





Round the 
Shaft. 


LABOUR, 
MONEY. 
Write for full 
particulars to 
sole makers, 


TRIER BROS., 
36, VictoriaSt., 


Westmiaster, 
S.W.1. 










































it surely revolutionizes the locomotive world.”’ 


TELEGRAPHIC ADDRESSES: 


Locomotive, New York City. 


Translation of part of an article that appeared in the 
Tokyo Nicht-Nicht Shimbun, May 22nd, 1926 :— 


**It causes less than half the vibration to the train 
as compared with ordinary present-day locomo- 
tives—it gives a fine smooth start and prevents 
disagreeable shocks to the passengers. It pulls 
se “ the regular limited express with four additional 
cars aad still has plenty of power left to haul : more. From now on, this type will be the motive power 
for all limited express trains. Imagine pulling 17 cars and keeping the limited express speed ; 


Sivad, London, England, 


Thaine-Lourenco Marques, Port. East Africa. 


AMERICAN LOCOMOTIVE SALES CORPORATION 


New York City 


U.S.A. 





3596 
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bad EXCELLENCE 





FOR ALL ELECTRICAL TRADES. 
LL. & REPETITION LTD. 


TELEPHONE 


CEE ER AS woacs’ POOL LANE.LANGLEY.BIRMINGHAM . BLACKEATH TUS: 


™~ 


SCREW MACHINE PRODUCTS 











CRANES 


ALL TYPES. 
ELECTRIC, STEAM, HYDRAULIC, HAND, 
FOR 


SHIPYARDS, DOCKS, STEEL WORKS, ETC. 





JOHN GRIEVE & C°. 


MOTHERWELL, SCOTLAND. 




















satene— SOUTHALL, Middx. 
AC. & D.C. MOTORS, DYNAMOS, 
ALTERNATORS & MOTOR GENERATORS 


PRICES GREATLY REDUOED. 
SPECIALITY— 


SUBMERSIBLE 
ELECTRIC 
MOTORS 


FOR 


PUMPING 


AND 


WET POSITIONS. 








THEY WORX 
IN WATER. 





Enclosed Ventilated Bal) Bearing Dynamo. 








SUBMERSIBLE MOTORS L” 


Telegrams— 
SUBMERSE, SOUTHALL. 








High Class 
VERTICAL STEAM BOILERS. 
CORNISH STEAM BOILERS. 


AIR RECEIVERS. 
FEED WATER HEATERS. 


JACKETED PANS in Iron or Copper. 
CORNISH TUBULAR BOILERS. 
VERTICAL TUBULAR BOILERS. 
UNDERFIRED TUBULAR BOILERS. 


Boilers of all kinds for :— 


in Iron, Steel and Copper. 








Telegrams: Lumbys, Greetland. 


STORAGE CYLINDERS (Welded er Riveted). 
CALORIFIERS and 


CENTRAL — & HOT WATER SUPPLY 


LUMBYS LIMITED, — 
Greetland Boiler Works, HALIFAX. 


Telephone : 125 Elland (2 lines). 





—_ 





TELEGR«AMS—Evaporate, Pollokshawe. 
Coprs—A B C, 5th Edition. 


WEST OF 


WORKS, 


MARINE, 
DRYBACK, 


BOILERS. 


ALL SIZES. 
3918 


MOST 
IMPROVED 
MACHINERY 





A. « W. DALGLISH, 


SCOTLAND BOILER 


Pollokshaws, 


GLASGOW. 


LOCOMOTIVE and 
MULTITUBULAR 


MADE BY THE 








—BUCKLEY’S 


Patent Improved Compensating Metallic 
PISTON RINGS AND SPRINGS. 


Specially 


designed 
for 


Highest 
Steam 
Pressures 
and 


Superheat. 
Sensitive in Action.—Simple to Adjust. nn ae 


Wm. Buckley & Co. (Millsands), Ltd., Sheffield. 



























CUT 








LINWOOD. 
near PAISLEY. 








MACHINE 
WHEELS. 


WORM AND SPUR 
REDUCING GEARS. 


The REID GEAR CO., 


3658 





JAMES C KAY & C9 [? 


HEAP BRIDGE FouNDRY. BURY. 


MAKERS OF 


Machine-moulded and Machine- 
cut Toothed Gearing. 






Patent Premier 
Disc Friction CLUTCHES 
for all drives. 


/) 


Flywheels and Rope Pulleys. 


General Iron Castings for the 
Trade. as 








yy an 


\ 
/, 





7 ESTABLISHED OVER A_ CENTURY. 


5) 


iy, 


,) 




















vif 





Ta 


























2885 

















z 
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You Can Always Purchase 


HIGGINS’ 


Black, White & Carmine Drawing Inks. 


BOARD OF TRADE RESTRICTION APPLIES TO OTHER COLORS ONLY. 


ECAUSE of the recent action of the Board of Trade temporarily 
interpreting the Dyestuff Act which prohibits the importation 
of synthetic organic colors as applying to Colored Drawing Inks, 
no shipments of certain colors of Higgins’ Drawing Inks 
to the British Isles can be received. 

This regulation does not affect the popular Higgins’ Black 
Inks (Waterproof and General) or the White and Carmine 
Waterproof Colored Drawing Inks. 

You may always obtain these colors at your regular dealers and 
we trust that it will not be long before the rest of our complete 
line will again be available. 


CHAS. M. HIGGINS & Co. 
11, Farringdon Ave., London, E.C.4. 











CO, Refrigerating Machines 
MULTIPLE EFFECT COMPRESSION 


WITH 


PRE-COOLING BY PRIMARY 
EVAPORATION 
ENABLES THESE MACHINES TO MAINTAIN THEIR 


HICH EFFICIENCY UNDER THE MOST TRYINC 
CONDITIONS. 


=~ 





3738 


DARTFORD ERGERS ENGLAND 








Cableways 
MineHoists 
Hoists 
Crabr 
Wincher 
Derrickr 
Pile Drivels 









a 
ui 
2 


THE DEVELOPMENT OF WATER POWER, 

GUNTHER FRANCIS TURBINES AND PELTON WHEELS 
take a leading part. ‘They are in use in all parts of the 
world and known for their reliability and workmanship. 


W. GUNTHER & SONS Sixes Xons 


PkiewMct:rsxvcemmutess Established 1869, seuvivewowserrerennens 
3920 


LEMS IE 2 


SST. 


>, 


aed AN RAL T NEE 
eS Ss 





a 








— 











ETTER - SERVICE Sockets, 
hardened, and ground to close 
limits inside and out, are made 

as ordinary Morse Taper Sleeves, 
Extension Sockets, and Parallel 
Sockets for automatic and turret 
lathes, etc. They are infinitely 
superior to all others, and will effect 


economies in YOUR socket bill, 
Write for List S 101. 


WILLIAM ASQUITH (1920) LTD. .., 


Park Works HALIFAX :: England. 










































The Highest Quality Castings 
at Economical Prices. 


— WE maintain a standard which gives you the 
i satisfaction of long service and which has gained 

iN for us a sound reputation. An enquiry will bring 
===4 quotations for your particular requirements. 






We are manufacturers of :— 


ENGINE and BOILER FITTINGS. 
ANTI-FRICTION METALS. 
All classes of Non-Ferrous Ingots, 
India Rubber and Asbestos Goods, 








BRASS AND IRONFOUNDERS, 
MILL AND COLLIERY FURNISHERS, 


PEGLER Bros. & Co, (tasgow ), Ltd. 


54-60, Brown Street, GLASGOW. 


*Phone : 3240 Central. Tele: Gunmetal, 





























/ VALVES 


We specialize in this important | 





steam auxiliary for high pressures 
(- REDUCING VALVES. 
Cast Iron or Cast Steel Bodies. 


and superheated steam, 
Specify your requirements. J 


A. COCKBURN & CO., = 


NUTS, Etc. 


Speciality— FACED 
and 


BRIGHT NUTS. 





BOLTS « 
a 


| — 








USUAL STOCK 
1000 TONS. 


Le 


LISTS ON APPLICATION. pom 


BRIGHT DRAWN STEEL BARS. 








STOP VALVES. 
_ DENNISTOUN, GLASGOW. 











JAMES WILEY & SONS, Ltd., vartasron. 
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Exceptionally adaptable 
to all classes of work even 
with the most awkward- 
shaped articles. 


REGULATION AND 
COOLING.— Voltage at 
welding point regulated 
to whole range of sizes. 
Water cooled electrodes 
with renewable tips. 


EFFICIENCY.- Electrical 
efficiency extremely high, 
ensuring maximum num- 
ber of welds per unit. 







WELDING CAPACITY. 

The Machine is designed 
for heavy duty repetition 
welding of iron and mild 
ste l up to jin. added 
thickness and will weld 
at intervals, ,\; in. added 

thickness. 










London Agents: Associ- 
atea Electrical Plant Co., 
Amberley House, 
sorfolk Street, 
Strand, 
W.C.2. 













SPOT WELDING 


Extreme simplicity —in i 
Design and Operation, to- 
gether with exceptional 
economy in first cost and 
subsequent running, are 
some important features of 





It has been proved in actual 
performance that these 
British Built Machines cost 
less in initial price and 
running costs than any 
foreign built welders. 


a rat ie 


C 
ectnt ruc al iIRe 
OT ete 

































e| WACK) 
ii 




























Sa i 
Bom But 








































There are 
a_ limited 
number of 
prominent 
spaces still 
available. 





guests 


LE | [SEPTEMBER 

| fae 

(ieee sto 24, 
SHIPPING 1927; 
ENGINEERING 
MACHINERY OLYMPIA, 
EXHIBITION LONDON. W 


¥? TOR BOAT! oe 
Cc 


t ‘OLYMPIA 





THE NINTH 


1906 
1907 


1910 
1912 


1919 
1921 


1923 
1925 
1927 


THE BEST 


F. W. BRIDGES & SONS, LTD., 
Avenue Chambers, 4, Vernon Place, 
LONDON, W.C.1. 















































ALEX. CHAPLIN & CO., LTD. 





GOVAN 












GLASGOW. 


All enquiries to be sent to: 
Head Office, Govan, Glasgow. 























SIMPLIOITY 
AOCURAOY 





























DAVID AULD = SONS 


QUITETITE sen 
repucina VALVE 


THOUSANDS OF THESE 
VALVES ARE IN USE 
THROUGHOUT THE 
WORLD AND ARE 
GIVING COMPLETE 
SATISFACTION. 










on 


WHITEVALE FOUNDRY, 


GLASGOW. 





























aT | 
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machines/ 


Use Berwick Electric Rivet Heaters and Save Money 


There are six Berwick Heater installations like the one 
shown in the picture in this well-known structural 
steel shop. 


The same concern has ten more bull machines served by 
Berwick Rivet Heaters, and has purchased ninety-seven 
Berwick Heaters altogether. 


The superintendent of the shop says: ‘‘ Of all our plants, 
I hold the record for number of rivets heated and driven 
in eight hours—all rivets heated on one five-electrode 
Berwick Heater.” 


The shop manager says: ‘‘I am partial to electric heating 
because it gives us a much better rivet.” 


The vice-president in charge of appropriations, when 
OK’ ing purchase of last thirty-four Berwick Heaters, said: 
‘“T am glad to do this because the savings reported are 
very gratifying.” 

Why don’t YOU try Berwick Heaters for YOUR 

bull machines and hand hammer riveting? You 

too will find the savings very gratifying, besides 


the other advantages of electric heating. Write 
for literature. 


AMERICAN CAR and FUUNDRY CO. 
30, Church Street, New York, U.S.A. 


RWwWic 


Ew +1 


SJ RIVET HEATER 



























SIMON - CARVES 


20, MOUNT STREET, MANCHESTER. 








PULVERISED 
FUEL PLANT 


SOME RECENT ORDERS: 


Birmingham Corporation Electric 
Supply Department. 


4 SIMON-CARVES Boilers and Central 
Pulverising Plant,48tons per hour cap’y. 








Peterborough Corporation Electricity 
Department (repeat order). 


Central Pulverising Plant, 12 tons per 
hour capacity. 


Tilmanstone (Kent) Collieries, Ltd. 


2 SIMON-CARVES Patent Water-cooled 
Combustion Chambers, Unit type 
Pulverisers. 


Whitehaven Colliery Co., Ltd. 


3 Boilers fitted with Unit type 
Pulverisers. 


County Borough of Wallasey, Electricity 
Department. 


2 SIMON-CARVES Boilers, Unit type 
Pulverisers, 12 tons per hour capacity. 


Cie. Parisienne de Distribution d’Elec- 
tricite (Owners of the Vitry and Gennevilliers Power Stations) 


Central Pulverising Plant, 56 tons per 
hour capacity. on 
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LANCASHIRE 


A.C. Crane Drives. 


Advaniages. 


1. Elimination of slip ring and rotor 
troubles. 


2. Reduction in first cost of, and space 
required for, controller. 


3. 50 per cent. reduction in maintenance 
cost of controller. 

4. 50 per cent. reduction in cost of crane 
wiring. 

5. Strong shaft possible at both ends of 
motor. 

6. Trouble through “ runaway ” lowering 
speed practically abolished. 

7. Elimination of damage to insu- 
lation. 


8. Greater safety of an enclosed venti- 
lated motor. 


MAXTORQ Crane Motors can be started, stopped 
and reversed under full load, from 600 to 1,000 times 
an hour with normal temperature rise, and have 
remarkably smooth acceleration. 


30 ton A.C. Crane equipped with 
MAXTORQ Crane Motors. 


Upwards of 5,000 B.H.P. of MAXTORQ 


Crane Motors have been installed. 


No Slip Rings. No Brushgear. 
No Complicated Switchgear. 
No Air-gap Adjustments. 
No Oil Lubrication. 








Willesden, ace LANCASHIRE Rornconn| Trafford Park, 


LONDON, N.W.10. LECTR 
She “* CRYPT oO. ane 4 MANCHESTER. 


D.R.K. 232. 3997 


QI OOOO OOOO OOO COCO OOO O00) 0/0/0/0/0/0/o/ojc 








JEFFERSON 
UNIONS: 


“Look for 
the Name 
on the Nut.” 


SCREWED PIPES 


HAVE MADE 

THEIR WAY 

BY THE WAY 
THEY ARE MADE. 


J EFFERSON Unions are made of high grade 

malleable iron, with a spherically ground 
brass to iron joint, and a sloping shoulder 
ensuring a perfect joint even when pipes are 
out of alignment. 


THE location of the seat ring is the secret 
of the successful performance of the 
“ Jefferson ” Union under the most trying 
conditions met in modern piping practice. 
The ring is situated in a recess away from 
the run way through the fitting which pre- 
vents it from being loosened or dislodged by 
expansion or other strains. 
THE ring is pressed into the recess by 
hydraulic pressure and the iron lip is 
spun over, the ring practically becoming a 
part of the fitting. Every individual joint is 
ground to its seat and never separated, en- 
suring a leak-proof joint under all conditions, 


HE nut threads are coated to avoid 
corrosion, and each Union is tested before 
despatch by compressed air under water. 


THE JEFFERSON UNION Co., 
LEXINGTON, Mass. .... 


Distributors : 


BRITISH STEAM SPECIALTIES LTD. 
BEDFORD STREET, LEICESTER. 








For gears in quantities, for ball bearing mounted worm reduction 
gears and for combined worm and spur gear reduction sets, we offer 
you a service that guarantees satisfaction. Sizer Gears are 

made for long life and efficient duty all the time. Wecan 
cut your blanks or supply gears complete to your own requirements. 
Worm Wheels up to, and including 4 ft. 6 in. 


May we have your enquiries ? 


RICH" SIZER L" 


ILMINGTON, 
HULL. 
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HARDWOOD FILE HANDLES 














Our Special Line. Hundreds of Satisfied Customers. 
Strongly Ferruled cannot come off 
Sound Dry Hard Wood. 






SS. a 
50 GROSS 20% 


REGS 100 GROSS 
LOTS rs 


SR LOTS 












~ 8/10 PER 


be 
9/- PER 8,X Ss 
GF e9" GROSS 


Gross Say* 






Assortment lots Sanded Finished, made up in equal quan- 
tities of the following sizes: 34 ins, ferruled 4 in.: 44 ins. 
ferruled ¥ in.: 5 ins. ferruled }in. Any Shapes quoted: 
Deliveries from stock, Lots under 12 Gross YOU pay carriage. 


ELECTRICAL, WIRELESS, ENGINEERING 
AND OTEER TRADES. 


We specialise in PLAIN and POLISHED, MACHINE or HAND 
MADE WOOD TURNERY in various shapes and designs in 
any classes of wood. Large or small quantities supplied. 
Samples submitted with estimate for contract quantities. 


GUARANTEED PERMANENT CELLULOID POLISH FINISH 
x AND GLOSS OR MATT EBONIZED. 


CAXTON WOOD TURNERY CO., MARKET HARBOROUGH. 
SUPPORT BRITISH INDUSTRY. 

























The “DOUBLE. LEADER” 
CAST IRON BAR 


TESTING MACHINE 


DO YOU it 
KNOW \ gee 
THE 

STRENGTH 
OF YOUR 
CASTINGS 








KNOW THE STRENGTH OF YOUR 
MIXTURES & EFFECT ECONOMIES. 


MAKE THE MIXTURE SUIT THE JOB. 





SAM! DENISON & SON, LTD., “LEEDS.” 






















ERIT—sheer merit alone— 
( has won for Cowans Sheldon 
\"4 Lifting Equipment its unquestioned 
NM place as standard equipment the 
( world over. Highest standards of 
{ workmanship and material, finest 
engineering and manufacturing 
facilities, lookafterevery Crane that 
leaves the Cowans Sheldon Works. 





Above, shown in 
comparison with 
the Tower Bridge, 
is @ Cowans 
Sheldon achieve- 
ment ~ the 
world’s largest 
Floating Crane. 
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BRICK MAKING PLANT 


Plastic, Stiff Plastic or Semi Dry, also Sand Lime. 





Illustration shows Largest ‘* Wire-Cut’? Machine made. 
Two recently supplied to China. Capacity 100,000 Daily. 
Other sizes for 1000 to 4000 per hour. 


Also Manufacturers of Latest System Plant for Production of 
PORTLAND GEMENT AND PATENT FUEL. 
CRUSHING & FINE GRINDING MACHINES for all refractory materials. 


WM. JOHNSON & SONS (LEEDS), LTD. 


ARMLEY, LEEDS, Eng. 1764 

















FOR ALL PURPOSES. 





Send particulars of your requirements to :— 
THE 


STANDARD & POCHIN BROS. LTD. 


(late Standard & Oswald Stott (Engineers) Ltd., 
ps 


No. 57. Induced Draught Fan EVINGTON VALLEY ROAD, LEICESTER. No. 54. ind Draught <t 


Direct-coupled to Motor. Telegrams: ‘‘ BLowinc, LEICESTER.” Telephone: 5695 LEIcesTER. Arranged for Chain Drive. 




















COLD STORAGE. ICE - MAKING. 


1448 
Head Office & Works : 
DERBY. 


Telegrams—ZERO DERBY. 






541-3, SALISBURY HOUSE, 
LONDON WALL, E.C.2. E 






FOUNDRY AND 


Do 
GINEERING GS 





























I 
aaiaaeetanieniii 


R. & W. HAWTHORN, LESLIE & CO., LTD. 
LOCOMOTIVES 


Of every description for Home and Foreign Railways. 


TANK ENGINES AND COMBINED 
CRANES AND LOCOMOTIVES 


ALWAYS IN STOCK AND IN PROGRESS. 


For Collieries, Ironworks, Railway Depots, Branch Lines, 
Contractors, &e. 3828 


Telegraphic Address : 


MARINE ENGINEERS AND SHIPBUILDERS. = ““NewcasTLe-on-TYNE. 


















































{) 


{| 
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STRUCTURAL 
STEEL AND IRON- 
WORK OF EVERY 


iby. DESCRIPTION. BRIDGES, 
ROOFS, STEEL FRAMED 
BUILDINGS, CRANE GIRDERS. 
o7 CRANE GANTRIES, CHIMNEYS, PIT” 
HEAD FRAMES. TOWERS, RIVETTED 
als. PIPES, KILNS AND TUBING, PIERS, 


JETTIES. PONTOONS: DOCK GATES, 
CAISSONS: OIL STORAGE TANKS, 
WATER TANKS, PRESSED 
STEEL TROUGHING, 

SLEEPERS, GUTTERS, 
ETC. 
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M 


Orricte 4NO woRKs 
OTHERWELL 
sApemeae, g Testewcne Mummase 





Fessoeares 
“OR10GE MOTHE AW 
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—a 
ee IRICOLIM LONDON” 4183 VICTORIA 
GAN, (REPRESENTAT! 
si 
‘ a O8CO. STANDARD LIFE BUILD 
THE BANGKOK DOCK Co. LTD. Oty) 
: Sh eas OO 
SOUTH AFRICA 
Masses. DOWSON & DOBSON. Lro. 
JOHANNESOURG 
r 
F 
5 
{ 
ee 
eal eee ial 
ioa«-«,!: 


cs NEWTON, CHAMBERS & Co. 14D. 
Thorncliffe Ironworks nx Sheffiel€. 





st 














DUPLEX MOTOR DRIVEN 
ai MILLING MACHINE 


FOR 


SCARFING STEEL PLATES. 








NOBLE & LUND 


FELLING-ON-TYNE. 


— MAKERS OF — 


Planing Machines. 

Cold Saws. 

Friction Saws. 

Lathes. 

Drilling and Boring Machines. 


Slotting and Shaping 
Machines. 


Milling Machines, — 
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IRON 


MAOMRINE! MOU LDIEID CASTINGS A SPIOITAtLiITwZ. 





CASTINGS. 














A. RANSOME & CO., LTD., Stanley Works, Newark-on-Trent. 














WHITECROSS 
WIRE ROPES 


THE WHITECROSS = WARRINGTON 
COMPANY UMITED | ENGLAND 











TANGENT | 


*“TOUCHTONE ”’ 
ELECTRIC HORN 





A signal distinctive from electric 
bells. Specially constructed to 
meet the requirements of modern 
industrial concerns. The Tangent 
Touchtone Horn is contained in a 
cast metal case, hermetically sealed 
with high electrical insulation and 
insulated terminals. WHERE 
RELIANCE AND DURABILITY ARE 
SPECIALLY NECESSARY 


SPECIFY S528 








GENT3.C°L? 


Fstablished 1872 
NBEWOASTLE- 





LonpDon: ON-TYNE: 
25, Victoria St., Tangent House, 
8.W.1. Blackett Street. 





GENT & Co., Ltd., Faraday Works, Leicester. 














HENDERSON & GLASS, 
LIVERPOOL. 


Extensive Stocks of every description and Section of 


MALLEABLE IRON AND STEEL 


Including all sizes of Round, Square, and Flat Bars, Rolled 
Girders from 3in. to 20in. deep; Tees, Angles, &c., &e. 


GREAT VARIETY OF HEAVY-SIZED 3066 


PLAIN AND CHEQUERED PLATES 
Boiler and Tank Plates, &c., in Iron and Siemens Steel, 


Quotations and Sections on application. 
Shipment one promptly executed. Correspondence Solicited, 


STEAM HAMMERS 


FOR SMITHS’ SHOPS AND FORGES. 


Shipbuilders & Boiler Makers’ Machine Tools, 


PATENT BEVELLING MACHINES ror snips’ Frames. 
FORGE CRANES, Hand and Steam. 
Sugar Cane Mills. Water Wheels, &e. 


DAVIS & PRIMROSE, 


BANGOR WORKS, Limited. 
LoxIrrTre, SDoDiInNnBvURGHa. 



























Lionel Street F be! 
BIRMINGHAM. 


Complete ROLLING MILLS 


for all metals, and 
ACCESSORY MACHINES. 


pra ee 2933 
Chilled and Grain Rolls and 
Machine Moulded Gears. 








_———— 











Willson 






EAST MOORSIDE, HALIFAX, ENGLAND. 


Telegrams: Larue, Hatirax. 
ABC, 5th & 6th Edition. 


Western Union 5 letter. 


LATHES) =“ WOODITE,” 





ONLY 
FROM uate ror GAUGE GLASS RINGS & STEAM PACKINGS 
63” to 15}” For Valves, Joint Rings, Pump Cups, 
CENTRES Ram Rings, Packing Rings and Sheeting 
in all Sizes and Sections. 

WITH ANY Contractors to H.M. Government ddeioeie. Portigu G Ofes, Pert Office, India Office, and the 
LENGTH OF Unrivalled for all High Pressure 

BED. Steam or Electrical installations. 


Also Hose and Belting. 


PRICE Li8T AND FULL PARTICULARS ON APPLICATION TO— 


WOODITE COMPANY, LTD. 


Mitcham Common, Surrey, Eng. 


Tel. Address: “ Woodite, Mitcham.” Telephone Ne.: Mitcham 1602 





(SMITH BARKER AND WILLSON) a 
Machine Tool Makers, 





Telephone: Halifax 46. 
Marconi. International. 3502 
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—_ 
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yLoigle Cahill 











SHIPLEY ~ ~ YORKS 



































MARSHALL, FLEMING & Sa. LTD., ENCINEERS, MOTHERWELL 
‘cllanenas to the oo 
ee . "PHONE ; 30 PENDLETON "GRAMS. “TURNSTILES: MANCHESTER] 
¢}-—| rr ate) toll, (cee) =] 
PENNY-IN-SLOT 
| ' TURNSTILES 
| me > FOR SPORTS GROUNDS, RACECOURSES TAVATORIES ETT. f 
‘1 / CHECK ISSUING MACHINES « 
i : FOR THEATRES, CINEMAS &&c. ‘ 
», W.T. ELLISON & core Z 
100 TON FOUR MOTOR CRANE. Zoi... MANCHESTER: — 
Wiiwinire Ch eendccucadse* OS 
London Office: Newcastle-on-Tyne Office: 3653 
1, Charing Cross, S.W.1. 1, St. Nicholas Buildings. 














Greater production and better results, 


Portable Painting Plant and Factory Installation for all classes of work. Will distribute 
Oil Paints, Enamels, Water Paints, Bitumen Compounds, Varnishes, Colodian Paints, etc. 
ONE-FIFTH the time and with BETTER RESULTS. 


THE AEROGRAPH CO., LTD., 


Inventors and Pioneers of Spray Painting. 


43, Holborn Viaduct, London, E.C.1. 














ASBESTOS FELT ROOFING 


THE ONLY MINERAL ROOFING SUPPLIED IN ROLLS MADE OF 


FIRE AND GHEMICGAL RESISTING ASBESTOS 


IS THE CHEAPEST ROOFING PER ANNUM FOR ENGINEERING 
AND CHEMICAL WORKS, DOCKS AND RAILWAYS. 





3977 


THE KEY ENGINEERING CO., LTD. 


REQUIRES NO UPKEEP. 4, Queen Victoria Street, E.C. 4. Trafford Park, Manchester. 





USED ON WALLS AS WELL AS ROOFS. 























A New SPEED 8 BROWN & SHARPE. 
] N DI C AT OR The Engineer will appreciate every one of these features : saree 
i. 


construction—only 7 parts (including screws and rubber tip) ; 
light weight—14 ounces; small size—goes in vest pocket. 


Moderate Price: 5/4 


Every hundred revolutions, the steel plate lifts beneath your 
thumb, as if breathing. Count for one minute the number of 
lifts, each of which represents 100 revolutions. The R.P.M. 
in either direction are obtained by adding to the number of 
100 revolutions the reading in units of 5. 


BUCK & HICKMAN LIMITED, 
2, 4, & 6, Whitechapel Road, London, E.1. 











NO F46-Vese 
ep Size _ 
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TIM EHOPENUNGGHENTE 


OBERHAUSEN AKTIENGESELLSCHAFT 
OBERHAUSEN -RHLD. 


HEAD GEARS 


COMPLETE WINDING INSTALLATIONS 


for 


COLLIERIES. 














Boilers Sooted 
Under Steam. 


Dust Emission Prevented. 


B-V-C BOILER 
SOOTING PLANTS 


Save Time and Money 
and Increase Efficiency 


Write for booklet E228—post tree—which explains our system at 
length. 


BRITISH VACUUM encixzernc Co., Ltd., 


Parson’s Green Lane, S.W. 6. 
*Phone: Putney 2470 (2 lines). 























_KAMPNAGEL 
ve RAN ES, 


6 2: 
SS RR & 






Sete Hat SH Bs Se | 
ON warms “ay j 
SOS «4 “aan SS "g OM! | 

= / 


eee 
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: 4 ow ome j f i 
. “forHARBOURS DOCKS SHIPVARDS 
& RAILWAYS f 


“Ni 
(uffing Cranes 


= i! ‘a ii 
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‘ee 
UNA 












WN 
} 


f 


1 io a Se 
ie Re 


Eisenwerk(vorm. 


Nagel aKaemp)a.<. 





Hamburg 39. 


“ FLOWER” BRAND 
MAGNOLIA METAL 





lubricants by making 


KEEPS down the bill for 
BEARINGS 
COOL 


smooth. as glass and keeping them 





under heaviest pressures and highest speeds. 


MADE AND SOLD BY 3538 


MAGNOLIA ANTI-FRICTION METAL 
COMPANY OF GREAT BRITAIN LIMITED, 


49, QUEEN VICTORIA STREET, LONDON, 


Telephone ; City 6596. Telegrams: “ Magnolier.” 
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JOHN OAKEY<SONS,L 


GENUINE EMERY, 
we EMERY CLOTH, 
Velingtn tits, GLASS & FLINT PAPERS, 


WESTMINSTER BRIDGE ROAD, 


LONDON, S.E.14. BLACK LEAD, &c. 


EMERY WHEELS 
For all Purposes. 




















BUILT FROM A SINGLE TESTED STRAND =) 








JAMES HENDRY 


LIMITED 





252, Main Street, Bridgeton, Glasgow. 


Telephones: Bridgeton 1747 (3 lines). 


LONDON: BIRMINGHAM: MANCHESTER: 


8, Palmerston Avenue, 


Telegrams: ‘‘ Laminated, Glasgow.” 


16, Union Court, Old Broad Empire House 
Street, or B.0.2. Great 3 harles wn tacest, Whalley Range, 


Telegrams: _“ Cheveral, me 
Stock, Senten ae Thee, aor, Manchester. 


Telephone: Central 4635. Telephone: Sentral $448. Telephone; Chorlton 845. 


Write for Catalogue and full particulars. | 





























BEDFORD ENGINEERING 


Co. 





CRANES & CONCRETE 


MIXERS. 

















POWER STATIONS 
AND FACTORIES 


ARE NOW EXTENSIVELY INSTALLING 


MUMFORD’S 


PATENT AUTOMATIC 


FEED WATER 
REGULATOR 





























re ee re ae C2 aD 
< © ¢ ‘ ee. pl 2285 














FITTED’: TO OVER 700 SHIPS 
AND BOILERS AGGREGATING 


111 MILLION Hp. = 
A. G. MUMFORD, LTD. 


Culver Street Engineering Works 
COLCHESTER. 

















ome make sure your RIN GS are TRU FE buy from 
The Standard Piston Ring & Engineering Co., 


LTD., 
Premier Works, Don Road, SHEFFIELD. 


Telephone No 41874. 
Telegrams: ‘‘ Ocean,’”’ Sheffield. 








The Original and Genuine 


HAMMERED 
\ CAST chee PISTON RINGS 
: Our Hamre meat Fisten _ Rings oe oe and 


wn all over the wo 





i y an ilo 
oan °P the Phew 
join ntil ort out. The Lt = on the 
poo der wa all always remains consta a 
All sizes, 2 in oe 72 in. diam. ay ur special @ 
& qua lity pis sto ng iron, giving approximately 

, 14 tons ter ile oes sq. inch, 

i 


or. Possible Deliver 
Lowest Possible Prices. & 
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HEENAN AND FROUDE, LIMITED. 
f EM EN SPECIALITIES :—Air Coolers for Ventilating Turbo-Alternators, Air Filters, Air Heaters & Dryers. 


Froude Dynamometers. Heenan-Fell Air Brake Dynamometers. Heenan- Highfield Electrical 
Dynamometers. | Complete Equipment of Test Shops. | Water Coolers. Oil Coolers, 


TEMPERATURE WORCESTER, sav ENGLAND, 
or FENCING, GATES, ETC. “rest” 


Combined Indicators & Selector Switches, can}be 
Ss i 6 2 3 "rometers VJ J a WRITE FOR PARTICULARS 
supplied for , 11, 16, 21, 26, or 31 pyrometer: J J oy) car ek aan 
respectively. The cases are of gun-metal, strongly 


: : : % 6é gs 
constructed and watertight. ip , NIBAL 


Descriptive Pamphlets on application \ ; : N 4 -SELF-ADJUSTING AND 
: z “a RIVETTED RAILING. 





























































































































GAS.. Giyan Bw Eo, 5 ser 








SIEMENS BROTHERS & CO. LTD., ‘ 
WOOLWICH, S.E. 18. Ornamental Gates, Etc. Tennis Fencing. 





Indicator and 6-way 
Selector Switch ESTABLISHED 1858. 

















\_§ : y O 

= ~ Sel ; 

~ ‘ 

br « aes (TPC ne | 
So 


(Industrial Furnaces), | sisal inci HOW TH 
Stuttgart-Liststr. 23,)= 


GERMANY. BAYLISS, JONES & BAYLISS, L™. 
OILFIRING WOLVERH AMPTON, AND 139-141, CANNON STREET, 

for 
MELTING FURNACES 
without and with Crucible, COMPLETE 


for 
Non-ferrous and ferrous BOT! 
Metals. CAN 
OPEF 
seem! FACTORIES ||° 
HEAT-TREATMENT 


SSS SO 8870 FURNACES. OF ANY CAPACITY 
— THE 
DESIGNED and MANUFACTURED by DRIV 


FAWCETT, PRESTON & CL“ 











es 
ae 
























































PAR 
LIVERPOOL. ie 
ii 
Half a century’s practical experience in the Beet Sugar poy 
Industry is available for Companies contemplating the CH. 
’ Installation of Factories. = 
Steel Bridges. 3711 — 
Telegraphic Sooreee: Nang: Office — 
Station Halls — is nade 
&6 
Locomotive Sheds. All Types of CRANES and LIF TS : 
ELECTRIC, STEAM anp HAND POWER. FE 
Steel Structures Also PULLEY BLOCKS, JACKS, CRAB WINCHES, JIM CROWS, &. 
of every description. 2 ; 
7) 2 Fitte 
Water Towers. ae dus 
— S arral 
Gasworks and Gasholders. ||: 2 
Zz > 
Steel Sheet Work >a 
of every description. et - = 
. = Mr. 
sainas s = 12-Ton 3-Motor Electric Overhead Traveller. 7 
<2 3539 : 
AUG. KLONNE, |; i. 
ghctihinsinties, CHARLES WILLETTS 7 | 
(GERMANY). ase LTD. 














Colonial Works, Cradley Heath, Staffs. 











), &e. 


UN. 
LTD. 
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| PATENT ROTARY | 








ror BARS & TUBES in FERROUS 
ano NON=FERROUS METALS. 


Seteneeeeenemenneenrcill 


ING CFF 
este AE | 








THE MOST RAPID cuttinc-oFF MACHINE MADE. 
MADE IN TWO SIZES. 

No.1 FOR 3in. BARS OR TUBES. 

No. 2 FOR 4} BARS OR 6} TUBES. 


BOTH MACHINES ARE SUPPLIED EITHER WITH 
BELT OR DIRECT ELECTRIC DRIVE. 


ACTUAL CUTTING TIMES. 
3 in. MILD STEEL BARS CUT-OFF IN 45 SECONDS 
43 in. MILD STEEL BARS CUT-OFF IN 50 SECONDS. 
6 in. STEEL TUBES (Sin. BORE) CUT-OFF IN 45 
SECONDS. 





























BOTH MACHINES 
CAN BE SEEN IN 
OPERATION AT 
OUR WORKS. 


THE ENGRAVING 
SHOWS 

THE No. 2 BELT 

DRIVEN MACHINE. 


FULL 
PARTICULARS 
ON REQUEST. 








CHARLES TAYLOR (BIRM") L?? srenncuam, ENGLAND 





, 














Ri 


Dynamos, Motors, Boiler Feed Fumps, 

Borehole Pumps, High Lift Single 

Jointed Pumps, Low Lift Turbine Pumps, 

Steam Turbines, Rotary Jet Condensers. 
Send for descriptive pamphlets. 


REES ROTUREDO MFG.CO.LTO 

Head Office & Works: WOLVERHAMPTON, ENGLAND. 

London Office: Hastings House, Norfolk St., Strand, W.C. 
Telegrams : Telephones : 


“Hydroturbo,”” Wolverhampton. 1444 Wolverhan 
“ Hydroturbo, Estrand,”” Londo ‘ 1511 Central, Londons 




















“SISSON” HIGH SPEED 
ENCLOSED ENGINES. 


Fitted with special 
dust excluding 
arrangements and 
automatic crankshaft 
governor. 





=) Of 


London Representative : 
Mr. A. F. BROWNE, 
11, Carteret Street, 
Queen Anne’s Gate, 
London, S.W.1. 





DF: O'B'@ = 3.10) Fie 


SHEFFIELD. 

















|W. SISSON & CO.,LTD., %-2UceS7= 








ENGINEERS AND BOILERMAKERS. 
Send us your enquiries for 


GENERAL PATTERNWORK 


* and 


IRON CASTINGS. 


With our increased patternmaking facilities 
and new Iron Foundry we are able to supply 
patterns of substantial and specially accurate 
construction, and iron castings, as castings 
only or machined, up to 40 tons. 





WE CAN QUOTE KEEN PRICES FOR GENERAL WORK, 
F 3680 
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PECKETTe SONS, L= 


BRISTOL. 


Telegrams - - Peckett, Bristol. 





London Representatives :— 
FERGUSON & PALMER, 9, Victoria Street, Westminster, S.W.1. 





SPECIALITY 


TANK LOCOMOTIVES 


Of all Descriptions and any Size or Gauge. 








DEMPSTER, MOORE & CO., L?. 


Englnoors, GLASGow . 


From photo of 8hin. Lathe. 5117 
SPECIALITY :—NEW TYPE LATHES FOR HEAVY CUTTING. 





Hydraulic Machinery 
of all descriptions, 


RIVETTERS, PRESSES, 
PUMPS, CRANES AND 
~ ACCUMULATORS. 


Special Hydraulic Tools of all 


descriptions for :— 


BRIDGE BUILDERS, 
SHIP. 


MUSGRAVE BROS., 


Crown Point Foundry, 
LEEDS. 
Contractors to the Home and Foreign 
Governments, pe 











~- STAINLESS STEEL and IRON, 


Sw 
Made by the Inventor, at 
“mM BROW ‘BAYLEY’S STEEL WORKS LTD., SHEFFIELD 


Trade Mark 











Trade Mark 











CRANES 


of every 


description 


forEngineering Shops, 
Steelworks,Shipyards, 
Docks, Harbours and 


Indust 


rial Use. 





— PARA ATAT A Ne Ye 


Goliath and 
Overhead 


Titan Cranes 
Travellers. 


Level Luffing Dock 
Cranes. 


Capstans. 


‘Temperley’ 


Transporters 


for handling Coal and 
Ore. 


Traversers. 





2-TON GOLIATH CRANE. 


SIR WILLIAM ARROL & Co. Ltd. parkuean, GLASGOW. ; 


Agents in New Zealand : Messrs. Cory-Wright & Salmon, Wellington. 








Nn 
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A CLEVER INVENTION FOR 
RAISING WELL WATER 


b Be pulton Water Elevator lifts a 
continuous stream of water from wells of 
‘epth. No pipes, no valves or 
pl ers, cannot freeze. Can be 
fi within an hour without skilled 
lat ur. Thousands in daily use. 
Write for Catalogue 916. 


BOULTON & PAUL, LTD., 
NORWICH 


Liverpool 
Refrigeration Co. Ltd. 
Liverpool, England. 


See last and next week’s number. 3912 


The MACFARLANE ENGINEERING 


Co.,LTD 





Netherlee Road, Cathcart. 


DYNAMOS ana MOTORS 


See Advertisement page 56, Dec. 3. 3842 


AMSLER 
TESTING MACHINES 


Send for catalogues to Sole Agents :— 


T. C. HOWDEN & C0., ..,, 


5 & 7, Fleet Street, Birmingham. 


MWORTH HY 


OIL ENGINES 
PUMPS and AIR COMPRESSORS 


THE HAMWOBTHY EN @ 00., Ltd, 
Works ae 














Benches , hie West =A LOT OLASGOW. 


hie- 
SONVEYIN tas 


NERY 








Ph, INERY ‘co 
ATLAS WORKS 9° TEMPLE ® GLASGOW. 








reave (ff) marx 


oe We specialise in os 


VALVES 


for OIL, AIR, STEAM, WATER \ 


SMITH BROS. & Co. (HYSON), LTD 
— NOTTINGHAM, Telegrams 


HYSON 





























ENQUIRIES SOLICITED. 


a OIL 


FOR TUNNEL BEARINGS. 
(MELTING POINT 310° FAH.) 


EFFICIENT AND ECONOMICAL. 


Prepared by 
W. B. HARRISON, 
6, BRIDGE ST., 
Est. 70 yrs. SUNDERLAND. 





Wr'ite for Prices and Free Samples. 











= 
. ton. 











Reduce your Fuel Bills 


Pulverised Coal ensures 
economy, is easy to control, 
reduces labour and abolishes 


smoke. 
Inferior coals may be thus used up, and 
the utmost efficiency obtained from every 


Consult :— 


FRASER &. CHALMERS eENGINEERING WORKS 


Ry we cee OM Ta A 
oe, 


ERITH, KENT. 


LONDON OFFICE: Magnet House, Kingsway, W.C.2. 





PROPRI MOPRIETORS, 




















SCRIVEN &C? (ues) L7P_F 


MACHINE 
Nelo] Y= 


YORK St IRONWORKS, LEEDS. 
a } FARRAR BOILERS” 


wma Wise fot loch Fit 


(a THE FARRAR BOILERWORKSU> 
_NEWARK, | 














we OILS -TREACLE: 


TAR € OTHER SEMI- 


FLUIDS 
9 Valves 


DRUM ENGINEERING CO? 
BRA’FORD — YORKS, 





HIGH CLASS 





hg? oles 
STEAM 2 


a Peden t 


AND 


: _ TEMPERATURES 


li a 











~ PRESSURES 








ASK FOR No. 
25 
CATALOGUE. 








GUMMERS L ROTHERHAM 





ABBOTT & CO. 


(NEWARK),. LTD., 
NEWARK-ON-TRENT, ENGLAND. 
MAKERS OF EVERY TYPE OF 


HIGH-PRESSURE STEAM 


BOILERS 


From 1 to 200 I.HP., 50 Ib. te 300 Ib. 
Working Pressure. 


eo 4 «* 
© Vint we ndieg ean 
~ 4. ‘ 
> 


Ae and he van every 
e MOTO LBERS. 
YDRO CASINGS. REPAIR MIRE-BOKES. 
EVAPORATOR SHELLS. AIR RECEIVERS. 
DEGREASING fh ig VULCANISING 
S, &c. 


3881 


Contractors to the Admiralty, War Office, 
india Office, Board of Customs, Crown Agents, 
&c., &c. 

Telegraphic Address: - - ‘“‘ ABBOTT, NEWARK.” 
Telephone: No. 34.4 B CO Code 4th and 5th Editions 











Marconi’s 
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ZsEREWING MACHINE 


65 ROBERTSON & Co =a 
. i 2 INCH TO 8 INCH + nt « 
NTON Ww . BEDF 


.H.A. TD 
EWING DIES OF ALL KIN 






















































tee TAPER PINS. ACCURATELY 


MACHINED 
FRED" MOUNTFORD (BIRMINGHAM) LTD., 


FREMO WORKS, MOSELEY STREET, 1290 
BIRMINGHAM. 


PATENT NIBBLING 
MACHINE 


For the rapid cutting of Sheet Metal. 


NEW HEAVY TYPE 


Will cut mild steel up to in. thick. 
Lighter Types cut up to ¥sin. thick. 


Any Size. Any Taper. 








All sizes in stock. 3344 


Write for Catalogue and sample of work. 


J. B. STONE & Co., Ltd., 


135, Finsbury Pavement, London, E.C.2. 


SS 


Admiralty & War Office Contractors. 











FEED WATER HEATERS. 
Liveor Exhaust Steam Types. 
FEED WATER FILTERS. 








Pressure or Gravitation 
Types. 
EVAPORATORS. 





Live or ExhaustSteam Types. 
EXHAUST STEAM OIL 
SEPARATORS. 
Improved Type. 
COMPLETE FRESH WATER 
DISTILLING INSTALLATIONS. 
(All Sizes.) For Land or 
Marine Use. 
BOILER FEED PUMPS. 


Vertical Single - Cylinder 
Direct-Acting Type. 














777, Commercial Rd., 
LIMEHOUSE, 


LONDON, E.14. 


Tel. Address: ‘‘ Vaporize, London.”’ 
Telephone: East 10. 





FEED WATER HEATER (Live Steam Type.) 





MOTORS. 





For 
ELECTRIC LIGHTING SETS. 
ELECTRIC ARC WELDING SETS 
PUMPING PLANT. 
AIR COMPRESSORS. 
CONCRETE MIXERS. 
RAIL CARS, ETC. 


PDI eI 


14 SIZES, 3 TO 65 HP. 








Catalogue CM/E and full particulars | PeTRoL AND PARAFFIN Types. 


Post free from 
Sole Manufacturers. 


J. W. BROOKE & Co., Ltd., Lowestoft. 





Also for Marine Purposes. 
Suitable for every type of boat. 


























Re OTLEY 99 a Be lnwee anning and 


No Stand-by losses. 
No Firebox to repair. 
No Boiler to clean. 
No fire risk. 


SPECIALITIES : 
ELECTRIC TRUCKS of all types 
and TRAILERS. 
ELECTRIC LOCOS. 
ELECTRIC VEHICLES. 























Tell us the duty, and we will tell you the cost. 3046 














& RAYNER| 





ELECTROMOBILE LTD., Otley, Yorks. | 
$O EASY TO 


Ve OPERATE YX 


For ease of handling and perfect reliability the CONQUEST 








Fire Extinguisher is unequalled. Efficient on all ordinary 
Fire Risks, “qe pgs te put out a fire at 
the start—before the damage is done. 2 Gallon capacity. 


Approved Write for copy 
by the of Folder— 

Fire Offices TE/CI 

Committee. Sent Pest free. 











Telephone : Victoria 8592 (4 
en gy sha 
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“FLEXSTEL ” 


Patented Ball and Socket 
and Rotary Joints. 


for use with 


WATER, STEAM, OI, 
COMPRESSED AIR, GAS, Ete. 


Leakproof and Secure at 
all Pressures. 


Wide Angle of Movement. 
THOUSANDS IN USE. 


Sole Manufacturers : 


W. H. DORMAN & Co. Ltd., 
STAFFORD. *™ 
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WELLS’ NEW MODEL 
SPRAYING PISTOL 





UP-TO-DATE 

POWER PAINTING, 

For Oil and Lead Paints, 
Varnishes, Enamels, 
Cellulose, etc., etc. 


SIMPLICITY & EFFICIENCY 
GUARANTEED. 
PORTABLE & STATIONARY 
PLANT SUPPLIED. 















A. Cc cniade ce 





WELLS’ 
LIME and 
COLOUR 
SPRAYING 
MACHINES 


(Wallwork and 
Wells Patents). 


of All Machines 
pee » H fitted with our 
: high-grade 
nozzles. 


WASTE OIL FILTERS 
with Patent “‘ Sight-Feed ” Syphons. 
YOUR | 
DIRTIED 
iL, 
Hitherto 
Discarded, 
FILTERED 
AN} 
RENDERED 
FIT FOR 
AND OVER ga 
AGAIN. 
Made in 
Varicus 






























02, Mid) Rd., St. Pancras, London, N.W.1 
Works; Carnarvon 8t., MANCHESTER 


















46 SHONE 99 


PNEUMATIC 
EJECTORS 


AIR COMPRESSING | 


For RAISING SEWAGE,SLUDGE, 
PAIL CONTENTS, &c. 


4S USED AT 


RANGO ON, KARACHI, BOMBAY 

STBOURN NORWICH GOs- 
Font, HOUSES OF PARLIAMENT, 

Westminster, ny he other a an 











COMPRESSED AIR 


For Raising Water from 
LIFTS Wells, Boreholes, &c. 


MACHINERY 


For Pamphlets and full particulars apply to the Manufacturers— 


HUGHES & LANCASTER, LTD., 16, Victoria St., LONDON, S.W. 

















WRIGHT'S CALORIFIERS 











SEND YOUR ENQUIRIES 


FOR: —- CALORIFIERS OF ANY SIZE FOR 
ANY PURPOSE; FOR USE WITH 
EITHER LIVE OR EXHAUST STEAM 


WRIGHT'S FORGE & ENGINEERING CO., LTD. 


Sil conan ek TIPTON, Staffs. — erss 
57, Bishopsgate, LONDON, E.C. 


WIRE— Forgings, Tipton. 
Penetration, Stock, London. 






























GRINDING & PULVERIZING OFFICES 
11 Southampton Row. London.W.C11. 


xs = BARROW IN FURNESS - NeGBY — ERITH. 


GRINDING, SCREENING & AIR SEPARATION SPECIALISTS. 


GRAFTON & CO. 


CONTRACTORS TO H.M. GOVEIRNMENT, 
CYCLOPS WORKS, 


BEDFORD. 


TIMI 








3964 














Telegrams— 
Grafton, Bedford. 








llustrated descriptive Price List free on — 


IN 





SILVER MEDAL, allies Exhibition, London, 1885. GOLD MEDAL, Pare 1900. 
GRAND PRIX and GOLD MEDAL, Franco- British Exhibition, London, 1908, 
GRAND PRIX, Buenos Aires Exhibition, 1910. 


3875 



















R* White & Sons, Widnes, 


FOR LANCS, 


AERIAL ROPEWAYS 
POINTS« GROSSINGS. 


LADDERS, TRUCKS 








TRESTLES, TRUCK 
HEATHMAN, 


55, Aldersgate St, Near GPO. Lonpon. 


BELLISS: MORCOM 


ee ee ee et 
Self-lubricating Steam Ea: 


Gas ——— ressors gfe cay 
Engioes, Pneumati 


— See Illustrated Advt., page 53, June 8. 


oldenéBrokeltd 

















$904 
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10° Fah. = 1°/, 


The recovery of waste 
heat from exhaust 
steam effects a definite* 
economy: every 10 deg. 
rise in the feed tempera- 
ture effecting a fuel 
saving of 1%; therefore 
Installation cost is 
quickly cancelled 









HOLDEN & BROOKE 
FEED 
WATER 
HEATERS 


(for all pressures) 








































are installedin _ ae 
POWER STAT 
pp a WORKS 
GAS WOR 
INDUSTRIAL PLANT 
TC ETC 













































HOLDEN & BROOKE ETD. 
S/RIUS WORKS WEST GORTON 
MANCHESTER 


LONDON OFFICe 
ABBEY HOUSE WESTMINSTER 
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PRATCHITT BROS. 


Engineers, 


CARL 








EDGE RUNNERS OF ALL§TYPEs. 
ALSO MAKERS OF— 4157 


RAM PUMPS, DISINTEGRATORS. 









Colliery and Chemical Manure Machinery. 
Ss ADMIRER RARER SE a era eS 
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HUDSWELL, CLARKE & CO.,LTD,, 


Letablished 1860. sei. Fa FOUNDRY, LEBEDs. Telegraphic Address: LOCO, oa 


LoOCOonworiiv ES 


For Main or Branch Railways, Contractors 
Steel and Ironworks, Collieries, Docks, &¢ 
Made to swit any Gauge of Railway. 

















Also Makers of 


INTERNAL COMBUSTION 
RAIL LOCOMOTIVES 


PRICES, PHOTOGRAPHS, AND FULL SPECIFICATIONS 
ON APPLICATION. 3874 


—; 


GEORGE RUSSELL & CoO., LTD., 
Telegrams: “* RUSSELL.” MOTHERWELL. Telephone: No. 4. on 

OVERHEAD CRANES, WHARF CRANES, LEVEL LUFFING CRANES, 

FLOATING CRANES, LOCOMOTIVE CRANES, SPECIAL CRANES, | 


IN EMERGENCIES use a 
“ Pulsometer-"" Steam Pump 


It requires no foundations nor special fixing. 

It is simple in construction and does not require skilled supervision. 

It will pump — anything and is practica i noiseless. 

It will pump so long as steam is supplied and there is water to pump. 
It will tt | rough handling and is easily transported. 


Write for List No. 1028. 


11, Tothill Street, Pulsometer E'n gineering € 20 0 1% Nine mone _— Works 


London, S.W. 1. 


CORNISH STEAM PUMP 
































GENERAL PURPOSES. 


Large Stock for Prompt Delivery. 


JOSEPH EVANS & SONS 


(WOLVERHAMPTON), Ltp. 


CULWHLL WORKS, 
WOLVERHAMPTON. * 


a Telegrams . . EVANS, WOLVERHAMPTON: 


i. 
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